
Waste Isolation Pilot Plant 

Compliance Certification Application 

Reference 80 

Brausch, L.M., A.K. Kuhn, and J.K. Register, 1982. 
Natural Resources Study, Waste Isolation Pilot Plant (WIPP) Project, Southeastern, 
New Mexico, WTSD-TME-3156, Albuquerque, NM, D9Appolonia Consulting 
Engineers. 

Submitted in accordance with 40 CFR $194.13, Submission of Reference Materials. 





NATURAL RESOURCES STUDY 

Waste Isolation Pilot Plant (WIPP) Project 

Southeastern New Mexico 

September 1982 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or rcsponsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark. 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United Statw Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

U.S. Department of Energy 

Waste Isolation Pilot Plant 

Albuquerque, New Mexico 



TME 3156 

Natural Resources Study 
Waste Isolation Pilot Plant (WIPP) Project 

Southeastern New Mexico 

AUTHORS : 

Date 

9/3 //'g 2 
A. K. Kuhn Date 
DIAppolonia Consulting Engineers, Inc. 

J. $. RegiBter 
8/!31/8~ 

Date 
~ ' i ~ ~ o l o n i a  Consulting Engineers, Inc. 

APPROVED FDR SUBMITTAL TO WESTINGHOUSE BY: 

D. K. Shukla Date 
DIAppolonia Consulting Engineers, Inc. 

COGNIZANT MANAGER: 

C. C. L W L d  Date 
~ e s  t ingh&e Electric Corporation 



TME 3156 

TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

1 .0 INTRODUCTION 

1 . 1  THE WIPP SITE AND THE NATURAL RESOURCES PRESENT 

1.1.1 D e s c r i p t i o n  o f  t h e  WIPP S i t e  

1 .1 .2  M i n e r a l  and Energy Resources  

1 . 1 . 2 . 1  Po ta sh  

1 . 1 . 2 . 2  Hydrocarbons 

1 .2  PURPOSE OF THE NATURAL RESOURCES STUDY 

1 .3  STUDY METHODOLOGY 

RESOURCE RECOVERY METHODS 

2 . 1  POTASH 

2.1.1 E x p l o r a t i o n  

2 .1 .2  Mining 

2 .1 .2 .1  Underground Mining 

2.1.2.2 S o l u t i o n  Mining 

2.1.3 Ore P r o c e s s i n g  

2 .2  HYDROCARBONS 

2.2.1 E x p l o r a t i o n ,  D r i l l i n g ,  and Well Complet ion 

2.2.2 P r o d u c t i o n  S t i m u l a t i o n  

2 .2 .2 .1  Hydro f rac ing  

2 .2 .2 .2  A c i d i z i n g  

2 .2 .2 .3  Secondary  and T e r t i a r y  Recovery 

2.2.3 P r o d u c t i o n  and D i s t r i b u t i o n  

3 .0  POTENTIAL EFFECTS ON THE WIPP FACILITY 

3 . 1  UNDERGROUND M I N I N G  OF POTASH 

3.1.1 S t r e s s  and S t r e s s - Induced  Creep 

3 .1 .1 .1  E m p i r i c a l  R e l a t i o n s h i p s  

3 .1 .1 .2  A n a l y t i c a l  S t u d i e s  of  Po ta sh  Mining 

3.1.1.3 A n a l y t i c a l  S t u d i e s  o f  t h e  WIPP 
F a c i l i t y  

3 .1 .1 .4  Summary of  Analyses 

PAGE - 
i i i  

i v  

1 

1 

2 

2 

8 

11 

13 

15 

1 7  

17 

19 

19 

2 0 

2 3 

24 

24 

2 5 

27 

2 7 

2  9 

29 

3 0 

3 1 

3 1 

3 1 

3 1 

3 5 

3 8 



TME 3156 

TABLE OF CONTENTS 

(Continued) 

PAGE 

3 .1 .2  Stress-Induced I n c r e a s e s  i n  Hydraulic 
Conduc t iv i ty  

3.1.3 Subsidence 

3 .2  SOLUTION M I N I N G  

3 . 2 . 1  Cavern Span and S t r e s s  R e d i s t r i b u t i o n  

3.2.2 Hydrofracing f o r  S o l u t i o n  Mining 

3.2.3 Summary of Analyses 

3 .3  HYDROCARBON DRILLING 

3.4 HYRDOCARBON PRODUCTION STIMULATION 

3.4.1 H y d r a u l i c a l l y  Induced F r a c t u r e s  f o r  
Hydrocarbon Recovery 

3 .5  HYDROCARBON PRODUCTION 

4.0 POSTULATED WASTE-RELEASE EVENTS 

4.1  TIME OF ISOLATION 

4.2  BREACHING EVENTS AND PATHWAYS 

4.2.1 D r i l l i n g  

4.2.1.1 Potash Explora t ion  

4 .2 .1 .2  Hydrocarbon Explora t ion  

4.2.2 Underground Pot ash  Mining 

4.2.3 Hydrofracing 

4 .2 .4  Hydrocarbon Product ion 

4 .3  D R I V I N G  MECHANISMS 

4 . 3 . 1  Hydrocarbon Produc t ion  S t i m u l a t i o n  Within 
the  Be l l  Canyon Formation 

4.3.2 Flooding Potash Mines with Waters from t h e  
Cap i tan  Format ion  

5 .0 SUMMARY AND CONCLUSIONS 

REFERENCES 



TME 3156 

LIST OF TABLES 

TABLE NO. TITLE PAGE - 
1 T o t a l  Minera l  and Energy Resources a t  the  WIPP 7 

S i t e  

2 D i s t r i b u t i o n  of Resources and Reserves by WIPP 9 
S i t e  Cont ro l  Zone 

3 USGS Grade C l a s s i f i c a t i o n  f o r  Potash Ore 10 

4 Summary, E x t r a c t i o n  Technologies  Appl icable  t o  18 
WIPP S i t e  Resources 

5 Examples of  Potash Mine Geometries i n  t h e  
V i c i n i t y  of the  WIPP S i t e  



TME 3156 

LIST O F  FIGURES 

J?IGURE NO. DRAWING NO. TITLE 

Site Location Map 

WIPP Site Control Zones 

WIPP Site Region 

Generalized Site Geologic 
Sect ion 

Potash Deposits at the WIPP 
Site 

Study Flow Diagram 

Generalized Stress Distribu- 
t ion for Room-and-Pi1 lar 
Mining 

Zone of Stress-Related 
Influence Around an Under- 
ground Opening 

Relationship of Salt 
Hydraulic Conductivity and 
Confining Stress 

Hydraulic Conductivity and 
Stress Distribution Around 
an Underground Opening in 
Salt 

Hydrofracing Analysis 

Schematic Representation, 
SAR Communication Event 1 

Schematic Represent at ion, 
SAR Communication Event 2 

Schematic Represent at ion, 
SAR Communication Event 3 

PAGE 



TME 3156 

1 . 0  INTRODUCTION 

This  r e p o r t  p rov ides  an account of the  s t u d i e s  performed t o  e v a l u a t e  the  

p o s s i b l e  e f f e c t s  of r ecover ing  n a t u r a l  r e s o u r c e s  p resen t  a t  t h e  Waste 

I s o l a t i o n  P i l o t  P l a n t  (WIPP) s i t e .  S p e c i f i c a l l y ,  the  p o t e n t i a l  mecha- 

nisms f o r  b reach ing  t h e  WIPP f a c i l i t y  by on-s i t e  potash mining o r  hydro- 

carbon recovery  a c t i v i t i e s  have been i n v e s t i g a t e d .  The r e s u l t s  of t h i s  

s t u d y  s e r v e  a s  suppor t  f o r  the  DOE p o l i c y  regard ing  resource  recovery a t  

t h e  WIPP s i t e .  The conduct of t h i s  s tudy  was agreed upon by the  DOE and 

t h e  s t a t e  of New Mexico i n  t h e i r  s t i p u l a t e d  agreement of J u l y  1 ,  1981, 

t o  i n c l u d e  d e t a i l e d  p l a n s  t o  c o n t r o l  recovery of potash and hydrocarbons 

wi thou t  d i s t u r b i n g  the  waste s t o r a g e  f a c i l i t y  and the e v a l u a t i o n  of t h e  

p o t e n t i a l  consequences of t h e s e  p l a n s .  Exp lo ra t ion  a c t i v i t i e s  a r e  an 

e s s e n t i a l  p o r t i o n  of r e s o u r c e  recovery and a s  such a r e  a l s o  included i n  

t h e  a n a l y s e s .  

S e c t i o n  1.1 d e s c r i b e s  t h e  WIPP p r o j e c t  s i t e  and t h e  n a t u r a l  r e sources  

p r e s e n t  a t  t h a t  l o c a t i o n .  S e c t i o n  1 .2  d i s c u s s e s  the  purpose of t h e  

n a t u r a l  r e s o u r c e s  s t u d y ,  and S e c t i o n  1.3 p r e s e n t s  the  methodology used 

i n  t h e s e  e v a l u a t i o n s .  Chapter  2.0 d e s c r i b e s  t h e  resource  recovery 

p o t e n t i a l  a t  t h e  WIPP s i t e ,  i n c l u d i n g  t h e  e x t r a c t i o n  t echno log ies  a v a i l -  

a b l e  t o  r ecover  t h e s e  d e p o s i t s .  Chapter 3 .0  addresses  the d i s t u r b a n c e s  

i n  t h e  g e o l o g i c  s e t t i n g  t h a t  r e s u l t  from t h e  use  of t h e s e  e x t r a c t i o n  

t e c h n o l o g i e s .  From t h e s e  e v a l u a t i o n s ,  Chapter 4.0 examines how such 

d i s t u r b a n c e s  could  cause  o r  c o n t r i b u t e  t o  the  r e l e a s e  of r a d i o n u c l i d e s  

from the  WIPP f a c i l i t y  wi th  subsequent r a d i a t i o n  dose consequences.  

Chapter  5.0 p r e s e n t s  t h e  summary and conc lus ions  of t h i s  s tudy .  

1.1 WIPP SITE AND THE NATURAL RESOURCES PRESENT 

The WIPP p r o j e c t  is  t o  provide  a  r e sea rch  and development f a c i l i t y  t o  

demons t ra te  t h e  s a f e  d i s p o s a l  of r a d i o a c t i v e  wastes  r e s u l t i n g  from t h e  

d e f e n s e  a c t i v i t i e s  and programs of t h e  United S t a t e s .  The WIPP p r o j e c t  

i n v o l v e s  t h e  d i s p o s a l  of  t r a n s u r a n i c  (TRU) wastes  i n  t h i c k  d e p o s i t s  o f  

bedded s a l t  l o c a t e d  deep be low the  ground s u r f a c e .  Under t h e  p lans  f o r  

the  WIPP p r o j e c t ,  space  f o r  waste emplacement w i l l  be excavated i n  a  
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s a l t  fo rmat ion  a t  a  depth  of approximate ly  2,150 f e e t .  The s i t e  f o r  

t h i s  a c t i v i t y  i s  l o c a t e d  about 26 m i l e s  e a s t  of Car lsbad,  New Mexico 

( F i g u r e  1 ) .  

1.1.1 D e s c r i p t i o n  of t h e  WIPP S i t e  

The land a r e a  p r e s e n t l y  being cons ide red  f o r  t h e  WIPP p r o j e c t  i s  about 

18,960 a c r e s ,  an a r e a  approximate ly  s i x  mi les  i n  d iamete r ,  of which 

n e a r l y  17,000 a c r e s  w i l l  be used t o  provide  b u f f e r  zones around t h e  

underground f a c i l i t y .  The s i t e  is d iv ided  i n t o  four  c o n t r o l  zones a s  

f o l l o w s  (F igure  2 )  : 

o Cont ro l  Zone I a t  t h e  s i t e  c e n t e r  w i l l  c o n t a i n  
n e a r l y  a l l  of  t h e  s u r f a c e  f a c i l i t i e s  and occupy 
about  100 a c r e s .  

o  Cont ro l  Zone 11, an a r e a  of about 1,800 a c r e s ,  
o v e r l i e s  t h e  a r e a  of maximum p o t e n t i a l  under- 
ground development.  

o  Cont ro l  Zone I11 occup ies  an a r e a  of about 6 ,200 
a c r e s .  This  zone provides  a  one-mi le  b u f f e r  
s t r i p  around t h e  a r e a  of maximum p o t e n t i a l  under- 
ground development. 

o  Cont ro l  Zone IVY a  second one-mile-wide b u f f e r  
zone,  c o n t a i n s  an a r e a  of about 11,000 a c r e s .  

The WIPP s i t e  i s  l o c a t e d  i n  t h e  n o r t h - c e n t r a l  p o r t i o n  of the  Delaware 

Basin ,  a  r e g i o n  i n  which a  sha l low sea  d e p o s i t e d  more than 3,000 f e e t  of 

e v a p o r i t e s  d u r i n g  t h e  Permian pe r iod  (280 t o  225 m i l l i o n  y e a r s  ago) .  

The b a s i n  i s  bounded by a  horseshoe-shaped (open t o  the  s o u t h )  massive 

l imes tone  r e e f ,  t h e  Capi tan  Formation ( Figure 3 ) .  The f a c i l i t y  hor izon  

i s  t o  be developed i n  t h e  bedded s a l t s  of t h e  Salado Formation a t  a  

dep th  of about  2,150 f e e t ,  near  the  middle of  t h e  t h i c k  e v a p o r i t e  

sequence ( F i g u r e  4 ) .  The Salado Formation i s  composed p r i m a r i l y  of 

h a l i t e  wi th  l e s s e r  amounts of  a n h y d r i t e ,  s y l v i t e ,  and p o l y h a l i t e .  

1.1.2 Mineral  and Energy Resources 

The m i n e r a l  and energy r e s o u r c e s  t h a t  u n d e r l i e  t h e  four  c o n t r o l  zones of 

t h e  WIPP s i t e  a r e  c a l i c h e ,  gypsum, s a l t ,  po tash ,  and hydrocarbons 

(Tab le  1 ) .  Potash ( s y l v i t e  and l a n g b e i n i t e ) ,  which occurs  i n  s t r a t a  
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RESOURCE 
COMMENTS 

1 C a l i c h e  
lot cons ide red  an economic r e s e r v e .  ( 3 )  1 
lot cons ide red  an economic r e s e r v e .  I 

S a l t  
lot cons ide red  an economic r e s e r v e .  

Po tash :  

S y l v i t e  Ore ( 2 )  
Leserves i n c l u d e  27.43 m i l l i o n  t o n s  a t  

I r i c h n e s s  of 13.33 pe rcen t  K20 (U.S. 

lepartment of  t h e  I n t e r i o r ,  1977).  (4 )  

L a n g b e i n i t e  Ore ( 2  
. eserves  i n c l u d e  48.46 m i l l i o n  tons  a t  

r i c h n e s s  of  9.11 pe rcen t  K20 (U.S. 

epartment of t h e  I n t e r i o r ,  1977).  

Hydrocarbons: 

Crude O i l  
o t  cons ide red  an economic r e s e r v e .  

Na tu ra l  Gas 
e s e r v e s  a r e  44.62 b i l l i o n  c u b i c  f e e t  

ocated a t  a dep th  of  14,000 f e e t  

Keesey, 1979).  

I D i s t i l l a t e  
? s e r v e s  a r e  0.12 m i l l i o n  b a r r e l s  I 

I x a t e d  a t  a  d e p t h  of  14,000 f e e t  I 

 able adapted i ron 

( 2 ) ~ o w - g r a d e  resource  

( 3 ) " ~ e s e r v e s  ," a s  d e s  
r e s e n t  economic c o n d i t i o n s .  

( 4 ) ~ y l v i t e  r e s e r v e s  d 

(5 )0ne  b a r r e l  e q u a l s  

( 6 ) ~ h e  "degrees  API" 
IS. 

- 7 -  
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above t h e  waste s t o r a g e  hor izon ,  and hydrocarbons ( n a t u r a l  gas and 

d i s t i l l a t e ) ,  which occur  i n  s t r a t a  below the  waste s t o r a g e  hor izon ,  a r e  

t h e  on ly  r e s o u r c e s  of p r a c t i c a l  s i g n i f i c a n c e  (Table  2 ) .  The enormous 

d e p o s i t s  of c a l i c h e ,  gypsum, and s a l t  elsewhere i n  t h e  United S t a t e s  a r e  

more than adequa te ,  and much more economically a t  t r a c t i v e ,  t o  meet 

r equ i rements  f o r  t h e s e  m a t e r i a l s  now and i n  t h e  f o r e s e e a b l e  f u t u r e .  

1 .1 .2 .1  Potash 

The WIPP s i t e  i s  a d j a c e n t  t o  t h e  Carlsbad potash mining d i s t r i c t  where 

commercial q u a n t i t i e s  of potash a r e  found i n  t h e  McNutt Potash Member of 

t h e  Salado Formation (F igure  4 ) .  A t o t a l  of 11 o r e  zones o r  hor izons  

h a s  been i d e n t i f i e d  i n  t h e  McNutt Potash Member, numbered i n  ascending 

o r d e r  from No. 1  n e a r  t h e  base  of the  u n i t  t o  No. 11 near  i t s  top .  

These zones c o n t a i n  va ry ing  q u a n t i t i e s  and q u a l i t i e s  of potash o r e  i n  

t h i c k n e s s e s  t o  about e i g h t  f e e t .  

Three s t u d i e s  have been performed t o  e s t a b l i s h  the  e x t e n t  and e v a l u a t e  

t h e  q u a l i t y  of  t h e  po tash  r e s o u r c e s  a t  the  WIPP s i t e .  The U.S. Depart- 

ment of t h e  I n t e r i o r ,  Geological  Survey (USGS) performed a  s tudy t o  

e v a l u a t e  t h e  a v a i l a b l e  q u a n t i t i e s  and types  of potash o r e  under ly ing  t h e  

s i t e .  S t u d i e s  conducted by the  U.S. Department of the  I n t e r i o r ,  Bureau 

of Mines (USBM) and A g r i c u l t u r a l  and I n d u s t r i a l  Minera l s ,  I n c .  (AIM) 

were economic e v a l u a t i o n s  whose purpose was t o  e s t a b l i s h  which p o r t i o n s  

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

The USGS s t u d y  i d e n t i f i e d  t h e  potash r e s o u r c e s  a t  the  s i t e  and c a t e -  

g o r i z e d  t h e s e  d e p o s i t s  by s t andard  grades  (Table  3 ) ;  these  grades  r e l a t e  

t o  t h e  p u r i t y  of  t h e  o r e  d i scovered ,  expressed a s  the  pe rcen t  of  potas-  

sium oxide  (K20) p r e s e n t .  Genera l ly ,  the  h igher  the  g rade ,  the  more 

economica l ly  v a l u a b l e  t h e  o r e .  The uSGS s tudy  used the  r e s u l t s  of an 

e x p l o r a t o r y  d r i l l i n g  program and a s s o c i a t e d  l a b o r a t o r y  ana lyses  t o  

accompl ish  t h e  f o l l o w i n g  o b j e c t i v e s  (John,  e t  a l . ,  1978) : 

o  De te rmina t ion  of the  th ickness  and grade f o r  each 
p o t a s h  l a y e r  d i scovered  i n  e x p l o r a t o r y  d r i l l i n g .  



(6)*11 'one I V  (Keesey, 1979).  
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TABLE 3 

USGS GRADE CLASSIF 
FOR POTASH ORE t FfT'ON 

("~ata from John, et al. (1978); table 
adapted from U.S. Department of Energy 
(19801, Table 7-6. 

* 

 GRADE(^) 

Low 

Lease 

High 

(2)0re bed must have a minimum thickness 
of four feet for each grade class. 

(3)~he potassium oxide ( ~ ~ 0 )  contenL is 
the indus t ry-accept ed measure of 
quality, even though the potash salts 
do not in themselves contain K20. 

ORE 
TYPE 

Langbeinite 
Sylvit e 

Langbeinite 
Sylvite 

Langbeinite 
Sylvi te 

POTASSIUM OXIDE 
(K 01 

( 3 )  CONTENT 
(percent) 

3 
8 

4 
10 

8 
14 



TME 3156 

o  Assignment of m i n e r a l i z e d  l a y e r s  t o  a p p r o p r i a t e  
o r e  beds .  

o  De te rmina t ion  of t h e  p robab le  c o n t i n u i t y  of o r e  
beds .  

As i n d i c a t e d  i n  Table 2 and Figure 5 ,  t h e r e  a r e  s i g n i f i c a n t  potash 

r e s o u r c e s  a t  the  WIPP s i t e  with a  minimum mining t h i c k n e s s  of four  

f e e t .  Roughly two-thi rds  of t h i s  o r e  is  l o c a t e d  w i t h i n  Control  Zone IV 

of  t h e  s i t e .  

The two s e p a r a t e  s t u d i e s  of t h e  economic p o t e n t i a l  of the  potash 

r e s o u r c e s  a t  the  WIPP s i t e  (U.S. Department of t h e  I n t e r i o r ,  1977; 

A g r i c u l t u r a l  and I n d u s t r i a l  Minera l s ,  I n c . ,  1979) used va ry ing  

approaches  and r e p o r t  d i f f e r e n t  r e s u l t s  d e s c r i b i n g  the  economic a t t r a c -  

t i v e n e s s  of t h e  po tash  r e s o u r c e s .  Each of t h e s e  e v a l u a t i o n s  involved 

segmenting the  o r e  d e p o s i t s  i n t o  d i s t i n c t  b locks  of o r e  and i d e n t i f y i n g  

which a r e a s  could  economical ly  be developed by mining o p e r a t i o n s .  Both 

s t u d i e s  a g r e e ,  however, t h a t  no economical ly  a t t r a c t i v e  d e p o s i t s  ( i .  e . ,  

r e e e r v e s )  of s y l v i t e  e x i s t  w i t h i n  t h e  i n n e r  t h r e e  c o n t r o l  zones a t  the  

WIPP s i t e  and t h a t  t h e  m a j o r i t y  of the  l a n g b e i n i t e  r e s e r v e s  a r e  l o c a t e d  

o u t s i d e  t h e  i n n e r  zones (Table  2 ) .  The most a t t r a c t i v e  l a n g b e i n i t e  

d e p o s i t s ,  and t h e  on ly  " rese rves"  under c u r r e n t  market c o n d i t i o n s  (USBM 

Mining Unit  B-1), a r e  l o c a t e d  nor th -nor theas t  of the  s i t e  c e n t e r  i n  

Cont ro l  Zones I11 and I V  ( F i g u r e  5 ) .  

1.1.2.2 Hydrocarbons 

The New Mexico Bureau of Mines and Mineral  Resources (NMBM&MR) conducted 

a  hydrocarbon r e s o u r c e  s tudy  i n  s o u t h e a s t e r n  New Mexico f o r  an a r e a  t h a t  

i n c l u d e d  t h e  WIPP s i t e  ( F o s t e r ,  1974).  The r e s o u r c e  e v a l u a t i o n  was 

based both  on t h e  known r e s e r v e s  of crude o i l  and n a t u r a l  gas  i n  t h e  

r e g i o n  and on t h e  p r o b a b i l i t y  of f i n d i n g  new r e s e r v o i r s  i n  a r e a s  where 

p a s t  u n s u c c e s s f u l  e x p l o r a t o r y  d r i l l i n g  was e i t h e r  too  widely spread o r  

t o o  sha l low t o  have al lowed d i s c o v e r y .  The fundamental assumption i n  

t h i s  s t u d y  was t h a t  t h e  WIPP s i t e  has  t h e  same p o t e n t i a l  f o r  c o n t a i n i n g  

hydrocarbons  a s  t h e  much l a r g e r  r eg ion  i n  which the  s tudy was conducted 

and f o r  which e x p l o r a t i o n  d a t a  were a v a i l a b l e .  Table 1 i n d i c a t e s  t h e  
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r e s u l t s  of  t h i s  s t u d y  t h a t  show l a r g e  q u a n t i t i e s  of n a t u r a l  gas and 

l e s s e r  d e p o s i t s  of crude o i l  and d i s t i l l a t e  a r e  s t a t i s t i c a l l y  probable 

a t  t h e  WIPP s i t e .  

The s t u d y  of r e s o u r c e s  by NMBM&MR i n d i c a t e d  t h a t  t h e r e  could be a s  many 

a s  15 p o t e n t i a l  p roduc t ive  hor izons  (pay zones) w i t h i n  the  rocks t h a t  

u n d e r l i e  the  e v a p o r i t e  d e p o s i t s  (F igure  4 ) .  The Ramsey sand near the  

t o p  of the  B e l l  Canyon Formation i n  the  Delaware Mountain Group i s  the  

rock u n i t  s t r a t i g r a p h i c a l l y  c l o s e s t  t o  the  WIPP f a c i l i t y  t h a t  may con- 

t a i n  hydrocarbon r e s o u r c e s .  Economic a n a l y s i s  (Keesey, 1976; 1979; 

1980) has  r evea led  t h a t  on ly  a  s i n g l e  zone, t h e  Morrow Formation of 

Pennsylvanian age ,  i s  worthy of e x p l o r a t i o n  r i s k .  Gas product ion from 

t h e  Atoka Formation i s  not  l a r g e  enough t o  j u s t i f y  e x p l o r a t i o n  of t h i s  

u n i t ,  a l though  some produc t ion  a n c i l l a r y  t o  Morrow product ion may be 

p o s s i b l e .  The Morrow Formation i s  a  c o n s i s t e n t  n a t u r a l  gas  producer over 

much of  t h e  a r e a  su r round ing  t h e  WIPP s i t e .  The r e s u l t s  of the  evalu-  

a t i o n  of  r e s e r v e s  a r e  shown i n  Table 2 .  The crude o i l  r e sources  a r e  not 

cons ide red  reasonab ly  e x t r a c t a b l e ,  but  s i g n i f i c a n t  q u a n t i t i e s  of n a t u r a l  

g a s  a r e  l i k e l y  t o  be p r e s e n t  a t  the  s i t e .  

1 .2  PURPOSE OF THE NATURAL RESOURCES STUDY 

I n  t h e  development of t h e  WIPP p r o j e c t ,  the  primary concern of the  DOE 

i s  p r o t e c t i n g  t h e  p u b l i c  h e a l t h  and s a f e t y .  As a  c o n s e r v a t i v e  f e a t u r e  

i n  t h e  DOE d e s i g n  t o  m a i n t a i n  t h e  i n t e g r i t y  of t h e  WIPP s i t e  and ensure  

t h a t  t h e  emplaced was tes  a r e  i s o l a t e d  from t h e  environment,  t h e  DOE has  

d e l i n e a t e d  b u f f e r  zones around t h e  underground development i n  which 

r e s o u r c e  recovery  w i l l  be s t r i c t l y  c o n t r o l l e d  o r  p r o h i b i t e d .  The DOE 

r e c o g n i z e s  t h a t  t h e  s t a t e  of New Mexico is  concerned p r i m a r i l y  with 

p r o t e c t i n g  t h e  p u b l i c  h e a l t h  and s a f e t y  but  does r e l y  upon the r o y a l t i e s  

g e n e r a t e d  from r e s o u r c e  recovery a s  a  s i g n i f i c a n t  source  of revenue and 

t h a t  o t h e r  adverse  economic and s o c i a l  impacts could r e s u l t  i f  access  t o  

t h e  r e s o u r c e s  a t  the  WIPP s i t e  i s  permanently den ied .  The two p o s s i b l y  

c o n f l i c t i n g  g o a l s  of m a i n t a i n i n g  i n t e g r i t y  of t h e  waste s t o r a g e  a r e a  and 

maximizing t h e  o p p o r t u n i t y  f o r  r e source  recovery a t  t h e  s i t e  must be 

examined i n  terms of  t h e  p o t e n t i a l  consequences i f  r e source  recovery is  

a 1  lowed. 

- 13 - 
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The conduct of the  n a t u r a l  r e s o u r c e s  s tudy  was agreed upon by the  s t a t e  

o f  New Mexico and t h e  DOE i n  t h e  s t i p u l a t e d  agreement of J u l y  1, 1981. 

It i s  in tended  t o  r e s o l v e  q u e s t i o n s  p resen ted  by the  New Mexico Environ- 

menta l  E v a l u a t i o n  Group (EEG) and o t h e r  groups w i t h i n  t h e  s t a t e  of New 

Mexico t h a t  r a i s e d  q u e s t i o n s  concerning resource  recovery i n  t h e i r  

review of  WIPP p r o j e c t  documents (U.S. Department of Energy, 1980; 

1981b),  t h e  WIPP F ina l  Environmental  Impact Statement ( FEIS) , and the  

WIPP S a f e t y  Ana lys i s  Report (SAR) . The r e s u l t s  of t h i s  s tudy  a r e  a l s o  

in tended  t o  s e r v e  a s  the  b a s i s  f o r  the  DOE i n t e r i m  p o l i c y  regard ing  

n a t u r a l  r e s o u r c e  recovery  a t  t h e  WIPP s i t e  (U.S. Department of Energy, 

1981a) .  As such,  the  p o t e n t i a l  e f f e c t s  of r e source  recovery on i s o l a -  

t i o n  of emplaced was te ,  a s  d i s c u s s e d  i n  t h i s  r e p o r t ,  a r e  considered only  

d u r i n g  t h e  pe r iod  i n  which i n s t i t u t i o n a l  c o n t r o l s  a r e  p rese rved ;  a f t e r  

c o n t r o l s  a r e  l o s t ,  t h e  DOE p o l i c y  w i l l  no longer  be germane. 

The s t u d y  i s  s p e c i f i c a l l y  aimed a t  t h e  p o t e n t i a l  consequences of de- 

v e l o p i n g  t h e  r e s o u r c e s  i n  Control  Zone I V ,  and us ing d i r e c t i o n a l  d r i l l -  

i n g  from w i t h i n  Zone I V  t o  r ecover  t h e  hydrocarbons under ly ing Zones I ,  

11, and 111. Nearly 75 pe rcen t  of the  a t t r a c t i v e  potash d e p o s i t s  under- 

l i e  t h i s  o u t e r  b u f f e r  zone and a l l  of t h e  n a t u r a l  gas  and d i s t i l l a t e  

r e s e r v e s  can be accessed by e x i s t i n g  d r i l l i n g  techniques  ( e i t h e r  ver-  

t i c a l  o r  d i r e c t i o n a l )  from w i t h i n  Control  Zone I V  (Keesey, 1979). 

Accordingly ,  a l lowing  resource  recovery from w i t h i n  Zone I V  substan-  

t i a l l y  m i t i g a t e s  any adverse  economic and s o c i a l  impacts of permanent 

r e s o u r c e  d e n i a l .  Permanent p r o h i b i t i o n s  i n  t h e  i n n e r  two zones a r e  

n e c e s s a r y  t o  p r e s e r v e  s i te  i n t e g r i t y  and to  prevent  i n t e r f e r e n c e  w i t h  

WIPP o p e r a t i o n s .  S i m i l a r  r e s t r i c t i o n s  f o r  Control  Zone 111 a r e  i n d i c a -  

t i v e  of  t h e  DOE'S c o n s e r v a t i v e  d e s i g n  t o  p r o t e c t  t h e  i n t e g r i t y  of t h e  

WIPP waste  emplacement h o r i z o n .  In  a d d i t i o n  t o  r esource  recovery of 

p o t a s h  and hydrocarbons ,  t h e  impact of s o l u t i o n  mining f o r  o t h e r  evapo- 

r i t e  m i n e r a l s  o r  e x c a v a t i o n  of an underground s t o r a g e  cavern was evalu-  

ated,  a l though  t h i s  a c t i v i t y  is  cons ide red  t e c h n i c a l l y  u n a t t r a c t i v e  

and /o r  not  f e a s i b l e  nea r  the  WIPP s i t e .  
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1 . 3  STUDY METHODOLOGY 

Assess ing  t h e  p o t e n t i a l  consequences of a l lowing resource  recovery with- 

i n  Cont ro l  Zone I V  a t  t h e  WIPP s i t e  invo lves  t h e  e v a l u a t i o n  of e x t r a c -  

t i o n  t e c h n o l o g i e s  used t o  a c c e s s  the  n a t u r a l  r e s o u r c e s  i n  t h i s  a r e a  t o  

de te rmine  which s p e c i f i c  r e source  recovery a c t i v i t i e s  a r e  f e a s i b l e  

( F i g u r e  6 ) .  The n a t u r a l  r e s o u r c e s  s tudy  assessed  t h e  p o t e n t i a l  e f f e c t s  

of  r ecovery  o p e r a t i o n s  w i t h i n  Zone I V  on the  i n t e g r i t y  of the  geo log ic  

conta inment  of t h e  emplaced r a d i o a c t i v e  was tes .  Feas ib le  r e source  

recovery  a c t i v i t i e s  were examined t o  determine whether t h e s e  a c t i v i t i e s  

would: a f f e c t  t h e  t ime of i s o l a t i o n  b e f o r e  a breaching event  could be 

assumed t o  o c c u r ;  cause  f r a c t u r i n g  o r  d i s s o l u t i o n  of the  waste emplace- 

ment h o s t  rock ;  o r  i n t r o d u c e  a  d r i v i n g  mechanism t h a t  would tend t o  

f o r c e  was tes  ou t  of t h e  s t o r a g e  f a c i l i t y .  

Cons ide r ing  t h e  e v e n t s  by which r a d i o n u c l i d e s  could reach the  environ-  

ment, s p e c i f i c  r e s o u r c e  recovery  a c t i v i t i e s  were e v a l u a t e d ,  r e s u l t i n g  

communication e v e n t s  were p o s t u l a t e d ,  and t h e s e  even t s  were compared t o  

t h e  breach mechanisms e v a l u a t e d  i n  the  WIPP SAR. 
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2 . 0  RESOURCE RECOVERY METHODS 

This  c h a p t e r  d e s c r i b e s  t h e  f e a s i b l e  e x t r a c t i o n  t echno log ies  f o r  recover-  

i n g  t h e  n a t u r a l  r e s o u r c e s  under ly ing  the  WIPP s i t e .  The methods used i n  

mining po tash  and producing hydrocarbons determine what d i s t u r b a n c e s  

could  reasonab ly  be expec ted .  Using geomechanical and hydrogeologic  

a n a l y s e s ,  t h e  p o t e n t i a l  d i s t u r b a n c e s  induced by the  v a r i o u s  e x t r a c t i o n  

a c t i v i t i e s  a r e  examined (Chapter  3 . 0 ) .  

The e v a l u a t i o n s  of what t echn iques  could be employed t o  recover  the  

r e s o u r c e s  from w i t h i n  Control  Zone I V  a t  the  WIPP s i t e  (Tab le  4) were 

performed i n  c o n s i d e r a t  i o n  of t h e  fo l lowing  : 

o The methodology i s  a p p r o p r i a t e  f o r  the  s p e c i f i c  
g e o l o g i c  and hydrogeologic  c o n d i t i o n s  a t  t h e  WIPP 
s i t e .  

o  The e x t r a c t i o n  t e c h n o l o g i e s  a r e  c u r r e n t l y  con- 
s i d e r e d  f e a s i b l e  ( i . e . ,  e x t r a p o l a t i o n  of what may 
c o n s t i t u t e  f u t u r e  t e c h n o l o g i e s  was not made). 

o  E x t r a c t  ion  methods a r e  t e c h n i c a l l y  f e a s i b l e ,  a l -  
though not  n e c e s s a r i l y  economical ly  a t t r a c t  i v e  
( i . e . ,  t h e  assessment was made independent of the  
c u r r e n t  market p r i c e  of  t h e  r e s o u r c e s ) .  

The i n f o r m a t i o n  p r e s e n t e d  h e r e i n  r e s u l t e d  from i n t e r v i e w s  with potash 

mining companies o p e r a t i n g  i n  t h e  Delaware Basin ,  review of the  USGS, 

USBM, and NMBM&MR d a t a ,  and a n a l y s e s  by e n g i n e e r s  and g e o l o g i s t s  

s p e c i a l i z i n g  i n  mining and hydrocarbon recovery.  

2 .1  POTASH 

Developing po tash  r e s o u r c e s  invo lves  t h r e e  g e n e r a l l y  s e q u e n t i a l  s t e p s ,  

a s  f o l l o w s :  

o  E x p l o r a t i o n  
o  Mining 
o  Ore p r o c e s s i n g  

The fo l lowing  paragraphs  d e s c r i b e  t echno log ies  t h a t  can be used t o  

accomplish each of  t h e s e  phases of potash recovery .  S p e c i f i c  a t  t e n t  ion  

i s  g iven  t o  those  a s p e c t s  of  t h e s e  a c t i v i t i e s  t h a t  could p o t e n t i a l l y  



TABLE 4 

SUMMARY 
EXTRACTION TECHNOLOGIES 

APPLICABLE TO WIPP SITE RESOURCES( 

( " ~ e t h o d s  t h a t  cou ld  t e c h n i c a l l y  be employed t o  r e c o v e r  r e s o u r c e s .  
( * ) 1 n c l u d e s  l o n g w a l l  m i n i n g ,  s h o r t w a l l  m i n i n g ,  e t c  . 

TECHNOLOGY 

P o t  a s h  Mining 

Underground Mining 
- Conven t iona l  

( 2 )  - "High Recovery" 

a S o l u t i o n  Mining 
- S i n g l e  Well  
- M u l t i p l e  Well 

- 
Hydrocarbon Recovery  

a D r i l l i n g  
- V e r t i c a l  D r i l l i n g  

i n  Zone I V  
- Devia t ed  D r i l l i n g  

from Zone I V  

a P r o d u c t i o n  S t i m u l a t i o n  
- H y d r o f r a c i n g  
- A c i d i z i n g  

Seconda ry  and 
T e r t i a r y  Recovery 
- Flooding  
- Steam o r  Carbon 

Dioxide  I n j e c t  i o n  

SYLVITE 

X 
X 

X 

POTASH 

LANGBEINI TE 

X 
X 

DEPOSIT 

DISTILLATE 

X 

X 

X 
X 

CRUDE OIL 

X 

X 

X 
X 

X 
X 

HYDROCARBONS 

NATURAL GAS 

X 

X 

X 
X 
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lead t o  c o n d i t i o n s  or  c o n t r i b u t e  t o  c i rcumstances  which r e s u l t  i n  

b r e a c h i n g  t h e  WIPP f a c i l i t y .  Although t h i s  s e c t  ion  s p e c i f i c a l l y  iden- 

t i f i e s  potash a s  the  r e c o v e r a b l e  r e s o u r c e  of i n t e r e s t ,  t he  t echn iques  

used f o r  e x p l o r a t i o n  and mining of potash would be a p p l i c a b l e  t o  e x p l o i -  

t a t i o n  of o t h e r  e v a p o r i t e  m i n e r a l s  or  the  development of underground 

s t o r a g e  caverns .  

2 . 1 . 1  E x p l o r a t i o n  

E x p l o r a t i o n  f o r  po tash  d e p o s i t s  i n c l u d e s  d r i l l i n g  small-diameter ( e . g . ,  

f o u r  t o  s i x  i n c h e s  i n  d i a m e t e r )  boreho les  t o  l o c a t e  o r e  zones and o b t a i n  

c o r e  f o r  t e s t i n g .  The c o r e  i s  analyzed t o  determine the  o re  grade and 

o t h e r  p r o p e r t i e s  t h a t  a f f e c t  minabi  l i t y  and p rocess ing  e f f i c i e n c y ,  such 

a s  t h e  pe rcen tage  of i n s o l u b l e  m a t e r i a l s .  I n  a d d i t i o n  t o  the  o r e  zone 

i t s e l f ,  t h e  rocks  immediately o v e r l y i n g  and under ly ing  t h i s  hor izon  a r e  

s t u d i e d  s o  t h a t  t h e  behavior  of t h e  p r o s p e c t i v e  mine f l o o r  and roof can 

be e v a l u a t e d .  The m a t e r i a l  p r o p e r t i e s  of a  p o s s i b l e  mine f l o o r  a r e  of 

concern  t y p i c a l l y  t o  a  dep th  of l e s s  than about 20 f e e t  below t h e  o r e  

zone.  Accordingly ,  e x p l o r a t o r y  boreho les  f o r  potash d e p o s i t s  would not 

be expec ted  t o  p e n e t r a t e  more than  a  few t e n s  of f e e t  below t h e  McNutt 

Po tash  Member. S ince  t h e  v e r t i c a l  l o c a t i o n  of t h e  lower l i m i t s  of t h e  

McNutt Po tash  Member i s  approximate ly  400 f e e t  above the  s t o r a g e  

f a c i l i t y ,  a t  no t ime would such a borehole  be expected t o  be d r i l l e d  

w i t h i n  about 350 t o  400 f e e t  v e r t i c a l l y  of t h e  WIPP emplacement 

h o r i z o n .  

The accuracy  of downhole su rvey ing  t echn iques  and o t h e r  c o n t r o l s  on 

d r i l l i n g  o p e r a t i o n s  i s  such t h a t  t h e  l o c a t i o n  of the  bottom of a  1,000- 

foot-deep boreho le  can be determined w i t h i n  about f i v e  f e e t  v e r t i c a l l y  

and t e n  f e e t  h o r i z o n t a l l y .  An e r r a n t  boreho le  could not  f e a s i b l y  con- 

n e c t  wi th  emplaced waste i n  t h e  WIPP f a c i l i t y  o r  t h e  s h a f t s  connect ing 

t h i s  f a c i l i t y  t o  t h e  s u r f a c e .  

2.1.2 Mining 

Methods used i n  po tash  mining depend on t h e  s p e c i f i c  minera l  ( i . e . ,  s y l -  

v i t e  or  l a n g b e i n i t e )  p r e s e n t  i n  the  d e p o s i t .  S y l v i t e  i s  a  r e l a t i v e l y  
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s o f t ,  s o l u b l e  m i n e r a l  and can be mined by a  v a r i e t y  of underground 

t e c h n i q u e s  o r  by s o l u t i o n  mining.  Langbe in i t e  i s  a  h a r d e r  m a t e r i a l  f o r  

which t h e  o p t i o n s  a v a i l a b l e  f o r  underground mining a r e  more l i m i t e d .  

L a n g b e i n i t e  i s  a l s o  l e s s  s o l u b l e  than  t h e  e v a p o r i t e  m a t e r i a l s  t h a t  

t y p i c a l l y  surround i t  so t h a t  s o l u t i o n  mining i s  not f e a s i b l e .  

2.1.2.1 Underground Mining 

Underground mining f o r  po tash  i n  t h e  Delaware Basin t y p i c a l l y  involves  

c o n s t r u c t i n g  v e r t i c a l  s h a f t s  t o  t h e  e l e v a t i o n  of  the  o r e  zone and then  

e x t r a c t i n g  t h e  m i n e r a l s  i n  an underground excava t ion  t h a t  fo l lows the  

t r e n d  of t h e  o r e  body. The mining methods t h a t  a r e  normally employed 

a r e  s i m i l a r  i n  many r e s p e c t s  t o  those  a v a i l a b l e  f o r  underground c o a l  

mining.  

The s h a f t s  a r e  g e n e r a l l y  c o n s t r u c t e d  by conven t iona l  ( d r i l l - a n d - b l a s t ) ,  

r a i s e  b o r i n g ,  o r  b l i n d  b o r i n g  t e c h n i q u e s .  The s h a f t s  t y p i c a l l y  range 

from 10 t o  20 f e e t  i n  d iamete r  and commonly a r e  l i n e d  with c o n c r e t e  down 

t o  t h e  t o p  of t h e  s a l t  fo rmat ion .  Because t h e r e  i s  g e n e r a l l y  so l i t t l e  

w a t e r  p r e s e n t  i n  t h e  overburden rock s t r a t a  i n  t h e  a r e a ,  s p e c i a l  provi-  

s i o n s  f o r  c o l l e c t i n g  and removing groundwater a r e  not t y p i c a l ,  even 

though some s h a f t s  have encountered groundwater i n  s u f f i c i e n t  q u a n t i t i e s  

t o  r e q u i r e  dewate r ing  o r  s e a l i n g .  Where water-bear ing zones a r e  encoun- 

t e r e d ,  they  a r e  t y p i c a l l y  s e a l e d  by i n j e c t i n g  g rou t  i n t o  the  format i o n .  

Underground mining proceeds  by developing e n t r i e s  from the  s h a f t s  t o  t h e  

a r e a s  where t h e  o r e  w i l l  be e x t r a c t e d .  I n  t h e  Delaware Basin potash 

mines ,  t h e  s h a f t  p i l l a r  r a d i u s  ( i . e . ,  t h e  a r e a  of low e x t r a c t i o n  around 

t h e  s h a f t  f o r  m a i n t a i n i n g  i t s  long-term s t a b i l i t y )  is  g e n e r a l l y  equiva- 

l e n t  t o  t h e  dep th  of  t h e  s h a f t .  High-extract ion room-and-pillar o r  

modi f i ed  longwal l  o r  s h o r t w a l l  t echn iques  a r e  most commonly employed i n  

p r o d u c t i o n  p a n e l s .  More novel  t e c h n i q u e s ,  such a s  t h e  y i e l d  p i l l a r  

c o n c e p t ,  have been a t t empted  but  were unsuccess fu l  due t o  the  geo log ic  

c o n d i t i o n s  s p e c i f i c  t o  the  Car lsbad a r e a .  
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The s i z e  of e n t r i e s ,  e x t r a c t i o n  r a t i o s  i n  p roduc t ion  a r e a s ,  and o t h e r  

f a c t o r s  of  t h e  mine d e s i g n  a r e  c o n t r o l l e d  by a s p e c t s  of t h e  l o c a l  s t r a -  

t i g r a p h y ,  such a s  t h e  l o c a t i o n  of c l a y  seams, the  t h i c k n e s s  and l a t e r a l  

e x t e n t  of o r e  beds ,  and o t h e r  l o c a l i z e d  f e a t u r e s  t h a t  occur w i t h i n  the  

McNutt Potash Member. Consequent ly ,  f o r  the  mines i n  the  Carlsbad 

po tash  mining d i s t r i c t ,  mine p lann ing  r a t i o n a l e  is  e s t a b l i s h e d  p r i m a r i l y  

through p rev ious  mining exper ience  on the  p a r t i c u l a r  p r o p e r t y .  Table 5 

p r e s e n t s  d a t a  f o r  s e v e r a l  of  t h e  po tash  mines i n  t h e  v i c i n i t y  of the  

WIPP s i t e .  Development s t r a t e g i e s  i n  a l l  of t h e s e  mines a r e  s i m i l a r ,  

b u t  l o c a l  c o n d i t i o n s  r e s u l t  i n  some v a r i a t i o n s .  The mine geometr ies  a r e  

e s t a b l i s h e d  t o  maximize o r e  recovery and minimize s t a b i l i t y  problems. 

Roof b o l t i n g  i s  used on ly  a s  a  p r e c a u t i o n  o r  t o  minimize s l abb ing  ( l o c a l  

f a l l s )  of  the  r o o f .  Floor heave has  been r e p o r t e d  i n  some of the  l o c a l  

mines .  One mine i n  t h e  Delaware Basin e x t r a c t s  potash from two o re  

zones s e p a r a t e d  i n  some p l a c e s  by a s  l i t t l e  a s  50 f e e t  of i n t e r v e n i n g  

e v a p o r i t e  rock.  It is i n t e r e s t i n g  t o  no te  t h a t  where m u l t i p l e  o re  zones 

a r e  be ing  mined, t echn iques  t o  minimize t h e  p o t e n t i a l  adverse  e f f e c t s  

( e .g . ,  " s t a c k i n g  p i l l a r s " )  a r e  not g e n e r a l l y  used. Never the less ,  only 

minor f l o o r  problems have been observed and such problems have not been 

found t o  i n t e r f e r e  wi th  normal p roduc t ion  a c t i v i t i e s .  Fau l t ing  through 

t h e  o v e r l y i n g  openings  has  not  r e s u l t e d  from t h e  subsidence caused by 

mining t h e  lower u n i t .  

Convent ional  d r i l l i n g  and b l a s t i n g  is  commonly used t o  develop e n t r i e s  

a s  w e l l  a s  f o r  p r o d u c t i o n  p a n e l s ,  e s p e c i a l l y  when mining l a n g b e i n i t e .  

One mine uses  a  modif ied  s h o r t w a l l  mining t echn ique  and longwall  mining 

h a s  a l s o  been a t t e m p t e d .  The most common techn ique  f o r  mining s y l v i t e  

i n v o l v e s  t h e  use  of con t inuous  miners .  The use of cont inuous  miners  i n  

l a n g b e i n i t e  o r e  zones is  ex t remely  l i m i t e d  due t o  the  ha rdness  of t h e  

o r e  and consequent  h igh r a t e  of b i t  wear. 

Most of  t h e  mining companies use r e t r e a t  mining methods (removing a l l  o r  

p o r t i o n s  of suppor t  p i l l a r s )  t o  i n c r e a s e  e x t r a c t i o n  r a t i o s .  Use of 

t h e s e  methods sometimes l e a d s  t o  subsidence and s u r f a c e  m a n i f e s t a t i o n s  



TABLE 5 

EXAMPLES OF POTASH MINE GEOMETRI 
I N  THE VICINITY OF THE WIPP SITE A 

( l ) ~ n f o r m a t  i o n  from i n t e r v i e w s  w i t h  mine o p e r a t o r s  conducted b y  D'Appo1oni.a p e r s o n n e l  i n  
September  1981. 

(2)'1-11 i n d i c a t e s  i n f o r m a ~ i o n  not  a v a i l a b l e .  

PARAMETER 

Depth ( f e e t )  

Range 

Average 

Main E n t r i e s  

Number 

He igh t  ( f e e t )  

Width ( f e e t )  

S p a c i n g  ( f e e t )  

P r o d u c t i o n  Areas  

He igh t  of  Opening ( f e e t )  

P a n e l  Width ( f e e t )  

P i l l a r  S i z e  ( f e e t )  

M I N E  (OWNER) 

NAT 1 ONAL 
POTASH 
COMPANY 

1 ,600  t o  1 , 7 0 0  

- (2 )  

5 

11 

3 0 

120 

4 t o  8 

- 
90 x 90 

POTASH 
COMPANY 

OF AMERICA 

750 t o  1 ,400  

1 ,000 

- 
- 

3 5 

- 

5 

- 
7 5  x 7 5  

INTERNATIONAL 
MINERALS AND 

CHEMICALS 
CORPORATION 

800 t o  900 

- 

- 
- 
- 
- 

6.5 t o  8 

3 2 

30 x 40 
o r  30 x 50 

KERR-McGEE 
CHEMICAL 

CORPORATION 

800 t o  2 ,300 

- 

- 

- 

2 5 

- 

- 

- 

- 



of  t h i s  subs idence  have been i d e n t i f i e d  i n  the  Delaware Basin;  however, 

d e s p i t e  such subs idence ,  t h e  i n t e g r i t y  of t h e  o v e r l y i n g  s a l t  is i n d i -  

c a t e d  by the  absence of water  in f low t o  the  mines from o v e r l y i n g  aqui-  

f e r s .  

Exper ience  i n  t h e  Car lsbad potash mining d i s t r i c t  has i n d i c a t e d  t h a t ,  

from a  p r a c t i c a l  p o i n t  of view, t h e r e  is  l i t t l e  need f o r  concern r e l a -  

t i v e  t o  t h e  e f f e c t s  of one mining o p e r a t i o n  on ad jacen t  mines. Contrary  

t o  most underground c o a l  mining p rocedures ,  l a r g e  b a r r i e r  p i l l a r s  a r e  

not  be ing  l e f t  a t  p r o p e r t y  boundar ies  and s e v e r a l  o p e r a t o r s  may be 

mining t o  w i t h i n  50 f e e t  of t h e i r  p roper ty  l i n e s .  

2.1.2.2 S o l u t i o n  Mining 

I n  t h e  s o l u t i o n  mining of  po tash ,  f r e s h  water  i s  i n j e c t e d  t o  d i s s o l v e  

t h e  o r e  body and t h e  r e s u l t i n g  b r i n e  c o n t a i n i n g  t h e  o r e  is then  

e x t r a c t e d  f o r  p r o c e s s i n g .  The types  of s o l u t i o n  mining techniques  

s u i t e d  t o  potash e x t r a c t  ion  a r e  t h e  fo l lowing  : 

o Single-wel l  systems i n  which one we l l  with a t  
l e a s t  two l a y e r s  of c a s i n g  is  used f o r  i n j e c t i n g  
wa te r  and e x t r a c t i n g  t h e  potash.  This  technique 
r e s u l t s  i n  a  " teardrop"  shaped c a v i t y  o r  a  ver-  
t i c a l  c y l i n d e r .  

o  Mul t ip le -we l l  systems i n  which t h e  i n j e c t i o n  and 
e x t r a c t i o n  w e l l s  a r e  s e p a r a t e  so  t h a t  a h o r i z o n t a l  
seam i s  d i s s o l v e d .  Communication between the  
w e l l s  is i n i t i a t e d  by h y d r a u l i c  f r a c t u r i n g .  

Because t h e  s y l v i t e  i n  t h e  Car lsbad potash mining d i s t r i c t  t ends  t o  be 

t h i n l y  bedded, t h e  mul t ip le -we l l  system appears  t o  be t h e  more appro- 

p r i a t e  s o l u t i o n  mining system. Davis and Shock (1970) r e p o r t e d  the  

r e s u l t s  of t h e  exper imenta l  use of the  mul t ip le -we l l  method f o r  t h e  

s o l u t i o n  mining of s y l v i t e  i n  t h e  Delaware Basin.  Because l a n g b e i n i t e  

is less s o l u b l e  than  t h e  su r round ing  rock (e .g . ,  s y l v i t e  and h a l i t e ) ,  i t  

i s  no t  amenable t o  s o l u t i o n  mining.  

The Potash Company of America and C o n t i n e n t a l  Potash have t r i e d  unsuc- 

c e s s f u l l y  t o  s o l u t i o n  mine potash i n  t h e  Car lsbad potash mining d i s -  

t r i c t .  These f a i l u r e s  have been a t t r i b u t e d  t o  the  fo l lowing :  
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o  The low grade  of o r e  

o  The t h i n n e s s  of t h e  o r e  beds 

o  Problems wi th  pumping and h e a t i n g  ( t o  i n c r e a s e  
s a l t  s o l u b i l i t y )  t h e  i n j e c t i o n  water  

The u n a v a i l a b i l i t y  of  f r e s h  wa te r  i n  the  Car lsbad a r e a  would be a  

f u r t h e r  problem a s s o c i a t e d  wi th  any f u t u r e  a t t e m p t s  t o  s o l u t i o n  mine 

po tash  i n  commercial ly s i g n i f i c a n t  q u a n t i t i e s .  

These e x p e r i e n c e s  and the  l a c k  of s u i t a b l e  water  s u p p l i e s  suggest  t h a t  

t h e  p o t e n t i a l  f o r  a p p l i c a t i o n  of c u r r e n t l y  a v a i l a b l e  s o l u t i o n  mining 

technology f o r  t h e  e x t r a c t i o n  of s y l v i t e  a t  the  WIPP s i t e  i s  remote. 

There appears  t o  be l i t t l e  o r  no i n c e n t i v e  t o  mine i n  t h i s  f a s h i o n ,  a s  

compared t o  underground methods. 

2.1.3 O r e  P r o c e s s i n g  

The primary method f o r  s e p a r a t i n g  potash m i n e r a l s  from o t h e r  e v a p o r i t e  

m i n e r a l s  is  by heavy-media s e p a r a t i o n .  Through t h i s  technique,  the  

p o t a s s i c  m i n e r a l s  a r e  s e p a r a t e d  by r e l y i n g  on the  d i f f e r e n c e s  i n  spe- 

c i f i c  g r a v i t i e s  between t h e s e  m i n e r a l s  and those  of o t h e r  e v a p o r i t e s .  

S y l v i t e  and l a n g b e i n i t e  a r e  t y p i c a l l y  processed s e p a r a t e l y  except by the  

I n t e r n a t i o n a l  Minera l s  and Chemical Corpora t ion ,  which ho lds  a  pa ten t  on 

a  method t o  p r o c e s s  low-grade o r e  t h a t  is  a  combination of s y l v i t e  and 

l a n g b e i n i t e .  

2.2 HYDROCARBONS 

Hydrocarbon development i n  t h e  v i c i n i t y  of the  WIPP s i t e  is  p r i m a r i l y  

concerned wi th  n a t u r a l  g a s ,  but  l i m i t e d  amounts of d i s t i l l a t e  and crude 

o i l  can be found. E x p l o i t i n g  t h e s e  r e s o u r c e s  r e q u i r e s  the  fo l lowing 

s e q u e n t i a l  s t e p s :  

o  E x p l o r a t i o n ,  d r i l l i n g ,  and wel l  completion 
o  Produc t ion  s t i m u l a t i o n  (no t  always n e c e s s a r y )  
o  Produc t ion  and d i s t r i b u t i o n  
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The fo l lowing  pa ragraphs  address  t h e s e  a s p e c t s  of hydrocarbon develop- 

ment and t h e  methods employed a t  each s t e p .  

2.2.1 E x p l o r a t i o n ,  D r i l l i n g ,  and Well Completion 

E x p l o r a t i o n  f o r  hydrocarbons  t y p i c a l l y  invo lves  a  two-step p rocess ,  per- 

formed i n  s t a g e s  t o  minimize t h e  p o t e n t i a l  f o r  spending l a r g e  sums of  

money on a  nonproduct ive  h o l e .  The f i r s t  s t e p  u t i l i z e s  remote methods 

t h a t  p rov ide  i n d i r e c t  evidence of an o i l  o r  gas  h o r i z o n .  The most f r e -  

q u e n t l y  u t i l i z e d  method i s  se i smic  r e f l e c t i o n ,  which i s  performed a t  the  

s u r f a c e  and does not  invo lve  d i s t u r b a n c e  of t h e  n a t u r a l ,  in-place  rock.  

The second s t e p  i n v o l v e s  d r i l l i n g  e x p l o r a t i o n  boreho les  through expected 

pay zones .  Downhole geophys ica l  measurements a r e  u s u a l l y  taken as the  

d r i l l i n g  proceeds  t o  update  a v a i l a b l e  d a t a .  

An impor tan t  f a c t o r  i n  unders tand ing  o i l  and gas  e x p l o r a t i o n  is t h a t ,  i f  

s u f f i c i e n t  q u a n t i t i e s  of o i l  o r  gas  a r e  encoun te red ,  the  e x p l o r a t i o n  

h o l e  becomes t h e  p roduc t ion  w e l l .  These dua l  r o l e s  d i c t a t e  how bore- 

h o l e s  a r e  developed;  t h e  methods a r e  q u i t e  u n l i k e  those  f o r  minera l  

e x p l o r a t i o n  o r  o t h e r  g e o l o g i c  i n v e s t i g a t i o n s .  A b a s i c  t e n e t  i n  d r i l l i n g  

f o r  o i l  and /o r  g a s  is t h a t  t h e  h o l e  must be kept  open. I f  t h e  h o l e  

c l o s e s ,  a  ve ry  expens ive  d r i l l  stem and o t h e r  t o o l s  may be l o s t  and, i n  

t h e  wors t  c a s e ,  t h e  h o l e  may become unusable .  

O i l  and gas  h o l e s  a r e  normal ly  d r i l l e d  t o  a  r e l a t i v e l y  l a r g e  d iamete r  

(e .g . ,  15 t o  30 i n c h e s )  through the  sha l low unconso l ida ted  m a t e r i a l s .  A . 

s t e e l  s u r f a c e  c a s i n g  i s  s e t  and cemented i n  t h e  h o l e  t o  prevent  c l o s u r e .  

The d r i l l  h o l e  i s  then  advanced a t  a  l e s s e r  d i a m e t e r ,  g e n e r a l l y  a t  

l e a s t ,  t o  t h e  t o p  of  t h e  s a l t  i n  t h e  Delaware Basin and s t e e l  c a s i n g  is  

cemented i n  p l a c e .  D r i l l i n g  then  c o n t i n u e s ,  p o s s i b l y  with a d d i t i o n a l  

r e d u c t i o n s  o r  "step-downs" i n  we l l  d iamete r  and a d d i t i o n a l  c a s i n g  

emplacement ( th rough  upper p o r t i o n s  of t h e  h o l e ) ,  u n t i l  t h e  p o t e n t i a l  

pay zone h o r i z o n  is p e n e t r a t e d .  H i g h - i n t e g r i t y  cement bonding between 

t h e  c a s i n g  and fo rmat ion  s t r a t a  is  achieved and v e r i f i e d  us ing  downhole 

geophys ica l  logg ing  t e c h n i q u e s .  A f t e r  t h e  pay zone has  been i n t e r s e c t e d  

and some evidence of hydrocarbons no ted ,  small-diameter ( e . g . ,  four-  t o  
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s ix - inch)  s t e e l  "p roduc t ion  tubing"  i s  i n s e r t e d  i n t o  the  h o l e  and t h e  

lower 100 t o  500 f e e t  cemented i n t o  p l a c e .  

The p o r t i o n  of t h i s  t u b i n g  i n  t h e  p roduc t ion  zone i s  then p e r f o r a t e d  by 

s h o o t i n g  s m a l l  s t e e l  p r o j e c t i l e s  through i t  by means of d i r e c t i o n a l  

c h a r g e s .  Any fo rmat ion  water  a s s o c i a t e d  wi th  t h e  hydrocarbon-producing 

h o r i z o n  is  d r a i n e d  and t e s t i n g  is  performed t o  determine t h e  r e s e r v o i r  

c h a r a c t e r i s t i c s  and f e a s i b i l i t y  of us ing  the  we l l  f o r  hydrocarbon pro- 

d u c t  ion .  

D r i l l i n g  f o r  o i l  and gas  can proceed v e r t i c a l l y  o r  i t  can d e v i a t e  from 

t h e  v e r t i c a l  beg inn ing  a t  any given dep th .  The sequence of p l a c i n g  cas-  

i n g  and i n s e r t i n g  p roduc t ion  t u b i n g  does not change,  a l though some of 

t h e  p rocedures  a r e  a l t e r e d  when d i r e c t i o n a l  d r i l l i n g  t echn iques  a r e  

employed. The l o c a t i o n  of t h e  bottom of boreho les  i s  determined by 

downhole su rvey ing  t e c h n i q u e s .  D i r e c t i o n a l  su rvey ing  proceeds as  t h e  

h o l e  i s  d r i l l e d  producing downhole l o c a t i o n  d a t a  a c c u r a t e  enough t h a t  

l i t i g a t i o n  may be based on them. For v e r t i c a l  d r i l l i n g ,  t h e s e  tech-  

n i q u e s  can de te rmine  t h e  l o c a t i o n  of t h e  bottom of a  14,000-foot-deep 

b o r e h o l e  w i t h i n  about  100 f e e t  h o r i z o n t a l l y  and 20 f e e t  v e r t i c a l l y .  

These e r r o r  bands a r e  approx imate ly  doubled i n  the  c a s e  of d i r e c t i o n a l  

d r i l l i n g .  

I f ,  a s  a  r e s u l t  of t e s t i n g ,  t h e  we l l  is b e l i e v e d  t o  have a  good poten- 

t i a l  f o r  p r o d u c t i o n ,  f u r t h e r  o p e r a t i o n s  may be conducted i n  t h e  we l l  t o  

o p t i m i z e  p r o d u c t i o n .  Most of t h e s e  product ion-opt imizing o p e r a t i o n s  a r e  

des igned  t o  i n c r e a s e  t h e  h y d r a u l i c  c o n d u c t i v i t y  of hydrocarbon h o s t  

rock ,  a l lowing  o i l  and/or  gas  t o  f low more e a s i l y  i n t o  the  we l lbore ,  and 

t h u s  s t i m u l a t i n g  p roduc t ion  from an o t h e r w i s e  s u b s t a n t i a l l y  porous,  but  

low h y d r a u l i c  c o n d u c t i v i t y ,  format ion.  

If t e s t i n g  r e s u l t s  i n d i c a t e  t h a t  p roduc t ion  of  hydrocarbons from the  

d r i l l  h o l e  is  u n l i k e l y ,  t h e  p roduc t ion  tub ing  i s  severed near  t h e  bottom 

( j u s t  above t h e  cement bond) by smal l  e x p l o s i v e  charges  and removed. 

The d r i l l  h o l e  is  then  plugged by emplacement of cement grout  a t  
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s e l e c t e d  i n t e r v a l s ,  s e p a r a t e d  by i n t e r v a l s  of d r i l l i n g  f l u i d .  The 

a c t u a l  p lugging p l a n  f o r  hydrocarbon e x p l o r a t i o n  we1 1 s  v a r i e s  from we1 1  

t o  w e l l ,  but  i n  a l l  c a s e s  i s  mandated by a p p l i c a b l e  s t a t e  and f e d e r a l  

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

2 . 2 . 2  Produc t ion  S t i m u l a t i o n  

S t i m u l a t i o n  of a  gas- o r  o i l -p roduc ing  we l l  invo lves  a  process  t o  in-  

c r e a s e  i ts  y i e l d .  Methods a r e  commonly c l a s s i f i e d  as  f o l l o w s :  

o  Primary s t i m u l a t i o n  - i n c r e a s e  t h e  h y d r a u l i c  con- 
d u c t i v i t y  of  the  r e s e r v o i r  rocks .  

o  Secondary s t i m u l a t i o n  - i n c r e a s e  t h e  d r i v i n g  f o r c e  
by water  f l o o d i n g  o r  o t h e r  methods. 

o  T e r t i a r y  s t i m u l a t i o n  - d e c r e a s e  the  v i s c o s i t y  of 
t h e  hydrocarbons .  

Pr imary p roduc t ion  s t i m u l a t i o n  i s  a p p l i c a b l e  t o  a l l  hydrocarbon recovery 

o p e r a t i o n s  and can be performed i n  many ways. The most common primary 

p r o d u c t i o n  s t i m u l a t i o n  t echn ique  i s  h y d r a u l i c  f r a c t u r i n g  ("hydrofracing") .  

2.2.2' .  1 Hydrofracing 

Hydrofracing i n v o l v e s  i n j e c t i n g  f l u i d  and p r e s s u r i z i n g  i t  u n t i l  t h e  

t e n s i l e  s t r e s s  induced i n  t h e  h o s t  rock is  s u f f i c i e n t  t o  crack i t .  

These c r a c k s  then connect  t h e  pores  i n  the  rock and g r e a t l y  i n c r e a s e  t h e  

h y d r a u l i c  c o n d u c t i v i t y  of the  r e s e r v o i r  fo rmat ion .  The f r a c t u r i n g  i s  

i n i t i a t e d  a t  the  d e s i r e d  depth  w i t h i n  t h e  d r i l l  ho le  by p r e s s u r i z i n g  

through t h e  p e r f o r a t e d  p o r t i o n s  of t h e  p roduc t ion  tub ing .  

Hydrofracing t y p i c a l l y  invo lves  s e v e r a l  s t e p s  a s  fo l lows :  

o  I n j e c t i n g  f l u i d  i n t o  t h e  p roduc t ion  tub ing .  

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

o  Observing p r e s s u r e  l e v e l s  t o  a s s u r e  t h a t  f r a c t u r -  
ing  of  t h e  r e s e r v o i r  rock has  occur red  (marked by 
r a p i d  p r e s s u r e  d e c l i n e ) .  
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Once a  t e n s i l e  f r a c t u r e  is  i n i t i a t e d ,  it is  p e n e t r a t e d  by l i q u i d  from 

t h e  boreho le  and f r a c t u r e  p ropaga t ion  under con t inuous  h y d r a u l i c  a c t i o n  

t a k e s  p l a c e .  The f r a c t u r i n g  f l u i d  c a r r i e s  a  propping agent t o  ensure  a 

h i g h l y  permeable f low channel  is  mainta ined a f t e r  p r e s s u r e  r e l e a s e .  The 

h y d r o f r a c i n g  f l u i d  i s  then removed from t h e  h o l e  and the  h o l e  is  f lushed  

w i t h  n i t r o g e n  o r  o t h e r  i n e r t  m a t e r i a l s .  

Two fundamental  f a c t o r s  d e f i n e  the  geometry of t h e  induced f r a c t u r e s  and 

l i m i t  t h e i r  e x t e n t :  

o  The e l a s t i c  behav io r  of t h e  s t r a t a  being f r a c t u r e d  
i s  governed by t h e  rock m a t e r i a l  p r o p e r t i e s  and 
t h e  e x t e r n a l  l o a d i n g .  

o  The r e s i s t a n c e  t o  f low due t o  the  f l u i d  v i s c o s i t y  
r educes  t h e  p r e s s u r e  e x e r t e d  by the  f r a c t u r i n g  
f l u i d  a s  i t  moves through t h e  narrow openings away 
from t h e  boreho le .  

Hydrof rac ing  a  r e s e r v o i r  hor izon  r e q u i r e s  a  des ign  t o  account f o r  t h e s e  

f a c t o r s  p r i o r  t o  i t s  e x e c u t i o n  i n  the  f i e l d .  Such d e s i g n s  s p e c i f y  t h e  

p r e s s u r e  t o  be used t o  overcome t h e  l i t h o s t a t i c  p r e s s u r e  and the  t e n s i l e  

s t r e n g t h  of  the  rock and c o n s i d e r  t h e  fo l lowing  types  of c o n d i t i o n s  f o r  

t h e  s p e c i f i c  we l l  and fo rmat ion  t o  be f r a c t u r e d :  

o  Conf ining p r e s s u r e  ( l i t h o s t a t i c ,  pore  f l u i d s )  

o  L i t h o l o g y  and s t r e n g t h  c h a r a c t e r i s t i c s  of t h e  rock 
t o  be f r a c t u r e d  

o  O r i e n t a t i o n  of bedding p l a n e s ,  f i s s u r e s ,  and o t h e r  
p lanes  of  weakness 

The d e s i g n  of t h e  h y d r o f r a c  must a l s o  s p e c i f y  t h e  c h a r a c t e r i s t i c s  of the  

f r a c t u r i n g  f l u i d  and t h e  schedu le  by which i t  is  i n j e c t e d  t o  e s t a b l i s h  

how t h e  i n i t i a t e d  f r a c t u r e s  a r e  propagated.  The f l u i d  v i s c o s i t y  and 

e f f i c i e n c y  i n  p ropaga t ing  f r a c t u r e s  ( expressed  a s  a  f  l u i d - l o s s  coef  f i- 

c i e n t )  a r e  t h e  f l u i d  p r o p e r t i e s  t h a t  must be determined.  The pumping 

r a t e  and pumping t ime a r e  a l s o  key v a r i a b l e s  i n  d e s i g n i n g  the  f r a c t u r e  

geometry.  
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The s i z e  and e x t e n t  of t h e  induced f r a c t u r i n g  i s  d i r e c t l y  c o n t r o l l e d  by 

t h e  amount of energy placed i n t o  t h e  system. By s e l e c t i n g  a p p r o p r i a t e  

f l u i d s  and pumping s c h e d u l e s ,  the  we l l  deve loper  has  a  good d e a l  of 

c o n t r o l  over  t h e  e x t e n t  of f r a c t u r i n g .  One important  c o n s i d e r a t i o n  i s  

t h a t  t h e  e f f o r t  i s  made t o  l i m i t  t h e  v e r t i c a l  e x t e n t  of f r a c t u r e s  s o  

t h a t  o t h e r  permeable,  bu t  b a r r e n ,  zones a r e  not in te rconnec ted  with the  

pay zone.  The degree  of such c o n t r o l  is i n c r e a s e d  when the  format ion t o  

be  f r a c t u r e d  i s  homogeneous and i s o t r o p i c .  As t h e  rock c h a r a c t e r i s t i c  

becomes more complex, t h e  c o n t r o l  over  the  f r a c t u r i n g  d e c r e a s e s .  

2 .2 .2 .2  Acid iz ing  

A c i d i z i n g  is  ano the r  method t o  i n c r e a s e  t h e  h y d r a u l i c  c o n d u c t i v i t y  of 

hydrocarbon-producing r o c k s .  Ac id iz ing  invo lves  i n j e c t i n g  an a c i d  i n t o  

t h e  producing h o r i z o n  t o  break down m a t e r i a l s  chemica l ly  so t h a t  the  

pores  i n  the  rock become i n t e r c o n n e c t e d .  Ac id iz ing  is e s p e c i a l l y  a p p l i -  

c a b l e  t o  c a l c a r e o u s  rocks  or  sands tones  cemented with c a l c a r e o u s  

m a t e r i a l s .  The a c i d  r e a c t s  wi th  t h e  ca lc ium ca rbona te  t o  break down t h e  

cementa t ion  of t h e  rock.  

A c i d i z i n g  a  format i o n  i n v o l v e s  many of t h e  same s t e p s  a s  hydrof rac ing .  

The primary concern  i s  i n j e c t i n g  t h e  a c i d  i n t o  a  format ion having low 

h y d r a u l i c  c o n d u c t i v i t y  and d i s p e r s i n g  it away from t h e  i n j e c t i o n  po in t  

i n  a p p r o p r i a t e  c o n c e n t r a t i o n s .  Accordingly ,  t h e  boreho le  is p r e s s u r i z e d  

a t  t h e  d e s i r e d  l e v e l  t o  i n i t i a t e  smal l  f r a c t u r e s  and the  ac id  s o l u t i o n  

is then  i n j e c t e d  under p r e s s u r e  t o  f low i n t o  and propagate  the  smal l  

openings .  

2 . 2 . 2 . 3  Secondary and T e r t i a r y  Recovery 

Secondary and t e r t i a r y  p roduc t ion  t echn iques  a r e  used t o  provide  an 

a r t i f i c i a l  d r i v i n g  f o r c e  t o  push o i l  i n t o  a  we l l  and t o  reduce the  

v i s c o s i t y  of heavy crude o i l s ,  t h e r e b y  i n c r e a s i n g  t h e  e f f e c t i v e  hy- 

d r a u l i c  c o n d u c t i v i t y .  Water, b r i n e ,  s team, carbon d i o x i d e ,  s u r f a c t a n t s ,  

o r  o t h e r  m a t e r i a l s  a r e  i n j e c t e d  i n t o  t h e  format ion t o  provide d r i v i n g  

f o r c e ,  reduce s u r f a c e  t e n s i o n ,  h e a t  the  m a t e r i a l ,  o r  chemical ly  r e a c t  

w i t h  i t  t o  cause  t h e  c rude  o i l  t o  f low more r e a d i l y  i n t o  the we l l .  
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Secondary recovery methods a r e  commonly employed i n  p o r t i o n s  of the  

Delaware Basin  t h a t  c o n t a i n  p r a c t i c a l  q u a n t i t i e s  of crude o i l .  Such 

p roduc t ion  methods a r e  not  e v a l u a t e d  i n  d e t a i l  i n  t h i s  r e p o r t ,  however, 

because  of t h e  minimal amount of crude o i l  l i k e l y  t o  e x i s t  w i t h i n  the  

WIPP s i t e .  This  technology could p o s s i b l y ,  i n  t h e  f u t u r e ,  be advanced 

and adapted t o  enhance t h e  recovery  of n a t u r a l  gas .  

2 .2 .3  P roduc t ion  and D i s t r i b u t i o n  

N a t u r a l  gas  f lows from w e l l s  because  of t h e  l i t h o s t a t i c  p r e s s u r e  head 

under which i t  has  formed and accumulated;  no pumping of n a t u r a l  gas i s  

r e q u i r e d .  The gas from w e l l s  i s  most commonly pure enough f o r  d i r e c t  

market  use  wi th  l i t t l e  ref inement  necessa ry .  A t  a  producing we l l  s i t e ,  

t h e  gas  is e i t h e r  s t o r e d  i n  t anks  f o r  d i s t r i b u t i o n  o r  compressed d i r e c t -  

l y  and s e n t  i n t o  t r a n s m i s s i o n  p i p e l i n e s .  

Crude oil is pumped from t h e  r e s e r v o i r  us ing  p o s i t i v e  d isplacement  

pumps. It i s  c o l l e c t e d  i n  s t o r a g e  tanks  a t  t h e  we l l  pad and l a t e r  s e n t  

t o  p r o c e s s i n g  f a c i l i t i e s  f o r  r e f i n i n g .  



3 . 0  POTENTIAL EFFECTS ON THE WIPP FACILITY 

The purpose  of t h i s  c h a p t e r  i s  t o  d e l i n e a t e  those  a s p e c t s  of the  des- 

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

t h e  waste  emplaced i n  t h e  WIPP f a c i l i t y .  This  a n a l y s i s  provides  i n f o r -  

mat ion on t h e  e x t e n t  of i n f l u e n c e  of d i s t u r b a n c e s  and forms the  b a s i s  

f o r  t h e  assessment  of t h e  p o t e n t i a l  e f f e c t s  of developing t h e  n a t u r a l  

r e s o u r c e s  i n  Cont ro l  Zone I V  of the  WIPP s i t e .  

3.1 UNDERGROUND M I N I N G  OF POTASH 

The opening of e n t r i e s  f o r  underground potash mining causes  a  r e d i s t r i -  

b u t i o n  of s t r e s s e s  w i t h i n  t h e  su r round ing  rock t h a t  can lead t o  opening 

o f  f i s s u r e s ,  a l t e r a t i o n s  of rock f a b r i c ,  and/or i n c r e a s e  the  h y d r a u l i c  

c o n d u c t i v i t y  of  t h e  su r round ing  rock.  Mining can a l s o  lead t o  s u r f a c e  

s u b s i d e n c e  and subsidence- induced f r a c t u r i n g  above t h e  mined l e v e l .  

E v a l u a t i o n  of t h e  e x t e n t  of such d i s t u r b a n c e s  can draw upon both empi r i -  

c a l  d a t a  and s o l u t i o n s  of s i m p l i f i e d  governing e q u a t i o n s .  

3.1.1 S t r e s s  and Stress- Induced Creep 

The e f f e c t s  of s t r e s s  r e d i s t r i b u t i o n  and s t r ess - induced  c r e e p  r e l a t e d  t o  

po tash  mine development i n  t h e  WIPP s i t e  a r e a  were e v a l u a t e d  us ing both  

a v a i l a b l e  e m p i r i c a l  d a t a  and t h e  r e s u l t s  of a n a l y t i c a l  s t u d i e s .  The 

e v a l u a t i o n s  a r e  d e s c r i b e d  i n  t h e  fo l lowing  s e c t i o n s .  More s o p h i s t i c a t e d  

methods,  such as geomechanical  modeling us ing  f i n i t e  element t echn iques ,  

cou ld  be a p p l i e d  t o  g i v e  a more p r e c i s e  e v a l u a t i o n .  However, t h e  

r e s u l t s  of f i r s t  approximat ions  and very  c o n s e r v a t i v e  p r e l i m i n a r y  analy- 

t i c a l  s t u d i e s  demons t ra te  t h e  adequacy of Cont ro l  Zone 111 a s  a  b u f f e r  

between po tash  mines developed w i t h i n  Cont ro l  Zone I V  and the  WIPP 

f a c i l i t y  ( even  u s i n g  v e r y  c o n s e r v a t i v e  assumpt ions ) ,  and more e x a c t  

a n a l y s e s  a r e  not  necessa ry .  

3.1.1.1 Empi r i ca l  R e l a t i o n s h i p s  

Empi r i ca l  r e l a t i o n s h i p s  d e r i v e d  from mining e x p e r i e n c e  i n  po tash ,  c o a l ,  

and o t h e r  bedded format i o n s  p rov ide  v a l u a b l e  means of e s t i m a t i n g  ground 

b e h a v i o r  based on a c t u a l  o b s e r v a t i o n s .  Although parameters  such a s  
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l i t h o l o g y ,  s t r a t i g r a p h i c  t h i c k n e s s ,  rock s t r e n g t h ,  and mine geometry 

v a r y  widely  from mine t o  mine, fundamental r e l a t i o n s h i p s  g e n e r a l l y  

a p p l i c a b l e  t o  a l l  bedded geo log ic  s e t t i n g s  have been de r ived  from d a t a  

c o l l e c t e d  from throughout  the  world.  Adler and Sun (1976) performed a  

review of d a t a  from worldwide mining exper ience  i n  many bedded geology 

s e t t i n g s ,  from which they condensed the  most commonly accepted concepts  

and t h e o r i e s  of ground behav io r  and c o n t r o l .  Among these  i s  the  p res -  

su re -a rch  theory  f o r  e s t i m a t i n g  t h e  d i s t r i b u t i o n  of  s t r e s s e s  due t o  

underground mining.  Abel (1979) prepared a  review of WIPP des ign cons i -  

d e r a t i o n s  i n  which he p resen ted  a  method of e s t i m a t i n g  the  d i s t a n c e  of 

load t r a n s f e r  i n  WIPP p i l l a r s  due t o  d r i f t  e x c a v a t i o n .  His c a l c u l a -  

t i o n a l  method was based on p ressure -a rch  theory  and was de r ived  from an 

e x t e n s i v e  c o l l e c t i o n  of e m p i r i c a l  d a t a .  

When a  mine e n t r y  i s  d r i v e n ,  t h e  sag of the  immediate roof r e s u l t s  i n  

load t r a n s f e r  t o  the  s o l i d  r i b s ,  c r e a t i n g  a  "pressure-arch"  above t h e  

opening i n  t h i s  d e s t r e s s e d  zone (F igure  7 ) .  F ie ld  o b s e r v a t i o n s  have 

shown t h a t  the  maximum width of t h e  pressure-arch i n c r e a s e s  with d e p t h ,  

i s  s t r o n g l y  a f f e c t e d  by t h e  l o c a l  s t r a t i g r a p h y  and a s s o c i a t e d  rock mass 

p r o p e r t i e s ,  and becomes i n t e r a c t i v e  wi th  subsidence phenomena a t  sha l low 

mining d e p t h s .  Empir ica l  r e l a t i o n s h i p s  have been developed t o  d e s c r i b e  

t h e  s i z e  of t h e  pressure-arch around an underground opening.  The f o l -  

lowing e q u a t i o n  (Adler  and Sun, 1976) is  a  t y p i c a l  example: 

where : 
H = depth  of  t h e  mine, f e e t  

Wmax = width of t h e  maximum p r e s s u r e - a r c h ,  f e e t .  

Most r e f e r e n c e s  (e .g . ,  S te fanko ,  1978; Adler and Sun, 1976) recommend a  

pane l  width o f  0.75Wmax f o r  d e s i g n  purposes ,  based on o p e r a t o r  e x p e r i -  

ence .  I n  t h e o r y ,  i f  Wmax i s  exceeded,  t h e  panel  i s  too  wide and exces- 

s i v e  l o a d s  w i l l  be shed d i r e c t l y  on t h e  p i l l a r s ,  the reby  c r e a t i n g  poten- 

t i a l  i n s t a b i l i t i e s  i n  t h e  r o o f ,  f l o o r ,  or  t h e  p i l l a r  i t s e l f  (F igure  7 ) .  
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According t o  t h e  p ressure -a rch  theory ,  the  maximum load occurs  near t h e  

abutments and, beyond t h i s  p o i n t ,  t h e  load is g r a d u a l l y  d i s s i p a t e d  over 

some d i s t a n c e .  Cons ide r ing  on ly  t h e  s i d e  abutments ,  s e v e r a l  approaches 

can  be examined t o  e s t i m a t e  t h e  zone of i n f l u e n c e ,  which i s  the  d i s t a n c e  

from t h e  edge of t h e  opening t o  t h e  po in t  a t  which the  und i s tu rbed  i n  

s i t u  s t r e s s  i s  once a g a i n  r e e s t a b l i s h e d .  Within t h e  zones of i n f l u e n c e ,  

changes i n  t h e  s t r e s s  o r  deformat ion l e v e l s  would be d e t e c t a b l e ;  o u t s i d e  

o f  t h e  zone,  no measurable  change i n  t h e  und i s tu rbed  i n  s i t u  c o n d i t i o n s  

would be expec ted .  

B r i t i s h  e x p e r i e n c e  (Whi t t ake r ,  1975) s u g g e s t s  t h a t  the  in f luenced  zones 

w i t h i n  t h e  s i d e  abutments extend t o  a  maximum d i s t a n c e  of one-quar ter  t o  

one- th i rd  of t h e  t h i c k n e s s  of t h e  rock o v e r l y i n g  the  mine ( i . e . ,  mine 

d e p t h ) ,  d e c r e a s i n g  e x p o n e n t i a l l y  from the  r i b s i d e .  According t o  s t u d i e s  

by Abel (1979) u s i n g  d a t a  from a  number of underground mines, the  load 

t r a n s f e r  d i s t a n c e  can be c a l c u l a t e d  a t  a  95% conf idence l e v e l  by t h e  

formula : 

Load T r a n s f e r  Dis tance  = -45.0 + 0.373H - 0.0000820H 2 ( 2 )  

where : 
H = dep th  of t h e  mine, f e e t  

Load T r a n s f e r  = d i s t a n c e  away from t h e  opening a t  which 
und i s tu rbed  i n  s i t u  s t r e s s  i s  r e e s t a b l i s h e d  

Applying the  above i n f o r m a t i o n  from Whit taker  (1975) t o  the  WIPP s i t e  

a r e a ,  t h e  c a l c u l a t e d  zone of i n f l u e n c e  f o r  t h e  potash mine would be 660 

f e e t ,  based on us ing  a f a c t o r  o f  0 . 3 3  ( i n f l u e n c e  ex tends  h o r i z o n t a l l y  a  

d i s t a n c e  of one- th i rd  of  t h e  mine dep th )  and a  depth of 2,000 f e e t .  

Although the  lower beds i n  t h e  potash zone a t  t h e  WIPP s i t e  a r e  a t  a  

d e p t h  of about 1 ,700 f e e t ,  a dep th  of 2,000 f e e t  was s e l e c t e d  f o r  con- 

s e r v a t i s m .  The c a l c u l a t e d  zone of i n f l u e n c e  f o r  the  WIPP f a c i l i t y  would 

be  approximate ly  700 f e e t  u s i n g  a  s i m i l a r  f a c t o r  of 0.33 o r  538 f e e t  

us ing  a  f a c t o r  o f  0 .25,  and a  depth  of  2,150 f e e t .  Applying Abel ' s  

e q u a t i o n  ( 2 )  t o  t h e  WIPP f a c i l i t y ,  the  load would be t r a n s f e r r e d  over  a  

d i s t a n c e  of  378 f e e t .  
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Local  mining e x p e r i e n c e  a l s o  i n d i c a t e s  a r e l a t i v e l y  smal l  zone of  d i s -  

t u r b e d  rock  around a mine opening.  Cognizant pe r sonne l  a t  the  I n t e r -  

n a t i o n a l  Minera l s  and Chemicals Corpora t ion  mine about t e n  m i l e s  west of 

t h e  WIPP s i t e  (where t h e  potash zone i s  c o n s i d e r a b l y  shal lower  than a t  

WIPP) expressed  t h a t ,  on a p r a c t i c a l  b a s i s ,  t h e  e f f e c t s  of potash mine 

openings  extend away from t h e  mined a r e a  a d i s t a n c e  of about four  t imes 

t h e  h e i g h t  of t h e  room. This l o c a l  r u l e  of thumb would suggest  a smal l  

s e p a r a t i o n  would be r e q u i r e d  (on t h e  o rde r  of 100 f e e t )  t o  e l i m i n a t e  any 

n o t i c e a b l e  impact of mining a t  t h e  WIPP f a c i l i t y  due t o  the  proximity  of  

p o t a s h  mines.  

I n  summary, t h e  r e s u l t s  of t h e  e m p i r i c a l  r e l a t i o n s h i p s  suggest  t h a t  the  

combined zones of i n f l u e n c e  from potash mining and WIPP excava t ions  is  

about  1,400 f e e t  (660 f e e t  due t o  potash mine; 700 f e e t  due t o  WIPP 

f a c i l i t y ) .  These e m p i r i c a l  r e l a t i o n s h i p s ,  a s  we l l  a s  l o c a l  mining 

e x p e r i e n c e ,  i n d i c a t e  t h a t  a b u f f e r  zone of 1,400 f e e t  width w i l l  sepa- 

r a t e  t h e  e f f e c t s  of a p o t e n t i a l  potash mining o p e r a t i o n  and the  WIPP 

f a c i l i t y .  

3.1.1.2 A n a l y t i c a l  S t u d i e s  of Potash Mining 

An a n a l y t i c a l  model was used t o  e v a l u a t e  t h e  p o t e n t i a l  e f f e c t s  of mining 

po tash  i n  Cont ro l  Zone I V  of the  WIPP s i t e .  The model was app l i ed  t o  a 

s i m p l i f i e d  c a s e  of 100 p e r c e n t  e x t r a c t i o n  of a c y l i n d r i c a l  panel  300 

f e e t  i n  d i a m e t e r .  This  model would r e p r e s e n t  a c o n s e r v a t i v e  upper bound 

t o  a 500- t o  800-foot-wide panel  a t  60 pe rcen t  a r e a l  e x t r a c t i o n .  This 

is  because  t h e  f a r - f i e l d  s t r e s s  e f f e c t s  from e x t r a c t i o n  a r e  c o n t r o l l e d  

by t h e  e x t r a c t i o n  r a t i o ,  and t h e  model assumes an e x t r a c t i o n  volume 

which is  an o r d e r  of magnitude l a r g e r  than  t h e  volume f o r  a 800-foot- 

wide pane l .  

The closed-form s o l u t i o n  based on a secondary c r e e p  law i s  g iven i n  

Chabannes ( 1982) a s  f o l l o w s  : 
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where : 
a, = von Mises e f f e c t i v e  s t r e s s  change,  pounds per square  

inch 
a  = r a d i u s  of  c i r c u l a r  pane l ,  f e e t  ( a  = 150 f e e t  f o r  potash 

mines)  
r = r a d i u s  t o  p o i n t  of i n t e r e s t ,  f e e t  
n  = s t r e s s  exponent ,  d imens ion less  (n  = 4.9  f o r  Salado s a l t  

a t  t h e  WIPP s i t e  [Hermann, e t  a l . ,  19801) 
Po = f a r - f i e l d  c o n f i n i n g  s t r e s s ,  pounds per square  inch 
Pi = i n t e r n a l  p r e s s u r e ,  pounds per square  inch.  

The fo l lowing  assumpt ions  were made i n  the  a n a l y s i s :  

o  The opening is i n  t h e  shape of an i n f i n i t e l y  long 
c y l i n d e r  i n  a  homogeneous, i s o t r o p i c  medium. 
Th i s  assumption a l lows  f o r  a  convenient  c losed-  
form s o l u t i o n .  

o  The excava t ion  s t a y s  open. This  assumption adds 
conse rva t i sm t o  t h e  r e s u l t s  i n  t h a t ,  a s  c l o s u r e  
o c c u r s ,  t h e  opening w i l l  e v e n t u a l l y  c o l l a p s e  re-  
s u l t i n g  i n  e s t a b l i s h m e n t  of a  new s t r e s s  f i e l d  
w i t h  lower abutment p r e s s u r e s .  

o  No i n t e r n a l  p r e s s u r e  i s  a p p l i e d ,  i . e . ,  i t  i s  
assumed t h a t  t h e  opening is  s e l f - s u p p o r t i n g  
(Pi  = 0). 

o  The closed-form s o l u t i o n  used i s  based on a  
secondary c r e e p  law, implying t h e  fo l lowing :  

- The s t r e s s  d i s t r i b u t i o n  a p p l i e s  a t  a  time when 
s t e a d y - s t a t e  c o n d i t i o n s  have been e s t a b l i s h e d .  

- T r a n s i e n t  c r e e p  phenomena, which occur  p r i o r  
t o  e s t a b l i s h i n g  s t e a d y - s t a t e  c o n d i t i o n s ,  can- 
not  be s t u d i e d .  

In t h e  closed-form s o l u t i o n ,  t h e  r a d i u s  of s t r e ss - induced  i n f l u e n c e  was 

r e l a t e d  t o  t h e  r a d i u s  of t h e  underground opening based on the  von Mises 

e f f e c t i v e  s t r e s s  ( F i g u r e  8) .  This s t r e s s  is  t h e  d r i v i n g  f o r c e  t h a t  

c a u s e s  c r e e p  c l o s u r e  of  underground openings .  The zone of i n f l u e n c e  was 

determined by s e l e c t i n g  t h e  minimum v a l u e  of t h e  von Mises e f f e c t i v e  

s t r e s s  f o r  which an " e f f e c t "  could be assumed and c a l c u l a t i n g  the  d i s -  

t a n c e  o u t  from t h e  opening where t h i s  s t r e s s  l e v e l  would be reached.  A 

"cu to f f "  s t r e s s  l e v e l  o f  250 pounds per square  inch was s e l e c t e d .  The 

l i m i t  of t h e  zone of i n f l u e n c e  occurs  when t h e  von Mises e f f e c t i v e  
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s t r e s s  induced by t h e  mining is  dec reased  t o  250 pounds per square  inch .  

Th i s  v a l u e  is  c o n s e r v a t i v e  r e l a t i v e  t o  t h e  l i t h o s t a t i c  c o n d i t i o n s  near  

the  WIPP h o r i z o n  and is  nea r  t h e  lower d e t e c t i o n  l i m i t  f o r  such s t r e s s  

l e v e l s  measured i n  t h e  l a b o r a t o r y  (Bakh ta r ,  1979).  The a n a l y s i s  was 

performed assuming the  f a r - f i e l d  c o n f i n i n g  s t r e s s  (Po) i s  2,000 pounds 

p e r  square  i n c h ,  which corresponds  t o  a  depth  of approximate ly  2,000 

f e e t .  

Using t h e s e  very  c o n s e r v a t i v e  assumpt ions ,  Equation (3)  i n d i c a t e s  t h a t  

t h e  e f f e c t  of a  po tash  mine excava t ion  could extend out t o  a  d i s t a n c e  of  

about  1,900 f e e t  i n  t h e  same h o r i z o n t a l  p lane  a s  the  mining (F igure  8 ) .  

3.1.1.3 A n a l y t i c a l  S t u d i e s  of the  WIPP F a c i l i t y  

Cur ren t  WIPP d e s i g n  c a l l s  f o r  100-foot-wide p i l l a r s  with rooms 33 f e e t  

wide,  producing a  low (<30%) e x t r a c t i o n  r a t i o  i n  c o n t r a s t  t o  conven- 

t i o n a l  mining p r a c t i c e .  An assessment  of t h e  e x t e n t  of t h e  abutment 

zone around a  t y p i c a l  WIPP s t o r a g e  room was made us ing  the  Wilson 's  

Hypothes is  o r  t h e  conf ined  c o r e  method of  p i l l a r  des ign  (Wilson and 

Ashwin, 1972).  The p i l l a r  is  assumed t o  f a i l  around i t s  p e r i p h e r y .  The 

s t r e s s  is r e d i s t r i b u t e d  from t h i s  f a i l e d  zone t o  t h e  c e n t e r  of the  

p i l l a r  where rock is under t r i a x i a l  conf inement .  The equa t ion  f o r  t h e  

d i s t a n c e  t o  peak abutment s t r e s s  is given by (Wilson and Ashwin, 1972) : 

where : 

y  = d i s t a n c e  t o  peak abutment s t r e s s  
m = seam e x t r a c t i o n  h e i g h t  

a, = peak v e r t i c a l  abutment s t r e s s  
oo = unconfined s t r e n g t h  of broken rock 

t a n  B = t r i a x i a l  s t r e s s  f a c t o r  

Based on Equat ion ( 4 ) ,  the  d i s t a n c e  from t h e  room edge t o  peak abutment 

stress is e s t i m a t e d  a t  13  f e e t .  The width of  t h e  abutment zone is 

e s t i m a t e d  a s  22 f e e t  on each s i d e  of t h e  p i l l a r  such t h a t  the  width of  
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t h e  conf ined  e l a s t i c  c o r e  i s  56 f e e t .  This a n a l y s i s  p r e d i c t s  t h a t  each 

room a c t s  independen t ly  of the  o t h e r .  

The above a n a l y s i s  is a l s o  c o n s i s t e n t  wi th  t h a t  p resen ted  by Adler and 

Sun (1979) .  They show t h a t  f o r  a  p i l l a r - to -open ing  width r a t i o  of 3 : 1 ,  

s t r e s s e s  a r e  c o n c e n t r a t e d  i n  t h e  o u t e r  q u a r t e r s  of t h e  p i l l a r ,  and t h e  

c e n t r a l  one-half  of t h e  p i l l a r  has  a  n e g l i g i b l e  i n c r e a s e  i n  s t r e s s .  

These d a t a  i n d i c a t e  t h a t  t h e  p r e s s u r e  a r c h e s  over  i n d i v i d u a l  d r i f t s  a r e  

i s o l a t e d ,  and o n l y  t h e  o u t s i d e  d r i f t  need be cons ide red  i n  the  c a l c u l a -  

t i o n  of f a r - f i e l d  s t r e s s  e f f e c t s .  T h e r e f o r e ,  by applying Equation ( 3 )  

t o  t h e  WIPP f a c i l i t y  c o n d i t i o n s ,  t h e  e f f e c t  of  t h e  WIPP excava t ion  would 

be e s t i m a t e d  t o  extend t o  a  d i s t a n c e  of  210 f e e t  i n  the  same h o r i z o n t a l  

p l a n e  a s  the  f a c i l i t y  h o r i z o n .  To account f o r  some small  e f f e c t s  from 

a d j a c e n t  d r i f t s  o r  c r o s s c u t s ,  t h i s  f i g u r e  may be a r b i t r a r i l y  doubled t o  

abou t  400 f e e t .  

3 .1 .1 .4  Summary of  Analyses 

The c o n s e r v a t i v e  a n a l y s e s  i n  p rev ious  s e c t i o n s  i n d i c a t e  t h e r e  should be 

no s u p e r p o s i t i o n  of s t r e s s  e f f e c t s  from the  mining of potash upon t h e  

l o c a l  s t r e s s  d i s t r i b u t i o n  around the  underground WIPP f a c i l i t y  i f  the 

s e p a r a t i o n  d i s t a n c e  is a t  l e a s t  2,300 f e e t  (1 ,900 f e e t  due t o  the  potash 

mine;  400 f e e t  due t o  t h e  WIPP f a c i l i t y ) .  The c o n s e r v a t i v e ,  s i m p l i f i e d  

a n a l y s i s  s u g g e s t s  a  wider b u f f e r  zone (2 ,300  f e e t )  r e q u i r e d  around t h e  

WIPP f a c i l i t y  than  t h a t  o b t a i n e d  by app ly ing  e m p i r i c a l  d a t a  (1,400 

f e e t ) .  I n  e i t h e r  c a s e ,  t h e  5,200-foot-wide Zone I11 provides  cons ide r -  

a b l y  more than  t h e  n e c e s s a r y  s e p a r a t i o n .  Both the  a n a l y t i c a l  and 

e m p i r i c a l  s t u d i e s ,  a s  w e l l  a s  p a s t  mining e x p e r i e n c e  i n  t h e  a r e a ,  i n d i -  

c a t e  t h a t  underground po tash  mining can be conducted w i t h i n  Control  Zone 

I V  wi thou t  i n f l u e n c i n g  t h e  i n  s i t u  c o n d i t i o n s  surrounding the  WIPP 

f a c i l i t y  o r  c r e a t i n g  a  mechanism f o r  b reach ing  t h e  WIPP f a c i l i t y .  

Another f a c t o r  t o  be cons ide red  i s  t h e  l o c a t i o n  of the  o re  zone which i s  

about 400 f e e t  above t h e  WIPP underground f a c i l i t y  hor izon .  For t h e  

a n a l y s e s ,  t h e  po tash  mine and t h e  WIPP f a c i l i t y  were assumed t o  be a t  a  
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dep th  of  2,000 f e e t  and 2,150 f e e t ,  r e s p e c t i v e l y .  Due t o  t h i s  addi-  

t i o n a l  d i f f e r e n c e  i n  e l e v a t i o n  o r  d e p t h ,  the  und i s tu rbed  zone s e p a r a t i n g  

a  developed potash mine and t h e  WIPP f a c i l i t y  would be l a r g e r  than 

assuming the  mine and WIPP f a c i l i t y  a r e  on n e a r l y  t h e  same h o r i z o n t a l  

p l a n e .  

3.1.2 St ress- Induced I n c r e a s e s  i n  Hydraul ic  Conduc t iv i ty  

I n d i r e c t  evidence t h a t  t h e  h y d r a u l i c  c o n d u c t i v i t y  of s a l t  may i n c r e a s e  

c l o s e  t o  an  e x c a v a t i o n  has  been o b t a i n e d  from l a b o r a t o r y  t e s t s  which 

show t h e  h y d r a u l i c  c o n d u c t i v i t y  t o  be dependent on t h e  mean c o n f i n i n g  

s t r e s s .  For example, r e s u l t s  from s e v e r a l  s o u r c e s  compiled by Isherwood 

(1981) show t h a t  t h e  h y d r a u l i c  c o n d u c t i v i t y  of a  rock mass may i n c r e a s e  

by f i v e  t o  s i x  o r d e r s  of  magnitude as the  mean c o n f i n i n g  s t r e s s  of t h e  

su r round ing  rock i s  reduced from 10,000 t o  0  pounds per  square  inch 

( F i g u r e  9 ) .  Although t h e  r e l a t i o n s h i p  f o r  b r i n e  i s  not shown e x p l i c i t l y  

i n  Figure 9 ,  t h e  v i s c o s i t y  and s p e c i f i c  g r a v i t y  of b r i n e  suggest  t h a t  

s i m i l a r  i n c r e a s e s  i n  h y d r a u l i c  c o n d u c t i v i t y  wi th  decreased c o n f i n i n g  

s t r e s s  may apply  t o  b r i n e  a s  we l l .  

L a i  (1971) developed an e m p i r i c a l  e q u a t i o n  t h a t  r e l a t e s  h y d r a u l i c  con- 

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

s t r e s s  d i s t r i b u t i o n  around an underground excava t ion  is known, L a i ' s  

e q u a t i o n  can be used t o  p r e d i c t  the  v a r i a t i o n  of 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  d i s t a n c e  from t h e  e x c a v a t i o n .  Figure 10 shows the  v a r i a t i o n  i n  

h y d r a u l i c  c o n d u c t i v i t y  c a l c u l a t e d  by t h i s  method, assuming a  h y d r o s t a t i c  

s t a t e  of s t r e s s  and a  power law f o r  t h e  secondary c r e e p  response  of the  

s a l t .  The s t r e s s  d i s t r i b u t i o n  shown is  t h e  s t e a d y - s t a t e  c o n d i t i o n  t h a t  

o c c u r s  when t h e  s t r e s s  r e l a x a t i o n  due t o  c r e e p  is  f u l l y  developed;  t h i s  

s t r e s s  s t a t e  is based on work by Chabannes (1982) .  The t ime r e q u i r e d  t o  

r each  t h e  s t e a d y - s t a t e  c o n d i t i o n  is  cons ide red  t o  be smal l  r e l a t i v e  t o  

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

The c a l c u l a t e d  i n c r e a s e  i n  h y d r a u l i c  c o n d u c t i v i t y  c l o s e  t o  the  wa l l  of 

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

stress. The maximum i n c r e a s e  is r e l a t i v e l y  smal l  (approximate ly  one 
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o r d e r  of magnitude i n c r e a s e )  because  the  mean c o n f i n i n g  s t r e s s  does not  

r educe  t o  ze ro .  The magnitude of t h i s  i n c r e a s e  is  l e s s  than t h a t  pre- 

d i c t e d  f o r  f r a c t u r e d  r o c k ,  but  the  l a t e r a l  e x t e n t  of  the  d i s t u r b e d  zone 

i s  g r e a t e r  f o r  s a l t .  Hydraul ic  c o n d u c t i v i t y  i n c r e a s e s  of l e s s  than an 

o r d e r  of magnitude w i l l  probably  not  r e s u l t  i n  a  s i g n i f i c a n t  i n c r e a s e  i n  

sys tem f low;  fu r the rmore ,  i t  i s  u n l i k e l y  t h a t  a  c o n t r a s t  of l e s s  than an 

o r d e r  of magnitude could be d i s t i n g u i s h e d  by c u r r e n t  f i e l d  t e s t i n g  tech-  

n i q u e s  f o r  low h y d r a u l i c  c o n d u c t i v i t y  m a t e r i a l s  such a s  s a l t .  

This  a n a l y s i s  t a k e s  i n t o  account  on ly  one mechanism by which a  zone of 

i n c r e a s e d  h y d r a u l i c  c o n d u c t i v i t y  could  form i n  s a l t .  F rac tu r ing  of t h e  

rock due t o  s t r e s s  r e l i e f  can a f f e c t  t h e  h y d r a u l i c  c o n d u c t i v i t y  of rocks  

d i s t u r b e d  by mining.  Such f r a c t u r i n g  would be expected i n  a r e a s  where 

n e t  t e n s i l e  s t r e s s e s  i n  excess  of rock s t r e n g t h  a r e  in t roduced  i n  t h e  

rock  due t o  t h e  underground e x c a v a t i o n s .  It has  been shown a t  the  WIPP 

s i t e  t h a t ,  under c o n s e r v a t i v e  assumpt ions ,  t h e s e  t e n s i l e  s t r e s s  a r e a s  

ex tend  no more than  a  few f e e t  above o r  below an opening c u t  i n  t h e  

e v a p o r i t e s  ( H a r r i n g t o n ,  1979).  

I n  summary, mining po tash  w i t h i n  Control  Zone IV would r e s u l t  i n  a  zone 

immediately su r round ing  t h e  openings i n  which 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  rock would be g r e a t l y  i n c r e a s e d  because  of f r a c t u r i n g .  Fa r the r  

from t h e  mine, t h e  h y d r a u l i c  c o n d u c t i v i t y  of t h e  s a l t  would be s l i g h t l y  

i n c r e a s e d ,  but  t h i s  change would be w i t h i n  t h e  normal range of uncer-  

t a i n t y  f o r  s a l t  h y d r a u l i c  c o n d u c t i v i t y  v a l u e s .  There fo re ,  no p re fe ren-  

t i a l  p a t h s  f o r  ground wa te r  f low between a po tash  mine developed w i t h i n  

Cont ro l  Zone IV and t h e  WIPP f a c i l i t y  would be expected t o  be c r e a t e d  

due t o  s t r e ss - induced  change i n  h y d r a u l i c  c o n d u c t i v i t y .  

3.1.3 Subsidence 

Underground mine openings e v e n t u a l l y  c l o s e  because  of t h e  weight of t h e  

o v e r l y i n g  rocks .  The c l o s u r e  p r o c e s s ,  which may m a n i f e s t  i t s e l f  on a  

g r o s s  s c a l e  a s  s u r f a c e  subs idence ,  has  been e x t e n s i v e l y  s t u d i e d ,  espe- 

c i a l l y  i n  c o a l  f i e l d s ,  t o  de te rmine  i ts  e f f e c t s  on mine s a f e t y  and t h e  

i n t e g r i t y  of  s u r f a c e  s t r u c t u r e s .  The r a t e  of subsidence depends on the  
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dep th  of t h e  openings ,  t h e  e x t r a c t i o n  r a t i o  ( t h e  a r e a  of the  openings  

d i v i d e d  by the  a r e a  of t h e  mine) ,  and t h e  n a t u r e  of the  o v e r l y i n g  rocks .  

Both i n  c o a l  and potash mines,  the  s u r f a c e  a r e a  a f f e c t e d  by subsidence 

exceeds  t h e  a r e a  of t h e  underground openings .  The ang le  between the  

v e r t i c a l  and a  l i n e  connec t ing  the  l i m i t  of the  s u r f a c e  subsidence and 

t h e  edge of t h e  underground opening is c a l l e d  t h e  ang le  of draw; t h i s  

a n g l e  is t y p i c a l l y  about 45 degrees  f o r  potash mines near  the  WIPP s i t e  

(U.S. Department of t h e  I n t e r i o r ,  1975). The s u r f a c e  a r e a  a f f e c t e d  can 

be e s t i m a t e d  by app ly ing  a  45-degree ang le  of draw t o  the  a r e a  and dep th  

o f  t h e  underground workings.  I f ,  f o r  example, a  potash mine i s  l o c a t e d  

a t  a  dep th  of  2,000 f e e t ,  t h i s  procedure  sugges t s  t h a t  subsidence w i l l  

a f f e c t  t h e  ground s u r f a c e  ou t  t o  a  d i s t a n c e  of about 2,000 f e e t  from t h e  

l i m i t s  of mining.  Applying t h i s  t o  the  WIPP s i t e ,  mining a t  t h e  i n n e r  

edge of Cont ro l  Zone I V  would not r e s u l t  i n  subsidence e f f e c t s  c l o s e r  t o  

the  WIPP s i t e  c e n t e r  a t  t h e  ground s u r f a c e  than the  o u t e r  2,000 f e e t  of 

C o n t r o l  Zone 111. 

A g e n e r a l i z e d  subsidence e q u a t i o n  has  been developed based on coa l  min- 

i n g  e x p e r i e n c e  i n  t h e  Appalachian reg ion  of t h e  United S t a t e s  (General  

A n a l y t i c s ,  Inc . ,  1974).  Although t h i s  equa t ion  was de r ived  f o r  a  d i f -  

f e r e n t  g e o l o g i c  s e t t i n g ,  it can be used t o  p rov ide  a  p re l iminary  e s t i -  

mate of t h e  magnitude of t h e  subs idence .  The e q u a t i o n  i s  a s  fo l lows :  

where : 
S = maximum subs idence ,  f e e t  
s = subsidence f a c t o r ,  d imens ion less  
H = c a v i t y  h e i g h t ,  f e e t  
b  = f r a c t i o n  of c a v i t y  remaining a f t e r  b a c k f i l l ,  d imens ion less  
e  = e x t r a c t i o n  r a t i o ,  d imens ion less .  

Th i s  e q u a t i o n  assumes t h a t  t h e  mine w i l l  be e x t r a c t e d  i n  such a  manner 

as t o  produce maximum subsidence a t  the  c e n t e r  of a  subsidence t rough .  

A subs idence  f a c t o r  ( r a t i o  of  v e r t i c a l  s u r f a c e  displacement  t o  c a v i t y  

h e i g h t )  of  0.67 is commonly r e p o r t e d  i n  t h e  Car lsbad potash mining a r e a  
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(U.S.  Department of  t h e  I n t e r i o r ,  1975) .  Typical  mines us ing  40 t o  60 

p e r c e n t  f i n a l  e x t r a c t i o n  r a t i o s ,  no b a c k f i l l ,  and s ix - foo t  openings i n  

p r o d u c t i o n  a r e a s  would be p r e d i c t e d  t o  cause  maximum subsidence a t  t h e  

s u r f a c e  on the  o r d e r  of two f e e t .  

Th i s  d i s t u r b e d  rock would r e p r e s e n t  an a r e a  of h igher  h y d r a u l i c  conduc- 

t i v i t y  through which w a t e r s  of t h e  o v e r l y i n g  R u s t l e r  Format ion ( Figure 

4 )  could  p o t e n t i a l l y  e n t e r  t h e  underground mine workings.  Never the less ,  

t h i s  phenomenon has  not been observed i n  the  potash mines loca ted  i n  t h e  

Delaware Basin.  It should  be noted t h a t  the  v e r t i c a l  s e p a r a t i o n  between 

t h e s e  mines and t h e  o v e r l y i n g  a q u i f e r s  i s  s m a l l e r  than the  corresponding 

s e p a r a t i o n  between t h e  WIPP f a c i l i t y  and any p o t e n t i a l  potash mine a t  

the  WIPP s i t e .  

T h i s  p r e l i m i n a r y  assessment  i n d i c a t e s  t h a t  subs idence  e f f e c t s  from 

po tash  mining i n  Cont ro l  Zone I V  would occur  i n  a zone l o c a t e d  above t h e  

McNutt Potash Member, would extend i n t o  t h e  o u t e r  2,000 f e e t  of Control  

Zone 111 a t  the  ground s u r f a c e ,  and would cause  a  maximum of  2  f e e t  of  

subs idence .  Because of t h e  b u f f e r  zone provided by Control  Zone 111, 

any p o t e n t i a l  subs idence  e f f e c t s  r e s u l t i n g  from pot  ash mining would not  

a f f e c t  t h e  WIPP f a c i l i t y .  

3.2 SOLUTION M I N I N G  

The f e a s i b i l i t y  and methods of s o l u t i o n  mining were d i s c u s s e d  p rev ious ly  

i n  S e c t i o n  2.1.2.2 of t h i s  r e p o r t .  This s e c t i o n  d i s c u s s e s  the  conse- 

quences of such mining r e l a t e d  t o  the  WIPP. Although it i s  u n l i k e l y  

t h a t  s o l u t i o n  mining w i l l  be used f o r  potash o r  e v a p o r i t e  m i n e r a l  

e x t r a c t i o n  n e a r  t h e  WIPP s i t e  ( s e e  S e c t i o n  2 .1 .2 .2) ,  t h e  remote poss i -  

b i l i t y  t h a t  po tash  o r  o t h e r  e v a p o r i t e  m i n e r a l s  could  be e x t r a c t e d  by 

s o l u t i o n  mining f o r  r e s o u r c e  recovery o r  t h a t  caverns  may be developed 

f o r  purposes of underground s t o r a g e  has  n e v e r t h e l e s s  been e v a l u a t e d .  

Should t h i s  o c c u r ,  t h e  s o l u t i o n  mining e x t r a c t i o n  system i s  envis ioned 

t o  i n c l u d e  a  s e r i e s  of i n j e c t i o n / p r o d u c t i o n  w e l l s  which would be hydrau- 

l i c a l l y  connected by h y d r o f r a c i n g .  Design c o n s i d e r a t i o n s  such a s  we l l  

s p a c i n g  and f i n a l  cavern  s i z e  would be d i c t a t e d  by economics of w e l l  
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development,  s i t e  geology,  pe rcen tage  e x t r a c t i o n ,  and subs idence .  The 

d e s i g n  d e c i s i o n s  and c o n s t r u c t i o n  impacts of s o l u t i o n  mining which could 

p o t e n t i a l l y  a f f e c t  the  WIPP f a c i l i t y  a r e  the  span of the  caverns  (which 

could  l ead  t o  s u b s i d e n c e ) ,  t h e  e x t e n t  of h y d r o f r a c i n g ,  and the  r e d i s t r i -  

b u t i o n  of s t r e s s e s  around the  cavern .  

3 . 2 . 1  Cavern Span and S t r e s s  R e d i s t r i b u t i o n  

While i s s u e s  of s t r a t a  c o n t r o l  a r e  not as  c r i t i c a l  i n  s o l u t i o n  mined 

cavern  development a s  i n  room-and-pillar mining,  it fol lows t h a t  an 

o p e r a t o r  would l i m i t  cavern  s i z e  so  a s  not t o  induce roof c o l l a p s e  which 

would d i s r u p t  mining o p e r a t i o n s  and p o s s i b l y  l ead  t o  subsidence.  If t h e  

cavern  s i z e  approached t h e  c r i t i c a l  l i m i t  i n  a  one-gal lery  system, a  new 

s e r i e s  of w e l l s  may be d r i l l e d  t o  produce a  new c a v i t y  i s o l a t e d  from t h e  

p r e v i o u s l y  developed cavern .  

Analyses of probable  s t a b l e  roof  span were performed t o  e s t i m a t e  the  

s i z e ,  i n  p lan  a r e a ,  of t h e  l a r g e s t  f e a s i b l e  s o l u t i o n  cavern .  Solu- 

t i o n i n g  was assumed t o  occur  a t  t h e  approximate dep th  (2,000 f e e t )  of 

t h e  WIPP s t o r a g e  h o r i z o n  i n  Control  Zone I V  and near  the  boundary 

between Control  Zones 111 and I V .  This  depth  and l o c a t i o n  of the  hypo- 

t h e t i c a l  s o l u t i o n  mine would r e s u l t  i n  t h e  s h o r t e s t  p o s s i b l e  s e p a r a t i o n  

between t h e  cavern  and t h e  WIPP s t o r a g e  f a c i l i t y .  Geologic c o n d i t i o n s  

were assumed and parameters  chosen t o  model a  f e a s i b l e  mining o p e r a t i o n  

a t  t h e  WIPP s i t e .  The a n a l y s e s  assume t h a t  a  10-foot l a y e r  of anhydr i t e  

forms t h e  immediate r o o f .  The roof  rock above t h i s  l a y e r  is assumed t o  

be composed of an 80-foot l a y e r  of l e s s  r i g i d  h a l i t e  below ano the r  10- 

f o o t  l a y e r  of a n h y d r i t e .  Beam a c t i o n  is  assumed t o  occur  w i t h i n  t h e s e  

s t r a t i g r a p h i c  u n i t s  d u r i n g  s o l u t i o n  mining of t h e  s t r a t a  below. It  i s  

assumed t h a t  p r e s s u r e  communication e x i s t s  above and below t h e s e  roof 

members such t h a t  t h e  e f f e c t i v e n e s s  of i n t e r n a l  cavern  b r i n e  p r e s s u r e s  

i n  s u p p o r t i n g  t h e  immediate roof is  l o s t .  Under t h e s e  assumpt ions ,  beam 

a n a l y s i s  (Wright ,  1973) i n d i c a t e s  t h a t  the  maximum f e a s i b l e  c a l c u l a t e d  

roof  span t h a t  w i l l  remain s t a b l e  is of the  o r d e r  of  750 f e e t .  
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F ie ld  e x p e r i e n c e  g i v e s  a broad range of v a l u e s  f o r  maximum s t a b l e  spans ,  

bu t  g e n e r a l l y  t ends  t o  suppor t  t h e o r e t i c a l  p r e d i c t i o n s .  Jacoby (1973) 

r e p o r t s  s t a b l e  roof spans  of  300 t o  400 f e e t  f o r  caverns  i n  bedded s a l t  

around s i n g l e  i n j e c t i o n  w e l l s .  I n  c o n t r a s t ,  Wal ters  (1979) r e p o r t s  t h a t  

s o l u t i o n i n g  o p e r a t i o n s  i n  a  s e r i e s  of coa lesced  w e l l s  near Hutchinson,  

Kansas,  r e s u l t e d  i n  u n s t a b l e  roof spans of from 800 t o  1,000 f e e t  a t  a  

dep th  o f  725 t o  900 f e e t .  I n  ano the r  c a s e  h i s t o r y  i n  dome s a l t  ( Jacobs /  

D'Appolonia, 1979) ,  the  maximum span of cavern No. 6 a t  West Hackberry 

dome, L o u i s i a n a ,  was r e p o r t e d  a s  839 f e e t  a t  a  depth of 3,300 f e e t .  

C o l l a p s e  of a  cavern  of t h i s  s i z e  o r  l a r g e r  could l ead  t o  subsidence.  

Such subs idence  would be s i m i l a r  t o  t h a t  r e s u l t i n g  from a  conven t iona l  

mine, d i s c u s s e d  e a r l i e r  i n  S e c t i o n  3.1.3.  As shown p r e v i o u s l y ,  the  

ang le  of draw would probably  be no more than 45" .  There fo re ,  even i f  

t h e  cavern  were i n  t h e  deepes t  s a l t  s t r a t u m ,  say 4,000 f e e t ,  t h e  e f f e c t s  

of subs idence  would extend no f a r t h e r  than  1,850 f e e t  i n t o  Control  Zone 

I11 a t  t h e  s t o r a g e  f a c i l i t y  l e v e l ,  l e a v i n g  a  b u f f e r  of approximate ly  

3,400 f e e t  t o  Cont ro l  Zone I T .  A t  t h e  s u r f a c e ,  t h e  subsidence e f f e c t s  

would extend 4 ,000 f e e t  i n t o  Control  Zone 111. 

To de te rmine  the  zone of i n f l u e n c e  r e s u l t i n g  from t h e  maximum cavern 

span ,  a  b r i n e - f i l l e d  cavern  wi th  a  roof span of 900 f e e t  is assumed a t  a  

dep th  of  2,000 f e e t .  The i n t e r n a l  cavern  p r e s s u r e  i s  e s t ima ted  a t  1 ,054 

pounds pe r  square  i n c h ,  which i s  assumed t o  be equa l  t o  t h e  s t a t i c  

column of b r i n e  a t  t h i s  d e p t h ,  and is  given by the  fo l lowing  e q u a t i o n :  

where : 
Pi = i n t e r n a l  cavern  p r e s s u r e  

y = u n i t  weight of b r i n e  
h  = h e i g h t  of b r i n e  column 

The closed-form s o l u t i o n  f o r  von Mises e f f e c t i v e  s t r e s s  based on secon- 

da ry  c r e e p  (Chabannes, 1982) ,  p resen ted  e a r l i e r  i n  S e c t i o n  3 .1 .1 .2 ,  was 

used t o  e s t i m a t e  t h e  d i s t a n c e  t o  the  p o i n t  a t  which t h e  s t r e s s  is 250 

pounds per  square  i n c h .  The v a l u e  is c a l c u l a t e d  t o  be 900 f e e t  w i t h i n  

t h e  h o r i z o n t a l  p lane  of t h e  b r i n e - f i l l e d  cavern .  There fo re ,  t h e  
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n e c e s s a r y  s e p a r a t i o n  t o  e l i m i n a t e  s t r e s s  i n t e r a c t i o n  e f f e c t s  i s  

approx imate ly  1,300 f e e t  (900 f e e t  due t o  the  cavern ;  400 f e e t  due t o  

t h e  WIPP f a c i l i t y ) .  

3 .2 .2  Hydrofracing f o r  S o l u t i o n  Mining 

Cavern development would probably  occur from a  s e r i e s  of w e l l s  spaced 

abou t  500 f e e t  a p a r t  ( Jacoby ,  1973).  Hydraul ic  f r a c t u r i n g  would be 

des igned  t o  e s t a b l i s h  i n i t i a l  f l u i d  communication between w e l l s .  As 

d i s c u s s e d  i n  S e c t i o n  2 .2 .2 .1 ,  the  hydrof rac ing  o p e r a t o r  has a  r easonab le  

d e g r e e  of c o n t r o l  over  t h e  e x t e n t  of f r a c t u r i n g .  Fkom hydrof rac ing  

t e s t s  performed i n  t h e  Car lsbad a r e a ,  i t  can be expected t h a t  t o  f r a c -  

t u r e  a  d i s t a n c e  of 500 f e e t  w i l l  t a k e  between 10 t o  25 minutes  assuming 

a  pumping r a t e  of 30 b a r r e l s / m i n u t e  and a  well-head p r e s s u r e  of 1,500 

pounds pe r  square  inch (Shock and Davis,  1970).  

The p ropaga t ion  of f r a c t u r e s  through t h e  format ion is determined by t h e  

s t a t e  of stress of  t h e  rock ,  the  l o c a l  s t r a t i g r a p h y  and rock s t r e n g t h ,  

and any s t r u c t u r a l  d i s c o n t i n u i t i e s ,  a s  w e l l  a s  by o p e r a t o r  c o n t r o l s .  I n  

a  smooth-wall boreho le  d r i l l e d  i n t o  a  l a t e r a l l y  con t inuous  rock mass i n  

a  h y d r o s t a t i c  s t a t e  of s t r e s s ,  such as  a t  the  WIPP s i t e ,  f r a c t u r e s  

g e n e r a l l y  tend t o  p ropaga te  r a d i a l l y  from t h e  w e l l s .  A f r a c t u r e  under 

t h e s e  c o n d i t i o n s  would not be expected t o  propagate  i n  a  p a r t i c u l a r  

d i r e c t i o n  over  a  d i s t a n c e  much g r e a t e r  than t h e  we l l  spac ings .  Conse- 

q u e n t l y ,  w e l l  spac ing  would s e t  a  p r a c t i c a l  l i m i t  on the  propagat ion 

d i s t a n c e  of  f r a c t u r e s ,  a  d i s t a n c e  about one-tenth the  width of Control  

Zone 111. Acciden ta l  f r a c t u r i n g  t o  a  d i s t a n c e  much g r e a t e r  than  500 

f e e t  would r e q u i r e  a n o t i c e a b l y  g r e a t e r  amount of pumping t ime,  an 

u n l i k e l y  even t  because once communication has  been e s t a b l i s h e d  between 

w e l l s  a t  a  c l o s e r  spac ing  t h e  pumping would c e a s e  and t h u s  prevent  

f u r t h e r  f r a c t u r i n g .  

3.2.3 Summary of Analyses 

Based on t h e  a n a l y s e s  i n  Sect  i o n  3 .2 .1 ,  t h e  maximum p o s s i b l e  s t a b l e  roof 

span f o r  a  s o l u t i o n  cavern  is es t ima ted  t o  be about 900 f e e t .  This span 

wid th  based on a n a l y t i c a l  methods is a l s o  suppor ted  by f i e l d  



e x p e r i e n c e .  The zone of i n f l u e n c e  a s s o c i a t e d  wi th  the  b r i n e - f i  1 l e d  

cavern  of t h i s  s i z e  i s  e s t i m a t e d  t o  be about 900 f e e t .  Combining t h i s  

v a l u e  wi th  t h e  400-foot zone of i n f l u e n c e  of the  WIPP f a c i l i t y  i n d i c a t e s  

t h a t  a  b u f f e r  zone of about 1 ,300 f e e t  is needed t o  e l i m i n a t e  any s t r e s s  

i n t e r a c t i o n .  The 5,200-foot-wide Control  Zone 111 i s  s u f f i c i e n t l y  wide 

t o  provide  t h i s  b u f f e r  zone. I n  a d d i t i o n ,  t h e  width of Control  Zone 111 

would a l s o  provide  a  b u f f e r  due t o  a c c i d e n t a l  hydrof rac ing  o r  any sub- 

s i d e n c e  due t o  s o l u t i o n  mining.  There fo re ,  t h e  a n a l y s e s  i n d i c a t e  under- 

ground s o l u t i o n  mining o r  a c t i v i t i e s  a s s o c i a t e d  with s o l u t i o n  mining of 

po tash  or  any o t h e r  e v a p o r i t e  m i n e r a l s  may be conducted wi th in  Control  

Zone I V  wi thou t  a f f e c t i n g  t h e  WIPP f a c i l i t y .  

3 . 3  HYDROCARBON DRILLING 

Development of t h e  hydrocarbon r e s o u r c e s  p r e s e n t  a t  t h e  WIPP s i t e  by 

d r i l l i n g  from w i t h i n  Control  Zone I V  ( e i t h e r  v e r t i c a l l y  or d i r e c t i o n a l l y  

under t h e  i n n e r  t h r e e  zones)  would not c r e a t e  a  p o t e n t i a l  f o r  a f f e c t i n g  

t h e  i n t e g r i t y  of t h e  WIPP f a c i l i t y .  D r i l l i n g  o p e r a t i o n s  conducted from 

w i t h i n  Cont ro l  Zone I V  a r e  f a r  removed from t h e  emplaced waste and t h e i r  

zones of i n f l u e n c e  do not encroach near  the  WIPP f a c i l i t y .  The r e s u l t s  

o f  a n a l y s e s  p resen ted  i n  Figures  8 and 10 sugges t  t h a t  t h e  zone of 

i n f l u e n c e  of a  smal l -d iameter  boreho le  would be minimal.  

3 . 4  HYDROCARBON PRODUCTION STIMULATION 

S t i m u l a t i n g  t h e  p roduc t ion  of  hydrocarbons  can be conducted us ing  one of 

s e v e r a l  t echn iques  ( S e c t i o n  2.2.2). Primary s t i m u l a t i o n  through hydro- 

f r a c i n g  and/or  a c i d i z i n g  could  be used i n  a r e a s  of the  Morrow Forma- 

t i o n .  The p o t e n t i a l  r a m i f i c a t i o n s  of hydrof rac ing  ( o r  t h e  s i m i l a r  

a c i d i z i n g  o p e r a t i o n )  were examined t o  envelop t h e  zone of i n f l u e n c e  of 

such a c t i v i t i e s .  

3.4.1 H y d r a u l i c a l l y  Induced F r a c t u r e s  f o r  Hydrocarbon Recovery 

Because t h e  w e l l  deve loper  has  a  r easonab le  degree  of c o n t r o l  on the  

geometry of  t h e  induced f r a c t u r e s  ( S e c t i o n  2 .2 .2 .1) ,  i t  i s  p o s s i b l e  t o  

p rede te rmine  a  zone of i n f l u e n c e  f o r  a  p o t e n t i a l  hydrof rac ing  opera- 

t i o n .  The approach used t o  e v a l u a t e  a  p o t e n t i a l  hydrof rac ing  o p e r a t i o n  
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t o  enhance recovery  of t h e  hydrocarbons below t h e  WIPP s i t e  was t o  

i d e n t i f y  a  methodology t h a t  can be used t o  ana lyze  f r a c t u r e  c h a r a c t e r i s -  

t i c s  and de te rmine  the  e x t e n t  of d i s t u r b a n c e  caused by t y p i c a l  opera- 

t i o n s .  

The c a l c u l a t i o n  procedure  i s  t h a t  g iven by Geertsma and de Klerk 

(1969) .  This method e s t i m a t e s  the  e x t e n t  of h y d r a u l i c a l l y  induced 

f r a c t u r e s  and i s  widely accepted i n  the  i n d u s t r y  f o r  t h i s  purpose 

(Daneshy, 1973; 1975).  The fo l lowing  s i m p l i f y i n g  assumptions were 

n e c e s s a r i l y  made i n  app ly ing  t h i s  t echn ique :  

o  The fo rmat ion  being f r a c t u r e d  and a d j o i n i n g  fo r -  
ma t ions  a r e  homogeneous and i s o t r o p i c  wi th  regard  
t o  those  p r o p e r t i e s  t h a t  i n f l u e n c e  t h e  f r a c t u r e  
propagat  i o n  p rocess .  

o  The deformat ion of t h e  fo rmat ion(s )  dur ing  f r a c -  
t u r e  p ropaga t ion  can be d e r i v e d  from l i n e a r  
e l a s t i c  s t r e s s - s t r a i n  r e l a t i o n s h i p s .  

o  The f r a c t u r i n g  f l u i d  behaves l i k e  a  pure ly  v i scous  
l i q u i d ,  i . e . ,  any p e c u l i a r  f low behavior  due t o  
t h e  a d d i t i o n  of g e l l i n g  agen t s  o r  o t h e r  a d d i t i v e s  
i s  n e g l e c t e d .  

o  Fluid f low i n  t h e  f r a c t u r e  is  l aminar .  

o  Simple geometr ic  f r a c t u r e  e x t e n s i o n  p a t  t e r n s  a r e  
assumed a s  r a d i a l l y  symmetrical  p ropaga t ion  from a  
p o i n t .  

o  A c i r c u l a r  p ropaga t ion  mode might be expected from 
i n j e c t i o n  through a  narrow band of p e r f o r a t i o n s .  

Figure  11 prov ides  a  d e s i g n  c h a r t  t h a t  r e l a t e s  t h e  f l u i d  c h a r a c t e r i s -  

t i c s ,  pumping schedu le ,  and rock s t r e n g t h  p r o p e r t i e s  t o  the  f r a c t u r e  

wid ths  and l e n g t h s .  The curve  is  used by f i r s t  s e l e c t i n g  va lues  ( i n  t h e  

u n i t s  l i s t e d )  f o r  t h e  fo l lowing  d e s i g n  pa ramete r s :  

o  C = f r a c t u r i n g  f l u i d  ( f l u i d  l o s s )  c o e f f i c i e n t ,  a  
measure of  t h e  e f  i ency  of f l u i d  i n  p ropaga t ing  
f r a c t u r e s ,  cmjsec f j5 

o = a b s o l u t e  f l u i d  v i s c o s i t y ,  dyne-sec/cm 2 
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3 o  Q = f l u i d  i n j e c t i o n  r a t e ,  cm / s e c  

o  t = t ime d u r a t i o n  of i n j e c t i o n ,  sec 

These v a l u e s  must be s e l e c t e d  t o  account f o r  the  rock s t r e n g t h  proper-  
2 t i e s  of t h e  fo rmat ion ,  expressed a s  t h e  s h e a r  modulus (G, g/cm ) .  

Figure  11 r e l a t e s  a  s e t  of convenient  d imens ion less  groups t o  a l l o w  

d e t e r m i n a t i o n  of t h e  f r a c t u r e  l eng th  (R, cm) and width (W, cm) near  the  

we l lbore  when pumping s t o p s .  The procedure  is t o  f i r s t  c a l c u l a t e  K and 
IJ 

t h e n  l o c a t e  t h i s  v a l u e  a long t h e  curve .  KR and Ku v a l u e s  a r e  then read 

from t h e  o r d i n a t e  and a b s c i s s a ,  r e s p e c t i v e l y .  

Using t h e  d e s c r i b e d  p rocedure ,  s e v e r a l  cu rves  r e l a t i n g  f r a c t u r e  length  

t o  t h e  s p e c i f i c  independent  v a r i a b l e s  were genera ted  ( Figure 11) .  

T y p i c a l  r anges  of t h e s e  v a r i a b l e s  a r e  included i n  t h e  s e n s i t i v i t y  

c u r v e s .  The l e n g t h s  of propagated f r a c t u r e s  a r e  most s e n s i t i v e  t o  t h e  

r a t e  and t ime of pumping and t h e  f l u i d  l o s s  c o e f f i c i e n t  and a r e  r e l a -  

t i v e l y  u n a f f e c t e d  by d i f f e r e n c e s  i n  t h e  rock s h e a r  modulus over a  r ea -  

s o n a b l e  range.  

As i n d i c a t e d  i n  t h i s  f i g u r e ,  t h e  t y p i c a l  e x t e n t  of h y d r a u l i c a l l y  induced 

f r a c t u r e s  is  on t h e  o r d e r  of a  few hundred f e e t .  This does not approach 

t h e  p o t e n t i a l  l o c a t i o n  of waste i n  t h e  WIPP f a c i l i t y  under hydrof rac ing  

c o n d i t i o n s  cons ide red  t y p i c a l  f o r  such o p e r a t i o n s  i n  the  Delaware Bas in ;  

t h a t  i s ,  i n  t h e  Morrow Formation a t  a  depth  of approximate ly  10,000 

f e e t .  Accordingly ,  h y d r o f r a c i n g  does not appear t o  r e p r e s e n t  a breach 

mechanism f o r  r e l e a s i n g  waste .  

3.5 HYDROCARBON PRODUCTION 

Withdrawal of hydrocarbons from r e s e r v o i r  hor izons  through w e l l s  de- 

veloped from w i t h i n  Control  Zone I V  cou ld ,  t h e o r e t i c a l l y ,  lead t o  s u b s i -  

dence a t  t h e  WIPP s i t e .  The a r e a  p o t e n t i a l l y  a f f e c t e d  i s  t h a t  u n d e r l a i n  

by t h e  hydrocarbons  be ing  e x t r a c t e d  p l u s  a  surrounding a r e a  determined 

by t h e  ang le  of draw. Such subsidence i s  not t y p i c a l l y  a s s o c i a t e d  with 

g a s  product  ion .  
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4 . 0  POSTULATED WASTE-RELEASE EVENTS 

This c h a p t e r  examines t h e  p o t e n t i a l  consequences of f e a s i b l e  r e source  

recovery o p e r a t i o n s  conducted w i t h i n  Control  Zone I V  of the WIPP s i t e .  

These e v a l u a t i o n s  focus  on d e f i n i n g  those  a c t i v i t i e s  t h a t  could cause or 

c o n t r i b u t e  t o  c i rcumstances  by which the  i n t e g r i t y  of the  emplaced waste 

would be compromised. Each r e s o u r c e  recovery a c t i v i t y  was examined t o  

a s s e s s  how a  c o m u n i c a t i o n  event  could  be i n i t i a t e d  or  how t h e  

assumpt i o n s l c o n d i t  i o n s  upon which t h e  SAR communication e v e n t s  a r e  based 

(U.S. Department of Energy, 1981b; Chapter 8 .0 )  could be s u b s t a n t i a l l y  

changed.  For purposes of consequence a n a l y s e s ,  the  impact of the  cre-  

a t i o n  of a  solution-mined c a v i t y  i s  assumed t o  be s i m i l a r  t o  developing 

a n  underground po tash  mine. This is based on a n a l y t i c a l  ana lyses  i n  

which the  zone of i n f l u e n c e  a s s o c i a t e d  with a  potash mine (1 ,900 f e e t )  

is g r e a t e r  than  t h a t  a s s o c i a t e d  with a  s o l u t i o n l n i n e d  cavern  (900 

f e e t ) .  T h e r e f o r e ,  i n  the  d i s c u s s i o n  i n  t h i s  c h a p t e r ,  r e f e r e n c e s  t o  a  

p o t e n t i a l  po tash  mine would be a p p l i c a b l e  t o  a  solution-mined cavern .  

Examples of t h e  e f f e c t s  t h a t ,  t h e o r e t i c a l l y ,  r e source  recovery opera- 

t i o n s  could  have on a s p e c t s  of communication e v e n t s  a r e  t h e  fo l lowing :  

o  The t ime of i s o l a t i o n  between waste emplacement 
and f a c i l i t y  breach may be reduced.  Thus, t h e  
r a d i o n u c l i d e  inven to ry  may d i f f e r  from t h a t  
assumed i n  t h e  communication e v e n t s .  

o  The mechanism of the  event  t h a t  breaches  t h e  
f a c i l i t y  and c r e a t e s  a  pathway f o r  r e l e a s i n g  
r a d i o n u c l i d e s  t o  t h e  b iosphere  may be changed. 

o  The mechanism f o r  moving r a d i o n u c l i d e s  through t h e  
breach may d i f f e r  from p r e v i o u s l y  assumed condi-  
t i o n s .  

The fo l lowing  s e c t i o n s  address  t h e  r e l a t i o n s h i p s  between resource  ex- 

t r a c t i o n  a c t i v i t i e s  e x e r c i s e d  w i t h i n  Control  Zone I V ,  i nc lud ing  d i r e c -  

t i o n a l  d r i l l i n g  beneath  Zones I, 11, and 111, and those  a s p e c t s  of 

connnunicat i o n  e v e n t s  t h a t  lead t o  dose consequences.  
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4.1 TIME OF ISOLATION 

The fo l lowing  c o n s i d e r a t i o n s  form the  b a s i s  fo r  a s s e s s i n g  the  p o s s i b l e  

i n f l u e n c e  of r e source  recovery i n  Control  Zone I V  on the  time of i s o l a -  

t i o n  of the  waste emplaced i n  the  WIPP f a c i l i t y :  

o  The DOE p o l i c y  f o r  r e source  recovery a t  the  WIPP 
s i t e ,  and t h i s  n a t u r a l  r e s o u r c e s  s t u d y ,  is only  
germane f o r  the  d u r a t i o n  of i n s t i t u t i o n a l  c o n t r o l s  
a t  t h e  s i t e .  The WIPP long-term waste i s o l a t i o n  
assessment (u.S. Department of Energy, 1981b; 
Chapter 8 .0)  h a s  i n v e s t i g a t e d  e v e n t s  t h a t  could 
occur once the  c o n t r o l  of the  s i t e  has  been r e l i n -  
qu i shed .  

o  The WIPP long-term waste  i s o l a t i o n  assessment 
assumes a  b reach ing  time of 1,000 y e a r s  a f t e r  
waste  emplacement f o r  a l l  e v e n t s  t h a t  involve  
b reach ing  the  WIPP f a c i l i t y  'and subsequent t r a n s -  
p o r t  through ground wa te r .  The time of t r a n s p o r t  
through t h e  geosphere  of any r e l e a s e d  radionu- 
c l i d e s  i s  s u f f i c i e n t l y  long t o  make the  a c t u a l  
t ime of t h e  breach unimportant .  The d i r e c t - a c c e s s  
event  i s  analyzed f o r  i t s  occur rence  a t  both 250 
and 1,000 y e a r s  a f t e r  waste emplacement. 

o  I n  t h e  WIPP long-term waste i s o l a t i o n  assessment ,  
the  p h y s i c a l  and chemical  forms of the  waste a r e  
assumed t o  be such t h a t  the  waste is  a s  s o l u b l e  a s  
the  e n c a p s u l a t i n g  s a l t .  

Accordingly ,  u n l e s s  an a c t i v i t y  conducted w i t h i n  Zone I V  could r e s u l t  i n  

a  ve ry  r a p i d  b reach ing  of the  s t o r a g e  zone wi th  waste d i scharge  d i r e c t l y  

t o  t h e  b i o s p h e r e ,  such a c t i v i t i e s  would not change the  time of i s o l a t i o n  

assumpt ions  made i n  t h e  WIPP long-term waste i s o l a t i o n  assessment .  The 

p h y s i c a l  remoteness  and t h e  enforcement of i n s t i t u t i o n a l  c o n t r o l s  a t  t h e  

s i te  reasonab ly  p rec lude  d i r e c t  a c c e s s  t o  t h e  emplaced waste dur ing  t h e  

t ime i n  which t h e  DOE p o l i c y  f o r  c o n t r o l l i n g  r e s o u r c e  e x t r a c t i o n  remains 

i n  e f f e c t .  It is concluded,  t h e r e f o r e ,  t h a t  r e source  recovery a c t i -  

v i t i e s  i n  Control  Zone I V  a t  t h e  WIPP s i t e  would not  a f f e c t  t h e  time of 

i s o l a t i o n  of t h e  waste  i n  t h e  WIPP f a c i l i t y ,  a s  r e f l e c t e d  i n  t h e  SAR 

communication e v e n t s .  



TME 3156 

4.2 BREACHING EVENTS AND PATHWAYS 

The zone of i n f l u e n c e  f o r  potash mining o p e r a t i o n s  conducted w i t h i n  Zone 

I V  does not  i n t e r c e p t  the  WIPP waste  emplacement hor izon  ( S e c t i o n s  3.1 

and 3 . 2 )  and t y p i c a l  hydrocarbon recovery o p e r a t i o n s  conducted from 

w i t h i n  Zone I V  would not  c r e a t e  a  f r a c t u r e d  pathway t o  the  waste (Sec- 

t i o n s  3.3, 3.4, and 3 .5) .  Breaching of t h e  WIPP f a c i l i t y  by such 

a c t i v i t i e s  is not cons ide red  p l a u s i b l e .  The induced d i s t u r b a n c e s  may, 

however, c r e a t e  zones i n  which t h e  h y d r a u l i c  c o n d u c t i v i t y  of the  rock 

su r round ing  the  WIPP f a c i l i t y  i s  enhanced.  Breaching of the  WIPP f a c i l -  

i t y  because  of water  f low along t h e s e  p r e f e r e n t i a l  paths  r e q u i r e s  d i s -  

s o l u t i o n  of t h e  i n t e r v e n i n g  Salado s a l t  and i m p l i e s  a renewable supply  

o f  f r e s h  ( i . e . ,  u n s a t u r a t e d  with s a l t )  w a t e r .  P o t e n t i a l  breaching 

e v e n t s  and pathways a s s o c i a t e d  with resource  recovery a r e  d i scussed  

below. 

4 .2 .1  D r i l l i n g  

E x p l o r a t o r y  d r i l l i n g  conducted i n  Control  Zone I V  is too f a r  removed ( a t  

l e a s t  one m i l e )  t o  breach t h e  WIPP f a c i l i t y  or  g e n e r a t e  a p r e f e r e n t i a l  

wa te r  f low path  toward the  emplaced waste.  The SAR a n a l y s i s  s p e c i f i -  

c a l l y  c o n s i d e r s  b reach ing  the  WIPP f a c i l i t y  by d r i l l i n g  d i r e c t l y  a t o p  

t h e  waste  emplacement a r e a .  The e v e n t s  analyzed i n  t h e  SAR (Comunica-  

t i o n  Events  1  and 4) r e s u l t  i n  minimal consequences;  the  e f f e c t s  of 

d r i l l i n g  w i t h i n  Control  Zone ZV a r e  even l e s s .  

4.2.1.1 Potash E x p l o r a t i o n  

I n  t h e  c a s e  of e x p l o r a t o r y  d r i l l i n g  f o r  po tash ,  t h e  400-foot v e r t i c a l  

s e p a r a t i o n  between t h e  McNutt Potash Member and t h e  waste emplacement 

h o r i z o n  g i v e s  f u r t h e r  a s surance  t h a t  such a  boreho le  would not cause  a 

b r e a c h i n g  of t h e  s e a l e d  WIPP f a c i l i t y .  

An improper ly  s e a l e d  po tash  e x p l o r a t i o n  h o l e  could c r e a t e  a  means by 

which s u r f a c e  and/or  R u s t l e r  w a t e r s  could d i r e c t l y  encounter  the  Salado 

s a l t .  A potash  boreho le  d r i l l e d  i n  Control  Zone I V  could e v e n t u a l l y  

p ropaga te  downward because  of s a l t  d i s s o l u t i o n ,  but  the  r a t e  of s a l t  

d i s s o l u t i o n  i n  such a  boreho le  would be ext remely slow. Under t h e  most 
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c o n s e r v a t i v e  assumpt ions ,  a  very  long time per iod (mi 1  l i o n s  of y e a r s )  

would be r e q u i r e d  t o  d i s s o l v e  a  f low path through t h e  one-mile-wide 

b u f f e r  s t r i p  ( i . e . ,  Control  Zone 111) b e f o r e  the  WIPP f a c i l i t y  would be 

breached.  

4 . 2 . 1 . 2  Hydrocarbon Explora t ion  

The consequences of deep e x p l o r a t o r y  d r i l l i n g  f o r  hydrocarbons have been 

e x p l i c i t l y  examined i n  the  WIPP SAR ( U . S .  Department of Energy, 1981b; 

Chapter 8 . 0 ) ,  a s  f o l l o w s :  

o  SAR Communication Event 1 (F igure  12)  analyzes  the  
r a d i a t i o n  dose consequences of a  breach by an o i l  
o r  gas  e x p l o r a t o r y  borehole  p e n e t r a t i n g  the  
R u s t l e r  a q u i f e r ,  the  WIPP f a c i l i t y ,  and the  B e l l  
Canyon a q u i f e r .  This  event s p e c i f i c a l l y  c o n s i d e r s  
the  breach o c c u r r i n g  i n  the  c e n t e r  of the  emplaced 
waste  a r e a ,  the reby  maximizing t h e  r a t e  a t  which 
flowing water  can d i s s o l v e  the  waste  and r e l e a s e  
r a d i o n u c l i d e s .  

o  SAR Communication Event 4  p o s t u l a t e s  a  d i r e c t  
i n t e r c e p t i o n  of the  emplaced was te ,  wi th  t r a n s f e r  
t o  t h e  s u r f a c e ,  by an o i l  o r  gas  e x p l o r a t o r y  bore- 
h o l e .  

D r i l l i n g  w i t h i n  Zone I V ,  e i t h e r  v e r t i c a l  o r  d i r e c t i o n a l  once below 

Cont ro l  Zones I, 11, and 111, would not c r e a t e  such breaching e v e n t s .  

4 . 2 . 2  Underground Po tash  Mining 

The e f f e c t s  of po tash  mining ( i n c l u d i n g  s o l u t i o n  mining) w i t h i n  Control  

Zone I V  would not  be d i s c e r n i b l e  a t  the  WIPP f a c i l i t y  ( S e c t i o n s  3 . 1  and 

3 .2) .  N e i t h e r  t h e  rock f r a c t u r i n g  due t o  opening underground e n t r i e s  

nor  t h e  subsequent subsidence of abandoned mined a r e a s  would c r e a t e  a  

passageway through which ground water could e n t e r  t h e  emplaced waste 

a r e a  o r  through which r a d i o n u c l i d e s  could be r e l e a s e d .  

A lobe  of s l i g h t l y  h i g h e r . p e r m e a b i l i t y  rock wovld extend toward the  WIPP 

from any po tash  mine developed i n  Control  Zone I V .  I f  t h i s  mine were 

h y d r a u l i c a l l y  connected t o  the  R u s t l e r  a q u i f e r s ,  t h i s  d i s t u r b e d  zone 

could  be s e l e c t i v e l y  d i s s o l v e d  by inf lowing w a t e r s .  There is no r e a s o n ,  
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FIGURE 12 

-NOT TO SCALE- SCHEMATIC REPRESENTATION 
S A R  COMMUNICATION EVENT I 

PREPARED FOR 

WESTINGHOUSE ELECTRIC CORPORATION 
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however, t o  assume t h a t  t h i s  leached zone would i n t e r c e p t  the  WIPP waste 

emplacement h o r i z o n ,  except  by d i s s o l v i n g  a l l  of the  s a l t  i n  the  volume 

between t h e  potash mine l e v e l  (maximum depth  of about 1 ,700  f e e t )  and 

t h e  WIPP waste emplacement l e v e l  (depth  of about 2,150 f e e t )  f o r  a  

d i s t a n c e  of one mi le  ( i . e . ,  Control  Zone 111). For comparison,  SAR 

C o m u n i c a t  ion  Event 2  c o n s i d e r s  the  s e l e c t i v e  l each ing  of the  WIPP 

d i s p o s a l  hor izon  by R u s t l e r  wa te r s  in t roduced immediately upstream and 

removed immediately downstream of the  f a c i l i t y  l i m i t s  (F igure  1 3 ) .  The 

r a d i a t i o n  dose consequences of SAR Communication Event 2  a r e ,  t h e r e f o r e ,  

g r e a t e r  than  those  t h a t  would occur  by breaching the  WIPP f a c i l i t y  with 

R u s t l e r  ground w a t e r s  t h a t  e v e n t u a l l y  d i s s o l v e  t h e  i n t e r v e n i n g  s a l t  

between a  potash mine i n  Control  Zone I V  and t h e  emplaced waste.  I f  a  

s t a g n a n t  pool were formed and molecular  d i f f u s i o n  was the  dominant 

d e l i v e r y  mechanism, SAR Communication Event 3  i s  seen a s  a  c o n s e r v a t i v e  

r e p r e s e n t  a t  ion  ( Figure  14).  

4 . 2 . 3  Hydrofracing 

Hydrofracing hydrocarbon r e s e r v o i r  rocks  a t  t h e  WIPP s i t e  o r  hydro- 

f r a c i n g  t o  e s t a b l i s h  communication between h o l e s  f o r  a  s o l u t i o n  mining 

o p e r a t i o n  would not cause  a  breach of the  waste d i s p o s a l  f a c i l i t y  (Sec- 

t i o n s  3.2.2 and 3 .4 .1 ) .  I n  hydrocarbon p roduc t ion ,  the  pay zones f o r  

development a r e  too f a r  removed f o r  t y p i c a l  p roduc t ion  s t i m u l a t i o n s  

p r o c e s s e s  t o  cause  a  b reach ing  e v e n t .  Hydrofracing a s s o c i a t e d  with 

s o l u t i o n  mining would occur  p r i m a r i l y  i n  Control  Zone IV, and poss ib ly  

i n  t h e  o u t e r  p a r t  of Control  Zone 111, and would be s e p a r a t e d  from t h e  

WIPP f a c i l i t y  by most of  Control  Zone 111. It should be recognized 

f u r t h e r  t h a t  t h e  SAR communication e v e n t s  p o s t u l a t e  much more e x t e n s i v e  

f r a c t u r e  geomet r i e s  than  could c r e d i b l y  be produced by hydrof rac ing ,  as  

f o l l o w s :  

o  SAR Communication Event 1 p o s t u l a t e s  a  con t inuous ,  
3,170-foot-long h y d r a u l i c  connec t ion  (e .g . ,  f r a c -  
t u r e  network) which i n t e r s e c t s  the  WIPP f a c i l i t y  
and connec t s  t h e  B e l l  Canyon and R u s t l e r  a q u i f e r s .  

o  SAR Communication Events 2  and 3  p o s t u l a t e  a con- 
t i n u o u s ,  1,500-foot-long h y d r a u l i c  connec t ion  
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( e . g . ,  f r a c t u r e  network) between the  WIPP f a c i l i t y  
and t h e  R u s t l e r  a q u i f e r .  

Water f low i n  t h e s e  e v e n t s  is  modeled us ing  the  Hagen-Poiseuil le equa- 

t i o n ,  o r  s i m i l a r  method, which i s  an indust ry-accepted method f o r  ana- 

l y z i n g  laminar  f low through h y d r a u l i c a l l y  induced f r a c t u r e s .  

4.2.4 Hydrocarbon Produc t ion  

Hydrocarbon p roduc t ion  h o r i z o n s  a r e  t y p i c a l l y  deep,  r i g i d  s t r a t a  t h a t  

would not be expected t o  mani fes t  subsidence once the  gas i s  removed 

( S e c t i o n  3 . 4 ) .  Fbrthermore,  t h e  p l a s t i c i t y  of t h e  s a l t  format ions  i n  

t h e  Delaware Basin would dec rease  the  p o s s i b i l i t y  of any f r a c t u r i n g  

induced by such deep subs idence  from breach ing  the  WIPP f a c i l i t y  and an 

even t  l i k e  t h a t  r e p r e s e n t e d  by SAR Communication Event 1  i s  not con- 

s i d e r e d  c r e d i b l e .  

4 . 3  D R I V I N G  MECHANISMS 

The WIPP long-term waste  i s o l a t i o n  assessment (U.S. Department of 

Energy, 1981) c o n s i d e r s ,  a s i d e  from d i r e c t  a c c e s s ,  t h r e e  mechanisms t o  

induce  waste t r a n s p o r t  : 

o Water f low between two a q u i f e r s  - Radionucl ides  
a r e  c a r r i e d  wi th  a  f low of  ground water  from t h e  
B e l l  Canyon t o  the  R u s t l e r  a q u i f e r .  

o  Water f low w i t h i n  one a q u i f e r  - Ground water  f lows 
from t h e  R u s t l e r  a q u i f e r ,  through t h e  WIPP under- 
ground f a c i l i t y ,  and r e t u r n s  t o  t h e  R u s t l e r  . 

o Stagnant  (nonf lowing)  connec t ion  t o  one a q u i f e r  - 
Radionuc l i d e s  a r e  t r a n s f e r r e d  by molecular  d i f -  
f u s i o n  w i t h i n  a  s t a g n a n t  pool t h a t  connec t s  the  
emplacement a r e a  wi th  t h e  R u s t l e r  a q u i f e r .  

Resource recovery o p e r a t i o n s  conducted w i t h i n  Control  Zone I V  would not 

add a n o t h e r  type  of d r i v i n g  mechanism; f o r  example, t h e  flow of n a t u r a l  

g a s  t o  t h e  s u r f a c e  would not be expected t o  move wastes  from t h e  WIPP 

f a c i l i t y .  The p o t e n t i a l  f o r  r e source  e x t r a c t i o n  w i t h i n  Zone I V  i n c r e a s -  

i n g  t h e  magnitude of analyzed d r i v i n g  mechanisms is  examined below. 
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4 .3 .1  Hydrocarbon Produc t ion  S t i m u l a t i o n  w i t h i n  the  B e l l  Canyon 
Format i o n  

The sands tones  of t h e  Delaware Mountain Group c o n t a i n  l i m i t e d  hydro- 

carbon r e s o u r c e s  ( S e c t i o n  1 .1 .2 .2 ) .  I f  any such resources  w i t h i n  the  

B e l l  Canyon Formation were found to  be s u i t a b l e  f o r  development, pro- 

d u c t i o n  s t i m u l a t i o n  t o  i n c r e a s e  the  p e r m e a b i l i t y  of the r e s e r v o i r  rock 

could  occur .  

Hydrofracing t h e  Ramsey sand w i l l  cause  the  h y d r a u l i c  c o n d u c t i v i t y  of 

t h i s  s t r a t u m  t o  be l o c a l l y  i n c r e a s e d .  This  enhanced hydrau l i c  conduc- 

t i v i t y  could  a f  f e c t  t h e  assumpt ions  concerning t h e  h y d r a u l i c  conduc- 

t i v i t y  of t h e  B e l l  Canyon Formation made i n  the  modeling of Communica- 

t i o n  Event 1 i n  t h e  SAR ( F i g u r e  1 2 ) .  The l o c a l l y  inc reased  h y d r a u l i c  

c o n d u c t i v i t y  would n o t ,  however, change the  s t e a d y - s t a t e  flow r a t e  

through the  h y d r a u l i c  connec t ion ,  which ex tends  from the  Bel l  Canyon 

Formation, through the WIPP f a c i l i t y ,  and i n t o  the  R u s t l e r  Format i o n .  

The more r e g i o n a l  boundary c o n d i t i o n s  would not be changed by t h e s e  

l o c a l  e f f e c t s ,  and the  r a t e  a t  which t h e  R u s t l e r  Formation could accep t  

t h e  f low would remain c o n s t a n t .  

4 . 3 . 2  Flooding Potash Mines with Waters from t h e  Capi tan  Formation 

The l i q u i d  breach and t r a n s p o r t  e v e n t s  analyzed i n  t h e  WIPP SAR cons ide r  

in f lows  from smal l  sources  of w a t e r .  Within t h e  Delaware Basin t h e r e  

a r e  no a q u i f e r s  t h a t  can c r e d i b l y  supply water  i n  l a r g e  enough quan t i -  

t i e s  t o  d i s s o l v e  the  emplaced waste and t h e  su r round ing  s a l t  r a p i d l y .  

To t h e  n o r t h  of t h e  s i t e ,  forming t h e  boundary of  t h e  Delaware Basin ,  i s  

t h e  Capi tan  Formation, a major source  of f r e s h  water  ( ~ i g u r e  3 ) .  

Bingham and Barr  (1979) e v a l u a t e d  an even t  i n  which wa te r s  from t h e  

Cap i t an  Formation f lood  potash mines i n  the  v i c i n i t y  of the  WIPP s i t e ,  

s t a t i n g  t h a t  " [ s l i n c e  t h e  Capi tan  i s  roughly  15 km [9 m i l e s ]  away and 

l i e s  beneath the  Salado Formation, only  a complex s e r i e s  of even t s  can 

b r i n g  t h e  water  t o  t h e  s i t e . "  

Some potash mines now o p e r a t e  over  t h e  Capi tan  Formation and some of the  

w e l l s  drawing water  from the  Capi tan  pass through t h e s e  mines.  The 



s c e n a r i o  d e s c r i b e d  by Bingham and Barr (1979)  p o s t u l a t e s  t h a t  the  Capi- 

t a n  wa te r s  e v e n t u a l l y  f lood the  o v e r l y i n g  potash mines ,  perhaps through 

t h e  f a i l u r e  of t h e  w e l l  c a s i n g s  t h a t  p e n e t r a t e  near  t h e s e  mines. I f  a  

network of o p e r a t i n g  o r  abandoned mines has honeycombed the  McNutt 

Potash Member of the  Salado Formation, the  water may flow toward t h e  

WIPP f a c i l i t y .  

Th i s  f low could conce ivab ly  d i s s o l v e  t h e  s a l t  between the  potash mines 

and the  emplaced waste  h o r i z o n .  The d i s s o l u t i o n  of s a l t  a s s o c i a t e d  wi th  

t h i s  f low would be very  slow because a s  the  water t r a v e l e d  i t s  c i r -  

c u i t o u s  pa th ,  i t  would become s a t u r a t e d  wi th  s a l t s  soon a f t e r  l e a v i n g  

t h e  Capi tan  a q u i f e r .  This  f low of b r i n e  would be unable t o  open new 

f low pathways i n  the  s a l t  and the  molecular  d i f f u s i o n  d r i v i n g  mechanism 

( F i g u r e  14) would be r e l a t i v e l y  i n e f f e c t u a l  because of the  minimal 

g r a d i e n t  of t o t a l  d i s s o l v e d  s o l i d s  e s t a b l i s h e d .  

It could  be argued t h a t  a l lowing  t h e  development of potash mines wi th in  

Cont ro l  Zone I V  of  the  WIPP s i t e  could a l l o w  t h e  Capi tan  wa te r s  t o  

p e n e t r a t e  c l o s e r  t o  t h e  emplaced waste d u r i n g  t h e  pe r iod  i n  which i n s t i -  

t u t i o n a l  c o n t r o l s  remain e f f e c t i v e .  The p o t e n t i o m e t r i c  g r a d i e n t  between 

t h e  Capi tan  and the  ground s u r f a c e  i n  t h e  WIPP s i t e  a r e a  i s  i n s u f f i c i e n t  

t o  d r i v e  f r e s h  water  o r  a column of s a t u r a t e d  b r i n e  t o  t h e  s u r f a c e .  

Accordingly ,  t h e  pathway through which s a t u r a t e d  b r i n e  t r a n s p o r t i n g  

rad ionuc  l i d e s  could be t r a n s f e r r e d  t o  the  b i o s p h e r e  would have t o  

i n c l u d e  t h e  geosphere  t r a n s p o r t  through t h e  R u s t l e r  Formation. Since  

t h i s  g e o l o g i c  t r a n s p o r t  t ime is  much longer  than t h e  per iod i n  which 

i n s t i t u t i o n a l  c o n t r o l s  could be expected t o  be i n  e f f e c t ,  the  DOE 

r e s o u r c e  recovery p o l i c y  i s  not  germane t o  t h e  r a d i a t i o n  dose conse- 

quences of such an even t .  
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5 . 0  SUMMARY A N D  CONCLUSIONS 

S t u d i e s  have been conducted t o  e v a l u a t e  the  p o t e n t i a l  e f f e c t s  of devel-  

oping t h e  m i n e r a l  and energy r e s o u r c e s  under ly ing  or  a c c e s s i b l e  from 

w i t h i n  (and o u t s i d e  o f )  Control  Zone I V  a t  t h e  WIPP s i t e .  These a s s e s s -  

ments s e r v e  as  inpu t  t o  the  DOE decision-making process  and r e e v a l u a t i o n  

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

During t h e  s t u d y ,  i t  was assumed t h a t  r e source  recovery was not al lowed 

i n  Cont ro l  Zones I, 11, and 111. 

The methodology used i n  deve lop ing  t h i s  e v a l u a t i o n  can be summarized a s  

fo l lows  : 

o  Determine t h e  e x t r a c t i o n  t e c h n o l o g i e s / a c t i v i t i e s  
t h a t  a r e  a p p l i c a b l e  t o  the  potash and hydrocarbon 
r e s o u r c e s  p r e s e n t  a t  the  WIPP s i t e .  

o  Eva lua te  t h e  t y p e ,  e x t e n t ,  and degree  of d i s t u r -  
bance of t h e  rock s t r a t a  i n  t h e  v i c i n i t y  of the  
WIPP f a c i l i t y  induced by t h e s e  e x t r a c t i o n  a c t i -  
v i t i e s .  

o  Assess whether such d i s t u r b a n c e  would a f f e c t  t h e  
r a d i a t i o n  dose consequences p r e v i o u s l y  r e p o r t e d  i n  
t h e  WIPP SAR long-term waste i s o l a t i o n  assessment .  

The c o n c l u s i o n  of t h i s  s t u d y  is  t h a t  a c t i v i t i e s  r e l a t e d  t o  potash and 

hydrocarbon resource  e x t r a c t i o n  and s o l u t i o n  mining from w i t h i n  (and 

o u t s i d e  o f )  Control  Zone I V ,  u s ing  c u r r e n t l y  a v a i l a b l e  and a p p l i c a b l e  

t echno logy ,  w i l l  not  compromise t h e  i n t e g r i t y  of  t h e  WIPP waste emplace- 

ment f a c i l i t y  and i n c r e a s e  the  l i k e l i h o o d  of a  b reach ing  e v e n t .  

S p e c i f i c  c o n c l u s i o n s  drawn from t h i s  s tudy  fo l low:  

o  The DOE p o l i c y  f o r  n a t u r a l  r e s o u r c e  recovery  i s  
on ly  important  when c o n s i d e r i n g  communication 
e v e n t s  t h a t  could  occur  d u r i n g  t h e  t ime per iod 
when t h i s  p o l i c y  is i n  e f f e c t .  A f t e r  t h e  l o s s  of 
i n s t i t u t i o n a l  c o n t r o l s ,  the  types  and magnitudes 
of  e v e n t s  t h a t  could o c c u r ,  such a s  those  analyzed 
i n  t h e  SAR, a r e  fundamental ly  independent of fo r -  
mer r e s o u r c e  recovery  r e s t r i c t i o n s  a t  t h e  s i t e .  
Consider ing waste decay and geosphere t r a n s p o r t  
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r a t e s ,  t h e  DOE resource  recovery p o l i c y  has  l i t t l e  
i n f l u e n c e  on t h e  t ime of waste i s o l a t i o n  be fo re  a  
p l a u s i b l e  was te - re lease  event  could occur  and/or  
on t h e  r a d i a t i o n  dose consequences of such an 
e v e n t .  

o  The d i s t u r b a n c e s  induced by potash e x p l o r a t i o n  and 
conven t iona l  mining or  s o l u t i o n  mining i n  Control  
Zone I V  a r e  p h y s i c a l l y  t o o  f a r  removed t o  a f f e c t  
the  i n t e g r i t y  of the  WIPP f a c i l i t y .  Breaching the  
waste  s t o r a g e  a r e a  by t h e s e  a c t i v i t i e s  is not 
c r e d i b l e  and induced changes i n  h o s t  rock 
h y d r a u l i c  c o n d u c t i v i t y  a r e  not d i s c e r n i b l e .  

o  E x p l o r a t i o n  and p roduc t ion  of hydrocarbons from 
w i t h i n  Control  Zone I V  l i k e w i s e  would not a f f e c t  
the  waste emplaced i n  the  WIPP f a c i l i t y .  The ex- 
t e n t  of d i s t u r b a n c e  induced by product ion s t imula -  
t i o n  i n  the  form of hydrof rac ing  or  a c i d i z i n g  i s  
c o n t r o l l e d  by t h e  s p e c i f i c  d e s i g n  and execu t ion  of 
t h i s  o p e r a t i o n .  Eva lua t ions  of what can be con- 
s i d e r e d  t y p i c a l  o p e r a t i o n s ,  a s  d i s c u s s e d  i n  t h i s  
r e p o r t ,  i n d i c a t e  no impact t o  t h e  i n t e g r i t y  of t h e  
WIPP f a c i l i t y .  

o  The communication e v e n t s ,  i n c l u d i n g  t h e  types  of 
breaching mechanisms, f low p a t h s ,  and d r i v i n g  
f o r c e s  analyzed i n  t h e  WIPP SAR, a r e  a p p l i c a b l e  t o  
c u r r e n t  r e s o u r c e  e x t r a c t i o n  technology i n  Control  
Zone I V  and beneath  Control  Zones I ,  11, and I11 
( f o r  hydrocarbons ) .  The SAR e v e n t s  r e p r e s e n t ,  i n  
f a c t ,  t h e  p o t e n t i a l  e f f e c t s  of deve lop ing  re-  
s o u r c e s  w i t h i n  t h e  a r e a  of  t h e  WIPP f a c i l i t y  it- 
s e l f ,  a f t e r  i n s t i t u t i o n a l  c o n t r o l s  a r e  l o s t .  

I n  summary, DOE could r e e v a l u a t e  i t s  i n t e r i m  p o l i c y  t o  p ruden t ly  a l l o w  

r e s o u r c e  recovery i n  Control  Zone I V .  This i s  suppor ted  by an evalu- 

a t i o n  of t h e  consequence a n a l y s e s  f o r  r e source  e x t r a c t i o n ,  as  d i scussed  

i n  t h i s  r e p o r t ,  and the  a d d i t i o n a l  c o n s i d e r a t i o n  t h a t  any resource  

recovery  o p e r a t i o n  w i l l  be reviewed by t h e  BLM ( f o r  s u r f a c e  c l a i m s )  and 

t h e  Minera l s  Management S e r v i c e  ( f o r  underground c l a i m s )  p r i o r  t o  i t s  

implementa t ion.  I n  t h i s  f a s h i o n ,  any planned a c t i v i t i e s  w i l l  be evalu-  

a t e d  on a  case-by-case b a s i s  t o  ensure  t h a t  t h e  i n t e g r i t y  of t h e  WIPP 

f a c i l i t y  w i l l  not be j eopard ized .  
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