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SITE SELECTION FACTORS FOR THE BEDDED SALT PXLBT PLANT 

Staff of the CBRNE Salt Mine Repository Project 

ABSTRACT 

Because of the nature of radioactive waste disposal in geo- 

logic formations, the selection of suitable sites is a unique 

exercise totally different from that for any other type of facility. 

This compilation of the various factors which must be taken into 

consideration was assembled 2s an aid in the selection and con- 

firmation of a site for the Bedded Salt Pilot Plant. A s  might 

be expected, most of  these factors are related to geologic 

characteristics, which are discussed under the headings of: 

(1) stratigraphy, (2) structure, ( 3 )  hydrology, and ( 4 )  mineral 

resources. Other factors concerned with geography and facility 

design and operation are a lso  included, 
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A. INTRBDUCT I O N  

The purpose of t h i s  document i s  t o  provide a guide f o r  t h e  s e l e c t i o n  

of s p e c i f i c  s i t e s  f o r  t h e  Bedded S a l t  P i l o t  P l a n t  and a s tandard  a g a i n s t  

which v a r i o u s  individual.  s i t e s  can be compared and eva lua ted  i n  o r d e r  t o  

i d e n t i f y  t h e  most s u i t a b l e  ones. It COlit3.ins a compilat ion and b r i e f  

d i s c u s s i o n  of  t h e  major t e c h n i c a l  f a c t o r s  bear ing  on s i t e  s e l e c t i o n ,  

arranged and grouped i n  a manner t o  b e s t  i l l u s t r a t e  t h e i r  i n t e r r e l a t i o n -  

s h i p s  and interdependence.  The d i s c u s s i o n s  were i n t e n t i o n a l l y  formulated 

i n  completely g e n e r a l  t e r m s  so t h a t  t h e  c o n s i d e r a t i o n s  involved would be 

u n i v e r s a l l y  a p p l i c a b l e  t o  any bedded s a l t  d e p o s i t .  

The o b j e c t i v e  of t h e  proposed Bedded S a l t  P i l o t  P l a n t  p r o j e c t  i s  t o  

demonstrate a l l  a s p e c t s  of a t y p i c a l  f u l l y  o p e r a t i o n a l  waste  d i s p o s a l  

f a c i l i t y  wi thout  a c t u a l l y  committing t h e  wastes t o  u l t i m a t e  geologic  d i s -  

posa l .  This  demonstrat ion may r e q u i r e  a s  much a s  10 y e a r s  of o p e r a t i o n  

and t e s t i n g .  However, t h e  f a c i l i t i e s  w i l l  be designed so t h a t  they  can be 

expanded t o  a f u l l - s i z e d  waste  r e p o s i t o r y  upon s u c c e s s f u l  compl.et:iorr of t h e  

P i l o t  P l a n t  phase.  For t h e s e  reasons,  s i t e  s e l e c t i o n ,  s i t e  conf i rmat ion  

s t u d i e s  and o t h e r  e v a l u a t i o n s  of t h e  long-term geologic  containment f o r  t h e  

Bedded S a l t  F i l o t  P l a n t  w i l l  proceed as though a n  a c t u a l ,  f u l l - s c a l e  waste 

disposal.  f a c i l - i t y  w e r e  being considered.  Because of  t h i s  assumption, t h e  

g e o l o g i c a l  f e a t u r e s  of t h e  s i t e ,  e spec ia l - ly  those  r e l a t e d  t o  long-term 

containment and o p e r a t i o n a l  s a f e t y ,  a r e  considered t o  be t h e  most impor- 

t a n t  and t h e r e f o r e  a r e  emphasized i n  t h i s  document, a l though o t h e r  f a c t o r s  

a r e  included.  I n  a d d i t i o n  t o  t h e  i t e m s  d i scussed  h e r e ,  f i n a l  s i t e  sclec- 

t i u n  w i l l  t a k e  i n t o  c o n s i d e r a t i o n  o t h e r  s i t e  c r i t e r i - a  based upon AEC Man- 

u a l  Chapters 6202 " S i t e  S e l e c t i o n , "  6203 " S i t e  Development Planning" arid 

t h e i r  appendices .  The most p e r t i n e n t  of t h e s e ,  Appendix 6202,  P a r t  I, 

"Guides f o r  E s t a b l i s h i n g  S i t e  S e l e c t i o n  C r i t e r i a , "  i s  a t t a c h e d  t o  t h i s  repvrt. 

A number of  o t h e r  assumptions are  i m p l i c i t  i n  t h e  fol lowing d i s -  

cussion of s i t e  s e l e c t i o n  f a c t o r s :  

1.. The was te  d i s p o s a l  concept f o r  bo th  t h e  Bedded S a l t  P i l o t  P l a n t  

and a full-sca1.e r e p o s i t o r y  c o n s i s t s  of p l a c i n g  contai-ners of s o l i d i f  ie.d? 

h i g h - l e v e l  f i s s i o n - p r o d u c t  wastes  i n  shal low holes  d r i l l e d  i n  t h e  f l o o r  

of rooms excavated i n  t h e  s a l t  formation deep underground. 



2 ,  A s i t e  a r e a  of approximately two square  m i l e s  w i l l  be r equ i r ed ,  

3.. The a c t u a l  s i t e  a r e a  will be surrounded by n b u f f e r  zone i n  

which i t  i s  p o s s i b l e  t o  e x e r c i s e  c o n t r o l  over  f u t u r e  su r face ,  and e s -  

p e c i a l l y ,  subsur face  a c t i v i t i e s  so as t o  prec lude  unacceptab le  pene- 

t r a t i o n s  o f  t he  s a l t  formation i n  the  immediate v i c i n i t y  of the  Bedded 

S a l t  P i l o t  Plant. The r equ i r ed  width 0f t h i s  b u f f e r  zone cannot be 

s p e c i f i e d  a t  t h i s  t i m e  and i s  somewhat s i te -dependent  bu t  w i l l  probably 

be i n  the  range of 1 t o  5 m i l e s .  

It must bc emphasized t h a t  t h e  v a r i o u s  d e t a i l e d  s e l e c t i o n  f a c t e r s  

and t h e  numerical  va lues  a t t a c h e d  t o  them, must be considered as ten-  

t a t i v e ,  and s u b j e c t  t o  r e v i s i o n  as new knowledge becomes a v a i l a b l e .  

I n  a broad sense ,  t h e r e  i s  only  one c r i t e r i o n :  t h e  c h a r a c t e r i s t i c s  

of t he  s i t e  must .  be such t h a t  thorough and r-lgorous ana lyses  and 

e v a l u a t i o n s  confirm t h a t  a waste d i s p o s a l  f a c i l i t y  can be opera ted  

safely, and t h a t  t h e  was tes  w i l l  remain t o t a l l y  i s o l a t e d  throughout 

t h e i r  hazardous l i f e t i m e ,  A l l  of  the i n d i v i d u a l  and d e t a i l e d  f a c t o r s  

d i scussed  below a r e  merely an  e l a b a r a t i o n  of t h i s  genera l  c r i t e r i o n  

based upon c u r r e n t  b e s t  knowledge a 

B, DISCUSSION BP FACTORS 

1. Geolsglc  - S t r a t i g r a p h i c  Fac to r s  

1.1 Thickness o f  S a l t  Formatiog 

%a of t h e  rnajsr advantageous p r o p e r t i e s  of rock  s a l t  formations 

f o r  waste d i s p o s a l  a r e  (1) i t s  r e l a t i v e l y  h igh  etiermat conduc t iv i ty ,  

which s e r v e s  tn r a p i d l y  conduct t h e  hear  away from t h e  waste  c o n t a i n e r s ,  

thereby  minimizing the peak tempera tures ;  and (2)  i t s  p l a s t i c  o r  c reep  

de formational  b thav io r  which pc rmits sfzeablc s t r a i n s  t o  bc absorbed 

wi thout  f r a c t u r e ,  whi le  a t  t h e  same time reducing t he  s t r a i n  t-ransmittcd 

t o  the  ovt:-r:ying r acks .  I n  o r d e r  t 3  t ake  f u l l  advantage of t h e s e  d e s i r -  

ablt. prapertirs, a cer taLn m i n i i ~ ~ u m  th i ckness  o r  s a l t  i s  necessary .  

Thermal c a l c u l a t i o n s  i n d i c a t e  t h a t  f o r  a 200- f t - th i ck  s a l t  forniaticsn 

and an ecnnwnical l y  accep tab le  waste d i s p o s a l  pat tern, t hrr t c m p e r a t . u r c s  
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a t  t h e  d i s p o s a l  hor izon  w i l l  no t  be e x c e s s i v e  and t h e  maxirnuiii. temperatures 

a t  t h e  upper and Power formation boundaries wi1.l. not exceed 120OC.  This 

temperature i s  cons idered  t o  be about t h e  l i m i t  f o r  exc luding  the poss i -  

b i l i t y  of d r a s t i c  a l t e r a t i o n s  of rocks con ta in ing  s i g n i f i c a n t  q u a n t i t i e s  

of hydra ted  mine ra l s .  For a ch icke r  s a l t  formatj.on. and t h e  same waste 

d i s p o s a l  p a t t e r n ,  t h e  temperatures a t  t h e  d i s p o s a l  ho r i zon  a r e  only 

s l i g h t l y  decreased .  For a t h i n n e r  s a l t  forination, t h e  tempera tures  

i n  the  d i s p o s a l  ho r i zon  a r e  somewhat i nc reased  but  t h e  maximum temperature 

a t  t h e  format ion  boundary w i l l  be s i g n i E i c a n t l y  h ighe r ,  because t h a t  

boundary w i l l  be c l o s e r  t o  t h e  h e a t  sources .  A s  t h e  was te  d i s p o s a l  roam 

c l o s e s ,  i t  will be  surrounded by a h igh  deformati-on zone involv ing  

crushing ,  f r a c t u r i n g  and o t h e r  f a i l -u re  modes e The ve ry  l i m i t e d  evidence 

a v a i l a b l e  sugges ts  t h a t  i n  s a l t  mines, t h i s  zone i s  a t  most on ly  a few 

t e n s  of  f e e t  wide. I n  o r d e r  t o  a s s u r e  t h a t  t h e  h igh  deformation zone 

w i l l  be w e l l  conta ined  w i t h i n  t h e  s a l t  formation, i t  would seem prudent 

t o  a l low at: l e a s t  100-f t  t h i ckness  of s a l t  above t h e  mining horFzon and 

a t  l e a s t  50 - f t  t h i ckness  below t h e  d i s p o s a l  hor izon .  

These two c o n s i d e r a t i o n s ,  t aken  toge the r ,  es t:ablish t h e  minimum 

th i ckness  of t h e  s a l t  formation as g r e a t e r  than  about 200 f t .  

1 . 2  I Thickness of S a i t  Formation Above Disposa l  Horizon 

Obviously, t h e  advantages desc r ibed  i n  i t e m  1.1 would be l a r g e l y  

negated wi.th r e s p e c t  t o  t:he ove r ly ing  m a t e r i a l  (which i s  more c r i t i c a l  

than  t h e  under ly ing)  i f  t h e  d i s p o s a l  hor izon  were very  near  t h e  top  

of t h e  s a l t  formation. The th i ckness  of s a l t  above the  d i sposa l  ho r i zon  

m u s t  be s u f f i c i e n t  t o  p r o t e c t  t h e  ove r ly ing  non- sa l t  rocks from (1) exces-  

s i v e l y  e l e v a t e d  temperatures which could l ead  t o  adverse  thermal a l t e r -  

a t i o n  of t he  mine ra l s  p re sen t  and ( 2 )  e x c e s s i v e  niec'rianical deformation 

which could r e s u l t  i n  f r a c t u r i n g  of t h e  more b r i t t l e  rocks .  -4s implied 

i n  t h e  prev ious  s e c t i o n ,  a th i ckness  of about 100 : F t  above the  d i s p o s a l  

horizoii  should s u f f i c e  t o  l i m i t  t h e  p o t e n t i a l  fo r  therma1.l.y induced 

mine ra log ica l  a l t e r a t i o n s .  Eased on p r a c t i c a l  exper ience  i n  s a l t  mining 

operations, a t h i ckness  of a t  l e a s t  t h r e e  t i m e s  t he  maximum r ~ o m  width  
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would prec lude  f r a c t u r i n g  of t h e  ove r ly ing  rocks The,refore,  t he  

th i ckness  of  t h e  s a l t  format ion  above t h e  d i s p o s a l  hor izon  should be 

g r e a t e r  t han  about  150 .Ete 

1.3 P u r i t y  of t h e  S a l t  Formation 

Bedded s a l t  formations f r e q u e n t l y  c o n t a i n  a s i g n i f i c a n t  percentage 

s f  i n s o l u b l e  f o r e i g n  material, u s u a l l y  c l a y s ,  s h a l e s ,  a n h y d r i t e ,  and 

o t h e r  evapori te .  minerals,  d i sseminated  w i t h i n  and around the  s a l t  

c r y s t a l  ma t r ix  and/or  as d i s c r e t e  beds,  layers,  p a r t i n g s ,  o r  laminae.  

S ince  t h e s e  fo re ign  materials d i l u t e  t h e  d e s i r a b l e  p r o p e r t i e s  s f  t h e  

s a l t  d i scussed  i n  i t e m  1.1, t h e i r  q u a n t i t y  and d i s t r i b u t i o n  m u s t  be 

l i m i t e d .  In  t h i s  ca se ,  i t  i s  n o t  p o s s i b l e  t o  s p e c i f y  a n  accep tab le  

q u a n t i t a t i v e  l i m i t  of t h e  i m p u r i t i e s  s i n c e  t h a t  would depend upon the  

a c t u a l  t h i ckness  and o t h e r  c h a r a c t e r i s t i c s  of t h e  s a l t  f'@rmation and 

the  types ,  locat i lans ,  dimensions and d i s t r i b u t i o n  of' t h e  i m p u r i t i e s .  

In very  gene ra l  and q u a l i t a t i v e  t e r m s ,  t h e  o v e r a l l  s a l t  formation should 

be l a r g e l y  h a l i t e  over  a t  least  t h e  r equ i r ed  minimum th i ckness  and 

t h e  amount and n a t u r e  of t h e  i m p u r i t i e s  should no t  be such t h a t  the 

p e r t i n e n t  p r o p e r t i e s  of t h e  formation a r e  s e r i o u s l y  degraded, 

1.4 Deta i led  S t r a t i g r a p h y  i n  Disposal Horizon 

The s a l t  immediately ad jacen t  t o  the  waste c o n t a i n e r s  will be 

temporar i ly  sub jec t ed  tea a s i g n i f i c a n t  i n c r e a s e  i n  temperature  which 

may serve t o  mobi l ize  included and adsorbed mois turc .  Therefore ,  i t  

is d e s i r a b l e  t o  l i m i t ,  as  much as p o s s i b l e ,  the q u a n t i t y  of moisture  

a v a i l a b l e  i n  t h e  d i s p o s a l  hor izon ,  which, f o r  t h i s  can be 

de f ined  as a 1 2 -  to 1 4 - f t - t h i c k  zone encampassing t h e  maxiilium l eng th  

waste  can (10 f t )  p l u s  P t o  2 f t  OD both s l d e s ,  Within t h i s  zonep the  

t o t a l  amount of mois ture  a v a i l a b l k  a s  f r t c  water, from both  the  small 

b r i n e  i n c l u s i o n s  w i t h i n  the  s a l t  and the  w a t e r  of hydra t ion  (at  t P m -  

p e r a t u r e s  up t o  3OO0C, which i s  much g r e a t e r  than t h e  maximum t e m p e r -  

a t u r e  i n  thc bulk o f  t h e  s a l t )  of  any o t h e r  mini-rals  p re sen t ,  should 
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not  exceed 2% (by volume). P re l imina ry  e s t i m a t e s  sugges t  t h a t  2% 

iimisture wj-l-1 l i m i t  can and l i n e r  c o r r o s i o n  and gas gene ra t ion  r a t e s  

t o  accep tab le  v a l u e s .  For was te  d i s p o s a l  ope ra t ions ,  i t  w i l l  be neces- 

s a r y  t o  d r i l l  a Large number of d i s p o s a l  ho le s  i n t o  t h i s  zone. Obviously, 

any s t r a t i g r a p h i c  f e a t u r e  which made t h e s e  d r i l l i n g  ope ra t ions  d i f f i c u l t ,  

such as a t h i n  bed of hard  a n h y d r i t e ,  would be most inconvenient I Oiicc  

aga in ,  i t  i s  n o t  p o s s i b l e  t o  e x a c t l y  s p e c i f y  t h e  l i m i t s  of a c c e p t a b i l i t y  

i n  t h i s  r ega rd ,  I n  genera l  and q u a l i t a L i v e  t e r m s ,  t he  mechanical prop- 

ert ies of t h e  d i s p o s a l  ho r i zon ,  e s p e c i a l l y  d r i l l a b i l i t y ,  should be 

e q u i v a l e n t  t o  commercial grade rock s a l t  (95%) 

1,s Deta i l ed  S t r a t i g r a p h y  i n  Mining Horizon 

The p r e s e n t  des ign  concept c a l l s  f o r  t h e  excava t ion  of e x t e n s i v e  

rooms and c o r r i d o r s  having a minimum h e i g h t  of 15 1 1 2  f t  w i th  the f l o o r  

loca t ed  about 8 f t  ( f o r  s h i e l d i n g )  above the  tops  of t h e  was te  c o n t a i n e r s .  

The m a t e r i a l  i n  t h i s  zone m u s t  t h e r e f o r e  be such t h a t  i t  can be exca- 

va ted  wi thout  undue d i f f i c u l t y  and t h a t  t h e  material .  l e f t  i n  p l a c e  as 

suppor t  p i l l a r s  w i l l  adequate ly  perform i n  t h a t  c a p a c i t y .  It: i s  not. 

p o s s i b l e  t o  s p e c i f y  t h e  d e t a i l e d  requirements i n  t h i s  ca se  s i n c e  they 

a r e  h igh ly  dependent upon t h e  mine dc?istgn, mining methods and a s s o c i a t e d  

s p e c i a l  procedures and t h e  l o c a l  s i t u a t i o n .  I-lowever, i t  i s  apparent  

t h a t  t h e  s t r a t i g r a p h y  and l i t h o l o g y  of t h e  mining ho r i zon  above t h e  waste 

d i s p o s a l  s e c t i o n  must bt?: such t h a t  t h e  rooms and c o r r i d o r s  can be 

excavated us ing  s t anda rd  e s t a b l i s h e d  s a l t  mining techniques .  

1 .6  V e r t i c a l  l . s o 1 a t . n  of t h e  Wastes from A q u i w  

It i s  necessary  t o  a s s u r e  t h a t  t h e  waste m a t e r i a l s  a r e  protect-cd 

from c i r c u l a t i n g  ground wa te r  throughout t h e  ve ry  long time spans dur ing  

which they a r e  hazardous ,  With r e s p e c t  t o  d i s s u l u t i o n i n g  of t h e  s a l t  

d e p o s i t  a long  i t s  uppbr o r  lower surEacc, t h i s  p r o t e c t i o n  can bc provided 

i n  a n u n b r  n f  p o s s i b l e  ways, f o r  example: (1) by showing t h a t  Lhtn s a l t  

formation i s  sc para tcd  and i s o l a t e d  E r o m  flowing aqui fc rs  by s u i t a b l e  



7 



8 

2 .  Geologic - S t r u c t u r a l  F a c t o r s  

2 . 1  A t t i t u d e  of t h e  S a l t  Formation 

The p r i n c i p a l  c o n s i d e r a t i o n  bear ing  on t h i s  f a c t o s  i s  simply t h e  

obvious d e s i r a b i l i t y  of c a r r y i n g  o u t  mining and, more impor tan t ly ,  waste  

d isposa l  o p e r a t i o n s  i n  a s i n g l e ,  approximately h o r i z o n t a l ,  i i n i t  of t h e  

s a l t  formation. Lesser  c o n s i d e r a t i o n s  inc lude  r e c o g n i t i o n  of  the fact  

t h a t  a p p r e c i a b l e  d i f  f c r e n t i a l  g r a v i t y  loads on t h e  s a l t  formation hold 

an incrcnsed  potenti-a1 f o r  producing m a s s  flowage, e s p e c i a l l y  when t h e  

s a l t  i s  h e a t e d ;  and t h a t  nonuniform d e s i g n  of room and p i l l a r  wid ths  

might bc r c q u i r e d  t o  compensate Tor a p p r e c i a h l c  d i f f e r e n c e s  i n  ove r -  

burden p r e s s u r e s .  These p o t e n t i a l  problems can be e l i m i n a t e d  and the 

d e s i r a b l e  f e a t u r e s  preserved by l i m i t i n g  c o n s i d e r a t i o n  t o  those  areas 

where t h e  s a l t  formation a t  t he  mining hor izon  has  d i p  o r  t i l t  of l ess  

than 100 f t  per  m i l e .  

2,2 I n c i p i e n t  Diapir ism 

One mechanism by which i t  might be p o s s i b l e  f o r  wastes bur ied  i n  

s a l t  formations t o  be d i s i n t e r r e d  i s  by the. mass flowage of  t h e  s a l t  

i n t o  a n t i c l i n e s ,  r i d g e s ,  o r  domes (d iap i r i sm) .  The c o n d i t i o n s  necessary  

t o  i n i t i a t e  and s u s t a i n  t h i s  flowage are n o t  known e x a c t l y ,  bu t  t h e r e  

i s  g e n e r a l  agreement t h a t  very  t h i c k  formations bur ied  t o  depths  of 

t e n s  of  thousands of f e e t  (or  e q u i v a l e n t  t e c t o n i c  c o n d i t i o n s  of s t ress  

and temperature) and s i g n i f i c a n t  s t ress  d i f f e r e n t i a l s  se.em t o  be t h e  

minimum requi red .  For t h e  purposes of s i t e  s e l e c t i o n ,  i t  should be 

s u f f i c i e n t  t o  demonstrate  t h a t  [.he s a l t  has never  been subjec ted  t o  

the c o n d i t i o n s  necessary  f o r  mass flow by t h e  absence of any d i a p i r i . c  

s t r u c t u r e s  throughout t h e  reg ion .  

2 , 3  =ignal S t r u c t u r a l  Framework 

I n  g e n e r a l ,  t h e  major s a l t  d c g o s i t s  of  t h e  Ilntted S ta tcs  t m d  t o  

be loca ted  i n  reg ions  c h a r a c t e r i z e d  by a h i s t o r y  of marked t r c t o n i c  

s t a b i l i t y ,  at l e a s t  since) t h e  d e p o s i t i o n  of the. salt. However? a l l  
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a s p e c t s  of t h e  r e g i o n a l  geologic  s t r u c t u r c  should be examined f o r  any 

f e a t u r e s  which would sugges t  t h a t  a proposed waste  d i s p o s a l  s i t e  might 

be l o c a t e d  where Euture deformations would be concent ra ted .  These 

f e a t u r e s  would c e r t a i n l y  inc lude  such t h i n g s  as zones of weakness, 

subsur face  f a u l t s ,  and Eolding t r ends  

2,4 Tectonic  S t a b i l i t y  

I n  a d d i t i o n  t o  t h e  geologic  i n d i c a t i o n s  d i scussed  above ( i t e m  2,3), 

t h e  t e c t o n i c  s t a b i l i t y  of t h e  r eg ion  a l s o  can be e s t ima ted  on t h e  b a s i s  

of t he  record  of h i s t o r i c a l  ear thquakes .  The d e t a i l s  of t h a t  record  

should be examined f o r  a Parge area sur rounding  any proposed s i t e  and, 

i f  p o s s i b l e ,  c o r r e l a t e d  wi th  t h e  r e g i o n a l  s t r u c t u r e .  Also, ear thquake 

r e s i s t a n c e  i s  a f a c t o r  i n  t h e  s t r u c t u r a l  des ign  of t h e  v a r i o u s  s u r f a c e  

f a c i l i t i e s .  

3 Geologic - Hydrologic Fac to r s  

3 - 1  Ground Water 

I n  gene ra l ,  a waste d i s p o s a l  f a c i l i t y  should be ‘located i n  an  area 

of l i m i t e d  ground water. This  p r o v i s i o n  c o n t r i b u t e s  t o  the long-term 

geologic  containment of t h e  wastes i n  twa s i g n i f i c a n t  ways: (I) t h e  

ra te  of d i s s o l u t i o n i n g  of  t he  s a l t  (see i t e m s  1.6 and 3 , 3 )  i s  d i r ex tEy  

r e l a t e d  t o  volumes and rates of ground-water flow, arid (2) the  ground 

wa te r  i s  by f a r  the most a v a i l a b l e  mechanism f o r  widespread d ispersa l .  

of t h e  r ad ionuc l ides  should they  e v e r  &scape from t h e  s a l t  formation.  

An addi t iona l .  f a c t o r  i n  waste r e p o s i t o r y  s i t e  s e l e c t i o n  would be t h e  

avoidance of  any area unde r l a in  by l a r g e  and ex tens ive  ground w a t c r  

a q u i f e r  systems having a p o t e n t i a l  f o r  s l g n i f i c a n t  f u t u r e  development. 

3.2 Surfacc Water 

For t h e  s a m e  reasons as d i scussed  in  i t e m  3 ,1 ,  LL r e p o s i t o r y  sits. 

should be rcmote from l a r g e  su r face  water s u p p l i e s ,  i nc lud ing  r i v e r s ,  
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l a r g e  creeks, r e s e r v o i r s ,  e t c .  A f u r t h e r  c o n s i d e r a t i o n  i n  t h i s  case  

would be t h e  r e l a t i o n s h i p  between s u r f a c e  hydrology and potent i a I  ratcss 

of s u r f a c e  e r o s i o n .  

3 . 3  Hor izonta l  Extent  of S a l t  Deposit  

The po ten t i a l .  f o r  d i s s o l u t i o n i n g  of  t h e  s a l t  formation c o n t a i n i n g  

t h e  r a d i o a c t i v e  wastes  from i t s  t o p  and bottom s u r f a c e s  was d iscussed  

i n  s e c t i o n  1 . 6 .  It i s  a l s o  p o s s i b l e  f o r  t h e  s a l t  formation t o  exper ience  

d i s s o l u t i o n i n g  a t  t h e  deposit-. boundaries .  In a c t u a l  f a c t ,  t h i s  i s  

f r e q u e n t l y  t h e  c a s e  because t h e  bedded s a l t s   ere n e a r l y  always i n i t i a l l y  

depos i ted  i n  broad basin-shaped s t r u c t u r e s .  This  means t h a t  t h e  d e p o s i t  

boundaries  a r e  u s u a l l y  a t  a much sha l lower  depth  than t h e  c e n t r a l  p o r t i o n s  

and t h e r e f o r e  much more l i k e l y  t o  be exposed t o  c i r c u l a t i n g  ground water ,  

A r e p o s i t o r y  s i t e  m u s t  be l o c a t e d  so a s  t o  provide p r o t e c t i o n  from t h e s e  

boundary d i - s so lu t ion ing  processes  by a n  adequate  h o r i z o n t a l  d i s t a n c e  

of s a l t ,  The requi red  d i s t a n c e  depends upon t h e  a n a l y s i s  of a number 

of  i t e m s :  (1.) t h e  t o t a l  t h i c k n e s s  and shape of  the s a l t  formation;  

(2)  t h e  t h i c k n e s s  of s a l t  over ly ing  t h e  w a s t e s ;  ( 3 )  t h e  s t r u c t u r e  oE 

the  s a l t  formation between t h e  r e p o s i t o r y  s i t e  and the? d e p o s i t  boundary; 

( 4 )  t h e  r a t e  o f  d i s s o l u t i o n i n g  i f  i t  i s  c u r r e n t l y  a c t i v e ;  (5) p o t e n t i a l  

r a t e s  o f  d i s s o l u t i o n i n g  i n  t h e  f u t u r e ;  and ( 6 )  t h e  n a t u r e  and c h a r a c t e r  

o f  d i s s o l u t i o n i n g  process  and t h e  r e g i o n a l  hydro1.ogi.c regime which con- 

t r o l s  i t ,  

4 .  Geologic - Mi.n.era1. Resources 

4 . 1  Mineral  Product ion His tory  and E t e n t i a 1  

Mineral  p roduct ion  a c L i v i t  ies i n e v i t a b l y  involve subsurfacc 

o p e r a t i o n s  o f  some type which could h a w  a b e a r i n g  on t h e  g s o l s g i c  con- 

tainment o f  r a d i o a c t i v e  w a s l r s  * Therefore ,  ar:’as of e x i s t i n g  product ion  

o r  c x i e n s i v e  e x p l o r a t i o n  should be avoided a s  much as p ~ s s i b l e  (see 

s c c t i o n s  h 0 2  and 4 - 3  f o r  d e t a i l e d  d i s c u s s i o n s  of  twc)  p a r t i c u l a r l y  impcr- 

t a n t  c o n s i d e r a t i o n s )  
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4.2  Miring Opera t ions  

One f a c t o r  of p a r t i c u l a r  importance re1atP.d t o  the  mineral. r e sources  

of t h e  a r e a  i s  any previous  product ion  from w i t h i n  t h e  e v a p o r i t e  sequence. 

This p roduc t ion  could be mining of e i t h e r  s a l t  o r  o t h e r  e v a p o r i t e  mine ra l s  

( e spec ia l  l y  po tash)  by e i t h e r  mechanical underground mines o r  h y d r a u l i c  

mining (Lncluding solution-mined s t o r a g e  c a v i t i e s  f o r  EPG o r  o c h e r  

m a t e r i a l s ) .  These ope ra t ions  could r e p r e s e n t  a p o t e n t i a l  t h r c a t  t o  t h e  

long-term geologic  containment s i n c e  c u r r e n t  teclnnology makes i t  d i f f i c u l t  

t o  p r p d i c t  what t h e i r  e v e n t u a l  e f f e c t s  might be. Therefore ,  a r e p o s i t o r y  

s i t e  should be loca ted  so t h a t  e x i s t i n g  subsu r face  o p e r a t i o n s  would be 

o u t s i d e  t h e  b u f f e r  zone, and the mine ra log ica l  and s t r u c t u r a l  c h a r a c t e r  

of t h e  rocks w i t h i n  t h e  b u f f e r  zone would minimize t h e  probabi l . i ty  of any 

such f u t u r e  o p e r a t i o n s .  The b u f f e r  zone should be des igna ted  so as t o  

preserve  the r e p o s i t o r y  s i t e  a g a i n s t  any d e l e t e r i o u s  e f f e c t s  from 

commercial o p e r a t i o n s  a s s o c i a t e d  wi th  t h e  resource  but  conducted beyond 

t h e  b u f f e r  zone. 

4 .3  E x i s t i n g  Boreholes 

Another f a c t o r  of p a r t i c u l a r  importance r e l a t e d  t o  mine ra l  r e sources  

i s  t h e  number of e x i s t i n g  boreholes  i n  t h e  a r e a .  These ho le s  are impor- 

t a n t  because they  r e p r e s e n t  a p o t e n t i a l  h y d r a u l i c  connec t ion  between t h e  

s a l t  formations and both  h ighe r  and lower a q u i f e r  systems. I n  a very  rvw 

known cases,  c i r c u l a t i o n  of t h i s  type has become e s t a b l i s h e d  arid r e s u l t e d  

i n  ve ry  rapid lcca l  d i s s o l u t i o r i  of t h e  s a l t ,  It is obvious t h a t  t h i s  

type of  d i s s o l u t i o n i n g  at any proposed s i t e  O K  w i t h i n  the.. b u f f c r  zone 

could r e n d t r  i t  unacceptab le .  Consequently, a l l  e x i s t i n g  boreholes  

have t o  be loca ted ,  eva lua ted  a s  t o  t h e i r  p o t e n t i a l  t o  form a hydrau l i c  

connec t ion  between i h e  s a l t  format ion  and both  h ighe r  and lower a q u i f t r  

systems, r e -en te red ,  c leaned  o u t ,  a n d  r rp luggrd  i n  as permanent a manner 

a s  p o s s i b l e  i n  o r d e r  t o  p r o t e c t  t h e  salt a g a i n s t  t he  develqment  of  

c i r c i i l a t i o n s  D f  t h i s  type i n  the f u t u r e .  The advantage of  s e l e c t i n g  

a s i t e  w i t h  a minimum numbcr of  e x i s t i n g  holes  i s  n p p a r e n t .  
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5. Geography 

5.1 Land Values 

Since a waste r e p o s i t o r y  by l a w  must be loca ted  on Fede ra l ly  owned 

land which i s  ded ica t ed  t o  t h a t  purpose i n  p e r p e t u i t y ,  c o n s i d e r a t i o n  

should be g iven  t o  i t s  p resen t  va lue  and ownersliip, and t o  land usage 

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

e s p e c i a l l y  f o r  any purpose which would a t t r a c t  l a r g e  numbers of people 

(such a s  r e c r e a t i o n a l  p u r s u i t s ) .  

5.2 1so l .a t ion  from Popula t ion  Centers  

I n  s p i t e  of t h e  v a r i o u s  engineered sa fegua rds  b u i l t  i n t o  the  pro- 

posed f a c i l i t y ,  e f f o r t s  should be made t o  minimize t h e  popula t ion  

r e q u i r i n g  evacuat ion  i n  t h e  h igh ly  u n l i k e l y  event  of an acc iden t  or 

o t h e r  emergency. This  can be accomplished by t h e  jud ic ious  l o c a t i o n  

of  t h e  waste d i s p o s a l  f a c i l i t y  i n  a r e a s  of low popu la t ion  d e n s i t y  and 

a s  remote a s  p r a c t i c a l  from l a r g e  concen t r a t ions  of popu la t ion  ( see  

a l s o  i t e m s  5.3, 6 . 4 ,  and 6.5).  

5.3 E x i s t i n g  Rights-of-way 

As f a r  as i s  p r a c t i c a l ,  proposed s i t e s  should avoid a r e a s  t r a v e r s e d  

by e x i s t i n g  easements and rights-of-way, such as power l i n e s ,  r a i l r o a d s ,  

highways, and p a r t i c u l a r l y  o i l ,  gas,  and petroleum products t r ansmiss ion  

p i p e l i n e s .  This  f a c t o r  i s  simply a matter of avoid ing  thE: r e l o c a t f o n  

c o s t s  i f  t h e  easement would i n t e r f e r e  wi th  t h e  o p e r a t i o n  of  t h e  f a c i l i t y  

6 .  F a c i l i t y  Design and Operation 

6 .1  Disposal of Excess S a l t  

Thc c u r r e n t  waste d i s p o s a l  concept involves  t h e  excavat ion  of a 

l a r g c  number af leng  tunne l s  o r  "rooms" i n  t h e  s a l t  d e p o s i t .  The ccn- 

t a i n e r s  of waste w i l l  be depos i t ed  i n  h o l e s  d r i l l e d  i n t a  t h ~  flgor o f  

t hese  r o x m  and the rooms b a c k f i l l e d  wi th  crushed s a l t  ob ta ined  fram 
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the  excavat ion  of subsequent rooms, However, i t  i s  no t  p o s s i b l e  t o  

pack t h e  same q u a n t i t y  of s a l t  back i n t o  t h e  rooms as w a s  o r j g i n a l l y  

removed. 

manner. It i s  e s t ima ted  t h a t  excavat ions  f o r  t h e  Bedded S a l t  P i l o t  

P l a n t  w i l l  r e s u l t  i n  about 250,000 tons  of  s a l t ,  none of  which would be 

b a c k f i l l e d ,  wh i l e  f u l l - s c a l e  waste  d i s p o s a l  ope ra t ions  wi th  b a c k f i l l  

would produce perhaps 6 t o  8 m i l l i o n  tons  of excess  s a l t  over  a 20-year 

o p e r a t i n g  l i f e t i m e .  The method f o r  d i s p o s a l  of t h i s  excess  s a l t  h a s  no t  

y e t  been determined but  a number of p o s s i b i l i t i e s  e x i s t ,  The b e s t  and 

most advantageous method would be t o  market i t  commercially.  

The r e s u l t i n g  s u r p l u s  s a l t  m u s t  be disposed of i n  an  accep tab le  

Another method f o r  t h e  d i s p o s a l  of t he  excess  s a l t  would be t o  

d e p o s i t  i t  i n  a nearby e x i s t i n g  underground mine. Such a p r a c t i c e  would 

r e q u i r e  c e r t a i n  s a l t  handl ing  f a c i l i t i e s ,  bo th  a t  the  P i l o t  P l a n t  and 

a t  t h e  r e c e i v i n g  mine, and t h e  c o s t  of t h e  shipment between t h e  mines 

and t h e  d i s p o s a l  ope ra t ions  could b e  cons ide rab le .  

The f a c t o r s  which r e l a t e  t o  t h e  d i s p o s a l  of excess  s a l t  (such as 

p o t e n t i a l  commercial grade,  q u a n t i t y ,  and type of a s s o c i a t e d  i n s o l u b l e  

m a t e r i a l ,  proximity t o  usab le  e x i s t i n g  underground mines, t r a n s p o r t a t i o n  

f a c i l i t i e s ,  e t c . )  should be cons idered  i n  the  s e l e c t i o n  of a s i t e .  

6.2 Waste Transpor t a t ion  

It i s  planned t h a t  waste d e l i v e r i e s  t o  the  Bedded S a l t  P i l o t  P l an t  

w i l l  be i n i t i a l l y  by r a i l  on ly .  

between t h e  s i t e  and an  e x i s t i n g  s e r v i c e a b l e  r a i l  l i n e  i s  an i t e m  of 

c o n s t r u c t i o n  c o s t s  which could be inf luenced  by jud ic ious  s e l e c t i o n  of 

t h e  s i t e  and should,  t h e r e f o r e ,  be taken  i n t o  c o n s i d e r a t i o n .  

Therefore ,  a r a i l  spur  connec t ion  

6 . 3  Highway Comunica t ions  

Another f a c t o r  t o  be cons idered  i n  t h e  s e l e c t i o n  of  a s u i t a b l e  

s i te  i s  i t s  a c c e s s i b i l i t y  by road f o r  f r e i g h t  and passengers ,  

t h e  p o s s i b i l i t y  of f u t u r e  was te  shipments by highway sliould no t  be ove r -  

looked * 

Fur themore ,  
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6 .4  U t  i ].it-y Se rv ices  

The f a c i l i t y  w i l l  require thp u s u a l  u t i l i  t y  s e r v i c e s  of P l p c t r i c r t y ,  

water ,  sewage, f u e l ,  e t c .  The ready a v a i l a b i l i t y  of thPse s e r v i c e s  i s  

a f a c t o r  i n  s i t e  s e l e c t i o n ,  s i n c c  connec t ions  o r  independent,  on-site 

prov i s ions  may have t o  be inc luded  i n  t h e  c o n s t r u c t i o n  c o s t s .  

6 e 5 Community Se rv ices  

S i m i l a r l y ,  from t h e  p o i n t  of view O C  normal o p e r a t i o n  of t h e  facility, 

housing and s e r v i c e s  f o r  employees, access  t o  nearby s e r v i c e s  f o r  equipmcni 

mairitsnance (such as machine shops, garages ,  e t c  .) , ord ina ry  hardware and 

o t h e r  s u p p l i e s ,  medical- C a c i l i t i e s ,  Eire p r o t e c t i o n ,  e t c . ,  should be con- 

s i d e r e d  * 

The fo l lowing  t a b l e  summarizes t h e  v a r i o u s  s i t e  s e l e c t i o n  f a c t o r s  

d i scussed  above, a long  wi th  any riurrierical o r  quant i 'cative va lucs  a s s o c i a t e d  

wi th  them 
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Table  1 

Summary of S i t e  S e l e c t i o n  Fac to r s  

I t e m  No. Fac to r  Value 

1. Geologic - S t r a t i g r a p h i c  

1.1 Thickness of S a l t  Formation >200 f t  

>150 f t  1 . 2  Thickness  of S a l t  Formation Above 
Disposal  Horizon 

1.3 P u r i t y  of t h e  S a l t  Formation l a r g e l y  ha1 i te 

1.4 De ta i l ed  S t r a t i g r a p h y  of Disposa l  a v a i l a b l e  w a t e r  <2%; 
Horizon e a s i l y  d r r l l a b l e  

1 .5  Deta i led  S t r a t i g r a p h y  of Mining 
Horizon e a s i l y  minable 

1.6 V e r t i c a l  I s o l a t i o n  of t h e  Wastes adequate  t o  assure 
from Aquifers  confinement of w a s  t e  s 

1 . 7  Depth t o  Disposal  Horizon <2500 Lri; >lo00 f t  

2 .  Geologic - S t r u c t u r a l  

2 . 1  A t t i t u d e  of t h e  S a l t  Formation 

2.2 I n c i p i e n t  Diapir ism 

2 .3  Regional S t r u c t u r a l  Framework 

2 - 4  Tectonic  S t a b  ili t y 

d i p  4 0 0  E t / r n i  

no d i a p i r i c  s t r u c t u r e s  
i n  r eg ion  

minima 1 

low h i s t o r i c a l  s e i s m i c i t y  
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Table 1 (continued) 

3 .  Geologic - Hydrologic 

3.1 Ground Water 

3 0 2  Sur face. Water 

m i n i m a  1 

remo [:e 

3.3 l io r izonta l  Extent of Salt: Deposit s u f f i c i e n t  t o  p r o t p c i  
a g a i n s t  d i s s o l u i i o n i n g  

4 .  

4.1 

4.2 

4 .3  

5. 

5 .1  

5.2  

5.3 

6 .  

6.1 

6.2 

6.3 

6.4 

6.5  

Geologic - Mineral Resources 

Mineral Product ion  H i s t o r y  and 
Po t e n t  ial. 

Mining Operations 

Ex is t i n &  Bo reho le  s 

Geography 

Land Values 

i s o l a t i o n  from Popula t ion  Centers  

E x i s t i n g  Rights-of-Way 

F a c i l i t y  Design and Operatton 

Disposa l  ef Excess S a l t  

W a s t e  T r a n s p o r t a t i o n  

Highway ConurnunL c a t ions  

U t  -f 1 i t  y Se rv ices  

Communi ty  Servicc s 

minimal 

remote 

m i  niiiiuril ntimbe r 
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Attachment 1 

S i t e  S e l e c t i o n  AEC Appeiidix 6202 

BART I 

GUIDES FOR ESTABLISHING SITE SELECTION CRITERIA 

A. CRITERIA DEVELOPMENT 

Basic  s i t e  s e l e c t i o n  c r i t e r i a  w i l l  be developed f o r  t he  s e l e c t i o n  

of each new s i t e  o r  a p l a n t  area w i t h i n  an  e x i s t i n g  AEC s i t e ,  The 

c r i t e r i a  w i l l  encompass a l l  t h e  p e r t i n e n t  f a c t o r s  i n  each case  and 

w i l l  n e c e s s a r i l y  va ry  t o  some e x t e n t ,  The f a c t o r s  se t  f o r t h  i n  

t h e  Code of Federa l  b g u l a t i o n s  p e r t a i n i n g  t o  r e a c t o r  s i t e  c r i t e r i a  

gu ides ,  10 CFR 100, w i l l  be inc luded  i n  t h e  b a s i c  s i t e  s e l e c t i o n  

c r i t e r i a  f o r  power and test  r e a c t o r s .  S p e c i f i c  c r i t e r i a  developed 

by the  r e s p o n s i b l e  program d i v i s i o n s  under Chapter 0540, "Safety 

s f  AEC-Owned Reactors ,"  s h a l l  be  followed i n  surveys f o r  r e a c t o r  

s i t e s  

B. FACTORS TO BE CONSIDERED 

1. General S i t e  Locat ion 

a. Re la t ion  t o  o t h e r  AEC s i tes  o r  t o  de fense  i n s t a l l a t i o n s  and 

t o  other  f a c i l i t i e s  and i n d u s t r i a l  complexes t o  avoid con- 

c e n t r a t i o n s  of  important  f a c i l i t i e s  i n  one p o t e n t i a l  t a r g e t  

area a 

b o  Requirements f o r  s i t e  d e f e n s i b i l i t y  i f  a p p l i c a b l e  

c .  Recogni t ion of requirements  f o r  program c o n t i n u i t y "  

d .  Recognition of the requirement of  t he  Agr i cu l tu ra l  A c t  of 

1970 t o  l o c a t e  new Fede ra l  o f f i c e s  and o t h e r  f a c i l i t i e s  i n  

a r e a s  o r  Communities Qf lower populat ion d e n s i t y  i n  p r e -  

f e r ence  t o  a r e a s  of h ighe r  popula t ion  d m s i t y  wherever 

p r a c t i c a b l e  
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2 e Isolation 

Limitations with respect to current and projected population 

densities in the surrounding area. 

3 .  Areas Required 

Total number, size, purpose, and spaci-ng or dispersal within 

the site of separate plant groups. 

4 ,  Waste Disposal 

Requirements for disposition of solid, liquid, and gaseous 

wastes and limitations imposed by State and local standards,  

codes , and requirements. 

5. Availability of Manpower 

Total by types required f o r  support o f  construction and 

operation of the facility. 

6. 0pt2n Housing 

A s  it relates to manpower (see chapter 0208). 

7. Water 

a. Availability of quantity and quality t o  meet all plant 

demands e 

b ,  Consideration of alternate schemes of water use, such as 

I 1  once-through," cooling towers, etc. 

c Liniitations in acceptable amount of chlorides, dissolved 

solids, suspended solids, temperat-urc, etc. 

d. Effects of proposed water use (contamination, temperature, 

etc.) on other private or public uses. 

8. Power 

Availability of quantity and quality tu meet a1 1. plant 

demands, and powcr services reliability. 
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9.  Fuel 

Types a v a i l a b l e  and s u i t a b l e  f o r  conforming wi th  appl icable .  

p o l  1 utiori  c o n t r o l  s t a n d a r d s  

10. T r a n s p o r t a t i o n  

Rail, highway, a i r ,  and wate.r. 

11. Meteorology and Climatology 

As they  may affectl des ign ,  c o n s t r u c t i o n ,  and o p e r a t i o n  of 

p l a n t  f a c i l i t i e s ,  i nc lud ing  a n  e v a l u a t i o n  of t h e  c a p a c i t y  o f  the 

atmosphere t o  r e c e i v e  and d i s p e r s e  p l a n t  gases  s a f e l y ,  i nc lud ing  

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

a i r b o r n e  e f f l u e n t s  e 

1 2 .  Geology, Hydrology, arid Topography 

3. The r e l a t i o n s h i p s  of the  geology, hydrology, and topography 

on the s a f e t y  and eng inee r ing  requi rements  of the  proposed 

f a c i l i  t i e s .  

5 ,  Des i rab le  geo log ica l  s t r u c t u r e  arid c h a r a c t c r ,  l oad  

suppor t ing  c a p a c i t y  of s o i l s ,  pe rmeab i l i t y ,  nature and 

e x t e n t  of ground water  and f lows ,  i nc lud ing  depL.h and 

d i r e c t i o n ,  and ear thquake  p r o b a b i l i t y  and i n t e n s i t y .  

13. Economic Analysis 

D i f f e r e n t i a l s  i n  c o n s t r u c t i o n  and o p e r a t i n g  c o s t s  between 

s i t e s  being cons idered .  

Approved : June, 16 19  72 
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