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I. SUMMARY 

A s  nuc lea r  power assumes an  i n c r e a s i n g l y  important  r o l e  i n  meeting 

t h e  n a t i o n ' s  requirements  f o r  e l e c t r i c a l  energy,  t h e  q u a n t i t y  of rad io-  

a c t i v e  wastes w i l l  a l s o  i n c r e a s e .  The wastes of primary concern - 

des igna ted  "high-level"  and "alpha" wastes - c o n t a i n  r a d i o a c t i v e  n u c l i d e s  

t h a t  decay s o  s lowly  as t o  r e q u i r e  t h a t  they be  i s o l a t e d  from t h e  b iosphere  

f o r  thousands of y e a r s .  This  s ta tement  d e s c r i b e s  t h e  i n i t i a l  measures 

t o  be taken as a p a r t  of t h e  Commission's o v e r a l l  w a s t e  management p o l i c y  

and program f o r  t h e  permanent d i s p o s a l  of t h e s e  wastes. The proposed 

f a c i l i t y  w i l l  s a f e l y  con ta in  t h e s e  wastes f o r  t h e  r equ i r ed  pe r iod  of t i m e  

wi thout  any s i g n i f i c a n t  impact on t h e  environment.  

p a r t ,  been e s t a b l i s h e d  w i t h  p u b l i c a t i o n  i n  t h e  Federa l  R e g i s t e r  on 

November 1 4 ,  1970, of Appendix F t o  1 0  CFR 50 which r e q u i r e s  t h a t  i n d u s t r y  

s o l i d i f y  t h e i r  h igh - l eve l  l i q u i d  wastes and t r a n s f e r  t h e s e  wastes t o  a 

f e d e r a l  r e p o s i t o r y .  This  p o l i c y  w a s  f i r s t  proposed on June 3 ,  1969, when 

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

This  p o l i c y  h a s ,  i n  

These wastes can  be desc r ibed  as fo l lows .  High-level wastes, p r i n c i -  

p a l l y  t h e  f i s s i o n  product  "ashes" t h a t  are sepa ra t ed  i n  t h e  r ep rocess ing  

of spen t  r e a c t o r  f u e l ,  are c h a r a c t e r i z e d  by long l i v e d  b e t a  and gamma 

r a d i a t i o n  and h igh  thermal  power. Alpha wastes, p r i n c i p a l l y  s o l i d  materials 

contaminated wi th  small  q u a n t i t i e s  of plutonium and o t h e r  t r a n s u r a n i c  

i s o t o p e s ,  are genera ted  i n  t h e  cour se  of o p e r a t i o n s  invo lv ing  nuc lea r  f u e l  

materials. These wastes are c h a r a c t e r i z e d  by t h e  presence  of s h o r t  range  

a lpha  p a r t i c l e  emitters and low h e a t  gene ra t ion  rates. 

Up t o  t h e  p r e s e n t  t i m e ,  h igh- leve l  wastes have been s t o r e d  on a 

temporary b a s i s  as l i q u i d s  o r  s o l i d s  i n  t anks ,  wh i l e  a lpha  wastes have 
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been s t o r e d  as s o l i d s  i n  shal low land b u r i a l  grounds. Recognizing t h a t  a 

t r u l y  permanent s o l u t i o n  of t h i s  problem is  requi red ,  t h e  AEC i n  c o n s u l t a t i o n  

w i t h  t h e  Nat ional  Academy of Sciences and members of t h e  geologic  community 

has ,  over t h e  last  15 y e a r s ,  sponsored r e s e a r c h  and development work t o  

examine t h e  s u i t a b i l i t y  of bedded s a l t  formations as a f i n a l  r e p o s i t o r y  f o r  

t h e s e  materials. 

On t h e  b a s i s  of t h e s e  s t u d i e s ,  and i n  accordance w i t h  t h e  recommendations 

of t h e  Nat iona l  Academy of Sciences,  t h e  Atomic Energy Commission proposes 

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

underground bedded s a l t  formations of c e n t r a l  Kansas. Although i t  i s  a n t i -  

c i p a t e d  t h a t  t h i s  f a c i l i t y  w i l l  u l t i m a t e l y  be  designated as t h e  Federa l  

Waste Reposi tory,  i t  w i l l  b e  i n i t i a l l y  operated as a demonstration f a c i l i t y .  

Subjec t  t o  confirmatory geohydrologic s t u d i e s ,  t h e  AEC has  t e n t a t i v e l y  

s e l e c t e d  a s i t e  near  Lyons, Kansas, f o r  t h i s  purpose. 

w i l l  u t i l i z e  a n  e x i s t i n g ,  200-acre nonproducing sa l t  mine f o r  emplacement of 

a lpha  wastes which m e e t  s t o r a g e  c r i te r ia ;  an ad jacent  800-acre s e c t i o n  of t h e  

sa l t  bed w i l l  be  mined f o r  emplacement of high-level  waste; and s u r f a c e  

f a c i l i t i e s  w i l l  be  cons t ruc ted  f o r  r e c e i p t  and handl ing of t h e  waste packages. 

Table  0 p r e s e n t s  a n  estimate of t h e  u t i l i z a t i o n  of t h e  high-level  p o r t i o n  of 

The proposed r e p o s i t o r y  

t h i s  f a c i l i t y  over i t s  a c t i v e  l i f e .  

which w i l l  be  developed i n  t h e  course of f a c i l i t y  des ign  w i l l  b e  s t o r e d  i n  

t h e  r e p o s i t o r y .  

t h e  high-level  and a lpha  wastes. 

o r  inflammable materials w i l l  n o t  be  accepted f o r  s t o r a g e .  

Only wastes which meet t h e  c r i te r ia  

C e r t a i n  c r i t e r i a  have a l ready  been e s t a b l i s h e d  f o r  bo th  

Wastes must be  i n  s o l i d  form; explos ive  

Environmental Impact - By e s t a b l i s h i n g  t h i s  f a c i l i t y ,  r a d i o a c t i v e  wastes of 

t h e  type previous ly  descr ibed w i l l  be  permanently i s o l a t e d  from man's b iosphere ,  
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thus providing a d i r e c t  and l a s t i n g  b e n e f i t  t o  t h e  environment. No s i g n i -  

f i c a n t  impact on t h e  environment r e s u l t i n g  from e i t h e r  t h e  c o n s t r u c t i o n  o r  

o p e r a t i o n  of t h e  proposed r e p o s i t o r y  i s  a n t i c i p a t e d .  Minor environmental  

e f f e c t s  a n t i c i p a t e d  on o r  below t h e  1000-acre proposed s i t e  as w e l l  as those  

beyond t h e  s i t e  boundaries are descr ibed  below. 

- 
Thermal Impact - The decay of t h e  r a d i o a c t i v e  i s o t o p e s  i n  t h e  waste material 

i n  t h e  mine about 1000 f e e t  below t h e  land s u r f a c e  i s  expected t o  cause an 

upward h e a t  f l u x  c a l c u l a t e d  t o  produce a maximum temperature rise of less 

than  1°F a t  t h e  s u r f a c e  of t h e  s i te  approximately 800 y e a r s  a f t e r  waste 

b u r i a l ,  and then gradual ly  subs ide  t o  n a t u r a l  levels.  Subsurface s a l t  and 

minera l  r i g h t s  would be  acquired f o r  a d i s t a n c e  of approximately 1700 f e e t  

around t h e  per imeter  of t h e  s u r f a c e  area of t h e  s i t e  t o  a s s u r e  t h a t  thermal 

e f f e c t s  do n o t  i n h i b i t  subsur face  ac t iv i t ies  of o t h e r  land owners beyond 

t h e  area owned and c o n t r o l l e d  by t h e  Government and t o  prevent  i n t r u s i o n s  

by d r i l l i n g  which might adverse ly  a f f e c t  t h e  i n t e g r i t y  of t h e  s a l t  formation. 

> 
3, 

An a q u i f e r  of minor p r o d u c t i v i t y  100 f e e t  below t h e  s i t e  s u r f a c e  may 

experience a maximum temperature rise of about 14°F a f t e r  800 y e a r s ,  

assuming t h a t  t h e  a q u i f e r  i s  s t a g n a n t  and w i l l  n o t  d i s s i p a t e  h e a t  by flow. 

Another minor a q u i f e r  a t  a depth of about 285 f e e t  below t h e  s i t e  s u r f a c e  

may experience a m a x i m u m  temperature rise of 32°F a f t e r  800 y e a r s ,  

None of t h e s e  thermal e f fec ts  should l i m i t  p roduct ive  u s e  of e i t h e r  
) 

of t h e s e  a q u i f e r s  o r  t h e  s u r f a c e  land  above t h e  mine. 

f low c a l c u l a t i o n s  involv ing  t h r e e  dimensional models and us ing  thermal 

proper ty  d a t a  obtained from c o r e  samples of t h e  s i t e  w i l l  b e  used t o  

f u r t h e r  r e f i n e  t h e s e  estimates. 

More exac t ing  h e a t  
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Radio logica l  and Phys io logica l  E f f e c t s  - During t h e  normal opera t ion  of t h e  

r epos i to ry  very s m a l l  q u a n t i t i e s  of r a d i o a c t i v i t y  w i l l  be  re leased  t o  t h e  

atmosphere through t h e  v e n t i l a t i o n  system, p r i n c i p a l l y  t h e  n a t u r a l l y  occurr ing  

radon re leased  from t h e  sa l t  during mining. 

opera t ing  c h a r a c t e r i s t i c s  of t h e  f a c i l i t y  w i l l  be  such t h a t  t h e  r e s u l t i n g  

o f f - s i t e  concent ra t ions  of r a d i o a c t i v i t y  and hence t h e  p o t e n t i a l  physio- 

l o g i c a l  consequences w i l l  be only a small f r a c t i o n  of t h a t  r e s u l t i n g  from 

n a t u r a l  background r a d i a t i o n .  

o f f - s i t e  concent ra t ions  w i l l  be  no more than 0.1% of t h e  permiss ib le  

concent ra t ions  as def ined  i n  T i t l e  10, Code of Federa l  Regula t ions ,  P a r t  20 

(10 CFR 2 0 ) .  

The design f e a t u r e s  and 

It is  est imated t h a t  t h e  average annual 

The n a t u r a l l y  occurr ing  s e p a r a t i o n  of t h e  sa l t  bed from c i r c u l a t i n g  

groundwaters w i l l  a s s u r e  t h e  long-term containment of t hese  wastes, 

prevent ing  t h e i r  e n t r y  i n t o  man's biosphere.  

Other nonradioac t ive  materials w i l l  be  r e l e a s e d  from t h e  f a c i l i t y  i n  

s m a l l  concent ra t ions  i n  t h e  v e n t i l a t i o n  exhaust .  These materials w i l l  

i nc lude  helium, hydrogen, d i e s e l  exhaust fumes, a i rbo rne  s a l t  p a r t i c l e s ,  

and c h l o r i n e  (or  HC1). The concent ra t ions  of t hese  materials, i n  both 

t h e  working mine areas as w e l l  as above ground l o c a t i o n s ,  w i l l  be below 

a l l  app l i cab le  a i r  q u a l i t y  s tandards .  

Geophysical E f f e c t s  - The impact of t h i s  f a c i l i t y  on t h e  geophysical  

environment w i l l  be  evidenced i n  t h e  form of (1) bulk  expansion of 

s i g n i f i c a n t  q u a n t i t i e s  of rock above and below t h e  d i s p o s a l  plane due t o  

t h e  in t roduc t ion  of hea t  i n t o  t h e  s a l t  and ( 2 )  slow subsidence of t h e  

s u r f a c e  due to  t h e  convergence of t h e  roof and f l o o r  of t he  mine. The 

l a t t e r  e f f e c t  i s  common t o  most mining a c t i v i t i e s .  Avai lab le  evidence 

I 
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sugges ts  t h a t  t h e  subsur face  rock l a y e r s  w i l l  a d j u s t  t o  t h e s e  deformations 

without  d e l e t e r i o u s  e f f e c t s  so t h a t  t h e  n e t  e f f e c t  w i l l  be  a shal low 

s u r f a c e  depress ion  amounting t o  about 4 f e e t ,  which w i l l  occur a f t e r  a 

per iod  of s e v e r a l  hundred yea r s .  This subsidence i s  n o t  expected t o  

i n t e r f e r e  wi th  land  use e i t h e r  above o r  ad jacent  t o  t h e  mine o r  impair 

t h e  i n t e g r i t y  of t h e  s a l t  bed. Sophis t ica ted  models w i l l  b e  developed 

to  p r e d i c t  t h e  mechanical response of t h e  rock column based on p h y s i c a l  

d a t a  obtained from c o r e  samples. 

Ecologica l  - About one thousand acres of land growing wheat, sorgum, 

soybeans,  and p a s t u r e  may be removed from a g r i c u l t u r a l  product ion dur ing  

t h e  per iod  of o p e r a t i o n  of t h e  r e p o s i t o r y  (perhaps 25 t o  50 y e a r s ) .  

Approximately one-third of t h e  land  is  n o t  now i n  product ion because of 

USDA acreage r e s t r i c t i o n s .  S ince  t h e r e  w i l l  be  no s i g n i f i c a n t  i n c r e a s e  

i n  s o i l  temperature  i n  excess  of average annual v a r i a t i o n s  o r  i n  t h e  

concent ra t ion  of a i r b o r n e  materials, t h e r e  should b e  no change i n  t h e  

c h a r a c t e r  of t h e  grass land  community o r  t h e  fauna. 

S o c i o l o g i c a l  E f f e c t s  - The p r o j e c t e d  f u l l - s c a l e  opera t ion  of t h e  r e p o s i t o r y  

w i l l  r e q u i r e  perhaps 200 employees. It is  expected t h a t  some of t h e s e ,  w i t h  

t h e i r  f a m i l i e s ,  would be a d d i t i o n s  t o  t h e  Lyons community. The r e p o s i t o r y  

w i l l  n o t  b e  o f f e n s i v e  wi th  r e s p e c t  t o  sprawl,  n o i s e ,  waste e f f l u e n t s ,  l a r g e  

u t i l i t y  usage, o r  conspicuous engineered f e a t u r e s .  It is  p o s s i b l e  t h a t  t h e  

presence of t h e  r e p o s i t o r y  may a t t rac t  o t h e r  commercial o r  n u c l e a r  r e l a t e d  

a c t i v i t i e s  t o  t h i s  area. 

Transpor ta t ion  - S o l i d  wastes, meeting t h e  cr i ter ia  f o r  s t o r a g e ,  w i l l  be 

shipped t o  the r e p o s i t o r y  from many p o i n t s  w i t h i n  t h e  United S t a t e s .  
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Shipments during initial years of operation are expected to be by rail; 

truck shipment may be authorized later. 

for the safe containment of these wastes during transport are generally 

available. 

carried out for over 25 years. 

regulations of the Department of Transportation (49 CFR 173.389 through 

173.399) and the Atomic Energy Commission (AEC Manual Chapter 0529 and 

10 CFR 71). 

Shipment systems which will provide 

Shipments of highly radioactive materials have routinely been 

All shipments will conform to applicable 

Monitoring Programs - A detailed effluent and environmental monitoring 
program will be carried out as required by AEC Manual Chapter 0524 and 

10 CFR 50. Additionally, long-term, post-operational environmental 

surveillance programs will be developed to assure maintenance of the 

permanent integrity of the salt bed. 

Value Assessment of Short-Term Uses and Long-Term Consequences - The 
repository is expected to be in operation for a minimum of about 25 years. 

During this period of operation portions of the surface area could be put 

to beneficial use such as a site for an industrial park or might be 

revegetated to natural prairie. Following the decommissioning of the 

repository and sealing of the mine, essentially all of the surface could 

be returned to virtually unrestricted use subject, of course, to 

restrictions on deep drilling activities. It is planned that the site 

will be maintained in the perpetual care of the Federal Government to 

provide for continuity of the post-operational monitoring program, and 

to maintain the integrity of the underground workings thereby assuring 

the continued isolation of these wastes from the biosphere. 
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1935 0. r/oo 3550 
1986 0.709 4 580 
1987 1.000 5530 
1OS8 I. 000 6470 
198? 1. coo 7490 

1990 1.000 8500 
1991 1.009 9GgJ 
1992 1. COG 10,900 
1993 1.000 12,000 

1995 1.000 14,600 

1997 1.000 17,200 
1998 1.000 18, boo 
1.999 1.000 19 , 800 
2000 21,300 

1994 1. 000 13,200 

1995 1.000 15,800 

8. 4- 
10.5 
12.7 
1);. 8 
17.0 

19.5 
21.9 
24.6 
27.2 
29.8 

32.7 
35.5 
38.6 
41.4 
44.4 
47.7 

T o t a l  19.300 199 > 261 450. 

a 

bContainers a re  6 i n .  i n  diameter a i d  contain 1.6 f t3  of sol.idiEied 

Assumes waste has been compacted by fac tors  of 3 to 10. 

waste each. 
10 yeairs at the time of i t s  r ece ip t  a t  t h e  Repository. 

C"Net" acres  can be converted t o  "gross" acres by dividing by 0.5. 

H a l f  of the  waste i s  aged 5 y e a s  aqd h d r  i s  aged 
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c 

Trrpv-e Commitments of Resources - I n  view of t h e  v a s t  rock s a l t  

d e p o s i t s  e x i s t i n g  i n  t h e  United States,  60 t r i l l i o n  tons  (p lus  l a r g e r  

ocean r e s e r v e s ) ,  i t  i s  u n l i k e l y  t h a t  t h e  f e w  m i l l i o n  tons  of s a l t  t h a t  

would be i r r e v e r s i b l y  committed t o  r e t a i n i n g  t h e  r a d i o a c t i v e  wastes a t  

t h e  r epos i to ry  would have any measurable e f f e c t  on the  r e se rves  of t h i s  

resource .  Recent d r i l l i n g  ac t iv i t ies  confirm t h a t  o i l  and gas  r e se rves  

underlying t h e  s i t e  are q u i t e  small .  

agr icu l tura l  uses should cause no de t r imen ta l  impact on l o c a l  product ion 

o r  n a t i o n a l  needs.  

The removal of 1000 acres from 



11. BACKGROUND OF PROPOSED ACTION 

The advantages of producing e l e c t r i c a l  power by nuc lear  energy are 

manyfold. Among t h e  more prominent of t h e s e  is  t h e  f a c t  t h a t  nuc lear  

power has the  p o t e n t i a l  f o r  providing an almost limitless source  of 

energy whi le  producing a minimum impact on our environment. 

A key element i n  the  Commission's nuc lear  power program has been 

t h e  development of methods which w i l l  provide f o r  t h e  s a f e  handling of 

t h e  waste products  from t h i s  i ndus t ry .  

products  are normally discharged t o  and d i l u t e d  by t h e  environment. 

Commission's high-level  waste management programs have proceeded i n  a 

d i f f e r e n t  d i r e c t i o n ,  t h a t  is ,  towards providing complete i s o l a t i o n  of 

t hese  w a s t e  materials from man's b iosphere  i n  a manner as f r e e  of the 

requirement f o r  human s u r v e i l l a n c e  as poss ib l e .  

I n  some i n d u s t r i e s ,  waste 

The 

The p o s s i b i l i t i e s  f o r  approaching t h i s  i d e a l  w i t h i n  a r ea l i s t i c  

a d m i n i s t r a t i v e ,  t e c h n i c a l  and economic framework have been under 

d i scuss ion  and s tudy  f o r  more than 15 yea r s  by persons of many s c i e n t i f i c  

and t e c h n i c a l  d i s c i p l i n e s ,  both wi th in  and o u t s i d e  t h e  nuc lear  energy 

community . 
I n  1955, a t  the  r eques t  of t h e  Commission, a committee of g e o l o g i s t s  

and geophys ic i s t s  w a s  e s t a b l i s h e d  by t h e  Nat iona l  Academy of Sciences -- 
Nat iona l  Research Council (NAS-NRC) t o  cons ider  t h e  d i s p o s a l  of high- 

l e v e l  r a d i o a c t i v e  wastes i n  geologic  formations wi th in  t h e  United S t a t e s .  

This  committee proposed s t o r a g e  i n  n a t u r a l  s a l t  formations as the  most 

promising method f o r  t he  near  f u t u r e .  This  recommendation has  been 
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endorsed by subsequent committees of t h e  Academy a f t e r  several reviews 

of on-going Commission-sponsored r e sea rch  and development programs. 

The following comments by t h e s e  Committees are noteworthy: 

1957 - 'I. . . t h e  most promising method of d i s p o s a l  of high-level 

waste a t  t h e  p r e s e n t  t i m e  seems t o  be  i n  s a l t  depos i t s . "  

1961 - ' I .  . . t h a t  exper ience  both  i n  t h e  f i e l d  and i n  t h e  l a b o r a t o r y  

on d i s p o s a l  of wastes i n  sa l t  have been very  product ive ,  w e l l -  

conceived; and t h a t  p l ans  f o r  t h e  f u t u r e  are very  promising." 

1966 - "The Committee is  favorably  impressed wi th  t h e  whole s o l i d i f i -  

c a t i o n  program, because i t  promises r e l i e f  from t h e  problems 

of s t o r i n g  and d ispos ing  of h igh- leve l  l i q u i d  wastes a t  p r e s e n t  

sites where d i s p o s a l  i n t o  t h e  ground anywhere nea r  t h e  f r e s h  

water a q u i f e r s  would be i n t o l e r a b l e .  

about t h e  g l a s s  o r  ceramic products ,  because they  may b e  s a f e  

from s e r i o u s  l each ing ,  and thus ,  from release of hazardous 

r ad ionuc l ides ,  f o r  per iods  of many c e n t u r i e s .  . . . The 

emplacement of such hazardous s o l i d s  i n  sa l t  v a u l t s  a f t e r  a 

s u i t a b l e  cool ing  per iod  would appear t o  be  an  obvious 

requirement.  I' 

W e  are e s p e c i a l l y  hopefu l  

These s t a t emen t s  c o n s t i t u t e  a s t r o n g  and continued endorsement of t h e  

b a s i c  p r i n c i p l e s  of t h e  Commission's waste management r e sea rch  and development 

programs. For t h e s e  and o t h e r  reasons ,  we b e l i e v e  t h a t  d i s p o s a l  i n  sa l t  

r e p r e s e n t s  t h e  b e s t  approach p r e s e n t l y  a v a i l a b l e  f o r  t h e  long term handling 

of t h e  r a d i o a c t i v e  wastes genera ted  i n  t h e  c i v i l i a n  nuc lear  power indus t ry .  
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The recommendations of the Academy were based on a number of char- 

acteristics which make salt particularly attractive for this purpose. 

The following advantages were noted in the 1970 NAS Committee Report: 

"1. A highly radioactive source separated from the environment 

by a thickness of good-quality bedded salt in an area of 

tectonic stability is effectively isolated from that 

environment for at least 1,000 years and probably for 

significantly longer. 

Bedded salt has a high compressive strength but flows 

plastically at relatively low temperatures and pressures. 

This will relieve stress concentrations produced by the mining 

operation or by the heat generated by the radioactive waste. 

"2. 

"3. Fractures that might develop in bedded salt are 'self-healing.' 

This is indicated in part by the absence of solution cavities 

in the rock salt that has been studied. 

The natural plasticity of the salt at the temperature imposed 

by the highly radioactive waste will effectively seal the 

remnants of the containers in cells of crystalline salt. 

Should man, for a now unforeseen reason, have to remove the 

buried radioactive waste, it could be accomplished with 

specialized mining equipment, albeit with considerable 

difficulty and effort. 

" 4 .  

"5. Bedded salt permits the dissipation of larger quantities of 

heat than is possible in other types of rock. 
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" 6 .  Rock s a l t  i s  approximately equal  t o  concre te  f o r  gamma-ray 

s h i e l d i n g .  Experimental r a d i a t i o n  exposure has  caused very 

l i t t l e  d e t e c t a b l e  r a d i o l y t i c  change i n  rock sal t .  

"7. The l o s s  of our  s a l t  resources  would b e  n e g l i g i b l e .  There 

i s  a g r e a t  abundance of bedded s a l t  i n  t h e  United States 

( p a r t i c u l a r l y  i n  Kansas) t h a t  i s  of s a t i s f a c t o r y  q u a l i t y  and 

i n  s u i t a b l e  geologica l  environments t h a t  can be  used f o r  t h e  

b u r i a l  of s p e c i f i e d  r a d i o a c t i v e  wastes produced by t h e  nuc lear  

p l a n t s  t h a t  are a n t i c i p a t e d  i n  t h e  United States over t h e  next  

two o r  t h r e e  decades. 

"8. The b u r i a l  of t h e  r a d i o a c t i v e  wastes under cons idera t ion  i n  

deep-bedded s a l t  g r e a t l y  reduces chances f o r  release by 

a c c i d e n t a l  o r  mal ic ious acts i n  both  t h e  near  and d i s t a n t  fu ture ."  

The 1970 Report of The Nat ional  Academy of Sciences a l s o  noted t h a t :  

"The Committee judges t h a t  a sound case has  been made f o r  b u r i a l  
of  h i g h l y  r a d i o a c t i v e  s o l i d i f i e d  wastes i n  bedded sal t .  
c o r r e c t l y  chosen wi th  r e s p e c t  t o  design c r i te r ia  . . . . o f f e r  a 
s a t i s f a c t o r y  method f o r  waste d i s p o s a l  i n  terms of p r e s e n t  
technology. If 

S i t e s  

P r e s e n t l y  accomplished research ,  development, and des ign  . . . . II 

are a t  such a s t a t e  t h a t  t h e  Committee can see no o b j e c t i o n  t o  
proceeding wi th  t h e  p lans  f o r  a demonstration f a c i l i t y  f o r  bo th  
types of wastes. 'I 

The Committee concluded t h a t  "The use of bedded s a l t  f o r  t h e  d i s p o s a l  of 

r a d i o a c t i v e  wastes is  s a t i s f a c t o r y .  I n  a d d i t i o n ,  i t  is  t h e  s a f e s t  choice 

now a v a i l a b l e .  . . . I 1  
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P r o j e c t  S a l t  Vault  - An important  f a c t o r  i n  the  Academy's recommendation 

w a s  P r o j e c t  S a l t  Vault .  

an abandoned s a l t  mine a t  Lyons, Kansas, t o  demonstrate t h e  f e a s i b i l i t y  

and s a f e t y  of d i sposa l - in-sa l t  concept ,  t o  demonstrate t h e  equipment and 

techniques f o r  handling packages of h igh ly  r a d i o a c t i v e  s o l i d s ,  and t o  

secure d a t a  f o r  t h e  des ign  of an a c t u a l  d i s p o s a l  f a c i l i t y .  

f a c i l i t i e s  a t  t h e  mine (Fig.  1) cons is ted  of f i v e  rooms ( t h r e e  30 f t  wide 

and two 40 f t  wide) off  a 30-ft-wide c o r r i d o r ,  a l l  newly excavated a t  a 

l e v e l  about 15 f t  above the  e x i s t i n g  mine. Two rooms contained a r r a y s  of 

seven ho le s ,  5 f t  a p a r t  and 12  f t  deep. Fourteen i r r a d i a t e d  f u e l  assemblies  from 

t h e  Engineering T e s t  Reactor ,  two each i n  seven con ta ine r s ,  were used t o  

s imula t e  a c t u a l  s o l i d i f i e d  wastes. 

whi le  e l e c t r i c a l  h e a t  only w a s  appl ied  t o  t h e  o the r  as a c o n t r o l .  I n  t h e  

o the r  two rooms, e l e c t r i c a l  h e a t e r s  were used t o  raise t h e  temperature 

of a l a r g e  q u a n t i t y  of sa l t  i n  t h e  c e n t r a l  p i l l a r  i n  order  t o  o b t a i n  

information on its i n s i t u  deformational  p r o p e r t i e s .  

provided access  t o  t h e  lower end of a 20-in.-diam s h a f t  from t h e  su r face .  

This  w a s  a f i e l d - s c a l e  experiment c a r r i e d  out  a t  

The experimental  

These were placed i n  one of t h e  a r r a y s ,  

The f i f t h  room 

There were t h r e e  b a s i c  s t e p s  i n  t h e  ope ra t ion  of t h e  experiment 

which r a n  from 1965 t o  1967: (1) encapsula t ion  of t he  f u e l  assemblies  

i n t o  c a n i s t e r s  and loading  of t h e  c a n i s t e r s  i n t o  t h e  sh ipping  cask ,  which 

w a s  c a r r i e d  out  i n  h o t - c e l l  f a c i l i t i e s  a t  NRTS; (2)  shipment of t h e  30-ton 

cask and i t s  forced-cooling equipment t o  t h e  mine by t ruck ;  and (3) t r a n s f e r  

of t h e  con ta ine r s  i n t o  t h e  mine. A t  t he  mine, t h e  shipping cask w a s  placed 
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3 

over t h e  small s h a f t  and t h e  c a n i s t e r s  lowered one a t  a t i m e  i n t o  an  

underground t r a n s p o r t e r .  This t r a n s p o r t e r  then maneuvered over one of 

t h e  s p e c i a l l y  l i n e d  s t o r a g e  ho le s  and t h e  c a n i s t e r  lowered i n t o  i t  by 

remote c o n t r o l .  

This  experiment w a s  very success fu l  i n  a l l  r e s p e c t s .  A t o t a l  of 

about 4 m i l l i o n  c u r i e s  of f i ss ion-product  a c t i v i t y ,  i n  2 1  con ta ine r s ,  

w a s  handled both i n t o  and out  of t h e  mine without  i n c i d e n t .  The maximum 

personnel  r a d i a t i o n  exposure during any qua r t e r  w a s  about 200 m i l l i r e m s  

t o  t h e  head and hands. During t h e  19-month course  of t h e  experiment,  

t h e  average dose de l ive red  t o  the  s a l t  a t  the  w a l l s  of t h e  a r r a y  ho le s  

w a s  about 8 x 10 rads  wi th  a peak dose of l o 9  r ads .  

high doses ,  t h e r e  were no measurable r a d i o l y t i c  o r  s t r u c t u r a l  e f f e c t s  i n  

t h e  sal t .  I n  a d d i t i o n  t o  t h e  r a d i a t i o n ,  a cons iderable  q u a n t i t y  of h e a t  

(both decay and e l e c t r i c a l )  w a s  depos i ted  i n  t h e  sal t .  

a c i r c u l a r  e l l i p s o i d a l  volume of sa l t  of about 1400 f t  w a s  heated t o  

between 100°C and 20OoC. Under t h e  c e n t e r  (hea ted)  p i l l a r ,  a volume of 

s a l t  of about 30,000 f t  

These e l eva ted  temperatures produced a r ap id  a c c e l e r a t i o n  i n  t h e  ra te  of 

c l o s u r e  of t h e  mine by modi f ica t ion  of t h e  p l a s t i c  p r o p e r t i e s  of t h e  s a l t  

and a l s o  a l t e r e d  t h e  p a t t e r n  of deformations by t h e  imposi t ion of thermal 

stresses. 

8 I n  s p i t e  of t hese  

Around t h e  a r r a y s  

3 

3 w a s  heated t o  temperatures  g r e a t e r  than 60°C. 

Bibliography - A bib l iography of r e p o r t s  r e l a t i n g  t o  t h e  development of 

t h e  sa l t  mine p r o j e c t  and r e l a t e d  r e sea rch  and development r e p o r t s  is  

presented i n  Sec t ion  X. 
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FIGURE 1 

DEMONSTRATION O f  RADIOACTIVE SOLIDS DISPOSAL I N  SALT 



111. WASTE CHARACTERISTICS 

The wastes which t h e  Commission proposes t o  bury va ry  widely i n  

t h e i r  phys i ca l ,  chemical and r a d i a t i o n  c h a r a c t e r i s t i c s  depending on 

t h e i r  o r i g i n  and previous h i s t o r y  of t rea tment .  

High-Level Wastes - The source  of v i r t u a l l y  a l l  t h e  high-level  wastes i s  

t h e  reprocess ing  p l a n t s  t h a t  recover  t h e  uranium and plutonium from 

spen t  r e a c t o r  f u e l s .  A s  genera ted ,  t hese  wastes are  n i t r i c  a c i d  s o l u t i o n s  

conta in ing  f i s s i o n  products  and smaller q u a n t i t i e s  of uranium, plutonium, 

and o t h e r  heavy elements ,  and they can be  gene ra l ly  cha rac t e r i zed  by t h e i r  

very i n t e n s e ,  pene t r a t ing  r a d i a t i o n  and t h e i r  high heat-generat ion rates. 

The r a d i a t i o n  c h a r a c t e r i s t i c s  of a t y p i c a l  waste and t h e  i d e n t i t y  of t h e  

s i g n i f i c a n t  r ad ionuc l ides  are presented i n  Tables 1, 2 and 3 .  

Four processes  have been developed f o r  conver t ing  these  l i q u i d  

wastes t o  s o l i d  forms which w e  b e l i e v e  can be shipped and s t o r e d  s a f e l y  i n  

s a l t .  Table 4 summarizes t h e  c h a r a c t e r i s t i c s  of t hese  s o l i d  products  

which average about 3 f t 3  i n  volume p e r  ton  of f u e l  processed.  The s o l i d s  

can be descr ibed  as c a l c i n e  cake from t h e  po t  c a l c i n a t i o n  process ,  g l a s s  

from the  phosphate g l a s s  process ,  sand-l ike granules  from t h e  f l u i d i z e d -  

bed c a l c i n e r  and a ceramic from t h e  spray  calciner. 

The acceptance c r i t e r i a  f o r  t h e  Reposi tory s p e c i f y  (Appendix F, 

10 CFR 50) t h a t  t h e  d ry ,  s o l i d  high-level  waste s h a l l  be  chemical ly ,  

thermal ly  and r a d i o l y t i c a l l y  s t a b l e ,  and s h a l l  be packaged i n  c o n t a i n e r s  

t h a t  w i l l  main ta in  t h e i r  i n t e g r i t y  f o r  a t  least 90 days a f t e r  r e c e i p t  

a t  t h e  r epos i to ry .  
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Alpha Wastes - Alpha wastes arise principally from the preparation of reactor 
fuels and from other AEC production operations. 

assortment of solid materials contaminated with plutonium and other 

transuranium elements in amounts ranging from trace concentrations to 

several grams per cubic foot. 

metal drums and crates, and since they are virtually free of penetrating 

radiation and evolve only a few hundredths of a watt per cubic foot, they 

may be handled by direct handling techniques. 

They consist of a wide 

Alpha wastes are packaged in tightly-sealed 

Packages of alpha wastes that are known to contain liquids, potentially 

explosive chemicals, pyrophoric materials, oxidants (other than air), or 

sealed containers filled with gas under pressure will not be accepted at 

the Repository. Stringent administrative procedures will be implemented 

to assure that these criteria will be satisfied. 
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Table 1 Radioact ivi ty  and Thermal Power of Typical High-Level Waste 
as  a Function of Time Since Processingajb 

Radioact ivi ty  (Ci/metric ton 
Time Since of f u e l  charged t o  the  r e a c t o r )  
F'rocessing Fiss ion  F iss ion  

Thermal Power (W/metric ton  
of f u e l  charged t o  t h e  r e a c t o r )  

(years ) Products Actinides Total  Products Actinides Total  

0 
0.5 
1 
2 
3 

4 
5 
7 
10 
11 

12 
15 
17 
20 
25 

30 
35 
40 
50 
75 
100 

4,380,000 
2 j 390,000 
1,680,000 
1,000,000 

691,000 

533,000 
448,000 
365,000 
311,000 

289,000 

250,000 

300,000 

264,000 

231,000 
204,000 

181,000 
160,000 
142,000 

61,500 
34,100 

n 2 J o 0 0  

22,700 
12,100 

7170 
3800 
3010 

2770 
2640 
2460 
2210 
2140 

2070 
1870 
1750 
1590 
1350 

1160 

875 
679 
417 
309 

1010 

4,440,000 
2,400,000 
1,690,000 
1,ooo,ooo 

694,000 

536,000 

367,000 
451,000 

33,000 
302,000 

291 , 000 
266,000 
252,000 

205,000 

182,000 
161,000 

61,900 

233,000 

143,000 
113,000 

34,400 

19 , 300 
10,800 

7540 
4400 
2890 

2110 
1680 
1260 
1010 
959 

919 
828 
781 
720 
634 

560 
495 
438 
344 
188 
103 

811 
421 
240 
117 
89 

81  
77 
72 
65 
63 

61 
55 
52 
47 
41 

35 
30 
27 
2 1  
1 3  
9 

20,100 
11,200 

7780 
4520 
2980 

2190 
1760 
1330 
1080 
1020 

980 
88 3 
833 
767 
675 

595 
525 
465 
365 
201 
112 

'The f u e l  from a l i g h t  water r eac to r  with an  i n i t i a l  uranium enrichment of 3.3% 
is assumed t o  have been i r r a d i a t e d  a t  an average spec i f i c  power of 30 MW/metric 
t on  t o  an exposure of 33,000 MWd/metric ton. The waste cons is t s  of all f i s s i o n  
products plus the  ac t in ides  remaining a f t e r  removal of 99.5% of t h e  uranium and 
plutonium following a pos t i r r ad ia t ion  decay per iod of 150 days. 

bA t y p i c a l  container  of s o l i d i f i e d  waste having in s ide  diameter of 6 in .  and an 
ac t ive  height  of 8 f t  contains  waste from 0.476 metric  ton of f u e l  charged t o  
t h e  reac tor .  
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Table 2 Radioactivity and Mass of Radionuclides in Typical High-Level 
Waste as a Function of Time Since Processingajb 

Radioactivity (Ci/metric ton of 
fuel  charged t o  the reactor) After: 

- 
Nuclide 1 year 3 years 5 ye- 10 years 

239m 18 18 18 18 
238pu 91 110 109 105 
239pu 2 2 2 2 
a40 p ~ .  3 3 3 4 
241pu 488 444 404 318 

2 4 1 h  154 1 5 5  156 157 
243h 18 18 18 18 
24 2&, 4160 189 12 3 
a 4 4 h  2220 2060 1910 1580 

Sr 74,700 71,100 67,700 59,900 

9 0 Y  74,800 71,200 67,700 59,900 
9621. 5610 2 0 0 
9sNb 11,900 5 0 0 
g g T ~  14 14 14 14 
lo6Ru 205,000 51,600 13,000 413 

205,000 
6280 
2590 
604 
597 

153,000 
104,000 
97,300 

316,000 
316,000 

51,600 
3760 
1560 

6 
6 

77,600 
99,300 
92,900 
53,100 
53,100 

13,000 
2250 
934 

0 
0 

39,400 

8930 
8930 

94,900 
88,700 

413 
62 3 
2 58 

0 
0 

7270 
84,500 
79,000 

104 
104 

147pm 76,000 44,800 26,400 7030 
161& 1140 1120 1100 1060 
is4m 6550 6000 5510 4430 
166m 4350 2020 939 138 
Total' 1,690,000 694,000 451,000 313,m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ a s s  (g i n  waste per metric ton 
of fuel charged t o  the reactor) 

Fission products 28,900 28,900 28,900 28 ,goo 

NP 486 486 487 487 
pu 50 53 54 56 

cm 29 26 24 20 . 

U 4780 4780 4780 4780 

Am 140 140 140 141 

TotalC 40,500 40,500 40,500 40,500 

'The fie1 from a l ight  water reactor with an i n i t i a l  uranium enrichment of 3.3% 
i s  assumed t o  have been irradiated a t  an average specific power of 30 MW/metric 
ton t o  an exposure of 33,000 MWd/metric ton. The waste consists of all fission 
products plus the actinides remaining after removal of 99.5% of the uranium and 
plutonium following a postirradiation decay period of 150 days. 

bA typical container of solidified waste having inside diameter of 6 in. and 
active height of 8 f t  contains waste from 0.476 metric ton of fuel  charged t o  
the reactor. 

'Total includes all radionuclides. 

- 18 - 



Table 3 Photon and Neutron Source Strength of Typical High-Level 
Waste as a Function of  T ime  Since Processingajb 

Photons/sec or  Neutrons/sec per Metric Ton of 
Fuel Charged t o  the  Reactor 

10 years 1 year 3 years 5 y e u s  
~~~ 

Photons 

0.30 MeV 

0.63 MeV 

1.10 MeV 

1.55 MeV 

1.99 MeV 

2.38 MeV 

2.75 MeV 

3.25 MeV 

Neutrons 

3.55 x 1015 
2.20 x 1016 

1.50 x 1015 
4.87 x 1014 

1.95 x 1014 

5.49 x 1013 
1.78 x 10l2 

3.23 x lo1' 

3.98 x lo8 

9.06 x 1014 
1.16 x 101~ 

5.56 x 1014 

1.91 x 1014 
3.81 x 1013 
1.38 x 1013 

4.48 x 1011 
8.12 x io9 

3.35 x lo8 

3.65 x 1014 

2.87 x 1014 
8.71 x 1013 

7.20 x lo1" 

7.76 x 101" 

3.46 x 101" 

1.13 x 10l1 

2.04 x i o9  
3.12 x lo8 

1.87 x 1014 

3.59 x 1015 
1.45 x 1014 

2.04 x 1013 

2.00 x 1011 

1.10 x 1011 

3.57 x 109 

6.49 x 10' 

2.58 x 108 

The f i e 1  from a l i g h t  water reactor with an i n i t i a l  uranium enrichment of 3.3% 
i s  assumed t o  have been irradiated a t  an average specif ic  power of 30 MJT/metric 
ton t o  an exposure of 33,000 MWd/metric ton.  The waste consists of a l l  f i s s i o n  
products plus the  act inides  remaining a f t e r  removal of 99.5% of the  uranium and 
plutonium following a p o s t i r r a d i a t i o n  decay per iod of  150 days. 

a 

bA typical  container of s o l i d i f i e d  waste having in s ide  diameter of 6 i n .  and 
active he ight  of 8 f t  contains  waste from 0.476 metr ic  t o n  of f u e l  charged t o  
the reactor.  
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Table 4 Character is t ics  of Sol id i f ied  High-Level Wastes 

Pot spray Phosphate Fluidized- 
Glass E?& Calcine Calcine Melt 

Form 

Description 

m e m i c a  composition, mole $ 
Fission product oxides 
Ine r t  metd. oxides 
Sulfur oxides ( i f  i n  waste) 
Phosphorus oxides 

Bulk density, g/ml 

Thermal conductivity, 
Stu hr-l ft'l OFe1 

Maximum allowable thermal. power, 
W/liter of so l idd  

Leachabili ty i n  cold water, 
g cm'" day'l 

Hardness 

F r i a b i l i t y  

Residual n i t r a t e ,  w t  $ of product 

Volume, l i t e rs /1000 MWd (thermal) 

Maximum s t ab le  temperature, "C 

Container mater ia l  

Calcine cake 

Scale 

1 5  t o  - 80 

0 t o  40 
- 0  

1.1 t o  1.5 
0.15 t o  0.25 

i o  t o  50 

85 

10-1 t o  10-2 

Soft 

Crumbly 

s 0.05 

1 t o  2.5 - 900 

Sta in less  s t e e l  

Monolithic 

Microcrys t a l l i n e  a 

5 t o  30 
40 t o  50 
0 t o  40 
25 t o  40 
2.7 t o  3.3 
0.4 t o  1.0 

205 

10-3 t o  10-8 

Hard 

Tough 

5 0.005 

1.2 t o  3 
Phase separation 
a t  - 900 

Mild steel or 
s t a in l e s s  s t e e l  

Monolithic 

Glass 

5 t o  25 
10 t o  30 
0 - 60 

2.7 t o  3.0 
0.4 t o  1.0 

10-4 t o  1.0'' 

Very hard 

B r i t t l e  

s 0.005 

1.5 t o  5 
Devi t r i f ies  
at - 500 

Mild s t e e l  or 
s t a in l e s s  s t e e l  

- 

Granular 

Amorphousb 

10 5 t o  t o  5oC > 90 

0 t o  40 
- 0  

1.0 t o  1.7 
0.10 t o  0.25 

70 

10'1 t o  10-2 

Moderat e 

Moderat e 

5 4.0 

1.5 t o  5 - 600 

Mild s t e e l  or 
s t a in l e s s  steel 

Glassy products can a l s o  be made with some d i f f i cu l ty .  a 

bMicrocrystall ine products can a l s o  be made. 

dApproximate d u e s  fo r  storage i n  a i r  i n  8-in.-diam cyl indr ica l  pots  t o  maintain pot  center- l ine temperatures 

' c  Composition ranges f o r  f lu id ized  bed are  a lso  f o r  -ex waste and a re  estimated. 

a t  l e s s  than 900°C and pot w a l l  temperatures a t  l e s s  than 425°C. Average k values were used. 



I V .  SITE SELECTION 

I n  s e l e c t i o n  of a s i te  f o r  t h e  i n i t i a l  demonstration waste r e p o s i t o r y ,  

c e r t a i n  geologic  c r i te r ia  were e s t a b l i s h e d  c o n s i s t e n t  wi-th cons ide ra t ions  

of long-term i s o l a t i o n  and e f f i c i e n c y  of ope ra t ions .  

should n o t  n e c e s s a r i l y  b e  considered a p p l i c a b l e  t o  t h e  s i t i n g  of f u t u r e  

r e p o s i t o r i e s .  

t h e s e  cri teria may be  re laxed  and perhaps new ones added. 

are as fol lows:  

These requirements  

As more information and experience are gained,  some of 

The cri teria 
e 

1. The sa l t  formation should be  of t h e  bedded type ,  approximately 

h o r i z o n t a l ,  and r e l a t i v e l y  undis turbed s t r u c t u r a l l y .  

2 .  The formation should have a cons iderable  h o r i z o n t a l  e x t e n t ,  

amounting t o  a t  least s e v e r a l  t e n s  of m i l e s  t o  provide adequate  i s o l a t i o n  

of t h e  d i s p o s a l  area. 

3. The formation should n o t  be less than 500 f t .  deep and n o t  less 

, 
I than 200 f t .  t h i c k  t o  provide f o r  adequate hea t  d i s s i p a t i o n  as w e l l  as 

t o  provide a margin of i s o l a t i o n  above and below t h e  d i s p o s a l  plane.  

4 .  The depth of t h e  formation should n o t  b e  g r e a t e r  than 2000 f t .  

because of bo th  t h e  increased  c o s t  and t h e  increased  d i f f i c u l t y  of 

ope ra t ing  a t  g r e a t e r  depths .  

5. The formation should n o t  be a s soc ia t ed  wi th ,  o r  be  i n  t h e  immediate 

v i c i n i t y  o f ,  p o t e n t i a l l y  va luab le  r e se rves  of petroleum o r  o the r  minera l  

resources .  

6. The s i t e  should be  s i t u a t e d  i n  a zone of t e c t o n i c  s t a b i l i t y .  
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S a l t  depos i t s  are q u i t e  ex tens ive  i n  t h e  

underlying approximately 500,000 square  m i l e s  

(see Fig.  2 ) .  The a p p l i c a t i o n  of these  s i t e  

c o n t i n e n t a l  United States,  n 
i n  po r t ions  of 23 states 

c r i t e r i a  l i m i t e d  cons ide ra t ion  

t o  fou r  areas. These areas were: (a )  a 10,000-square-mile r eg ion  of c e n t r a l  

Kansas; (b) a smaller (about 1000 square  mi l e s )  area i n  wes t -cent ra l  

New York; (c )  a similar area i n  sou theas t e rn  Michigan, i n  gene ra l  under- 

l y ing  met ropol i tan  D e t r o i t ;  and (d) a s m a l l  area i n  nor thern  Michigan. 

This las t  area w a s  excluded from f u r t h e r  cons ide ra t ion ,  because t h e r e  

have never been any s a l t  mines i n  the  area and ( p a r t i a l l y  as a consequence 

of t h i s )  s u f f i c i e n t  d e t a i l e d  geologic  information f o r  a r a t i o n a l  a n a l y s i s  

of t h e  area w a s  no t  a v a i l a b l e .  

Based on a v a i l a b l e  information,  an  eva lua t ion  of t h e  geologic  a spec t s  

of t h e s e  sites i n d i c a t e s  t h a t ,  a l though t h e  t h r e e  sites might be  s u i t a b l e ,  

t h e  Kansas area i s ,  on ba lance ,  t h e  most favorable .  The advantages t h a t  

can be  a t t r i b u t e d  t o  c e n t r a l  Kansas are t h a t  t h e  depth t o  t h e  s a l t  d i s p o s a l  

horizon is  gene ra l ly  less than t h e  o t h e r  sites; t h e  th ickness  and areal 

e x t e n t  of t h e  depos i t  are g r e a t e r ;  t h e  area i s  i n  Seismic Risk Zone I 

(zone of minor expected ear thquake damage); and, by v i r t u e  of having 

performed ex tens ive  experimental  work t h e r e ,  information concerning t h e  

n a t u r e  and p r o p e r t i e s  of t h e  s a l t  i n  t h i s  area is  p r e s e n t l y  a v a i l a b l e .  

Add i t iona l ly ,  t h e  Lyons, Kansas, mine of t h e  Carey S a l t  Company 

appears t o  make t h i s  s i t e  unique i n  t h a t  i t  is  t h e  only  a v a i l a b l e ,  

a c c e s s i b l e ,  nonproducing mine i n  any of t h e  t h r e e  acceptab le  areas, thus  

making product ive  use  of an  abandoned f a c i l i t y  and providing a means f o r  

reducing o v e r a l l  f a c i l i t y  cos t s .  
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It i s  probable t h a t  o t h e r  si tes o r  o t h e r  s a l t  s t r u c t u r e s  such as domes 

o r  a n t i c l i n e s  may b e  acceptab le  f o r  t h i s  purpose. However, i n  view of t h e  

magnitude and complexity of t h e  s t u d i e s  necessary t o  confirm t h e  hydrologic  

s t r u c t u r a l  and t e c t o n i c  s t a b i l i t y  of domes and a n t i c l i n e s  and t h e  increased 

c o s t  of mining a t  g r e a t e r  depths  i t  appears  t h a t  t h e  s a l t  beds of t h e  c e n t r a l  

Kansas area are most favorable  a t  l e a s t  f o r  t h i s  i n i t i a l  r e p o s i t o r y .  

Addi t iona l ly ,  t h e  Panel  on S a l t  Disposal  of t h e  Committee on Radio- 

active Waste Management of t h e  Nat iona l  Academy of Sciences i n  i t s  1970 
?, 

r e p o r t  reviewed t h e  s e l e c t i o n  of t h e  Lyons s i t e  and concluded t h e  Lyons 

s i t e  w a s  s a t i s f a c t o r y  s u b j e c t  t o  a d d i t i o n a l  confirmatory s t u d i e s  and d a t a .  

The r e p o r t  a l s o  noted:  

. . . t h e  Lyons, Kansas, s i t e  o f f e r s  a reasonable  choice f o r  such 
an i n i t i a l  demonstration p r o j e c t .  Other si tes such as those  on t h e  
Gulf Coast,  i n  Michigan, and i n  western New York should be  considered 
f o r  f u t u r e  use.  

11 

"The Committee recommends t h a t  a d d i t i o n a l  s t u d i e s  and i n v e s t i g a t i o n s ,  . . ., be undertaken concurren t ly  wi th  planning and s i t e  acqu i s i t i o r i .  
If t h e s e  s t u d i e s  and i n v e s t i g a t i o n s  r e v e a l  problems o r  condi t ions  
t h a t  would j e o p a r d i z e  t h e  s a f e t y  and i n t e g r i t y  of t h e  s t o r a g e  s i t e ,  
t h e  p r o j e c t  should be  reconsidered.  However, based on r e s e a r c h  and 
development performed t o  d a t e  t h e  Committee does n o t  a n t i c i p a t e  any 
insurmountable problem. 

These i n v e s t i g a t i o n s  w i l l  be  c a r r i e d  ou t  as p a r t  of t h e  s i te  e v a l u a t i o n  

s t u d i e s  . 
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ROCK SALT DEPOSITS IN THE UNITED STATES (AFTER PIERCE AND RICH, U.S.G.S. BULL. (148) 

SALT DEPOSITS HAVING THICKNESS OF AT LEAST 20011 AND LYING WITHIN 2000fl OF LAND SURFACE. 

SALT D E P O S I T S  I N  THE UNITED STATES 

F I G U R E  2 



V. ENVIRONMENTAL FACTORS AFFECTING LONG TERM SAFETY 

I n  a s ses s ing  the  long term s a f e t y  of s t o r i n g  r a d i o a c t i v e  wastes a t  

t h e  Lyons s i te  t h e r e  are several i n t e r r e l a t e d  f a c t o r s  which r e q u i r e  

d e f i n i t i o n  o r  r e s o l u t i o n .  These re la te  t o  (1) e s t a b l i s h i n g  t h e  p re sen t  

and f u t u r e  adequacy of t h e  geologic  and hydrologic  regime a t  t h e  s i te  

f o r  t he  long t e r m  containment of t hese  wastes and (2)  e s t a b l i s h i n g  t h a t  

t h e  i n t r o d u c t i o n  of waste i n t o  t h e  s a l t  bed w i l l  no t  adverse ly  a f f e c t  

t he  e x i s t i n g  n a t u r a l  environment wi th  r e spec t  t o  t h e  continued long term 

s t a b i l i t y  of t he  s a l t  bed. 

The fol lowing s e c t i o n s  summarize t h e  a v a i l a b l e  d a t a  concerning t h e  

p re sen t  adequacy of t he  s i te ,  the  p o t e n t i a l  impact of t h e  f a c i l i t y  on 

t h e  environment and t h e  gene ra l  scope of t h e  on-going s t u d i e s  d i r e c t e d  

towards r e so lv ing  the  uncertainties a s soc ia t ed  with the safety of the 

proposed ac t ion .  

General  Locat ion and S i t e  Descr ip t ion  - The proposed s i t e  i s  loca ted  i n  

Rice County, Kansas, ad jo in ing  t h e  C i ty  of Lyons on t h e  n o r t h e a s t .  According 

t o  pre l iminary  r e s u l t s  of t h e  1970 census,  Lyons and Rice County have 

popula t ion  of 4306 and 12,129, r e s p e c t i v e l y .  The n e a r e s t  popula t ion  c e n t e r s  

are Hutchinson (about 36,000 persons) ,  about  25 m i l e s  t o  t h e  sou theas t ;  

Sa l ina  (about 37,000 persons) ,  and about 45 m i l e s  t o  t he  n o r t h e a s t ;  and 

Wichi ta  (about 274,000 persons) ,  about 65 m i l e s  t o  t he  sou theas t .  

g r a p h i c a l l y ,  t h e  s i te  i s  a t  t h e  e a s t e r n  edge of t h e  P l a i n s  Border s e c t i o n  

of t h e  Great P l a i n s  province,  l y i n g  between t h e  High P l a i n s  t o  t h e  w e s t  

and t h e  Cen t ra l  Lowland t o  t h e  east. 

Physio- 
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O i l  and n a t u r a l  gas  are t h e  only n a t u r a l  resources  wi th in  t h e  gene ra l  area 

of t h e  s i te .  

o i l  and gas f i e l d  t o  t h e  sou th ,  t h e  Lyons Townsite pool ( cons i s t ing  of 

one w e l l ,  which i s  loca ted  on t h e  proposed s i te) ,  and t h e  important  Chase 

f i e l d  ly ing  about 6 m i l e s  t o  t h e  w e s t .  

of Pennsylvanian and Cambro-Odovician age.  

f l a n k  of the central Kansas u p l i f t  which is t h e  major s t r u c t u r a l  f e a t u r e  

c o n t r o l l i n g  t h e  occurrence of gas and o i l  i n  t h i s  p a r t  of Kansas. 

exp lo ra to ry  work w a s  undertaken wi th in  t h e  proposed s i t e  boundaries and 

confirmed t h a t  o i l  reserves below t h e  s i t e  are q u i t e  s m a l l .  

S a l t  has  been produced commercially i n  t h i s  area s i n c e  1887. The 

American S a l t  Corporat ion has  an opera t ing  mine about 3 m i l e s  south  of 

t h e  proposed s i t e  wi th  underground workings t h a t  extend no c l o s e r  than 

1500 f t .  from t h e  nonproducing Carey Mine. 

Nearby pools  and f i e l d s  inc lude  t h e  l a r g e l y  deple ted  Lyons 

Product ion is  mainly from rocks 

The area l i e s  on t h e  southwest 

Recently,  

A. S u i t a b i l i t y  of P resen t  Environment 

1. Geologic Descr ip t ion  of t h e  S i t e  

Phys iographica l ly ,  t he  proposed r epos i to ry  s i te  a t  Lyons, as w e l l  

as a l a r g e  p a r t  of Kansas, l ies w i t h i n  t h e  Great P l a i n s  Province 

of t h e  United S t a t e s .  This broad b e l t  of h ighlands ,  which extends 

from Canada t o  Mexico, s lopes  g radua l ly  eastward from t h e  Rocky 

Mountains t o  t h e  Cen t ra l  Lowland. Within t h e  s ta te  a r e l a t i v e l y  

t h i n  and s i n g l e  success ion  of sedimentary rocks cover t h e  g r e a t e r  

than 600 mill ion-year-old (Precambrian) basement complex. I n  
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g e n e r a l ,  t h e  sedimentary rocks,  which range i n  age from about 600 

m i l l i o n  y e a r s  (Cambrian) t o  about 1 m i l l i o n  y e a r s  (Quaternary),  

a l l  d i p  g e n t l y  toward t h e  w e s t  (Fig.  3 ) .  This  s l i g h t  westward 

d i p  of t h e  rocks ,  coupled w i t h  t h e  gradual  change i n  e l e v a t i o n  

from east t o  w e s t ,  has  r e s u l t e d  i n  t h e  genera l  success ion  of t h e  

surface outcropping of the oldest  rock i n  t h e  east t o  p r o g r e s s i v e l y  

younger ones i n  t h e  western p a r t  of t h e  s ta te .  Even though Kansas 

and t h e  s t a b l e  i n t e r i o r  of t h e  c o n t i n e n t  have n o t  been subjec ted  t o  

d i a s t r o p h i c  movements f o r  t h e  l a s t  600 m i l l i o n  y e a r s  ( s i n c e  Pre- 

cambrian t i m e ) ,  some areas have been s t r u c t u r a l l y  p o s i t i v e  ( r i s i n g )  

i n  t h e  geologic  p a s t ,  whi le  o t h e r s  have been s t r u c t u r a l l y  n e g a t i v e  

(subsiding) .  

one of t h e s e  a n c i e n t  s t r u c t u r a l  f e a t u r e s ,  known as t h e  Cent ra l  

Kansas U p l i f t .  

i n a c t i v e ,  and t h e r e  i s  good evidence t o  i n d i c a t e  t h a t  i t  has  

remained i n a c t i v e  f o r  t h e  p a s t  200 m i l l i o n  yea r s .  

a .  S t r a t i g r a p h y  

The Lyons s i t e  i s  s i t u a t e d  on t h e  e a s t e r n  f l a n k  of 

This  major subsur face  f e a t u r e  is  p r e s e n t l y  

The rocks a t  t h e  s i t e  are a l l  of sedimentary o r i g i n  and, f o r  

the  m o s t  p a r t ,  are f l a t  l y i n g .  I n  general t h e  s t r a t i g r a p h i c  

sequence begins  a t  t h e  s u r f a c e  w i t h  about 50 f t  of unconsoli- 

da ted  s i l t y  terrace d e p o s i t s  that  are p r i n c i p a l l y  about 10,000 

t o  1,000,000 y e a r s  o l d  (P le i s tocene)  (Fig.  3 ). Cretaceous 

age s h a l e s  t h a t  conta in  interbedded sandstones about 60 t o  135 

m i l l i o n  years  o l d  comprise t h e  s e c t i o n  from about 50 t o  120 f t  

below t h e  s u r f a c e ,  whi le  Permian age rocks (230 t o  280 m i l l i o n  
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Fig. 3 Generalized Geologic Map and Cross Section of Kansas Rock 
( a f t e r  S ta te  Geological Survey of Kansas Special  Distr ibut ion Publication 
5 ,  Lawrence, Kansas, December 1963). 
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yea r s  o ld )  l i e  unconformably beneath t h e  Cretaceous sediments.  

For our  purposes t h e  most important  a spec t  of t hese  rocks is  

t h e  presence of a t h i c k  accumulation of rock s a l t .  The sa l t  

beds are n e a r l y  300 f t  i n  t h i ckness ,  extending from a depth of 

about 800 t o  1100 f t  i n  t h e  Lyons-Hutchinson area, and are 

capped wi th  several hundred f e e t  of red-colored s h a l e  and 

s i l t s t o n e s .  Thick beds of anhydr i te  ( i . e . ,  gypsum - t h e  b a s i c  

i n g r e d i e n t  of p l a s t e r  of p a r i s )  l i e  below t h e  s a l t ,  whi le  t h e  

remainder of t h e  Permian rocks c o n s i s t s  mostly of a l t e r n a t i n g  

l a y e r s  of s h a l e  and l imestone.  Pennsylvanian rocks (280 t o  

310 m i l l i o n  yea r s  o ld )  l i e  unconfirmably beneath t h e  Permian 

formations and extend t o  a depth of about 3200 f t .  

sequence of mostly a l t e r n a t i n g  beds of s h a l e  and l imestone wi th  

a few sandy members con ta ins  many o i l  and gas hor izons ,  e s p e c i a l l y  

below about 2700 f t .  Miss i ss ippian  and Devonian rocks ( g r e a t e r  

than 310 m i l l i o n  yea r s  o ld )  are represented  i n  t h e  columnar 

s e c t i o n  only by a r e l a t i v e l y  t h i n  s e c t i o n  of sha le .  S i l u r i a n  

and Devonian rocks are absent  i n  t h e  columnar s e c t i o n  beneath 

the repository. Ordovician age rocks (425 to 500 million years 

o ld )  a t  t h e  s i t e  are predominantly s h a l e  and l imestone.  The 

"Arbuckle" group of rocks l ies  unconformably between the  over- 

l y ing  Ordovician rocks and t h e  Precainbrian basement. This  t h i c k  

sequence of predominantly dolomi t ic  rocks con ta ins  important  o i l  

and gas  r e s e r v o i r s  i n  the  gene ra l  v i c i n i t y  of Lyons as w e l l  as 

throughout c e n t r a l  Kansas (Fig. 4). 

This t h i c k  
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b. S t r u c t u r e  and Tectonics  

The rocks beneath t h e  proposed r epos i to ry  s i te  have been sub- 

j e c t e d  t o  a long and complex h i s t o r y  of deformation wi th  t h e  

o lde r  formations showing, as would be  expected,  a more compli- 

ca ted  regime than  success ive ly  younger beds.  

along t h e  Cen t ra l  Kansas U p l i f t  have been in s t rumen ta l  i n  

f a b r i c a t i n g  t h e  e x i s t i n g  s t r u c t u r e ,  whi le  t h e  i n c l i n a t i o n s  of 

t h e  rocks a t  t he  s i te  have a l s o  been a f f e c t e d  by broad r eg iona l  

warping of t h e  e a r t h ' s  c r u s t .  The r epos i to ry  s i t e  l i e s  on t h e  

e a s t e r n  f l a n k  of t h e  Cen t ra l  Kansas U p l i f t  which extends beneath 

a l a r g e  p a r t  of t h a t  p a r t  of t h e  s t a t e .  

Loca l ly ,  movements 

F igure  5 i s  a map of Kansas t h a t  shows t h e  l o c a t i o n  of h i s t o r i c  

ear thquakes and t h e i r  r e l a t i o n s h i p  t o  t h e  major s t r u c t u r a l  

f e a t u r e s  i n  Kansas. 

ear thquakes along t h e  Cen t ra l  Kansas U p l i f t  would suggest  t h a t  

t h i s  s t r u c t u r e  had i t s  major development a t  t h e  end of Miss i ss ippian  

t i m e  some 300 m i l l i o n  yea r s  ago and i s  now i n a c t i v e .  

quakes t h a t  have occurred i n  the  c e n t r a l  Kansas area range up 

t o  a Modified-Mercalli I n t e n s i t y  Sca le  r a t i n g  of V I  (damage 

sma l l ) .  These shocks,  as w e l l  as o t h e r s  i n  Kansas, have 

occurred a t  r a t h e r  shal low depth (16 t o  38 m i l e s )  and probably 

r ep resen t  minor adjustments  i n  the  underlying g r a n i t i c  c r u s t a l  

rocks.  Ep icen t r a l  l o c a t i o n s  of many of t h e  ear thquakes,  inc luding  

t h e  two most damaging, were centered  along t h e  Nemaha a n t i c l i n e  

i n  e a s t e r n  Kansas about 100 m i l e s  from t h e  Lyons s i te .  Based 

on t h e  r e c e n t  seismic h i s t o r y  of a l l  of t he  o t h e r  s t r u c t u r e s  i n  

The almost complete absence of recorded 

The ea r th -  
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Fig. 5 Map of Kansas Showing Major S t ruc tura l  Features and Loca- 
t i o n  of Earthquake Epicenters ( a f t e r  Merriam, D. F., 1956, History of 
Earthquakes i n  Kansas: Seismologicd Society of America Bullet in,  Vol. 
46, NO. 2 ,  pages 87-96). 



Kansas, i t  is  most l i k e l y  t h a t  they are t e c t o n i c a l l y  i n a c t i v e .  

The s i t e  l ies w i t h i n  Seismic Zone I (expected minor damage) 

according t o  t h e  most r e c e n t  seismic r i s k  map publ ished by 

ESSA and t h e  Coast and Geodetic Survey (Fig.  6 ).  

' 

c. Rock S a l t  Deposi ts  

The rock s a l t  column beneath t h e  proposed r e p o s i t o r y  c o n s i s t s  

g e n e r a l l y  of a success ion  of l a y e r s  of rock s a l t ,  i n t e r c a l a t e d  

w i t h  s h a l e s  and occas iona l ly  a n h y d r i t e  beds.  The p r i n c i p a l  

sa l t  zones can be  t r a c e d  l a t e r a l l y  from t h e  n o r t h e a s t  corner  

t o  t h e  southwest corner  of t h e  s i t e ,  a l though some i r r e g u l a r i t i e s  

i n  th ickness  and i n  l i t h o l o g y  occur.  I n  g e n e r a l ,  l a t e ra l  consis- 

tency i n  t h e  column i s  g r e a t e s t  i n  t h e  lower t o  middle p a r t  of t h e  

column and least a t  t h e  extreme bottom and upper p a r t s  of t h e  

formations.  The t h i c k e s t  and most p e r s i s t e n t  s a l t  zone l i e s  a t  

a depth of about 1000 f t .  below t h e  s u r f a c e .  A 9-f t . - thick bed 

i n  t h e  lower p a r t  of t h e  zone comprises t h e  mined u n i t  a t  t h e  

Carey S a l t  Company's workings a t  t h e  s i t e .  

unquestionably t h e  most uniform and t h e  b e s t  q u a l i t y  of t h e  

e n t i r e  sequence and is  t h e r e f o r e  t h e  d e s i r e d  h o s t  bed f o r  t h e  

waste. The proposed mined area w i l l  l i e  a t  a level of about 

20 f t .  above t h e  e x i s t i n g  mine f l o o r  i n  t h e  o l d  workings and 

extend upward a d i s t a n c e  of about 15 f t .  

mined area w i l l  be rock s a l t ,  while  a t h i n  s h a l e  p a r t i n g  w i l l  

mark t h e  roo f .  The sa l t  i n  t h e  proposed excavat ion area conta ins  

The bed of s a l t  is  

The f l o o r  of t h e  newly 
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Fig. 6 Seismic Risk'Map of 
t h e  United S t a t e s  



numerous b lebs  of p o l y h a l i t e  t h a t  are commonly concentrated 

along bedding and g i v e  t h e  s a l t  a banded appearance. Due t o  

t h e  s t r u c t u r a l  a t t i t u d e  of t h e  rocks a t  t h e  s i t e ,  a cons tan t  

r ise i n  t h e  mining level w i l l  be  experienced from t h e  southwest 

corner  of t h e  s i t e  t o  t h e  southeas t  co rne r ,  whi le  t h e r e  w i l l  

b e  e s s e n t i a l l y  no change i n  t h e  mining l e v e l  along t h e  western 

boundary of t h e  s i te .  From t h e  southwest corner  t o  t h e  north-  

east ,  t h e  mining level w i l l  rise c o n s t a n t l y  t o  t h e  apex of a 

northwestwardly plunging a n t i c l i n a l  f o l d  and then  show a gradual  

decrease.  

d .  S i t e  S tudies  

Prel iminary s i t e  s t u d i e s  of subsur face  geology reveal no 

s t r u c t u r a l  o r  s t r a t i g r a p h i c  condi t ions  which would suggest  

t h e  s i t e  i s  u n s a t i s f a c t o r y  f o r  t h i s  purpose. These s t u d i e s  

w i l l  be  continued as p a r t  of t h e  S i t e  Evaluat ion Program. 

2. Hydrologic Descr ip t ion  of t h e  S i t e  

Surface water from t h e  area of t h e  s i te  i s  drained by Owl Creek and 

an unnamed t r i b u t a r y  of Cow Creek (Fig.  7 ) .  An 18-year record of 

t h e  flow i n  Cow Creek near  Lyons i n d i c a t e s  an average flow rate  of 

69 c f s  and a maximum of 12,000 c f s ;  extended per iods  of no flow 

were observed i n  1938 and 1946. 

a 31-year record a t  Wichita,  i n d i c a t e  t h a t  t h e  Arkansas River has  

experienced average, maximum, and minimum flow r a t e s  of about 1,000, 

3,000 and 3 c f s ,  r e s p e c t i v e l y .  

A 6-year record  a t  Hutchinson and 
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I n  t h e  gene ra l  reg ion  of t h e  r e p o s i t o r y ,  t h e  t h i c k  d e p o s i t s  of 

g r a v e l  and coarse  sand t h a t  f i l l  t h e  l a r g e  stream v a l l e y s  are t h e  

source  beds f o r  t h e  p r i n c i p a l  supp l i e s  of groundwater (Fig.  8 ). 

Ferhaps t h e  most important  source  bed is  found i n  t h e  Great Bend 

reg ion  of t h e  Arkansas River Val ley which l ies a few m i l e s  t o  t h e  

south  of t h e  s i te .  

g r a v e l  d e p o s i t s  of T e r t i a r y  and Quaternary age t h a t  may be  as much 

as 300 f t .  t h i ck .  

f a c e  f o r  recharge.  

g e n e r a l l y  less than 100 f t .  

g a l l o n s  pe r  day from t h e s e  d e p o s i t s  are commonly developed. 

This  reg ion  i s  unde r l a in  mostly by sand and 

Overlying sand dunes provide an e x c e l l e n t  sur -  

Depth t o  groundwater w i t h i n  t h e  area i s  

Suppl ies  i n  excess  of 1,000,000 

A t  t h e  s i te ,  rocks about 1700 f e e t  below t h e  s a l t  bed con ta in  

numerous porous beds t h a t  conta in  s a l t  water and perhaps some 

o i l  and/or  gas.  Fresh water is  confined e s s e n t i a l l y  t o  t h e  upper- 

most 300 f t .  of t he  rock column. The Stone Cor ra l ,  which l ies  

between about 270 f t .  and 285 f t . ,  i s  t h e  deepest  known f r e s h  

water a q u i f e r  a t  the  s i te .  It may y i e l d  water a t  t h e  rate of 

about 1 t o  3 g a l .  per  min. The Cretaceous age sandstones (45 f t .  

t o  120 f t .  below t h e  su r face )  are capable  of y i e l d i n g  water a t  

t h e  rate of about 20 g a l .  pe r  min. whi le  t h e  over ly ing  unconsolidated 

si l ts  (0 t o  45 f t .  below t h e  s u r f a c e )  may y i e l d  water a t  t h e  rate 

of about 5 g a l .  per  min. The average depth  t o  groundwater i n  t h e  

b l anke t  of terrace d e p o s i t s  a t  t h e  s i te  i s  about 25 f t .  
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Within the immediate vicinity of the site there are several wells 

extending to the Cretaceous age sandstones from which water is 

drawn for domestic or stock uses. The yields from these wells or 

from deeper wells would be insufficient for industrial, irrigation, 

or public water supplies. 

The city of Lyons obtains its water supply from several wells in 

alluvial deposits located about 2 112 miles south of the proposed 

site. The towns of Sterling (about 10 miles south of the site) 

and Chase (about 10 miles west of the site) also obtain public 

water supplies from alluvial deposits in the Arkansas River Valley. 

Studies of surface hydrology are presently underway to confirm 

isolation of the salt bed from overlying aquifers. 

3 .  Climatology and Meteorology 

Although only incomplete data are available for Rice County, the 

climate in Lyons can be inferred from nearby station climatological 

summaries. Analysis of variance of temperature, precipitation and 

wind from 12 stations in central Kansas showed no significant 

difference at the 95% confidence level. 

A moderately wide range in temperature occurs with the mean annual 

temperature being about 56°F. 

July and August is in the 90"-95'F range. 

January is about 20'F. 

and the low near -30'F. 

The average maximum temperature in 

The average minimum in 

The maximum high may reach 120°F, however, 
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The annual average p r e c i p i t a t i o n  is  about 24 inches ,  bu t  t h e  lowest 

may be near  15 inches  and t h e  h ighes t  near  45 inches pe r  year .  

Thunderstorms occur on 50-60 days p e r  yea r .  

events  produce 0.75 inches of ra in ,  and from 5 t o  10  inches  may 

occur ,  u sua l ly  during September. These l a t t e r  events  can cause 

seve re  l o c a l  f looding .  Snowfall may be as low as 1 inch  pe r  year  

t o  a high of nea r ly  60 inches  per  year .  

20 inches  o r  more wi th  a t t e n d a n t  t r a n s p o r t a t i o n  problems i s  poss ib le .  

Over h a l f  t h e  r a i n f a l l  

A one-day snowfal l  of 

Lyons l ies somewhat w e s t  of t h e  area of maximum tornado a c t i v i t y ,  

bu t  tornadoes are no t  uncommon. Based on 34 yea r s  of observa t ion  

i n  Kansas and pre l iminary  c a l c u l a t i o n s ,  t h e  p r o b a b i l i t y  of a 

tornado occurr ing  i n  a 1-square-mile area w a s  c a l c u l a t e d  as 1 .6  

t o  3% i n  a 30-year per iod .  

Winds throughout t h e  area are t y p i c a l  of t h e  Great P l a i n s  i n  

genera l .  Seldom calm (less than 5%), over ha l f  t h e  recorded wind 

speeds are g r e a t e r  than 10  knots .  The winds blow from t h e  north- 

n o r t h e a s t  through north-northwest about 20% of t h e  t i m e  w i th  average 

speeds of g r e a t e r  than 10  knots .  Winds from t h e  south-southeast  

through south-southwest occur more than 35% of t h e  t i m e  w i th  average 

speeds g r e a t e r  than  12 knots .  Sandstorms are no t  uncommon i n  the  

area. 

. 

4. Ecology 

The proposed s i te  is  p r e s e n t l y  devoted p r i n c i p a l l y  t o  a g r i c u l t u r e  

(pas tu re  and t h e  growing of wheat and sorghum). 

c a t t l e  and 50 head of hogs are bed f ed  on t h e  area. 

About 100 head of 
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The area was o r i g i n a l l y  n a t i v e  p r a i r i e  and i ts  as soc ia t ed  fauna,  

c o n s i s t i n g  p r imar i ly  of b i son ,  an te lope ,  p r a i r i e  dogs,  foxes ,  

coyotes ,  and q u a i l  as obvious elements.  The imposi t ion of an 

a g r i c u l t u r a l  economy on t h e  t r a c t  and elsewhere e l imina ted  t h e  

l a r g e  n a t i v e  graz ing  m a m m a l s .  S m a l l  r oden t s ,  r e p t i l e s ,  q u a i l ,  

and r a b b i t s  are a b l e  t o  maintain t h e i r  popula t ions  and mourning 

dove popula t ions  have probably increased .  Ringnecked pheasants  

were introduced as a game b i r d  and f u r n i s h  e x c e l l e n t  hunt ing.  

5. Long Term Geological  and Hydrological Considerat ions 

a. Erosion 

Since  a p o r t i o n  of t h e  r a d i o a c t i v e  wastes t o  be  s t o r e d  a t  

t h e  proposed r e p o s i t o r y  w i l l  remain a c t i v e  f o r  per iods  of 

hundreds of thousands of y e a r s ,  estimates are being made of 

t h e  expected e ros ion  by stream a c t i o n  and g l a c i a t i o n  a t  t h e  

s i te  and i ts  e f f e c t  on t h e  s t a b i l i t y  of t he  underlying s a l t  

formation f o r  long per iods  of geologic  t i m e .  The p resen t  

ra te  of e ros ion  f o r  t h e  Arkansas River b a s i n ,  which inc ludes  

t h e  Lyons s i te ,  has  been determined t o  be about 1 . 4  in . /1000 

yea r s .  This  va lue ,  which is  a measure only of t h e  uniform 

lowering of t he  land  s u r f a c e  of t h e  e n t i r e  b a s i n ,  sugges ts  

t h a t  perhaps a hundred f e e t  o r  s o  of rock cover would be 

removed from t h e  formations a t  t he  s i t e  during t h e  e f f e c t i v e  

l i f e t i m e  of t h e  waste. Another estimate of t h e  expected e ros ion  

can be made from measured stream i n c i s i o n s  i n  t h e  bedrock i n  

41 - 



t h e  v i c i n i t y  of t h e  s i t e  during t h e  P le i s tocene  epoch o r  t h e  

l a s t  1 m i l l i o n  yea r s  of geologic  t i m e .  

i n c i s i o n  depth of 200 f t .  and a p ro jec t ed  i n c i s i o n  having a 

s imi la r  depth dur ing  t h e  next  1 m i l l i o n  yea r s  of geologic  t i m e ,  

i t  can be  concluded t h a t  a 200-ft-deep channel could be c u t  

i n t o  t h e  p re sen t  un inc ised  bedrock a t  t h e  s i t e  and/or an 

a d d i t i o n a l  200 f t .  deepening of t h e  p re sen t  g r a v e l  f i l l e d  

channels i n  t h e  immediate v i c i n i t y  of t h e  s i t e  could occur.  

I n  e i t h e r  case  t h e  s a l t  formation would no t  be breached as 

i t  l i e s  some 800 f t .  below t h e  p re sen t  land su r face .  

I 

With a recorded channel 

To determine more p r e c i s e l y  t h e  n a t u r e  and e x t e n t  of e ros ion  

i n  t h e  area of c e n t r a l  Kansas during the next  1 m i l l i o n  y e a r s ,  

a s tudy  has  been i n i t i a t e d  whereby estimates of f u t u r e  e ros ion  

w i l l  be obtained by s t a t i s t i c a l  t rea tment  and ex t r apo la t ion  of 

modern rates of e ros ion  i n  s e v e r a l  c l i m a t i c  zones t h a t  would 

be r e p r e s e n t a t i v e  of t h e  kinds of c l ima te  t h a t  have e x i s t e d  i n  

the  midcontinent dur ing  t h e  las t  m i l l i o n  yea r s  and would be 

expected t o  p r e v a i l  during t h e  next  equiva len t  per iod .  

I n  o rde r  t o  f u r t h e r  v a l i d a t e  t h e s e  s t u d i e s ,  an i n v e s t i g a t i o n  

w i l l  be undertaken of t h e  p o s s i b i l i t y  of d r a s t i c  changes i n  the  

dra inage  p a t t e r n  of t h e  area, inc luding  t h e  Arkansas River ,  and 

t h e i r  consequent e f f e c t  on t h e  p red ic t ed  e ros ion  rates a t  t h e  

s i t e .  

n 
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b.  Boundary Solu t ion ing  of S a l t  Formation 

Along most of i t s  e a s t e r n  boundary (about 25 miles east of 

Lyons), t h e  sa l t  d e p o s i t  ends abrupt ly  and a series of sub- 

s idence  ponds and s a l t  water s p r i n g s  o v e r l i e  t h e  p r e s e n t  

s t r a t i g r a p h i c  p o s i t i o n  of t h e  s a l t  member, which sugges ts  t h a t  

i t s  o r i g i n a l  l i m i t s  extended somewhat f a r t h e r  east. I n  north-  

w e s t  S a l i n e  County, p r e c i s e  d a t i n g  of subsidence f e a t u r e s  obtained 

from river channel migra t ion  s t u d i e s  i n d i c a t e s  t h a t  t h e  s a l t  

f r o n t  has  r e t r e a t e d  a d i s t a n c e  of 5 m i l e s  o r  less i n  t h e  l a s t  

1 m i l l i o n  y e a r s  (or  thoughout t h e  P l e i s t o c e n e ) ,  whi le  i n  

McPherson and Harvey Counties,  westward migra t ion  of t h e  s a l t  

has  been 13 and 12 m i l e s ,  r e s p e c t i v e l y ,  from Delmore (Pliocene) 

t o  Kansas ( a  time span of about 5 m i l l i o n  y e a r s ) .  The n a t u r a l  

leaching of t h e  s a l t  body by c i r c u l a t i n g  groundwater depends 

on t h e  development of secondary permeabi l i ty  i n  t h e  over ly ing  

s h a l e s  which, i n  t u r n ,  is  brought about by e r o s i o n  when t h e  

p r o t e c t i v e  Cretaceous s h a l e s  and c l a y s  are removed. I n  areas 

where t h e  over ly ing  s h a l e  s e c t i o n  i s  complete, which i n c l u d e s  

t h e  Lyons s i te  and e s s e n t i a l l y  a l l  of t h e  c e n t r a l  Kansas s a l t  

area west of t h e  e a s t e r n  boundary of Rice County, i t  may be  

considered t o  be  p r o t e c t e d  f o r  geologic  t i m e  per iods  of a t  least  

1 m i l l i o n  years  o r  f o r  about t h e  t i m e  span of t h e  P l e i s t o c e n e .  

Addi t iona l  work using d i f f e r e n t  techniques of d a t i n g  t h e  westward 

migra t ion  of t h e  s a l t  boundary and an e v a l u a t i o n  of t h e  p o s s i b i l i t y  

of d r a s t i c a l l y  a l t e r e d  s o l u t i o n i n g  rates due t o  man's a c t i v i t i e s  

w i l l  be  undertaken. 
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c. Pene t r a t ion  Solu t ion ing  of S a l t  Formation 

I n  the  c e n t r a l  Kansas area, a l a r g e  number of w e l l s  have been 

d r i l l e d  through t h e  s a l t  formation i n  sea rch  of o i l  and gas .  

Some of t hese  w e l l s  d a t e  from t h e  l a s t  century .  

cases, a s i t u a t i o n  has developed where f r e s h  water from near  

s u r f a c e  a q u i f e r s  has  drained i n t o  one of t hese  wells, c i r c u l a t e d  

through a break i n  t h e  w e l l  casing a t  o r  near  t h e  depth of t h e  

s a l t  bed, then discharged down t h e  w e l l  i n t o  a lower formation,  

probably t h e  Arbuckle. This  c i r c u l a t i n g  water d i s s o l v e s  t h e  

sa l t  around t h e  w e l l ,  even tua l ly  causing t h e  co l l apse  of t h e  

over ly ing  beds and t h e  development of a "sink" on t h e  su r face .  

These fou r  known cases of pene t r a t ion  so lu t ion ing  have i n  

common: (1) a shal low aqu i fe r  y i e l d i n g  water a t  the  rate of 

s e v e r a l  hundred ga l lons  pe r  minute;  (2) an o i l  w e l l  having 

I n  fou r  known 

a h i s t o r y  which sugges ts  t he  p o s s i b i l i t y  of a cas ing  break  i n  

t h e  s a l t  zone; and (3) a h ighly  permeable deeper zone having 

a low h y d r o s t a t i c  head. 

used as salt-water d i sposa l  w e l l s  fol lowing t h e i r  p roduct ive  

Three of t h e s e  fou r  w e l l s  had been 

l i f e .  

A number of s t e p s  w i l l  be  taken t o  preclude t h e  p o s s i b i l i t y  of 

so lu t ion ing  by t h i s  mechanism a t  t h e  s i te :  a survey a t  and 

around t h e  s i t e  w i l l  be made. 

t o  de f ine  and determine f u r t h e r  t h e  geohydrologic cha rac t e r  of 

S tud ie s  are p r e s e n t l y  underway 
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t h e  rocks ,  and t h e  q u a n t i t y ,  d i r e c t i o n  and rates of groundwater 

flows i n  t h e  area, e f f e c t  of f u t u r e  water usage, thereby  a s su r ing  

t h e  p r e s e n t  hydro logic  s u i t a b i l i t y  of t h e  s i te .  
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B. Potential Impact on Existing Environment 

1. Thermal effects 

The major perturbation of the environment will result from 

the introduction of heat into the formation. 

generation per unit area in the mine will be adjusted such that 

the bulk temperature of the salt will not exceed 392'F. 

temperature has been selected as the maximum desirable based on 

an assessment of the following considerations: (1) temperature 

and thermal stress transfer effects on stability of localized 

areas of the mine and overlying strata; (2 )  temperature rise in 

fresh water aquifers; (3) temperatures beyond the boundary of the 

mine; and ( 4 )  observed shattering of unrestrained salt in labora- 

tory experiments above approximately 482OF. 

restriction of 392OF is not considered an upper limit. 

experience may indicate that higher salt temperatures are allowable 

and, thus, provide a possible avenue for improving the economy of 

operation. 

a. Heat Transfer and Response 

The total decay heat 

This 

This temperature 

Operating 

Figure 9 presents estimates of the transient temperatures 

as a function of the distance above and below the disposal 

plane resulting from planned operation of the high-level 

facility. Temperature contours above the alpha mine will 

have shapes similar to those presented in Figure 9, except 

that the maximum temperatures will be lower and will occur 
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after 10,000 years instead of 800 years. 

projections have been based on a two dimensional heat flow 

model using literature values of thermal properties of the 

major geologic units present at the site due to lack of 

actual stratigraphic and thermal property data. 

These temperature 

A more sophisticated, three dimensional model has been 

developed and is being employed to refine these estimates 

using thermal property data obtained from core borings from 

the site. 

do not suggest that the referred calculations will be 

significantly different from previous estimates. 

Preliminary runs using the three dimensional code 

When these data have been obtained and the results of 

the additional studies are completed, refined estimates will 

be made on temperature distributions, subsidence, thermal 

expansion and other related effects. 

confirmed by actual measurements during the demonstrational 

These estimates will be 

phase of facility operations. If the data developed suggests 

that rock temperatures anywhere in the formation will be 

such as to pose a threat to the containment of the waste 

within the salt formation, the maximum allowable heat genera- 

tion rate at the mine level can be adjusted to an acceptable 

value. 

temperature rises in overlying aquifers or in strata beyond 

the site boundaries are deemed excessive. 

A similar adjustment can be made if calculated 

n 
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The fo l lowing  s e c t i o n s  w i l l  summarize t h e  es t imated  

temperature r i s e  of t h e  surrounding geologic format ions ,  

recogniz ing  t h a t  t h e s e  e s t ima tes  w i l l  be r e f i n e d  as a d d i t i o n a l  

da t a  a r e  obta ined .  

b. Aquifer Temperature R i s e  

The h e a t  f r o n t  w i l l  r each  t h e  Stone Corra l  formation 

(depth ,  about 285 f t )  a f t e r  about 100 y e a r s ,  and t h e  tempera- 

t u r e  r i s e  of water i n  t h i s  formation w i l l  reach a maximum of 

about 32OF a f t e r  800 yea r s  ( p e s s i m i s t i c a l l y  assuming no flow 

i n  t h e  a q u i f e r ) .  P o r t i o n s  of a q u i f e r s  ( a l s o  assumed t o  be 

s t agnan t )  a t  depths  near 100 f t .  would experience temperature 

r ises  of  about 14'F a t  about t h e  same time. 

r i s e s  a r e  not  permanent and a f t e r  reaching these  va lues  would 

begin t o  f a l l  o f f .  

These temperature 

c .  Surface Temperature Rise  

The peak h e a t  f l u x  a t  t h e  ground su r face  w i l l  be no more 

than s i x  o r  seven times the  n a t u r a l  geothermal f l u x .  This 

may be compared t o  the  average annual s o l a r  f l u x  reaching  t h e  

ground which i s  about 10,000 times g r e a t e r  than t h e  geothermal 

f l u x .  The maximum i n c r e a s e  i n  su r face  temperature i s  es t imated  

t o  be l e s s  than O.l°F. The r a d i o a c t i v e  decay hea t  should n o t ,  

t h e r e f o r e ,  have any p e r c e p t i b l e  e f f e c t  on su r face  temperature,  

c l ima te ,  meteorology, o r  ecology. 

d .  Geophysical Impact 

I n  t h e  h igh - l eve l  waste d i s p o s a l  a r e a ,  t h e  s i z e s  of t h e  

d i s p o s a l  rooms and t h e  support  p i l l a r s  between them w i l l  be 
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d3signed i n  such a way t h a t ,  i n  t i m e ,  t h e  underground openings 

a r e  expected t o  completely c l o s e ,  causing a conso l ida t ion  and 

r e c r y s t a l l i z a t i o n  of t h e  crushed s a l t  used t o  b a c k f i l l  t h e  

rooms. The p i l l a r  deformation necessary t o  e f f e c t  t h i s  

c l o s u r e  r e s u l t s  from t h e  overburden load and should occur 

much more r a p i d l y  (65 t o  100 yea r s )  than i s  o r d i n a r i l y  t h e  

case  i n  o t h e r  mines because of t h e  e l eva ted  temperatures.  I n  

theimmediate v i c i n i t y  of t h e  mined rooms, ou t  t o  a d i s t a n c e  

of perhaps 10 t o  20 f e e t  from t h e  w a l l s  and c e i l i n g ,  f r a c t u r -  

i ng ,  bed sepa ra t ion ,  l o c a l i z e d  c rush ing ,  and o t h e r  extreme 

e f f e c t s ,  w i l l  occur.  A t  d i s t a n c e s  g r e a t e r  than  about 20 f e e t ,  

p l a s t i c  deformation of t h e  sa l t  i s  expected t o  accommodate 

imposed motions without any of t h e s e  e f f e c t s .  A s  t h e  mine 

c l o s e s ,  r e s u l t i n g  i n  a n e t  decrease  i n  t h e  volume of t h e  

geologic system, t h e  rocks w i l l  a l s o  become hea ted  from t h e  

r a d i o a c t i v e  decay with t h e  r e s u l t i n g  thermal expansion 

r ep resen t ing  a ne t  i n c r e a s e  i n  t h e  t o t a l  volume. Pre l iminary  

c a l c u l a t i o n s  of t h e  r a t e s  of t h e s e  two processes  i n d i c a t e  

t h a t  they  almost exac t ly  cance l  each o the r  a t  a l l  l o c a t i o n s  

i n  t h e  system, inc luding  t h e  su r face ,  except ,  of course ,  i n  

and immediately around t h e  openings. This means t h a t  t h e  

over ly ing  p r o t e c t i v e  rocks (and t h e  su r face )  should be 

subjec ted  t o  only very small deformations and motions f o r  

approximately t h e  f i r s t  200 years  following waste b u r i a l .  
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These deformations and motions should be only s l i g h t l y  g r e a t e r  

than those  r e s u l t i n g  from normal s a l t  mining ope ra t ions .  

Beginning about 200 yea r s  a f t e r  waste b u r i a l ,  t h e  hea t  l o s s  

a t  t h e  su r face  exceeds the  hea t  input  from t h e  waste,  and t h e  

rocks  should begin t o  c o n t r a c t ;  t h a t  i s ,  begin a recovery of 

t h e  prev ious  thermal expansion. This process  i s  expected t o  

be very slow, r equ i r ing  s e v e r a l  thousand yea r s  t o  complete, 

and should even tua l ly  r e s u l t  i n  t h e  development of a very 

broad, f l a t ,  and shallow (about 3-112 f t . )  subsidence bas in  

over t h e  a r e a .  The r a t e  of development of t h i s  bas in  w i l l  be 

so  slow and gradual t h a t  t he  sha le  rocks ove r ly ing  the  s a l t  

formation should be a b l e  t o  accommodate t h i s  deformation 

without f r a c t u r i n g  o r  o the r  adverse e f f e c t .  Likewise, t h e  

su r face  and shallow a q u i f e r s  should e a s i l y  a d j u s t  t o  t h e s e  

motions which a r e  only s l i g h t l y  g r e a t e r  than t h e  c u r r e n t  r a t e  

of su r f ace  e ros ion  i n  t h e  a r e a .  

ou t  t h a t  t h e  r a t e  of t h i s  subsidence over t h e  was te-d isposa l  

a r e a  w i l l  be approximately t h e  same a s  t h e  r a t e  of subsidence 

over an equal ly  s i zed  producing s a l t  mine and fur thermore ,  

t h e  t o t a l  amount of subsidence w i l l  be approximately h a l f  

t h a t  expected i n  ope ra t ing  mines because of t h e  b a c k f i l l e d  

rooms . 

It should a l s o  be poin ted  

Current bes t  e s t ima tes  of t h e  chronology of t h e  va r ious  

thermal e f f e c t s  a r e  presented  i n  F igure  10 and Table 5. These 

e s t ima tes  w i l l  be r e f i n e d  upon ob ta in ing  thermal p rope r ty  d a t a  

from co re  samples. 
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Table 5 Chronology of Thermal E f f e c t s  i n  t h e  Reposi tory 

Years E f f e c t  

25 Decommissioning; power peaks a t  95 MW. 

30 400°F peak tempera ture  r i s e  a t  8 i n .  from c y l i n d e r s ;  
10 l i t e r s  t o t a l  b r i n e  inf low pe r  c o n t a i n e r ,  

100 95% c l o s u r e  of vo ids  by subsidence;  
0.9-ft i n c r e a s e  i n  t y p i c a l  s u r f a c e  l e v e l .  

150 110°F peak tempera ture  r i s e  at 750- f t  depth .  

200 5.2-f t  peak i n  n e t  thermal  expansion; 
1.3-ft peak i n  t y p i c a l  su r f ace  l e v e l .  

500 6 0 " ~  peak tempera ture  r i s e  a t  500-f t  depth .  

700 20°F peak temperature  r i s e  at  200-f t  depth;  
0.1"F peak tempera ture  r i s e  a t  s u r f a c e .  

3,000 1 ° F  peak tempera ture  r i s e  a t  1700 f t  from edge of 
mine a t  1000-f t  depth.  

-15,000 T o t a l  4 - f t  subsidence e s s e n t i a l l y  complete; 
all t empera tures  w i t h i n  5°F of i n i t i a l  cond i t ion .  
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e. Temperatures Adjacent t o  Mine 

It is  planned t h a t  subsur face  r i g h t s  w i l l  be  purchased 

f o r  a 1700-foot b u f f e r  zone around t h e  per iphery  of t h e  

r e p o s i t o r y .  E s t i m a t e s  of t r a n s i e n t  temperatures i n  the 

h o r i z o n t a l  midplane of t h e  high-level  mine i n d i c a t e  t h a t  t h e  

maximum temperature rises a t  d i s t a n c e s  of 600 and 1700 f e e t  

n 

from t h e  edge of t h e  mine w i l l  be  10°F and 1°F, r e s p e c t i v e l y  

(occurr ing a f t e r  about 1,000 y e a r s ) .  

f .  Br ine  Migrat ion 

R e s u l t s  of l a b o r a t o r y  tests i n d i c a t e d  t h a t  b r i n e  i n  small 

cav i t ies  w i l l  be  r e l e a s e d  by f r a c t u r i n g  of t h e  s a l t  c r y s t a l s  

a t  temperatures above 25OoC, b u t  f i e l d  tests ( P r o j e c t  S a l t  

Vaul t )  i n d i c a t e d  t h e  absence of such e f f e c t s  even i f  s m a l l  masses 

of s a l t  around t h e  c o n t a i n e r s  i n  t h e  f l o o r  reach  300°C o r  g r e a t e r .  

A t  temperatures below the d e c r e p i t a t i o n  p o i n t ,  these small 

b r i n e - f i l l e d  cavities ( s i z e  range from a f e w  millimeters down 

t o  microscopic,  and r e p r e s e n t i n g  about 1 / 2  percent  of t h e  s a l t  

volume) migra te  toward a h e a t  source.  The mechanism f o r  

c a v i t y  migra t ion  i s  t h e  d i f f u s i o n  of sodium and c h l o r i n e  i o n s  

from t h e  h o t  t o  t h e  cold s i d e  of t h e  c a v i t y  due t o  t h e  s l i g h t l y  

g r e a t e r  s o l u b i l i t y  of N a C l  a t  t h e  h igher  temperatures.  

Migrat ion rates are d i r e c t l y  p r o p o r t i o n a l  t o  temperature 

g r a d i e n t  and i n c r e a s e  wi th  i n c r e a s i n g  temperatures.  Calcu- 

l a t i o n s  i n d i c a t e  t h a t  i n  t h e  high-level  f a c i l i t y ,  t h e  maximum 

amount of b r i n e  t h a t  would accumulate i n  any d i s p o s a l  h o l e  
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would be about 2 t o  10 l i t e r s .  Migrat ion of b r i n e  would 

cease approximately 20 t o  30 years  a f t e r  b u r i a l  of t h e  waste.  

About 60 percent  of t h e  t o t a l  b r i n e  inf low would be expected 

during t h e  f i r s t  10 years  a f t e r  b u r i a l .  I n  a 50- x 300-foot 

room, t h e r e  could be about 200 conta iner  h o l e s ;  so t h e  t o t a l  

i n t e g r a t e d  inf low of water  ( b r i n e ) ,  i f  i t  were a l l  t o  f i n d  

i t s  way i n t o  t h e  room would be l e s s  than 2,000 l i t e r s .  During 

t h e  per iod  of o p e r a t i o n s ,  t h e  d a i l y  v e n t i l a t i n g  a i r  volume i n  

t h e  waste-disposal  a r e a  w i l l  conta in  more water than t h i s  a t  

i t s  normal r e l a t i v e  humidity.  Other than i t s  e f f e c t  on 

r a d i o l y s i s  and conta iner  cor ros ion ,  t h i s  moisture  should not  

be of any s i g n i f i c a n c e .  

g .  Corrosion of t h e  Containers  

Rather e a r l y  i n  t h e  S a l t  Vault program, a number of 

scout ing s t u d i e s  were conducted on t h e  cor ros ion  of v a r i o u s  

a l l o y s  i n  s a l t  compacts such a s  were a n t i c i p a t e d  i n  sa l t -mine  

s t o r a g e  of f i ss ion-product  wastes .  These labora tory  capsule  

s t u d i e s  i n d i c a t e d  t h a t  type 304L s t a i n l e s s - s t e e l  c o n t a i n e r s  

would be s u b j e c t  t o  r e l a t i v e l y  m i n o r  genera l ized  cor ros ion  and 

p i t t i n g  a t t a c k  which diminished wi th  cont inuing exposure. One 

capsule  exposed i n  a CO-60 gamma source  showed no enhanced 

c o r r o s i v e  a t t a c k  because of t h e  r a d i a t i o n  exposure. 

Subsequent exposure of welded s t a i n l e s s - s t e e l  a l l o y  

specimens a t tached  t o  p o t s  of simulated waste  bur ied  i n  t h e  
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f l o o r  of the Carey mine, and e l e c t r i c a l l y  hea ted  t o  575OC for 

31 days, gave results comparable to those obtained in the 

laboratory studies. 

The tendency of the brine inclusions in the salt beds to 

migrate up the thermal gradient towards the hot containers and 

thereby provide a long-term source of corrosive solution was 

not known when these investigations were carried out. 

brine migration produced a number of instances of stress 

corrosion cracking of stainless steel equipment used in 

Project Salt Vault. In practically all cases, however, the 

attack occurred in regions which were sufficiently cclol for 

condensation of moisture, with resultant formation of acidic, 

concentrated brine solutions known to be aggressive stress 

corrodants to stainless steels. Such low-temperature, 

stainless-steel container surfaces would not be expected in 

the mine. 

the wall (0.237 in. nominal) were found in the center of a 

type 304L stainless steel modified pillar heater which was 

continuously maintained between 150 and 2OO0C for h) 350 days. 

Conceivably the crack could have been produced during heat-up 

or cool-down, but this seems unlikely; so mechanisms other 

than formation of aggressive solutions by condensate are being 

evaluated. It seems likely that contact with salt in the 

presence of an HC1 steam atmosphere would be sufficient to 

cause failure. 

This 

Stress-corrosion cracks penetrating halfway through 
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In general, the experience with carbon steel equipment 

in Project Salt Vault was more favorable. Moderate generalized 

attack with no evidence of localized, severe penetration like 

the stress cracking of the stainless steel was observed. 

During the demonstration phase of facility operation, 

wastes will be buried in retrievable form. Several methods 

are available by which container life can be prolonged, thus 

facilitating retrieval. These include: (1) Addition of CaO 

to the crushed salt backfill to react with the water of the 

brine accretion with the formation of stable Ca(OH)2; (2) 

Encapsulation of wastes in containers constructed of stress- 

corrosion-resistant alloys; ( 3 )  The behavior of the carbon 

steel equipment in the salt environment suggests that a 

duplex container with type 304L stainless steel on the inside 

and carbon steel or aluminum on the outside should perform 

very well; and ( 4 )  Burial of waste in a concrete or ceramic 

sleeve. 

h. Movement of Containers After Burial 

After the containers of waste have been deposited in the 

floor of the mine, they will be contained in a material (the 

salt) which is semi-plastic. For purposes of analysis, the' 

salt can be compared to a very viscous fluid rather than to 

a rigid solid. Plastic deformation of the floor will contri- 

bute to the closure of mined openings brought about by the 
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effects of the overburden stress and elevated temperatures. 

The waste containers will be carried along with the deformation 

of the floor salt and may experience translational motions 

certainly no greater than two feet vertically and six inches 

horizontally. 

salt in this case is zero. 

The relative motion between the wastes and the 

If the waste containers are visualized as being suspended 

in a viscous fluid, the maximum possible rates of upward or 

downward movement can be estimated by calculations which 

neglect many of the resisting drag forces, specifically the 

frictional drag resistance along the sides of the containers. 

For extreme values of density difference between the salt 

and the waste containers, these calculations indicate that 

the maximum velocity of vertical relative motion between the 

salt and the waste containers is about 10 in./year or 

1/10,000 of an inch in one million years. 

- 10 

If it is assumed that the waste containers cease to exist 

entirely and the solidified waste becomes an agglomeration 

of discrete smaller particles, the velocity of vertical 

motion becomes much smaller as the size of the particles 

becomes smaller. The situation here is approximately 

analogous t o  the settling velocity of a marble and a grain 

of sand in water. 

- 58 - 



i. Future  Thermal Ef fec t  S tudies  

(1) Data t o  be Obtained 

I n  order  t o  e s t a b l i s h  al lowable h e a t  genera t ion  r a t e s  

i n  t h e  mine, a s  governed by t h e  f a c t o r s  mentioned 

previous ly ,  a d d i t i o n a l  da t a  must be obtained from 

samples of t h e  var ious  s t r a t i g r a p h i c  s e c t i o n s  a t  t h e  

s i t e .  Some of t h i s  information i s  p r e s e n t l y  being 

developed. 

Cores ( t o  about 1300-f t  depth i n  one h o l e ,  and 

through t h e  s a l t  member i n  t h e  o t h e r )  have been taken 

a t  two corners  of t he  proposed f a c i l i t y .  Representa t ive  

samples from more than 80 l o c a t i o n s  i n  t h e  f u l l - d e p t h  

core  are being used to o b t a i n  thermal property d a t a ,  

inc luding  t h e  geothermal f l u x .  

I n  a d d i t i o n ,  s u f f i c i e n t  d a t a  w i l l  be obtained from 

r e p r e s e n t a t i v e  core  samples t o  provide e s t i m a t e s  of t h e  

fol lowing thermal and phys ica l  p r o p e r t i e s  ( a s  a func t ion  

of temperature where a p p r o p r i a t e ) :  (1) mineral  composi- 

t i o n ;  ( 2 )  water c o n t e n t ;  ( 3 )  thermal conduct iv i ty ;  (4) 

s p e c i f i c  h e a t  (pe r  u n i t  weight) ;  (5) d e n s i t y  o r  thermal 

d i f f u s i v i t y ;  ( 6 )  thermal e ~ a n s i o n  c o e f f i c i e n t ;  ( 7 )  

P o i s s o n ' s  r a t i o ;  (8) elast4.c -modulus; (9 )  p o s s i b l e  

phase changes; and (lo) . e f f e c t s  of stress on phys ica l  

p r o p e r t i e s .  
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(2) Updating of Thermal Calculations 

When the previously mentioned stratigraphic, thermal 

property, and geothermal flux information becomes 

available, the previous heat transfer calculations will 

be repeated using the appropriate values. In addition, 

three-dimensional calculations will be run t o  ascertain 

such effects as thickening and thinning or disappearance 

of salt and/or other rock strata. Since some strati- 

graphic information is available from various electric 

logs on five other holes within the proposed site, it 

should be possible to construct a three-dimensional model 

which will! be a reasonable approximation to the entire 

high-level disposal facility and to accurately estimate 

temperatures: in the strata surrounding the proposed 

actual mine layout. These studies and calculations will 

be verified to .the extent practical in the demonstration 

phase of this facility's operation. 

( 3 )  Rheological Studf.es 

With the physical property data outlined above, and the 

knowledge of the temperature-time relationships from 

the planned thermal studies, new estimates will be made 

of work movements due ta: subsidence, thermal expansion, 

and any other factors :(su-,h as mineral alteration due 

to changes of phase, hydration, or pore volume) which 
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are applicable. 

anywhere in the formation are such as to pose a potential 

threat to the containment of the waste within the salt 

If it appears that rock temperatures 

formation, the maximum allowable heat generation rates 

at mine level will be adjusted to an acceptable level. 

This will also be the case if temperatures in aquifers 

or beyond the property boundaries are found to be 

excessive. 

2. Radiation Effects 

Radiation effects will only be of significance in the storage 

of the high-level wastes. Accordingly, the following statement 

refers only to the high-l-?vel portions of this facility. 

a. Radiolysis of Brine 

Radiation dosages in excess of 10l1 rads induce no 

chemical effects of consequence t o  the salt; however, it does 

produce changes in the brine intrusions that constitute about 

0.5 vol percent of the salt and in the very small amount of 

air initially in the voids in crushed salt immediately 

surrounding t he  containers. This brine has  the  following 

composition: Mg*, 2.3 to 3 E; K ; 0.4 - M; Na , 2 to 1 E; 
C1-, 7 to 7.5 E; Br-, 0.05 E. 

+ + 

!It is slightly alkaline. 

The value of G (H2) in this.brine may be as high as 2.1 
I 

molecules of H2 per 100 ev of ,&sorbed radiation energy, and 

the oxidized species willibe*'O and/or Clo; + BrO;. Based 
/ 

/ 2  
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on this upper-limit rate, we estimate that the radiolytic 

hydrogen can be produced at a maximum rate of only about 

1 ft /min throughout the entire repository when the thermal 

power from radioactive decay is about 100 MW. The bromates 

and chlorates around the containers will decompose thermally 

to halides and oxygen. 

in the gas-vapor mixture will not be a problem at the low 

3 

Ozone and nitrogen oxide formation 

n 

partial pressure of air and at the temperatures which will 

prevail. 

AllMgC12 in solution which gets into the open spaces 

around the containers will hydrolyze to form HC1, provided that 

the location of the MgC12 is such that the HC1 can move away 

from the site of the reaction. The quantity of HC1 so produced 

is so small as'to be unimportant except from the standpoint 

of its possible influence on container life (see below). 

Although our'evaluations of these effects, based on very 

pessimistic assumptions, are most favorable, measurements may 

be made during the'demonstration phase of the actual generation 

rates and resultant concentrations of radiolytic and hydrolytic 

products that may exist under steady-state conditions around 

the containers in the h n e  during the demonstrational phase 

of the facility operatibn. 

F, b. Stored Energy 

Stored energy referd'to energy that may be stored in 

irradiated solids due to the introduction of defects and 

- 62  - 



o the r  d i so rde r .  When t h e  s o l i d  i s  hea ted  subsequent t o  i t s  

i r r a d i a t i o n ,  energy i s  r e l eased  as  t h e  s o l i d  passes  through 

va r ious  s t a g e s  o f  reorder ing .  I n  some cases  ( p a r t i c u l a r l y  

i n  s t rong ly  covalent  c r y s t a l s  i n  which l a r g e  amounts of energy 

can be s t o r e d ) ,  a l l  of t he  energy can be r e l eased  wi th  a 

r e l a t i v e l y  low i n i t i a t i n g  temperature s i n c e  t h e  i n i t i a l  

energy release can h e a t  t he  s o l i d  s u f f i c i e n t l y  t o  t r i g g e r  

energy r e l e a s e s  a t  success ive ly  h igher  t r a n s i t i o n  temperatures .  

I n  t h e  case  of long-term s to rage  of r a d i o a c t i v e  wastes, i t  i s  

important t o  know how much energy can be s to red  a t  s a t u r a t i o n  

i n  the  materials t h a t  w i l l  be i n  t h e  r a d i a t i o n  f i e l d  and 

thermal environment of  t h e  r epos i to ry .  (We de f ine  s a t u r a t i o n  

a s  t h a t  l e v e l  of damage a t  which the  rad ia t ion , removes  as  

much energy by r a d i a t i o n  anneal ing as  i t  suppl ies  by r a d i a t i o n  

damage.) The m a t e r i a l s  i n  ques t ion  a r e  t h e  g l a s s  o r  ceramic 

boule  conta in ing  t h e  r ad ionuc l ides ,  t h e  metal c o n t a i n e r ,  and 

t h e  surrounding s a l t .  The temperature  of , the wastes and t h e i r  

c o n t a i n e r s  w i l l  be  from 600 t o  900°C ini , : ial ly,  and w i l l  

decrease t o  l ess  than 500 C i n  about  l O , y e a r s ,  whi le  t h e  

temperature  of t h e  s a l t  w i l l  range betveen 20  and 350 C y  

depending on i t s  proximity t o  the  waTre and the  thermal power 

of t h e  source.  

0 

0 
i: 

The maximum accumulsied r a d i a t i o n  dose i n  

s a l t  w i l l  range from 2 x 10" r a d s  Adjacent t o  t h e  wastes t o  

about 82 r a d s  a t  a d i s t ance  of 5 lfeet. 

,: 
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Some work with stored energy in NaCl has been reported 

in the literature. Kobayashi measured an energy release of 

2 to 2-1/2 cal/g between room temperature and 4OO0C in NaCl 

that was heavily irradiated with protons at room temperature. 

Bunch and Pearlstein have compared the F-center concentration 

in X-ray-irradiated NaCl with the stored energy, and report 

a value of 12.4 eV per F center. For a saturation concen- 

tration of 2 x lo1' F centers/cm , this would yield a satura- 

tion stored energy of 4 cal/g. 

3 

Experimental investigations designed to yield upper-limit 

values of the amount of energy that can be stored in salt 

under the conditions that will exist in the repository have 

been carried ok. 

stored energy has been measured by solution calorimetry and 

by differential scanning calorimetry on samples of salt taken 

from the Lyons mine and irradiated with an electron accelerator 

In the course of these investigations, 

at different temperatures and dose rates (Table 6 ) .  These 

experiments suggest that energy storage in the salt cannot 

exceed 15 to 20 cal/g'at ambient temperatures; and at tempera- 

tures above 100 C (such as will exist in the vicinity of the 

high level wastes), no uore than 1 or 2 cal/g can be stored. 

0 

Although there have been no measurements t o  date, of 

energy storage in solidifkd wastes, it is quite likely that 

energy can be stored in somt of these materials, and over a 

wider temperature range than is possible in salt. Studies 

0 
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Stored Energy Measurements i n  Rock S a l t  by Solution Calorimetry 

6iJ 
I r r a d i a t i o n  Dose Stored Energy 

Sample Temperature ("C ) (rads ) W / g  1 

v3 

Electron- Irr ad i  a t  e d Samples 

30 1.7 x lolo 14.1 

30 1.7 x l@O 1.6" 

30 1.7 x l@O 6.gb 

80-100 3 x l o l 0  3.0 

80-100 8.3 x 1 0 1 O  2.1  

80-100 1.1 x 1011 4.3 

Pro jec t  Sa l t  Vault Samples 

Hole 10 125 
(7-1/2 -ft depth) 

8 x io7 
? 

Hole 4 A  165-200 9x108 : 

(11-ft depth) 

Hole 4B 165-200 
(y1/2 t o  11-ft 
depth) 

g x 108, 
I 

0 

0 

0 

&Heateh zt 250°C for  7 hr. 

bStored at 25°C f o r  78 days. 
r 

3 

,/! 

m 

i 

1., 
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a r e  being undertaken t o  c h a r a c t e r i z e  t h e  p o t e n t i a l  f o r  n 
energy s to rage  i n  t h e  s o l i d i f i e d  wastes. These c a l c u l a t i o n s  

w i l l  be v e r i f i e d  by d i r e c t  measurement dur ing  t h e  demonstra- 

t i o n a l  phase of r e p o s i t o r y  ope ra t ion .  

(1) Thermal E f f e c t s  

A v a r i e t y  of c a l c u l a t i o n s  have been made t o  eva lua te  

t h e  maximum t r a n s i e n t  temperatures i n  t h e  sa l t  t h a t  could 

r e s u l t  from an ins tan taneous  r e l e a s e  of s to red  energy. 

I n  t h i s  s tudy ,  we have eva lua ted  p r imar i ly  t h e  e f f e c t  

of i n i t i a l  age of t h e  waste,  i n i t i a l  thermal power, and 

the  length of time t h a t  t he  cyl inder  has been s tored  i n  

t h e  s a l t .  The energy s to rage  h a s  been conse rva t ive ly  

overestimated a s  one percent  of t h e  t o t a l  depos i ted  

photon-neutron energy (F igure  11) up t o  a maximum 

s a t u r a t i o n  value of 200 c a l / g  i n  t h e  ca l c ined  waste and 

20 c a l / g  i n  the  s a l t .  

The t r a n s i e n t  temperature i n  t h e  v i c i n i t y  of a waste 

cy l inde r  be fo re  and a f t e r  a s to red  energy r e l e a s e  was 

c a l c u l a t e d  us ing  numerical a n a l y s i s  techniques  of t h e  

type descr ibed  previously.  Of t h e  cases  s t u d i e d ,  t h e  

maximum thermal e f f e c t  of a s to red  energy r e l e a s e  occurred 

under t h e  assumption t h a t  a cy l inde r  having i n i t i a l  thermal 

power of 5000 w a t t s  and i n i t i a l  waste age of 10 y e a r s  

r e s u l t e d  i n  a s to red  enwgy r e l e a s e  30 yea r s  a f t e r  b u r i a l  
? 
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1. l--- =i---- 

0 0.5 I 1.5 2 2.5 
I 

DISTANCE FROM CENTER OF CYLINSER, f t  

Fig. 11 Accumulated Photon-Neutron Dose i n  t h e  Hor i zon ta l  Midplane 
of Cyl inders  of S o l i d i f i e d  High- leve l  Waste Buried i n  S a l t .  Waste cy l -  
i n d e r s  have i n s i d e  diameter  of  6 i n . ,  s t , ee l  wall t h i c k n e s s  of 0.25 i n . ,  
and a c t i v e  h e i g h t  of 8 f t .  
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Table 7 Estimated M a x i m u m  Temperature and Volume Increases 'kat 
Could Resu l t  from Release of S tored  Energy 

Developed by a Waste Cyl inder  S tored  i n  S a l t  

P r o p e r t i e s  of Waste Cylinder" 

I n i t i a l  thermal  power, W 

I n i t i a l  age of was te ,  yea r s  

Time of s t o r a g e  i n  sa l t ,  y e a r s  

Distance between c y l i n d e r s ,  f t  

Volume Change due t o  Thermal 
Expansion, f t3  

Waste and salt  

Brine 

T o t a l  

Maximum Temperature Rise ,  "F 
1 f t  from c e n t e r  of cy l inde r  

4 f t  from c e n t e r  of c y l i n d e r  

Midpoint between ad jacen t  
c y l i n d e r s  

5000 

10 

1 

27 

0.12 

1.53 
1.65 

56 
4 
0.9 

5000 520 3500 
10 10 1 

30 30 1 

27 8 1 2  

0.36 0.13 0.08 

5.62 1.79 0.88 
5.98 1.92 0.96 

170 150 49 
7 4 3 
2 4 2 

Cyl inders  a r e  assumed t o  have diameter  of 6 i n .  and a c t i v e  
l e n g t h  of 8 f t .  

a 
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i n  t h e  s a l t  (Table 7 ) .  The e f f e c t  of t h i s  r e l e a s e  was 

t o  cause no mel t ing  of t h e  s a l t  and a temperature r i s e  

of l e s s  than 2*F' a t  13.5 f e e t  from t h e  cen te r  of t h e  

c y l i n d e r .  

( 2 )  Mechanical E f f e c t s  

Rapid thermal expansion of t h e  waste and nearby s a l t  

r e s u l t i n g  from a r e l e a s e  of s to red  energy can p o t e n t i a l l y  

r e s u l t  i n  t h e  r a p i d  r e l e a s e  of mechanical energy. An 

overes t imate  of t h e  maximum amount of mechanical energy 

generated can be made by assuming t h a t  t he  expansion 

occurs  r e v e r s i b l y  aga ins t  t h e  ambient overburden p res su re  

of 1,000 p s i .  

Table 7 p r e s e n t s  r e s u l t s  of e s t ima tes  of maximum 

s to red  energy genera t ion  f o r  t h e  seve ra l  assumed cond i t ions  

of mechanical energy r e l e a s e .  M a t e r i a l s  p r o p e r t i e s  t h a t  

were assumed f o r  t hese  c a l c u l a t i o n s  a r e  given i n  Table 8 

Thermal expansion of t h e  b r i n e  which c o n s t i t u t e s  0.5 

percent  by volume of t h e  s a l t  was overestimated by assum- 

ing  t h a t  t h e  b r i n e  i s  pure water ,  us ing  thermodynamic d a t a  

from steam t a b l e s .  

These e s t ima tes  show t h a t  t h e  maximum amount of 

mechanical energy generated i s  conse rva t ive ly  l e s s  than  

t h e  equiva len t  of one pound of TNT. This  amount of energy 

r e l e a s e  would r e s u l t  i n  p r a c t i c a l l y  no deformation of t h e  

f l o o r  of t h e  room above t h e  pot .  
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Table 8 Assumed P r o p e r t i e s  of Calcined Waste and S a l t  Used for 
Analysis  of S tored  Energy Release 

~~- 

Calc ined  Waste 

Densi ty ,  l b / f t 3  113 
Thermal conduc t iv i ty ,  Btu/hr* f t .  "F 0.25 

Heat c a p a c i t y ,  Btu / lb-  O F  0.22 

C o e f f i c i e n t  of c u b i c a l  expansion,  "F-l 0.88 x 10'~ 

Rock S a l t  

Densi ty ,  l b / f t 3  

Brine c o n t e n t ,  vol $, 
Thermal conduc t iv i ty ,  Btu/hr* f t  O F  

Heat c s y a c i t y ,  Btu / lb*  O F  

C o e f f i c i e n t  of cubical. expansion,  "F'I 

Melt ing p o i n t ,  OF 

Crushed Salt  

Dens i ty ,  l b / f t '  

Brine con ten t ,  vol $, 
Thermal c o n d u c t i v i t y ,  Btu/hr f t  "F 
Heat c a p a c i t y ,  Btu/ lb  

135 
0.5 
1.81 
0.218 

0.67 x 

1470 

95 
0.5 
0.36 
0.218 
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c. Isotope Migration 

Analyses have been made of the various mechanisms by 

which radioisotopes can migrate within the mine. An analysis 

of solid.state diffusion of plutonium in NaCl indicates that 

this isotope should not migrate more than about 25 cm in 

one million years at a temperature of 350 C; however, there 

is little information available on surface diffusion of 

isotopes along grain boundaries. Experimental investigations 

of this mechanism have been initiated. 

0 

Recognizing that the waste containers can deteriorate 

in a relatively brief period of time after burial, the prospects 

for enhancement of the volatility of isotopes by steam arising 

from the brine within the salt has been considered. This 

appears to be a very remote possibility; however, the desira- 

bility for performing observations with unpackaged wastes under 

actual or simulated burial conditions will be evaluated.. 

Investigations are under way to determine the permeability 

of crushed salt to gases and to nonvolatile radioisotopes, 

and on the formation and fate of Pu02 aerosols. 

mation is needed in the design of the mine ventilation system 

and for the analysis of the possible consequences of accidents. 

This infor- 

i' 
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I 

I 

V I .  FACILITY DESCRIPTION 

I 

9 
A. Descr ip t ion  of t h e  Repository 

The Repository w i l l  u t i l i z e  t h e  e x i s t i n g  180-acre Carey mine and 

approximately 800 acres of the ad jo in ing  sa l t  formation. 

a b u f f e r  zone approximately 1700 f t .  wide w i l l  be e s t a b l i s h e d  around 

t h e  per iphery  o f  t h e  s i te  through t h e  a c q u i s i t i o n  of subsur face  mineral  

r i g h t s .  While being designed t o  accep t  a l l  of t h e  a lpha  and high-level 

wastes t o  be generated i n  t h i s  country through t h e  yea r  2000, t h i s  

f a c i l i t y  w i l l  be  opera ted  i n i t i a l l y  as a demonst ra t iona l  f a c i l i t y .  

During t h i s  demonstration phase i t  is  planned t o  o b t a i n  v e r i f i c a t i o n  of 

p e r t i n e n t  c a l c u l a t i o n a l  techniques by i n - s i t u  measurements, e f f l u e n t  and 

environmental  monitoring, and o t h e r  a c t i v i t i e s  t o  confirm t h a t  all 

a s p e c t s  of t h e  ope ra t ion  of t h i s  f a c i l i t y  can be c a r r i e d  o u t  s a f e l y  

and r e l i a b l y  wi thout  endangering t h e  h e a l t h  and s a f e t y  of t h e  pub l i c .  

I n  a d d i t i o n ,  

This demonstration per iod  is  t o  be  c a r r i e d  o u t  dur ing  t h e  e a r l y  yea r s  

of f a c i l i t y  ope ra t ion  when t h e  volume of wastes t o  be bu r i ed  w i l l  be 

q u i t e  s m a l l .  During t h i s  per iod ,  a l l  wastes bur ied  w i l l  be  i n  a 

f u l l y  r e t r i e v a b l e  form. 

The mine w i l l  be  designed so t h a t  w i t h i n  60 t o  100 y e a r s  t h e  s a l t ,  

by t h e  processes  of deformation and r e c r y s t a l l i z a t i o n ,  w i l l  have caused 

r econso l ida t ion  of t h e  e n t i r e  area, and t h e  wastes w i l l  be  completely 

i s o l a t e d  from t h e  b i o l o g i c a l  environment. The conceptual des ign  is  

c u r r e n t l y  being developed; accord ingly ,  t h e  fo l lowing  genera l ized  

d e s c r i p t i o n s  must be  cons ide red ,p re l imina ry .  
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B. 

The p r i n c i p a l  components of t h e  Repository are (Fig.12):  (1) t h e  

e x i s t i n g  Carey s a l t  mine s i t u a t e d  about 1000 f t .  below t h e  s u r f a c e  

which w i l l  be used f o r  s t o r a g e  of t h e  a lpha  wastes; (2)  a b u i l d i n g  i n  

which t h e  a lpha  waste packages are rece ived ,  monitored, and t r a n s f e r r e d  

t o  the  e x i s t i n g  mined area by d i r e c t  handling techniques; (3)  a b u i l d i n g  

equipped t o  r e c e i v e  con ta ine r s  of h igh- leve l  wastes and t r a n s f e r  them 

remotely from t h e i r  sh ipping  casks  t o  t h e  mine l e v e l ;  ( 4 )  a newly mined 

area f o r  b u r i a l  of t h e  h igh- leve l  wastes; and (5) va r ious  suppor t  

f a c i l i t i e s  such as ope ra t ions  and o f f i c e  b u i l d i n g s ,  a warehouse, and 

those  o t h e r  s e r v i c e s  and u t i l i t i e s  t h a t  are r equ i r ed  f o r  mining and under- 

ground s t o r a g e  ope ra t ions .  

t h a t  t h e  confinement c a p a b i l i t y  and r a d i a t i o n  s a f e t y  are maintained 

fo l lowing  exposure t o  c r e d i b l e  i n t e r n a l  and e x t e r n a l  f o r c e s  ( inc lud ing  

f lood ,  tornadoes and ear thquakes) .  

A l l  f a c i l i t i e s  w i l l  be  designed t o  ensure  

High-Level Waste F a c i l i t y  

The High-Level Waste F a c i l i t y  c o n s i s t s  of a w a s t e  r ece iv ing  b u i l d i n g ,  

a newly mined area underground, and miscellaneous s u r f a c e  suppor t  

f a c i l i t i e s .  

1. 

The h igh- leve l  mine w i l l  a d j o i n  t h e  Alpha Mine (Fig. 2).  

High-Level Waste Receiving Bui ld ing  - S o l i d i f i e d  h igh- leve l  wastes, 

s e a l e d  w i t h i n  con ta ine r s  of h igh  i n t e g r i t y  w i l l  be  shipped t o  t h e  

r e p o s i t o r y  i n  massive , heav i ly  s h i e l d e d  casks.  The h igh- leve l  waste 

r ece iv ing  b u i l d i n g  w i l l  p rovide  necessary  f a c i l i t i e s  f o r  unloading 

t h e  con ta ine r s  of w a s t e  from t h e  cask and f o r  t h e i r  i n s p e c t i o n ,  

decontamination ( i f  necessary)., and t r a n s f e r  t o  t h e  mine l e v e l .  
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Figure 12. 
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Por t ions  of  t h i s  b u i l d i n g  t h a t  may p o t e n t i a l l y  conta in  

r a d i o a c t i v e  material w i l l  o p e r a t e  under a negat ive  p r e s s u r e  

wi th  r e s p e c t  t o  t h e  atmosphere and w i l l  be ,  wherever a p p r o p r i a t e ,  

r e s i s t a n t  t o  na tu ra l  phenomena such as earthquakes and tornadoes.  

Contained p o r t i o n s  o f  t h e  b u i l d i n g  w i l l  be v e n t i l a t e d  wi th  condi- 

t ioned  a i r  suppl ied  by a r e c i r c u l a t i n g  system. HEPA f i l t e r s  w i l l  

be  i n s t a l l e d  i n  t h e  r e t u r n  d u c t s  of t h e  system t o  c o l l e c t  any 

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

uncontaminated areas. The v e n t i l a t i o n  flow p a t t e r n  w i l l  always 

b e  from areas of low-contamination p o t e n t i a l  t o  areas of  succes- 

s i v e l y  h igher  contamination p o t e n t i a l .  

High-Level Mine - The high-level  mine w i l l  be developed over t h e  

l i f e  of  t h e  r e p o s i t o r y  using convent ional  s a l t  mining techniques.  

The requi red  rate of mining w i l l  i n c r e a s e  during t h e  l i f e  of t h e  

f a c i l i t y  from about 200,000 tons/year  i n i t i a l l y ,  t o  about 1.3 

m i l l i o n  tons /year  dur ing  t h e  l a s t  several years  of opera t ion .  

Most of t he  s a l t  w i l l  be used f o r  b a c k f i l l i n g ;  eventua l ly ,  t h e  

remainder w i l l ,  a f t e r  monitoring f o r  contamination, be r a i s e d  t o  

t h e  s u r f a c e  and may e i t h e r  be o f f e r e d  f o r  s a l e  to.commercia1 o u t l e t s  

o r  depos i ted  i n  o t h e r  nearby s a l t  mines. 

2. 

The c o n t a i n e r s  of  high-level  waste received a t  t h e  mine level  

w i l l  be  t ranspor ted  i n  sh ie lded  equipment t o  rooms mined i n  t h e  

sa l t  formation and bur ied  i n  h o l e s  i n  t h e  s a l t .  The spacing 



between con ta ine r s  w i l l  be  ad jus t ed  such t h a t  the  r ad ioac t ive  

decay hea t  w i l l  be d i s s i p a t e d  without  exceeding a bulk  sal t  

temperature  of 392'F. 

u t i l i z e d ,  t h e  room ' w i l l  be  b a c k f i l l e d  wi th  crushed s a l t  and 

sea l ed  from t h e  remainder of t h e  mine. 

Af t e r  t he  b u r i a l  area of a room has been 

C. Alpha Waste F a c i l i t y  

The a lpha  waste f a c i l i t y  w i l l  be  comprised of a su r face  l e v e l  

rece iv ing  and handl ing bu i ld ing ,  a s h a f t  and h o i s t  f o r  lowering the  

n 

waste i n t o  t h e  mine, and a l l  of t h e  underground workings of t h e  

e x i s t i n g  Carey S a l t  Mine. The p r e s e n t l y  mined-out area unde r l i e s  about 

200 acres of l and ,  and the mine should provide approximately 20 m i l l i o n  

cubic  f e e t  of s t o r a g e  space f o r  a lpha  waste (Fig. E). 

The a lpha  waste r ece iv ing  bu i ld ing  w i l l  provide confined and 

monitored earthquake- and tornado-res i s tan t  f a c i l i t i e s  i n  wkich waste 

packages can be unloaded, monitored f o r  e x t e r n a l  contamination, 

decontaminated i f  necessary,  and lowered i n t o  the  mine. I n i t i a l l y ,  

shipments of a lpha  waste w i l l  be made only by r a i l  i n  s p e c i a l l y  

designed railcars, (ATMX 600 series) but  i t  is  probable  t h a t  p rovis ions  

w i l l  be made t o  r ece ive  motor f r e i g h t  a t  a later da te .  

The p r e s e n t l y  mined-out area w i l l  provide space f o r  s t o r i n g  about 

20 m i l l i o n  cubic  f e e t  of a lpha  wastes, and t h e  a lpha  f a c i l i t y  w i l l  have 

t h e  c a p a b i l i t y  t o  handle 1 m i l l i o n  cubic  f e e t  of waste pe r  year .  

a lpha  waste t r a n s f e r  s h a f t  w i l l  t e rmina te  i n  an alpha-confinement room 

The 
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a t  mine level. 

j o i n t i n g  cage and t ranspor ted  t o  t h e  d i s p o s a l  rooms where they w i l l  

b e  unloaded and s tacked.  

i t  w i l l  be  b a c k f i l l e d  wi th  s a l t  and sea l ed .  The mine w i l l  be  v e n t i l a t e d  

wi th  a i r  suppl ied  through t h e  multipurpose s h a f t ,  and maintained a t  

p r e s s u r e  below t h a t  of t h e  atmosphere. A l l  a i r  exhausted from t h e  

f a c i l i t y  w i l l  be  f i l t e r e d  and monitored p r i o r  t o  release through a 

s t a c k .  

Here, t h e  packages of waste w i l l  be  unloaded from t h e  

When a n  area o r  room has been completely f i l l e d ,  

D. Safe ty  Systems 

S a f e t y  and e f f l u e n t  c o n t r o l  systems w i l l  be incorpora ted  i n t o  t h e  

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

reduce e f f l u e n t s  from t h e  f a c i l i t y  t o  t h e  lowest p r a c t i c a l  level.  A s  

noted previous ly ,  c r i t i c a l  areas of t he  f a c i l i t y  w i l l  b e  designed t o  

main ta in  confinement and s a f e  shutdown c a p a b i l i t y  i n  t h e  event of  

severe n a t u r a l  events  which could be a n t i c i p a t e d  a t  t h e  s i t e  such as 

f l o o d s ,  tornadoes,  and earthquakes.  The d e t a i l s  of t h e s e  systems 

w i l l  be  descr ibed  i n  t h e  f a c i l i t y  Conceptual Design and Safe ty  Report 

c u r r e n t l y  i n  prepara t ion .  This  document w i l l  provide t h e  b a s i s  of t h e  

i n i t i a l  s a f e t y  review o f  t h i s  p r o j e c t  by the Advisory Committee on 

Reactor Safeguards . 
1. Radiat ion and Environmental Monitoring Programs - Severa l  types  of 

monitoring programs w i l l  be c a r r i e d  o u t  a t  t h e  f a c i l i t y .  These 

can be  c h a r a c t e r i z e d  g e n e r a l l y  as "on-site" and "of f -s i te"  monitoring. 

The "on-site" program w i l l  be  c a r r i e d  o u t  by t h e  o p e r a t i n g  c o n t r a c t o r .  
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It w i l l  be  t h e  c o n t r a c t o r ' s  r e s p o n s i b i l i t y  t o  a s su re  that  a l l  

ope ra t ions  w i t h i n  the  f a c i l i t y  are performed i n  accordance wi th  

accepted r a d i a t i o n  p r o t e c t i o n  s tandards .  Add i t iona l ly ,  t h e  

ope ra t ing  c o n t r a c t o r  w i l l  a l s o  be r e spons ib l e  f o r  monitoring 

any and a l l  e f f l u e n t s  from t h e  f a c i l i t y  a t  t h e  p o i n t  of  release 

t o  a s s u r e  t h a t  such releases are as low as p r a c t i c a b l e  and below 

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

be f u r t h e r  developed as t h e  des ign  of t h e  f a c i l i t y  progresses 

and w i l l  be descr ibed  i n  t h e  Design and Sa fe ty  Report. 

Details of t h e  monitoring program w i l l  

The second type of monitoring d e a l s  w i th  t h e  surrounding 

environment both dur ing  t h e  active l i f e  of t h e  f a c i l i t y  and 

a f t e r  i ts decommissioning t o  a s s u r e  t h e  absence of any de t r imen ta l  

e f f e c t s .  

s u l t a t i o n  wi th  appropr i a t e  Federa l  and state agencies  and w i l l  

n e c e s s a r i l y  involve  ob ta in ing  base- l ine  d a t a  on t h e  e x i s t i n g  

r a d i o l o g i c a l  and eco log ica l  environment. 

The de ta i l s  of t h i s  program w i l l  be developed i n  con- 

E. Packaging and Shipment of Wastes 

Both t h e  a lpha  and high-level wastes w i l l  be shipped t o  t h e  

r e p o s i t o r y  i n  a manner approved by t h e  Atomic Energy Commission and 

i n  accordance wi th  a c e r t i f i c a t i o n  of compliance t h a t  is  granted  by 

t h e  Department of T ranspor t a t ion  (DOT). These shipments s h a l l  conform 

w i t h  a l l  app l i cab le  r e g u l a t i o n s  of t h e  DOT (49 CFR 173.389 through 

173.399) and t h e  Atomic Energy Commission (AEC Manual Chapter 0529 and 

10 CFR 71). 
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The a lpha  wastes w i l l  i n i t i a l l y  be shipped t o  t h e  r e p o s i t o r y  

s e a l e d  w i t h i n  8 x 8 ~ 2 0  f t .  r e t u r n a b l e  cargo con ta ine r s .  These con ta ine r s  

w i l l  be p laced  w i t h i n  r a i l c a r s  of s p e c i a l  des ign  (ATMX 600 series) which 

serve as a rugged con ta ine r  t h a t  is  r e s i s t a n t  t o  p o s s i b l e  c o l l i s i o n s  

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

unloading of t h e  ra i lcar ,  w i l l  p rovide  a n  a d d i t i o n a l  secondary confine- 

ment b a r r i e r  a g a i n s t  t h e  a c c i d e n t a l  d i s p e r s i o n  of t h e  waste. Comparable 

sh ipping  systems f o r  t r u c k  t r a n s p o r t  may be developed a t  a l a te r  da te .  

Sealed c o n t a i n e r s  of s o l i d i f i e d  h igh- leve l  waste w i l l  be  t r anspor t ed  

i n  massive, heav i ly  sh i e lded  casks,  designed t o  wi ths tand  seve re  t r ans -  

p o r t a t i o n  acc iden t s  wi thout  r e l e a s i n g  t h e i r  con ten t s .  

As r equ i r ed  by t h e s e  r e g u l a t i o n s ,  packages and t r a n s p o r t  contain- 

ment systems are designed and cons t ruc ted  t o  wi ths tand  t h e  e f f e c t s  of 

s eve re  t r a n s p o r t a t i o n  acc iden t s  without t h e  release of r a d i o a c t i v e  

materials. These same s t anda rds  have been accepted f o r  world-wide 

use i n  t h e  r e g u l a t i o n s  of t h e  I n t e r n a t i o n a l  Atomic Energy Agency. 

Shipment of waste t o  t h e  r e p o s i t o r y  w i l l  be made under t h e  same r u l e s  as 

are c u r r e n t l y  app l i ed  t o  shipments of o t h e r  r a d i o a c t i v e  materials. 

No s p e c i f i c  p r o t e c t i o n  w i l l  be r equ i r ed  by carrier personnel 

Both types  of handl ing  e i t h e r  high o r  low-level waste shipments. 

waste w i l l  be loaded by the  sh ipper  and unloaded a t  t h e  r e p o s i t o r y  

wi th  no in t e rmed ia t e  handl ing  of packages. 

t h e  e x t e r n a l  r a d i a t i o n  l e v e l s  on r a d i o a c t i v e  shipments are such as t o  

DOT r e g u l a t i o n s  concerning 
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9 
eliminate any requirements for additional protection of the transport 

workers other than that provided by the packages themselves. These 

radiation limits specified in 10 CFR 71, will assure that the transport 

workers will not be exposed to radiation in excess of the values 

recommended by the Federal Radiation Council, the International 

Commission on Radiological Protection, and the AEC. 

Shipment of radioactive waste to the repository does not present 

any new or unique problems, nor require the development of a markedly 

different system technology. Shipments of both high-level and low- 

level radioactive materials have been made routinely and safely for 25 

years without a single case of radiation exposure to the general public. 

The Commission has recently been assured by the Federal Railroad 

Administration that the roadbeds over which the wastes will travel to 

the repository will be inspected prior to the first shipments. 

F. Waste Retrieval Systems 

Once radioactive wastes are emplaced in the salt repository, they 

It is not planned that they will be regarded as in permanent storage. 

will be relocated elsewhere. Retrieval would only be considered in 

light of an objective safety problem under circumstances which to date 

have not been postulated. The facility will, however, be designed so 

as not to preclude retrieval. 
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With respect to the high-level wastes, the burial locations for 

each container will be accurately surveyed and recorded so that the 

precise location of the wastes will be known. 

of remotely controlled automatic mining equipment would thus be 

possible. Because of their radiation characteristics, alpha wastes 

would not offer retrieval problems equivalent to the high-level wastes. 

The present state of development of mining techniques and equipment 

are considered adequate to enable development of waste retrieval 

systems. During the course of the facility design, retrieval system 

concepts will be developed. Specific features of such concepts will 

be tested during the demonstration phase which will take place during 

the initial years of facility operations to confirm, if necessary, 

that retrieval can be accomplished effectively. 

Retrieval through use 
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V I I .  IMPACT ON HUMAN ENVIRONMENT 

A. Radiologic and Phys io logic  E f f e c t s  

Repository systems f o r  p r o t e c t i o n  of t he  gene ra l  p u b l i c  and 

ope ra t ing  personnel a g a i n s t  exposure t o  r a d i o a c t i v e  and phys io log ica l ly  

hazardous materials are being designed t o  comply wi th  a l l  Federal  

r e g u l a t i o n s  governing r a d i a t i o n  s a f e t y ,  mine s a f e t y ,  and i n d u s t r i a l  

s a f e t y .  

t he  Repository are AEC Manual Chapter (AECM) 0524 and 10  CFR 20 f o r  

r a d i a t i o n  s a f e t y ;  30 CFR 57 f o r  mine s a f e t y ;  AECM 0550 and 41  CFR 50-204 

f o r  i n d u s t r i a l  s a f e t y ;  and AECM 0529 and 10 CFR 71  f o r  t r a n s p o r t a t i o n  

sa fe ty .  

The p r i n c i p a l  r e g u l a t i o n s  t h a t  d i c t a t e  s a f e t y  p rov i s ions  of 

A desc r ip t ion  of these  systems and t h e i r  performance s p e c i f i -  

c a t i o n s  w i l l  be contained i n  t h e  Conceptual Design and Sa fe ty  Report ,  

The only s i g n i f i c a n t  source  of o f f - s i t e  exposure t o  r a d i o a c t i v e  

o r  o t h e r  materials o r i g i n a t i n g  from t h e  Repository w i l l  be from very  

small q u a n t i t i e s  of a i rbo rne  p a r t i c u l a t e  materials t h a t  escape through 

high e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) f i l t e r s .  It i s  planned t h a t  

t h e r e  w i l l  be no d ischarge  of l i q u i d  waste from t h e  Repository.  Wastes 

n 

genera ted  as a r e s u l t  of Repository ope ra t ions  (such as decontamination 

s o l u t i o n s )  w i l l  be  s o l i d i f i e d ,  packaged and bu r i ed  i n  t h e  mine. Aqueous 

r e s i d u e s  w i l l  be recyc led  wi th  any excess water being evaporated t o  t h e  

atmosphere a f t e r  a p p r o p r i a t e  decontamination. 

Instrument systems w i l l  be  provided f o r  continuous monitoring of 

r a d i a t i o n  l e v e l s  and concen t r a t ions  of a i rbo rne  materials i n  t h e  work 

areas, i n  s t a c k  e f f l u e n t s ,  a t  t h e  boundary of t h e  s i te ,  and a t  s e l e c t e d  

o f f - s i t e  l o c a t i o n s .  
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The materials t h a t  w i l l  escape t o  t h e  atmosphere i n  small 

concent ra t ions  include:  (1) p a r t i c u l a t e  matter r e s u l t i n g  from 

resuspension of s u r f a c e  contamination; (2) gases  (85Kr, 3H, He) t h a t  

r e s u l t  from decay of t h e  waste; (3)  radon gas t h a t  occurs  n a t u r a l l y  

i n  t h e  mine; ( 4 )  nonradioact ive gases  (H H C 1 )  t h a t  r e s u l t  from 

decomposition of t h e  sa l t ,  cor ros ion ,  e l e c t r o l y s i s ,  and r a d i o l y s i s ;  

(5) exhaust fumes from d i e s e l  equipment; and ( 6 )  sa l t  p a r t i c l e s .  

Concentrat ions o f  these materials i n  work areas of t h e  Repository 

w i l l  be  maintained w e l l  below t h e  a p p l i c a b l e  s tandards  f o r  occupat iona l  

exposure . 
1. Off-Si te  Consequences of Normal Releases - Present  estimates of 

2 ’  

t he  rate of release of t h e s e  materials t o  t h e  atmosphere and 

t h e  maximum o f f - s i t e  concent ra t ions  t h a t  w i l l  r e s u l t  a t  t h e  

southern  boundary of  t h e  s i te ,  are presented i n  Table  9. These 

maximum concent ra t ions  are less than 0.1% of  t h e  a p p l i c a b l e  

s t a n d a r d s  f o r  exposure of t h e  p u b l i c  (10 CFR 20), and i n  g e n e r a l ,  

are w e l l  below t h e  concent ra t ions  of t h e  same materials t h a t  

exis t  a t  p r e s e n t  due t o  n a t u r a l  and man-made sources .  

It is est imated t h a t  over t h e  l i f e  of t h e  Reposi tory,  t h e  

bui ldup of o f f - s i t e  s u r f a c e  contamination of v a r i o u s  r a d i o a c t i v e  

s p e c i e s  w i l l  u l t i m a t e l y  r e s u l t  i n  a level t h a t  is  less than  1% 

of t h e  l e v e l  t h a t  p r e s e n t l y  e x i s t s  f o r  t h e  same s p e c i e s  ( inc luding  
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90 such rad io iso topes  as 

depos i ted  by f a l l o u t .  

t he  experience has been t h a t  t h e  materials cannot be reconcent ra ted  

t o  hazardous l e v e l s  i n  food chains .  The o f f - s i t e  monitoring program 

w i l l  v e r i f y  these  assumptions. 

S r ,  137Cs, and 2391?u) which have been 

A t  t h e s e  l e v e l s  of s u r f a c e  contamination, 

2. Off-Site Consequences of Non-Routine Events - The f a c i l i t y  w i l l  be 

designed t o  maintain i ts  confinement c a p a b i l i t y  i n  t h e  event  i t  

i s  subjec ted  t o  extreme n a t u r a l  occurrences such as ear thquakes,  

tornadoes and f loods  which can be c red ib ly  a n t i c i p a t e d  a t  t h e  si te.  

S imi l a r ly ,  t h e  f a c i l i t y  w i l l  be designed t o  m i t i g a t e  t h e  

consequences of c r e d i b l e  acc iden t s  occur r ing  w i t h i n  t h e  s i te  

boundary so  as t o  comply wi th  a l l  app l i cab le  s tandards  and 

r egu la t ions  (e.g. ,  10  CFR 100) governing t h e  ope ra t ion  of nuc lear  

f a c i l i t i e s .  

n 

B. Geophysical Impact 

See d i scuss ion  under Sec t ion  V.B.1.d. 

C. Ecological  Impact 

The p r i n c i p a l  long-term eco log ica l  e f f e c t s  are expected t o  be 

phys ica l  i n  cha rac t e r  r e s u l t i n g  from t h e  man-made improvements such as 

roads,  parking areas, and o t h e r  s t r u c t u r e s ,  e .g . ,  t h e  a lpha  waste and 

high-level  r ece iv ing  bu i ld ings .  While t h e r e  w i l l  be  c e r t a i n  changes 
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t o  t h e  s u r f a c e  ecology r e s u l t i n g  from cons t ruc t ion  a c t i v i t i e s ,  t h e s e  

can be  minimized and should only  be of a temporary na ture .  The thermal 

e f f e c t  on t h e  s u r f a c e  ecology should not  r e s u l t  i n  any d e t e c t a b l e  

change i n  t h e  dominant cha rac t e r  of t h e  grass land  community o r  t h e  

fauna s i n c e  t h e  i n c r e a s e  i n  t h e  s u r f a c e  s o i l  temperatures  w i l l  be 

neg l ig ib l e .  Thus, fol lowing cons t ruc t ion ,  r evege ta t ion  wi th  indigenous 

spec ie s  could be achieved i f  des i r ed  wi th  no adverse e c o l o g i c a l  e f f e c t s .  

I n  gene ra l ,  no s i g n i f i c a n t  e f f e c t  on w i l d l i f e  popula t ions  is a n t i c i p a t e d  

e i t h e r  i n  regard  t o  numbers o r  i n  spec ie s  composition. 

Because e f f l u e n t s  from t h e  r epos i to ry  w i l l  not  r e s u l t  i n  an 

i n c r e a s e  i n  e i t h e r  t he  levels of s u r f a c e  contamination o r  i n  t h e  

concent ra t ion  of a i rbo rne  a c t i v i t y ,  no impact on t h e  ecology is 

a n t i c i p a t e d .  

environmental  monitoring program. 

This  assessment w i l l  be confirmed as p a r t  of t he  planned 

- 85 - 



Table 9 Est imated  Release Rates and Average Annual O f f - s i t e  Concent ra t ions  of Radioac t ive  
and Other M a t e r i a l s  Resu l t ing  from Fu l l -Sca le  Operat ion of t h e  Repos i tory  

~~ 

Mater i al 

Percent  o f  Per cent  of 
Average Annual O f f -  Appl icable  - Estimated 

Average Annual s i t  e Concent ra t ions  Standards P resen t  Concen- 
Rate of Release Resul t ing from f o r  Exposure t r a t i o n  i n  t h e  

t o  Atmosphere Repos i tory  E f f l u e n t s “  of t h e  Publ icb  Atmosphere 

High-level  waste  p a r t i c l e s  

Alpha waste p a r t i c l e s  

8 6 ~  (spontaneous f i s s i o n )  

3H (spontaneous f i s s i o n )  

2 2 2 ~ 1 - 1  ( n a t u r a l  sou rces )  

2 2 0 ~  ( n a t u r a l  sou rces )  

H, ( co r ros ion ,  r a d i o l y s i s ,  

He ( a l p h a  decay) 

H C 1  ( b r i n e  decomposition) 

COZ ( d i e s e l  exhaust ) 
CO ( d i e s e l  exhaus t )  

NO2 ( d i e s e l  exhaus t )  

SO2 ( d i e s e l  exhaus t )  

CFTO ( d i e s e l  exhaus t )  

Soot ( d i e s e l  e x h a u s t )  

S a l t  p a r  ti c l e  s 

I 

I e l e c t  r o l y  s i  s ) 

0.007 Ci /year  

0.04 pCi/yeax 

0.014. C i l y e a r  

0.0009 Ci/year  

0.9 Ci /year  

0.04 Ci /year  

37 scfm 

0.001 s c f h  

0.07 scfm 

50 scfm 

0.05 s c f i  

0.05 S C ~  

0.0007 Scfkn 

2 l b / y e a r  

5 l b / y e a r  

0.03 scfm 

0.2 ppm 

0.000004 ppm 

0.0003 ppm 

0.2 ppm 

0.0002 ppm 

0.0002 ppm 

0.0001 ppm 

0.000003 ppm 

0.1 pg/m3 

0.2 clg/m3 

0.02 

0.0001 

0.000004 

0,0000004 

0.02 

0.0003 

0.002 

4 x 10’8 
0.006 

0.004 

0.0004 

0.004 

0,002 

o.00003 

0.0007 

0.001 

~- 

5.0 

0.02 

0.04 

0.002 

0.2 

0.2 

40. 

0.00008 

100. 

0.07 

0.2 

7 
1 

0.05 

0.2 

0.8 

a 

bBased on o n e - t h i r d  of limits i n  lOCFR20, Table 11, Column 1 for r a d i o n u c l i d e s  and t h r e s h o l d  l i m i t  va lues  

These a r e  t h e  maximum c o n c e n t r a t i o n s  which r e s u l t  a t  t h e  southern boundary of t h e  s i t e .  

(American Conference of Governmental I n d u s t r i a l  H y g i e n i s t s )  f o r  o t h e r  materials. 



V I I I .  IMPACT ON LOCALITY 

A. Impact on U t i l i t i e s  and Municipal Serv ices  

Electr ic  power f o r  t h e  r e p o s i t o r y  w i l l  be suppl ied  by t h e  Kansas 

Power and Light  Company. Rel iab le  e l e c t r i c  standby power w i l l  be 

provided f o r  a l l  c r i t i c a l  systems. 

and f i r e  f i g h t i n g  w i l l  be suppl ied  from an e x i s t i n g  main. 

water supply f o r  t h e  f i r e  c o n t r o l  system w i l l  be  provided. 

Potab le  water f o r  s a n i t a r y  needs 

An emergency 

S a n i t a r y  

sewage from a l l  areas w i l l  b e  pumped i n t o  t h e  municipal system. Any 

r a d i o a c t i v e  wastes generated from decontamination o p e r a t i o n s  i n  t h e  

r e p o s i t o r y  w i l l  be  a p p r o p r i a t e l y  processed and disposed of i n  t h e  mine. 

The municipal gas ,  water, and s a n i t a r y  sewage systems s e r v i n g  

Lyons, Kansas, have adequate e x i s t i n g  excess  capac i ty  t o  serve t h e  

r e p o s i t o r y .  Ample e lec t r ic  capac i ty  i s  a l s o  a v a i l a b l e .  Extensions 

t o  e x i s t i n g  d i s t r i b u t i o n  systems w i l l  be requi red  f o r  some of t h e  

services. 

B. Impact on Resources 

1. Water - Construct ion and o p e r a t i o n  of t h e  r e p o s i t o r y  should have 

no impact on e i t h e r  t h e  q u a n t i t y  o r  q u a l i t y  of t h e  water resources  

i n  t h e  area. No r a d i o a c t i v e  l i q u i d  e f f l u e n t s  w i l l  be  r e l e a s e d  

from t h e  f a c i l i t y  and municipal water and sewage systems have 

adequate e x i s t i n g  excess c a p a c i t y  t o  serve t h e  Repository.  The 
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provis ions  which w i l l  be incorpora ted  i n t o  t h e  f a c i l i t y  t o  prevent  

contamination of ground-water supp l i e s  i n  t h e  event  of  abnormal 

ope ra t ion  of t he  f a c i l i t y  w i l l  be d e t a i l e d  i n  t h e  Conceptual Design 

and Safe ty  Report. 

2. Occurrences of O i l  and Gas - A t  t h e  p re sen t  t i m e ,  t h e r e  is  one producing 

o i l  w e l l  l oca t ed  wi th in  the  boundaries of t h e  proposed site. 

w e l l  has  always been a very minor producer and t h e r e  is  evidence 

t h a t  product ion w i l l  be  terminated i n  t h e  near  fu tu re .  Adjacent 

w e l l s  have a l l  been dry  holes .  There are no o t h e r  producing o i l  

o r  gas  w e l l s  i n  t h e  immediate v i c i n i t y  a l though s e v e r a l  w e l l s  

have been d r i l l e d .  Based on t h i s  information,  i t  i s  be l ieved  t h a t  

there are no significant mineral. resources p re sen t ly  underlying 

t h e  r e p o s i t o r y  s i t e  which would be i n t e r d i c t e d .  

Occurrence and D i s t r i b u t i o n  of Rock S a l t  - Rock sal t  r e se rves  are 

e s s e n t i a l l y  inexhaus t ib l e .  Indeed, i t  i s  est imated tha t  t h e  rock 

sa l t  r e se rves  i n  the  S ta te  of Kansas a lone  exceed f i v e  b i l l i o n  tons  

o r  enough t o  meet the  p re sen t  needs of t h e  United States f o r  t he  

next  500,000 years .  

s e c t i o n s  of t he  country,  having been found i n  24 of t h e  50 states. 

With t h e  v a s t  amount of rock s a l t  d e p o s i t s  e x i s t i n g  wi th in  t h e  

U.S., i t  is evident  t h a t  t he  few m i l l i o n  tons  of sa l t  t h a t  would be  

used t o  r e t a i n  t h e  r ad ioac t ive  wastes a t  t h e  Kansas r epos i to ry  are 

too small t o  have any measurable e f f e c t  on t h e  r e se rves  of t h i s  

abundant n a t u r a l  resource.  

This  

3 .  

S a l t  d e p o s i t s  are known t o  e x i s t  i n  most 
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I f \ C. Sociological Impact 

1. Population - Projected full-scale operation of the repository (v 
will result in the addition of perhaps 200 jobs to the Lyons 

community. 

A s  noted previously, the establishment of this facility may 

attract other commercial or nuclear-related activities to this 

area. 

2. Esthetics - The repository will not be offensive with respect to 

sprawl, noise, waste effluents, large utility usage, or conspicuous 

engineered features. 

3. Relocation - There are three houses on the area occupied by 

approximately 14 people. Included in these are a tenant, his 

wife and 7 children, a man and wife and boy who just graduated 

from high school, and the third house is occupied by a man and 

wife. 

4 .  Transportation - Construction and operation of the facility will 

result in increased rail and truck shipment to the repository. 

These will be equivalent to what would be expected to be necessary 

to service a moderate production facility and will not impose an 

undue burden on the transportation facilities. Carload shipments 

of alpha waste are estimated at 420 in 1980, growing to 1200 in 

the year 2000. Carload shipments of high-level waste are estimated 

to be 23 in 1980 and grow to 585 in the year 2000 on an annual 

basis. 
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5. Archeology - There are s i g n i f i c a n t  a r cheo log ica l  s i tes  i n  north- 

e a s t e r n  Rice County b u t  t h e r e  are no known p r e h i s t o r i c  Indian  

relics o r  o t h e r  a n t i q u i t i e s  on t h e  intended r e p o s i t o r y  s i te .  

Acquis i t ion  of t h e  s i te  w i l l ,  however, comply wi th  t h e  requi re -  

ments of t h e  Federa l  A n t i q u i t i e s  Act, i f  app l i cab le .  
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I X .  ALTERNATIVES 

P r i n c i p a l  A l t e r n a t i v e s  t o  S a l t  - Several o t h e r  p o s s i b i l i t i e s  have been 

s t u d i e d  o r  s e r i o u s l y  considered f o r  t h e  long-term s t o r a g e  of h igh  level 

and a lpha  wastes. Among t h e  more notab le  are t h e  fol lowing:  

"Perpetual" tank s t o r a g e  - Storage of wastes as l i q u i d s  i n  near- 

s u r f a c e  tanks has  been a s u c c e s s f u l  means f o r  conta in ing  r a d i o a c t i v e  

wastes t o  d a t e ;  however, t h i s  p r a c t i c e  can be considered only as an 

i n t e r i m  measure because t h e  waste is  contained i n  a mobile form w i t h i n  

t h e  biosphere.  The tanks must a l s o  be  p e r i o d i c a l l y  rep laced  due t o  

cor ros ion .  

Disposal  as s o l i d s  i n  s u r f a c e  o r  near-surface v a u l t s  - This  a l t e r n a t i v e ,  

whi le  r e p r e s e n t i n g  an improvement over t h e  s t o r a g e  of l i q u i d s  i n  t anks ,  

does no t  provide t h e  high degree of assurance of long-term i s o l a t i o n  

as is  a v a i l a b l e  i n  t h e  case of s t o r a g e  i n  mined caverns i n  deep geologic  

formations.  Surface o r  near  s u r f a c e  v a u l t s  would promote t h e  p r o l i f e r a -  

t i o n  of waste d i s p o s a l  sites and would r e q u i r e  a h igh  degree of p h y s i c a l  

c o n t r o l  and p e r i o d i c  replacement of t h e s e  s t r u c t u r e s  t o  maintain t h i s  

i s o l a t i o n .  Furthermore, analyses  i n d i c a t e  t h a t  t h e  c o s t s  f o r  s t o r a g e  

i n  concre te  v a u l t s  would be s i g n i f i c a n t l y  more expensive than  s t o r a g e  

i n  mined r e p o s i t o r i e s .  

Storage i n  mined cavities i n  geologic  formations o t h e r  than  bedded 

- sa l t  - The Commission h a s  under active s tudy  t h e  use  of mined cavi t ies  

i n  bedrock underlying i t s  Savannah River, S. C . ,  s i t e ,  and i n  b a s a l t  
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underlying i t s  Hanford, Washington, s i t e ,  f o r  t h e  s t o r a g e  of l a r g e  n 
q u a n t i t i e s  of e x i s t i n g  product ion wastes from those  f a c i l i t i e s .  Such 

wastes would b e  s t o r e d  as l i q u i d s  o r  s l u r r i e s .  The product ion wastes 

a t  these  s i tes  are much less h o t  thermally than  unf rac t iona ted  wastes 

from commercial f u e l  reprocess ing  p l a n t s .  Current AEC programs a t  

those  sites are intended t o  determine t h e  s u i t a b i l i t y  of  bedrock 

s t o r a g e  f o r  product ion waste s torage .  Considerable in-s i te  explora- 

t i o n  work remains t o  be done a t  Savannah River b e f o r e  approval could 

b e  given t o  use of t h i s  method of s t o r i n g  on-s i te  wastes, and t h e  

Hanford program i s  s t i l l  f u r t h e r  i n t o  t h e  f u t u r e .  Thus, t h e  bedrock 

s t o r a g e  concept technology i s  n o t  c u r r e n t l y  a v a i l a b l e  f o r  cons idera t ion  

f o r  t h e  proposed i n i t i a l  r e p o s i t o r y .  

S a l t  "Domes" as P o s s i b l e  Future  Sites - S a l t  domes have always been considered 

es  f e a s i b l e  i n  p r i n c i p l e  as bedded s a l t  d e p o s i t s  f o r  t h e  d i s p o s a l  of radio-  

active wastes. The 1955 Nat iona l  Academy of Sciences Committee on Waste 

Disposal made no d i s t i n c t i o n  between domes and bedded formations i n  t h e i r  

recommendation t h a t  sa l t  d e p o s i t s  o f f e r e d  t h e  b e s t  prospect  f o r  waste d i s p o s a l .  

Since t h a t  t i m e ,  a l l  of our  cons idera t ions  on t h e  genera l  advantages of  n a t u r a l  

s a l t  formations f o r  t h i s  purpose have f a i l e d  t o  reveal any fundamental reason 

f o r  excluding t h e  p o s s i b i l i t y  of  a r e p o s i t o r y  i n  domal s t r u c t u r e s .  However, 

t h e r e  are several problems i n  s e l e c t i n g  a s p e c i f i c  dome and, more impor tan t ly ,  

i n  demonstrating i ts  s u i t a b i l i t y  as a s i te  f o r  waste d i s p o s a l  opera t ions .  

These problems are r e l a t e d  t o :  
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The geometry of t h e  s t r u c t u r e  - Since domes can b e  very i r r e g u l a r l y  

shaped, i t  would be necessary t o  a c c u r a t e l y  determine t h e  o u t l i n e  

of t h e  s i te  being considered,  p r i m a r i l y  t o  ensure t h a t  t h e  excava- 

t i o n s  w i l l  no t  too c l o s e l y  approach t h e  edge, thereby producing a n  

inf low of water. Also, t h e  necessary width of t h e  b a r r i e r  between 

t h e  edge of t h e  dome and t h e  l i m i t  of t h e  underground workings has  

n o t  been e s t a b l i s h e d .  

The t e c t o n i c s  of t h e  s t r u c t u r e  - The sa l t  domes of t h e  Gulf Coast 

reg ion  apparent ly  have r e s u l t e d  from t h e  upward i n t r u s i o n  of massive 

volumes of sa l t  from source  beds bur ied  a t  g r e a t  depths.  

of emplacement i s  apparent ly  no more than a f e w  millimeters p e r  y e a r ,  

and t h e r e  i s  evidence suggest ing t h a t  a t  least  some of t h e  domes are 

s t i l l  moving a t  t h a t  rate. Therefore ,  b e f o r e  a p a r t i c u l a r  dome could 

b e  considered s u i t a b l e  f o r  waste d i s p o s a l ,  i t  would b e  necessary t o  

demonstrate t h a t  i t  w a s  no t  c u r r e n t l y  active,  t h a t  re juvenated movement, 

e i t h e r  n a t u r a l  o r  induced by r e p o s i t o r y  excavat ion o r  t h e  r e s u l t i n g  

h e a t i n g  due t o  r a d i o a c t i v e  decay, would b e  impossible ,  and t h a t  p a s t  

movements had n o t  r e s u l t e d  i n  r e s i d u a l  stress concent ra t ions  which 

would i n t e r f e r e  wi th  t h e  excavat ion  ope ra t ions  and t h e  p rogramed  

c l o s u r e  of t h e  openings a t  t h e  completion of w a s t e  d i s p o s a l  opera t ions .  

The hydro logica l  regime around t h e  s t r u c t u r e  - Because they are in t ruded  

through over ly ing  sediments,  domes are n o t  p r o t e c t e d  from d i s s o l u t i o n  

by c i r c u l a t i n g  groundwaters by t h i c k  sequences of impermeable s h a l e s .  

The v e l o c i t y  
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I n  f a c t ,  t h e  anhydr i te  "cap rock" immediately over ly ing  most Gulf 

Coast domes i s  be l ieved  t o  be  t h e  i n s o l u b l e  r e s i d u e  l e f t  by t h e  

d i s s o l u t i o n  of as much as several thousand f e e t  of t h e  dome he igh t .  

S i t e  i n v e s t i g a t i o n s  would have t o  d e f i n e  i n  considerable  d e t a i l  

t h e  characteristics of t h e  groundwater flow around the dome and 

demonstrate t h e  f u t u r e  e x t e n s i v e  d i s s o l u t i o n  of  t h e  sa l t  would b e  

impos s i b  le.  

Alpha Waste Storage - S o l i d i f i e d  a lpha  wastes are c u r r e n t l y  s t o r e d  i n  a 

few c o n t r o l l e d  and monitored near-surface b u r i a l  grounds p r i m a r i l y  a t  AEC 

i n s t a l l a t i o n s .  Present  p r a c t i c e s  do not  c o n s t i t u t e  a p r e s e n t  t h r e a t  t o  

t h e  h e a l t h  and s a f e t y  of t h e  publ ic .  However, t h e  Commission has  concluded 

t h a t  s t o r a g e  i n  t h e  r e p o s i t o r y  would be p r e f e r a b l e  t o  t h e  cont inua t ion  and 

p r o l i f e r a t i o n  of t h e  near-surface s t o r a g e  of a lpha contaminated wastes from 

i ts  i n s t a l l a t i o n s .  
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A P P E N D I X  

Comments Received on Draft Environmental 

Statement and AEC Responses 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASti INC-1 ON. D C' 211545 

June 4 ,  1971 

Honorable Robert J .  Docking 
Governor of  Kansas 
S ta te  Capi.tol Bui ld ing  
Topeka, Kansas 66612 

Dear Governor Docking: 

Thank you f o r  your l e t te r  of February 2 2 ,  1971, commenting on 
t h e  Draf t  Environmental Statement f o r  t h e  proposed r a d i o a c t i v e  
waste r e p o s i t o r y  near  Lyons, Kansas. The F i n a l  Statement h a s  
been r e v i s e d  t o  r e f l e c t  your comments t o  t h e  maximum e x t e n t  
p r a c t i c a b l e .  I n  a d d i t i o n ,  w e  have a l s o  made numerous o t h e r  
a d d i t i o n s  and r e v i s i o n s  i n  response t o  comments rece ived  from 
F e d e r a l  agencies  and o t h e r s .  We b e l i e v e  t h e  enc losed  Statement 
conforms wi th  t h e  l e t te r  and s p i r i t  of t h e  Nat iona l  Environmental 
Pol icy  Act of  1969. Also enclosed is  a r e p o r t  i n d i c a t i n g  t h e  
d i s p o s i t i o n  of t h e  comments contained i n  your le t ter .  I n  t h i s  
r e p o r t  w e  have no t  a t tempted t o  respond t o  s p e c i f i c  comments but  
w e  have re ferenced  t h e  s e c t i o n s  of t h e  Environmental Statement 
which have been r e v i s e d  o r  ampl i f ied  i n  response t o  your concerns.  
You w i l l  n o t e  t h a t  many of t h e  comments c a l l  f o r  in format ion  and 
answers which cannot be included i n  an environmental  s ta tement  
which must be  prepared w e l l  i n  advance of doing t h e  work which 
w i l l  provide t h e  answers,  However, i n  t h e  Environmental Statement 
w e  have i n d i c a t e d  AEC's i n t e n t i o n  w i t h  r e s p e c t  t o  address ing  
these matters dur ing  t h e  course of t h e  design and development 
of t h e  o p e r a t i o n a l  procedures .  I n  a d d i t i o n  we have also included 
an e x t e n s i v e  b ib l iography of publ ished works on t h e  s a l t  mine 
concept i n c l u d i n g  r e l a t e d  r e s e a r c h  and development. 

W e  s h a r e  your concern t h a t  t h e  f u t u r e  o f  Kansas be p r o t e c t e d  
and wc a s s u r e  you t h a t  t h e  necessary  s t u d i e s  and i n v e s t i g a t i o n s  
w i l l  b e  conducted and a f i n a l  de te rmina t ion  of t h e  s i t e  s u i t -  
a b i l i t y  made p r i o r  t o  t h e  permanent emplacement of  any wastes 
i n  t h e  Lyons f a c i l i t y .  I n  t h e  December 2 Pre l iminary  Report 
o f  t h e  S ta te  Geologic Survey, several comments were made r e g a r d i n g  



Hon. Robert J .  Docking - 2 -  n 

A E C ' s  i n t e n t i o n s  w i t h  r e spec t  t o  h e a t  t r a n s f e r  and energy 
s t o r a g e  s t u d i e s .  We have enclosed a copy of  a p r e s s  release 
from the  Kansas Un ive r s i ty  News Bureau which i n d i c a t e s  t h a t  
a b e t t e r  understanding o f  t hese  i s s u e s  has  been reached 
b e t w e e n  members o f  t h e  AEC, ORNL, and the  S t a t e  Geologic 
Survey s t a f f .  I wish t o  r eas su re  you t h a t  AEC does i n t e n d  
t o  provide a t r u l y  s a f e  n a t i o n a l  r e p o s i t o r y .  

S ince re ly  , 

John A. Erlewine 
A s s i s t a n t  General  Manager 

f o r  Operat ions 

Enclosures:  
1. F i n a l  Environmental Statement 
2 .  Comments on Draf t  Statement 
3 .  AEC Response t o  Comments 
4 .  P r e s s  Release 



AEC STAFF REPORT ON COMMENTS OF HONORABLE ROBERT DOCKING, GOVERNOR OF 
KANSAS, 
ACTIVE WASTE REPOSITORY NEAR LYONS, KANSAS 

ON THE DRAFT ENVIRONMENTAL STATEMENT FOR THE PROPOSED RADIO- @ 
Transpor t a t ion  

Comment - Roadbeds and t r a c k s  i n  Lyons are i n  ques t ionab le  cond i t ion .  . . 
Response - This  comment goes beyond what w e  conceive t o  be t h e  scope of an  

environmental  s ta tement .  However, w e  have expanded t h e  d i s c u s s i o n  

on Transpor t a t ion  and noted t h a t  t h e  Commission has  rece ived  

assurances  from t h e  Federa l  Rai l road Adminis t ra t ion  t h a t  t r a c k s  

and roadbeds on the  r o u t e s  over  which r a d i o a c t i v e  waste w i l l  be  

shipped t o  t h e  Reposi tory w i l l  be  inspec ted  p r i o r  t o  t h e  f i rs t  

shipment of waste. 

Comment - Adequate des igns  f o r  t r a n s p o r t a t i o n  systems have not  been 

presented  d e s p i t e  assurances  t h a t  they  w i l l  conform t o  t h e  

s p e c i f i c a t i o n s  of t h e  D . O . T .  and AEC. 

Response - A s  noted above, t h i s  goes beyond t h e  scope of t h e  s ta tement .  

However, t r a n s p o r t a t i o n  systems and i n t e r f a c e s  w i l l  be  addressed 

i n  t h e  course  of t he  des ign  of t h e  f a c i l i t y  and development of 

i t s  o p e r a t i o n a l  procedures .  

Comment - The handl ing procedures  t o  prevent  sabotage o r  l o s s  of f i s s i o n a b l e  

m a t e r i a l s  a r e  not descr ibed .  In  a d d i t i o n ,  con ta ine r  problems need 

t o  be t r e a t e d  f o r  a v a r i e t y  of  reasons .  

Response - Handling and o t h e r  o p e r a t i o n a l  procedures  w i l l  be g e n e r a l l y  

descr ibed  i n  t h e  Conceptual Design and Sa fe ty  Report .  U n t i l  t h e  

completion of t h e  d e t a i l e d  des ign ,  t h e s e  d e s c r i p t i o n s  must be 



considered pre l iminary .  S i m i l a r l y ,  procedures f o r  t h e  account- 

a b i l i t y  of s p e c i a l  nuc lea r  materials are o p e r a t i n g  procedures 

and i s  con t ingen t  upon completion of t h e  d e t a i l e d  f a c i l i t y  des ign .  

The s ta tement  has  been r e v i s e d  t o  cons ide r  t h e  ques t ions  r a i s e d  

concerning t h e  c o n t a i n e r s  of h igh- leve l  wastes from t h e  stand- 

p o i n t  of (a)  co r ros ion  (Sec. V.B.l.g.), (b) movement a f t e r  

b u r i a l  (Sec. V.B.l.b.), and r e t r i e v a b i l i t y  (Sec. V1.E.). 

Surve i l l ance  and Monitoring 

Comment - Monitoring and s u r v e i l l a n c e  is  no t  adequate ly  considered i n  t h e  

Environmental Statement.  

Response - The f i n a l  impact s ta tement  has  been ampl i f i ed  i n  t h e  d i s c u s s i o n  

of t h e  r a d i o l o g i c a l  and environmental monitoring programs 

(Sec. V1.D.). The d e t a i l s  of t h e s e  programs w i l l  be developed 

in c o n s u l t a t i o n  wi th  a p p r o p r i a t e  Fede ra l  and s ta te  agenc ie s  

dur ing  t h e  des ign  phases of t h i s  p r o j e c t .  

R e t r i e v a b i l i t v  

Comment - The planning and implementing necessary  t o  a s s u r e  r e t r i e v a b i l i t y  

of h igh- leve l  wastes are no t  proviaed . . . when t h e  c o n t a i n e r s  

d i s i n t e g r a t e ,  t h e  par t ic les  of waste w i l l  be f r e e  t o  migra te .  



Response - The p o s i t i o n  of t h e  Commission on t h e  q u e s t i o n  of re t r ieva l  

of t h e  h igh- leve l  waste has  been ampl i f ied  i n  Sec. V1.E.  A s  

noted i n  testimony b e f o r e  t h e  J o i n t  Committee on Atomic Energy, 

t h i s  r e p o s i t o r y  i s  a demonstrat ion f a c i l i t y .  During t h i s  

I 

per iod  of demonstrat ion p e r t i n e n t  c a l c u l a t i o n a l  techniques and 

o p e r a t i o n a l  procedures  w i l l  be  v e r i f i e d  by i n  s i t u  measurements 

(Sec. V1.A.). 

r e t r i e v a b l e .  

A l l  wastes bur ied  dur ing  t h i s  per iod  w i l l  be 

The systems by which r e t r i e v a l  could b e  e f f e c t e d  

w i l l  be  developed dur ing  t h e  des ign  of t h e  f a c i l i t y .  

The migra t ion  of i s o t o p e s  has  a l s o  been d iscussed  i n  Sec. V.B.1.h. 

and Sec.  V.B.2.c. 

Geological  and S i t e  I n t e g r i t y  

Comment - The Kansas s c i e n t i s t s  a r e  concerned w i t h  t h e  e f f e c t s  of h e a t  and 

r a d i a t i o n  damage and subsidence as i t  relates t o  t h e  i n t e g r i t y  

of t h e  s i t e .  

Response - The Environmental Statement has  been s i g n i f i c a n t l y  r e v i s e d  t o  

r e f l e c t  our p r e s e n t  knowledge about t h e  proposed s i t e  and t h e  

a d d i t i o n a l  s t u d i e s  r e q u i r e d  t o  confirm the  p r e s e n t  and f u t u r e  

s t a b i l i t y  of t h e  s i t e .  S p e c i f i c a l l y ,  t h e s e  t o p i c s  are covered 

i n  t h e  fol lowing s e c t i o n s :  (a) Thermal e f f e c t s  (Sec. V . B . l . ) ,  

(b) Radia t ion  damage (Sec. V.B.2.), and ( c )  Subsidence (Sec. V.B.1.d.). 



LAWRENCE - -  O f f i c i a l s  of t h e  S t a t c  Geologica l  Survey a t  t he  U n i v e r s i t y  

of Kansas and t h e  Atomic Energy Conmission sild o t h e r  s p e c i a l i s t s  have agreed  t o  

t h e  need f o r  a s y s t e n a t i c  p l an  of i n v e s t i g a t i o n  on t h e  proposed atomic waste  

r e p o s i t o r y  i n  zbandoncd s a l t  mines near  Lyons ar.d a r e  mapping d e t a i l e d  s tudy  

proposals f o r  f u t u r e  research  on t h e  s i t e .  

Thc new unders tanding  on r e s e a r c h  d i r c c t i o n s  is  a r e s u l t  of a h i g h - l e v e l  

s c i c n t i f i c  n c e t i n g  he ld  b!oriday and l’ucsday (Apr i l  5-6) a t  K . U .  

D u r i n g  t h e  t a l k s ,  s c i e n t i s t s  from t h e  A E C ’ s  Oak Ridge Nat iona l  Lab?-s:r!. 

prcscritcc! t c c h n i c a l  r e p o r t s  on hea t  f l o w  a n d  roc). m c h a n i c s  con t ingenc ie s  f o r  

closc e l ? n l y s i s  by o u t s i d e  e x p e r t s .  

About 35 p h y s i c i s t s ,  g e o l o g i s t s  and engineers  f rom s e v c r a l  u n i b e r s i t i c s  

and t echno log ica l  s choo l s  and from p r i v a t c  f i r m s  a t t ended  t h e  t a l k s  organized 

by t h c  S t r ? ~  Ccolog ic~ . !  iS1!rvey. 

s p l i t  up t o  d i s c u s s  rock mcchanics and r a d i a t i o n  damage. 

D u r i ~ g  t h e  f i n 2 1  a f t e rnoon  s e s s i o n ,  t h e  group 

Dr. William 1;. Hanibleton, d i r e c t o r  of t h e  Survey,  s a i d  Oak Ridge s c i e n t i s t F  

D i c k  Chcvcrton and B i l l  blcClain dcmonstratcd t h a t  thc AEC s t a f f  is q u i t e  capable  

of performing the  t e c h n i c n l  niathematical  modeling of probable  behavior  of s a l t  

e n d  shales undcr  tcmpcra ture  and s tress .  Such modeling is necessa ry  i f  r e s e a r c h e r s  

are  t o  l a y  a f irm groundwork f o r  s p e c i f i c  s t u d i e s  on t h e  Lyons site. 



page 2 ,  AEC-KGS n w 
The StaTe  Geologica l  Survey has  c o n s i s t a n t l y  demanded more thorough i n v e s t i -  

g a t i o n s  on t h e  Lyons mines be fo re  a c t i o n  i s  t aken  t o  o b t a i n  Congress iona l  funding 

for t h e  r e p o s i t o r y .  

H e b l e t o n - s a i d  both  Oak Ridge scient is ts  and l o c a l  e x p e r t s  agree t o  the 

need f o r  a s y s t e m a t i c  researc: p l a n .  "The AEC w i l l  # def i r ,e  a s y s t e m a t i c  program 

of investigations wi th  chcckpoin ts  along t h e  way f o r  e v a l u a t i o n  of r e s e a r c h  and 

a n a l y s i s  of t h e  r e s u l t s . "  

By checkpoin ts ,  t h e  d i r e c t o r  s a i d  he means t e c h n i c a l  meet ings  s i m i l a r  t o  

t h c  one he ld  a t  K . U .  t h i s  week. 

a l l  concerned r e s c a r c h  agenc ie s ,  p o s s i b l y  inc lud ing  sthe XEC and Kansas Survey 

s t a f f s  niid oi l ic r  fcclcral  o r g a n i z a t i o n s  , u n i v c r s i t i c s  and p r i v a t e  companies. 

He env i s ions  r e p o r t s  ah-such meetings f r o 3  

A t  cach wccl ing  O l l Z S ; d ?  scientists W o \ i l d  r.c.vic\j findings and possi~,l, .  

T h c  rcccnt I I ~ C C ~ J I ~ F :  w a s  dcvotcd almost c n t i r c l y  t o  t h c  f i r s t  phase of t h i s  

appro ;a - - ;I I- I- i v j n fi c? t a c c u r i1 t c iiia t 11 m a  t i c ;i 1 mod c 1 s . 
To f o r e c a s t  tllc s a f c t y  of s t o r i n g  c a n i s t e r s  con la i  ning s o l i d i f i e d  atornic 

was tes  I n  the  Iyons  niincs a t  t h i s  p o i n t  i s  a l s o  an  i m p o s s i b i l i t y .  I n  f a c t ,  



1 
page 3 ,  AEC-KGS . . . 

'G 
W e  c a n  hzrdly cons ide r  o r  e v ~ n  t a l k  a b o u t  s a f e t y  u n t i l  wc h3vc dcvelopc? 

thc  ncccssai 'y m a t h e m t i c a l  t o a l s , I 1  he s a i d  , 

D r .  Ilaniblcton s a i d  hc f o r e s e e s  a g r e a t  de31 of coopc ra t ion  ai110n2 vario';s 

p r i v a t e ,  s t a t e  and Ila:ioi?al a g e n c i e s  i n  - c a r r y i n g  o u t  t h e  proposed r e s e a r c h  p l z a .  

The Kansas Survey, t h e  A i C  a d m i n i s t r a t o r s  i i l  Washington, D . C . ,  and t h e  s t a f f  

at  Oak Ridge have bee:i i n  c l o s e  c o n t a c t .  

Dr. Hambleton esp?cTs t o  have a f a i r l y  s o l i d  r e s e s r c h  program w i t h  a de::.l.il<L 

t i m e t a b l e  f o r  p r o j e c t s  a n d  s c i e n t i f i c  reYieW ses s ions  l a i d  uJt by t h e  end of 

Apri 1 . 
T h e  ALC \ , i l l i n z  t a  enaage i n  t h e  studies we b e l i e v e  should b e  done," i s* 

he  s z i d .  

p r o j e c t e d  t h a t  s c i e n t i s t s  would be a b l e  t o  make a v a l i d  a p p r a i s a l  of t h e  project 's  

f e a s i b i l i t y  i n  about two y e a r s .  

Under the t i n e t a b l e  t h e y  hope K i l l  be ?.3opte3, he and t:alepc-ska 

nbg/S,lpr71- 1 , 2  - KU - 



ROBERT B. DOCKING 
GOVERNOR 

STATE OF KANSAS 

STATS.CAPITOL BUlLDlNO 

TOPEKA. KANSAS 666 12 

F e b r u a r y  22, 1971 

Mr.  John A. Erlewine 
Assis tant  General  Manager for  Operations 
United States Atomic Energy Commission 
Washington, D. C. 20545 

Dear  Mr.  Erlewine: 

I am pleased to submit the recommendations and concerns of the 
appropriate  s ta te  agencies and cit izens of Kansas  with r e spec t  to the 
November 1970 draf t  of the Environmental Statement,  Radioactive Waste 
Repos i tory ,  Lyons, Kansas .  We advise therecommendat ions  in  the 
attached Report  be included in  the final d raf t  of the Environmental  State- 
.ment. 

The concept of isolating radioactive wastes f rom the natural  environment 
to protect  the health and welfare of our cit izens i s  a positive s tep toward 
the goals of the National Environmental  Policy Act. 
Atomic Energy Commission to develop methods of reducing the waste 
volume and permanently disposing of them in  impermeable  rocks  a r e  nec- 
e s s a r y  and commendable. 

The efforts of the 

Becguse bedded salt deposits present ly  offer one of the m o r e  sat isfactory 
methods for  disposal of radioactive waste and a s i te  near  Lyons, Kansas,  
h a s  been chosen as  the reposi tory location by the Atomic Energy Commis-  
sion, the State of Kansas  is responsible to i t s  citizens f o r  assur ing  the 
safety of the project  over  thousands of yea r s .  Despite the f ac t  that we 
cannot conceive of a l l  problems which may a r i s e ,  investigation must  be 
undertaken with r e spec t  to those problems which a r e  foreseeable  and 
which a r e  he r e  with r e  commended. 

The major  problems not covered adequately by the Environmental  State-  
ment fall into the categories  of transportation, geological and s i te  integrity,  
survei l lance and monitoring, and retrievabili ty.  These problems a r e  
reviewed in  considerable detail  in the enclosed Report. 

The Atomic Energy Commission has  l imited itself initially to a discussion 
of only rail transportation. 
over which these loads would necessar i ly  t r a v e r s e  to r each  Lyons a r e  in 
questionable condition and fur ther  investigation is necessary  to a s s u r e  the 

Some of the r a i l road  beds and t racks  in  Kansas 
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safety of delivering shipments to the s i te ,  
of the transportation sys tem have not been presented despite reassurances  
f r o m  the Atomic Energy Commission that they will conform to the specifi- 
cations se t  by the Department of Transportat ion and the Atomic Energy 
Commission, 
fissionable mater ia l  a r e  not described. In addition, the container problems 
need to be t reated in  g rea t e r  depth for  a variety of reasons.  

Monitoring and surveil lance is not adequately considered in  the Environmental 
Statement. The Atomic Energy Commission contracted with Kansas scientists 
to make a prel iminary s i te  evaluation and their  recommendations that the s i te  
be monitored before, during, and af te r  i t s  use  a s  a reposi tory have not been 
acknowledged. The surveil lance of the ecological, meteorological, hydro- 
logical, geological, radiological, and thermal  factors  must  a l so  be instituted 
as soon a s  possible to allow the detection of any ser ious  al terat ion in  the 
environment  of this si te.  

According to our Kansas scient is ts ,  the planning and implementing necessary 
to a s s u r e  retrievabili ty of the high level wastes  a r e  not provided. The onlJ- 
provision cited which allows recovery is the documentation of the location of 
casks.  This is inadequate because the wastes a r e  presently scheduled to be 
encapsulated in casks which will lose their  integrity within a few yea r s  af ter  
burial. When the casks disintegrate,  the solid par t ic les  of radioactive waste 
will then be f r e e  to migrate  according to their  heat and radioactive mater ia l  
c o? t,e nt . 
The Kansas scient is ts  a r e  concernea with the effects of heat, radiation 
damage and subsidence a s  i t  r e l a t e s  to the integrity of the site. They 
suggest that the evaluation in  the Environmental Statement is based on 
a homogeneous bed of sal t  r a the r  than the layered sa l t  and shale which 
actually exis ts ,  and that therefore  this evaluation may not be real is t ic .  

I a m  concerned that the future of Kansas be protected and feel  that the 
investigations recommended in the attached repor t  must  be undertaken 
promptly. 
this intent. 

In addition, adequate designs 

The handling procedures  to prevent sabotage o r  l o s s  of 

The final draf t  of the Environmental Statement should indicate 

n 
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On behalf of the people of Kansas,  I would like to thank you-fQr the oppor- 
tunity of reviewing and commenting on the Envimnmental Statement. Our 
objectives a r e  s imi la r - - to  a s s u r e  the safety and wklfare of the people while 
disposing of a hazardous waste in  a permanent  and safe location. I feel  
s u r e  that the Atomic Energy Commission wishes to provide a t ruly safe 
national repository.  

With every good wish. 

Very truly yours,  

obe rt Docking 
Governor of Kansa 

- Encl o s u r e 



Report on 

THE ATOMIC ENERGY COMMISSION'S ENVIRONMENTAL STATEMENT 

To 

Governor Robert B .  Docking 

by  the  

Advisory Counci l  on Ecology 

on  

February 2 2 ,  1971 

In December of 1970,  the  A t o m i c  Energy Commission forwarded a Draft  of 
t h e  Environmental S ta tement ,  Radioactive W a s t e  Repository, Lyons,  Kansas , 
to the  Governor of Kansas for review and comment. Governor Docking t rans-  
mitted the Draft to the Advisory Council on Ecology for preparation of a 
s ta tement  to the A t o m i c  Energy Commission.  

The Advisory Counci l  on Ecology dis t r ibuted t h e  Environmental Statement  
to its members and members of the Kansas Nuclear Energy Counc i l ,  Kansas 
Academy of Sc ience  , Kansas Department of Hea l th ,  Kansas Geologica l  
Survey,  and knowledgeable  c i t i zens  for comment. This report  h a s  been  
compiled by the  Advisory Counci l  on Ecology from the  r e s p o n s e s  r ece ived .  

Genera l  Comments 

The EnvironmentaI S t a t e m e n t  does not inc lude  a documenta t ion  tha t  p e r m i t s  
eyqluat ion of a l l  aspects of the  f ac i l i t y ,  a descr ip t ion  and degree  of im-  
plementation of continuing s tud ie s  and development programs prescr ibed in 
t h e  qual i f ied endorsement  of NAS-NAC Committee , and it is recommended 
t h a t  th i s  be included in  the  rev ised  draf t .  

A be t te r  organizat ion of the  S ta tement ,  u s e  of s tandard language ,  and the  
inclusion of a bibliography would al low s c i e n t i s t s  and those  with a legiti- 
mate in t e re s t  to have  a bet te r  knowledge of the  proposal .  

Adequate d e s i g n s  for the t ransportat ion sys tem and receiving f ac i l i t i e s  a r e  
not y e t  ava i l ab le .  The proposed Nat ional  Academy of Sc ience  Committee 
on  Transportat ion,  which is t o  a id  in  the development  of t h e s e  d e s i g n s ,  
should be  appointed as  soon a s  poss ib l e  and charged with examining t h e  
poss ib i l i t i e s  for a safe t ranspor t  sys tem , which would include a l te rna te  
modes of t ransportat ion.  



Report on  AEC's Environmental Statement 
To Governor Robert Docking 
February 2 2 ,  1971 

The report of the National Academy of Science 's  Committee on Radioactive 
Waste  Management is cited a s  concluding that the bedded s a l t  use for dis-  
posal of radioactive y a s  te is "satisfactory pending additional conformatory 
data and evaluation, 'I 

It is recommended that the A.E.C.  document the additional data and evalua- 
tions which the Committee indicated are  required to a s su re  the safety of 
the project, Without this information, and the plans which the A.E.C. has  
to obtain the information, the Environmental Statement is l i t t le  more than a 
review of existing incomplete knowledge. 

Environmental Impact 

The impact of the disposal  of was te  on the geological environment needs 
additional consideration because  of several factors. 

Heat - The thermal impact of the project cannot be adequately estimated 
because the project has  been designed without a c lear  understanding of 
heat  diffusion problems. Models used for solution of the complex heat- 
flow problem have been based upon a rock section consisting of units of 
pure sa l t  and pure shale .  The actual  rock section cons is t s  of laminated 
sa l t  and sha le ,  and analytical  resul ts  may be very erroneous. The anal-  
ytical  solutions for heat flow and temperature distribution assume homo- 
geneous and isotropic media in  two dimensions only for steady and un- 
steady conditions, and a r e  based on constant rock properties. Further- 
more, heat  flow per cannister is a n  assumed value,  and actual  values 
haye not ye t  been determined. The Kansas Geological Survey calcula- 
t ions,  based on  introduction of 10 and 20 foot shale layers,  15 and 55 
feet  above the mine, indicate a 34 percent rise in the peak temperature 
of the mine a s  compared with a peak temperature i n  pure sa l t .  Physical 
properties of rocks do change with temperature, and the physical proper- 
t i es  of s a l t  especially are susceptible to temperature change. Some of 
these property changes range from the fourth to the tenth power of the 
temperature. In addition, we have no measure of pore pressures that may 
develop in fluid-bearing sha les .  

Radiation Damage - As long a s  the was te  containers maintain their integrity, 
only small quantit ies of s a l t  would be subject to high-energy, heavy-part- 
icle radiation. However, re lease  might occur once or twice a year for 
about three years by rapid melting or explosion. This could cause  the con- 
tainers to migrate to lower depths ,  possible to shale  layers ,  and faults 
could develop i n  overlying rocks because of explasions . However, the 
metal containers a s  designed are  expected to begin to deteriorate within 
six months, and the ceramic material containing the radioactive was tes  is 
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expected to deteriorate within several  years.  As a resul t ,  radioactive 
particles could migrate through the sa l t .  If the particles are  heavy, 
downward migration might occur due to localized melting: i f  they are  
light they might migrate upward. Water is available in the s a l t ,  and 

Further- 
more, the solid particles would expose the sa l t  to significantly higher 
radiation doses .  The ceramic materia1 i n  the containers a l so  can store 
energy. Gamma radiation can  cause  chemical breakdown of s a l t  and 
radiolysis could result  in formation of new chlorine compounds that a re  
capable of leaching plutonium. Thus , statements that burial locations 
for each container will be accurately surveyed and recorded so that pre- 
cise location of the was tes  will  be  known are incorrect. The recovery of 
dispersed wastes  i n  a hosti le environment a t  high temperature and radia- 
tion levels  is a l s o  difficult. Although the staff of Oak Ridge National 
Laboratory and the A.E .  C . have s ta ted that the technology for such re- 
covery is avai lable ,  no design concept has  been submitted for review, 

a the was te  particles cbuld be suspended by turbulent boiling. 

The effects of radiation damage to sa l t  have not been adequately examined. 
Samples of sa l t  obtained froin the Salt  Vault s i te  a t  Hutchinson show energy 
storage of approximatcly 10 to 50 calories per gram from gamma radiation. 
Samplcs of sa l t  irradiated with protons from t h e  Van de  Graaff Accelerator 
show energy storage a s  high a s  80 calories per gram. A problem ar i ses  
from the potential capacity of the sa l t  to undergo rapid thermal excursion 
through sudden re lease  of the stored energy. The re lease  of 80 calories 
per gram would cause  tempera tures i n  the affected region to r i s e  from 30OoC. 
to 62OoC. These high temperatures could result  in  greater flowage of s a l t  
around the containers and  could c a u s e  a n  explosive effect d u e  to sudden  
thermal expansion. 

Geologic InteJrity - The geophysical impact of the project is based on  the  
assumption that the impermeability of the sa l t  bed will protect against  re- 
l ea se  of radioactive material to underground water resources ,  and that the 
sa l t  deposi ts  a r e  free of circulating groundwaters and a re  isolated from 

the surface,  in watcr bearing rocks, and in  the s a l t  are  considered to be of 
relatively l i t t le significance. The rcport concludes that closure of the mine ,  
caused by consolidation and recrystall ization of crushed s a l t  back-filled 
into rooms, will  eventually find expression in very shallow subsidence a t  the 
surface. These movemcnts a re  judged to be so slow and gradual that the 
surface and a l l  intcrvoning rocks will adjust  to this dcformation without de- 
leterius effects ,  and any fractures which might develop will be  readily 

. underground aquifers by essent ia l ly  impermeable shale .  Temperatures a t  

@ healed by plastic deiormation of the  s a l t .  
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In g e n e r a l ,  it is t rue tha t  t he  salt d e p o s i t s  are free of circulat ing ground- 
wa te r s  and a r e  i so la ted  from underground aqui fe rs  by  e s s e n t i a l l y  imperme- 
able s h a l e .  However ,  t h e s e  rocks  never  have  been  subjec ted  to t he  thermal 
or rad io logica l  st resses t ha t  a r e  a s s u m e d ,  Futhermore, there  is r eason  to 
judge that  the assumed stresses may b e  in error.  h e n  so, some structural  
deformation is ev ident  from our geologica l  s t u d i e s .  The salt th ins  over 
s t ructural  highs , the  Harper Sands tone  exhib i t s  numerous high-angle frac- 
t u re s  which appear  to be o p e n ,  and the overlying Kiowa Formation exhib i t s  
high-angle f ractures  which d o  not appear  to b e  open .  Thermal and radiological  
s t r e s s e s  interact ing with the  s t r e s s e s  caused  by consol ida t ion  and recrys ta l -  
l izat ion of the  s a l t  could produce shea r  in  overlying r o c k s ,  and subs idence  
of some magnitude. 

n 

Accordingly,  t he  s e a l  of overlying rocks could be  broken,  creat ing ver t ica l  
permeabili ty and permitting entry of sur face  or sub-surface wa te r s .  Our 
inves t iga t ions  of the s a n d s t o n e s  of the Kiowa Formation r evea l  t ha t  water  
ir. them may be under a r t e s i a n  pressure .  I t  i s  i m p x a t i v e  that  s t u d i e s  be 
continued to determine whether  t h i s  underflow exists and whether it could 
feed a s y s t e m  of f rac tures .  One  c a n  state with some cer ta inty that  a c c e s s  
of water  to  the s a l t ,  a t  ca lcu la ted  or hjgher than  ca lcu la ted  tempera tures ,  
would c rea t e  a thermal convect ion and c i rcu la t ion  sys t em.  Mos t  cer ta inly,  
solut ion of the  s a l t  would take  p lace  and the integri ty  of the  s torage  site 
could no longer be  maintained.  The solut ion of t h e s e  problems a r e  c ruc ia l  
to the  safe ty  of the  reposi tory site. 

T h e  p rec i se  number of oil and g a s  weIls on the site and the  plan for s ea l ing  
them should be  included in the  Environmental Statement .  This  is a v i t a l  con-  
s idera t ion  to the  integri ty  of the  bedded rock and m u s t  be  completed before 
the  operat ion of the  reposi tory is au thor ized .  

The enc losed  le t ter  from Dr. Hanibleton of the Kansas Geologica l  Survey 
conta ins  a n  orderly d i s c u s s i o n  of the thermal ,  geophys ica l ,  and radio-  
log ica 1 prob l em s . 
E c o log i c a 1 I m paxt- 

The  ecology sec t ion  of the Environmental Statement  is inadequate ,  Desp i t e  
t he  tremendous potent ia l  for eco logica l  problems which the  project  p re sen t s  , 
less than one  page is devoted to th i s  s u b j e c t ,  

Radioloqical and Physiological  Effects - Page 3 7  in  the  Statement  concludes  , 
"In g e n e r a l ,  no s ignif icant  effect on wildlife populat ions is an t ic ipa ted  
e i ther  in  regards  t o  numbers or in  species composi t ion.  " 

3 
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The descriptions of the site ecology should include more than the bare 
mention of the vertebrate components, A statement of the functional 
relationships between a l l  known components of the ecosystem fs essen-  
t ia l ,  along with a deqcription of the required research.  

Ecologists a t  Kansas State University conducted surveys and reported on 
various aspec ts  of the s i t e  ecology. In the fal l  of 1970, they submitted 
extensive reports with recommendations, These sc ien t i s t s  s t a t e  that the 
determination of what is "significant effect" on the ecology is important 
and cannot be detected unless  continual monitoring of the envfronment is 
instituted immedia tely. 

Meteoroloqical Effects - The climatological and meteorological section 
presented a very light overview of the wind patterns and velocit ies.  An 
assessment  of the potential problems related to the spread of escaped 
radioactive particulates or g a s e s ,  and an  adequate monitoring system to 
detect  accidental  re leases  to the atmosphere must be included. In view 
of some of the recent accidental  re leases  of radioactive material, i t  is 
impera tive that this problem receive further consideration, especially 
with respect  to potential for carrying radioactive material downward over 
popula ted areas  . 
Surveillance and Monitoring - The need for monitoring to detect  changes 
i f  they occur is essent ia l .  The continuous studies proposed by the Kansas 
State ecologists would monitor the effects of the repository s i t e  on the 
plant-animal ecosystem. These studies require acquisition of a t  l eas t  two 
(four would be more ideal) 160-acre tracts of land for purposes of establish- 
ing controls. Studies must be initiated prior to the development of the re- 
pository site i f  they are  to be  of any value in monitoring the effects of the 
operations o n  the s i t e ,  

A surveillance and monitoring system for a l l  a spec t s  of the project should 
include the following: 

a )  Studies must be conducted before, during, and af ter  the ac t ive  storage 
of radioactive was te s  , on the composition of the vegetation, populations 
of invertebrate and vertebrate animals; decornpwsers, and the radionuclide 
concentrations in important members of each  trophic level in  the area.  
Such studies must be made both on the repository s i t e  and on control s i t e s  
with a s  similar so i l s  and vegetation a s  i t  is possfble to find. The control 
a reas  should be about five miles away, preferably to the e a s t  and west .  

It is likely that the heat in the so i l  will alter the moisture relations and the 
biota to some extent ,  Even though change in the biota may well  be accept- 
ab le ,  the  extent of change must be determined, and we must know the source 
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and rate of increase i f  they occur.  The control a reas  m u s t  be far enough 
$way from the repository s i t e  so a s  to preclude radionuclide contamination, 
vet  the areas  should be close enough to determine normal radionuclide 
concentrations and to make comparative s tudies  possible and to keep 
weather variations 13%. 

b) *Monitoring of radionuclide concentrations and thermal levels  must be 
carried on i n  the atmosphere, stream, groundwater, and soil of the reposi- 
tow a rea ,  the control a r eas ,  and of selected other sites in  Rice or adjoin- 
ing counties. Such a plan should be included in the Environmental Statement. 

c) Meteorological records must be  collected before, during, and after stor- 
age  of radioactive was te s ,  both on the repository s i t e  and on the control 
a reas  

The enclosed letters from Dr, Robe1 and Dr. Hulbert contain more specific 
informa tion on the proposed monitoring and surveillance programs whick. 
need to be init iated.  

Tra n s porta t i o n  

The transportation problems are  a major concern. 
mission has  apparently planned to utilize only railroad shipping for was te  
transport. The design plans for the unloading points include railhead trans- 
fer stations without provision for truck or a i r  shipments. This decision h a s  
been made althoiigh the suitability of railroad beds to take the loadings as- 
sociated with the: large shipments and heavy shielded railroad cars  is not 
meptioned, 

The Atomic Energy Com- 

If statements that the  surface Senperature of the  high-level shipping casks 
will be approximately 35OoC is correct, then the containers will not be in 
conformance wf th the A .  E .  C; . or  Department of Transportation regulations . 
If the casks  are  tQ approach this temperature, and no cooling system is in- 
cluded, then the railroad cars  will consti tute a hazard to railroad employees, 

Utilities 

Provision of adequate uti l i t ies is a l so  important. Although the Environment- 
a l  Statement suggests  that ample electric capacity is available,  recent  com- 
munications indicate that the provision of service to the high level mine is 
dependent upon constructfon of a new substation by Kansas Power and Light 
Company. It is recommended that an  emergency power supply be available 
in addition to the planned surface utility supply. 
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Retrieval 

A primary concern with regard to the high level mine is related to the 
retrieval of the stored was te s .  The Statement on  P. 18-19 implies that 
because the storage s i t e  will  be permanent, and because the circum- 
s tances  requiring recovery are  not obvious a t  the present time, no ef- 
fort will be expended to plan or demonstrate a system which would a l -  
low recovery. This type of negative att i tude could endanger the health 
and welfare of the ci t izens of the s t a t e  of Kansas. 

The facility must be designed to facil i tate retrieval. The portion of  the 
paragraph beginning on l ine 23 of page 18 of the EnvironmentaI Statement 
is misleading. Not only is there insufficient data available to demon- 
s t ra te  that the capsules  can be relocated with precision after they have 
been buried for ten or more years ,  but the remote mining equipment which 
is necessary to accomplish this is not available.  

Waste  Containers 

The report implies that the high level  was te  residues a re  to be encapsu- 
lated in high integrity containers.  This concept is misleading i f  the ca I: - 
su les  used by Oak Ridge National Laboratory during the Salt Vault t e s t s  a re  
selected.  The tested containers were light walled (0.125 inch) s ta in less  
s t ee l  containers which a re  well-su'ted to the operations involved i n  encap- 
sulating the was te ,  but not suited for long-term integrity i f  the container 
is subjected to mechanical shock ,  internal pressure or the corrosive e n -  
vjrpnment of t h e  s a l t  bed. 
area and the surrounding environment, i t  is important that these containers 
be properly engineered for high integrity. 

Waste  packages of alpha was te s  should be required to be sealed containers 
in  standard s i zes  for handling and storage operations. The was te  should be 
non-toxic, non-flammable so l ids  with the same stipulation for the containers. 
In addition, the containers should be of sufficient structural integrity to 
sustain handling, stacking , and crushed sa l t  backfilling operations.  The 
returnable containers should not be restricted to rail car transport a s  dis-  
cussed  under transportation. 

In order to protect the  safety of the  working 

Waste-storage canis ter  design should include consideration of canis ter  
structural integriiy in  bedded s a l t  environments for reasonably long periods 
of time, concurrent with the design to facil i tate retrieval of stored was te  
material. (Concrete compression members between concrete l iners a re  a 
possibility.) This is important because the spacing of containers to preclude 
radioactive decay from heat creating excessive temperatures i n  the s a l t  
cannot be assured i f  the was te  containers lose  their integrity and are  free 
t6 migrate in the sa l t .  
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Site and Facilities 

The Site Selection sect ion of the  report should include water a s  a valuable 
resource for the State  .of Kansas.  The description of the site and requirements 
should include a stipulation for permanent bomb-re'sistant markers located 
a t  the  corners of the  site t o  serve  as  warning monuments to future generations.  
The peripheral surface area of the s torage vaul ts  should b e  dimensionally 
defined and marked. The sub-surface salt and mineral r ights  should a l s o  
be  acquired prior t o  authorization for the project with contingencies for 
expansion planned in order t o  provide a thermal cushion area.  A l l  planning 
for future reposi tor ies  or expansion of the present slte should be completed 
before the project is undertaken. 

The alpha was te  facil i ty should mention the survei l lance and control pro- 
cedures  to  prevent f iss ionable  material from being introduced into the waste  
s torage a rea .  A receiving inventory checking sys tem,  either In the  surface 
faci l i t ies  or in the mine, should be provided to a s su re  control of s t ra tegic  
f iss ionable  material  or sabotage at tempts .  The  A . E . C .  should have plans, 
procedures , facilities and personnel for this  survei l lance system included 
in  the  Environmental Statement,  

The descr ipt ion of the high level  was te  facil i ty is vague.  The facil i ty wil l  s u p -  
posedly cons i s t  of a was te  receiving building, a newly mined area underground, 
and miscel laneous surface support fac i l i t i es .  The miscellaneous surface 
support faci l i t ies  should be  described in de ta i l  as  should the monitoring 
system for exhaust  g a s e s .  Emergency plans for mine shutdown in  the event  
of a power failure,  acc ident ,  or other unforeseen problems must b e  d i scussed  
als'o. 

There is no d iscuss ion  regarding a surface holding area (swimming pool).  
Such a holding area is cequired and must b e  capable  of accommodating a 
receival  backlog created by one or more of the following conditions: (a) 
mining disruptions , (b) s torage cavi ty  drilling flow times assoc ia ted  with 
matching spacing requirements and radiation levels  of was te  containers , 
(c) uncoordinated surges  in receival  of was te  material ,  and (d) high rejec-  
t ion rates from repository inspection of was te  containers .  These eventuali-  
ties must be  planned for and accommodated by the surface facilities. 

Excess Sal t  Disposa l  

The d iscuss ion  of the  mine operation indicates  that  most of the sa l t  will  
remain below the  surface.  This wil l  be very difficult  t o  accomplish as 
t he  ra tes  of s torage increase during the later years  of operation. The 
mining operation will  generate ever increasing quani t i tes  of sa l t  and will  
become a s izeable  a spec t  of the  repository operation. Space requirements 
for the mined salt indicate that d i sposa l  will  become a cr i t ical  problem, 
When th is  problem a r i se s , '  it is recommended that  the salt be  sold to 
commercial out le t s  or deposited in other nearby sa l t  mines as  stated. The 
possibi l i ty  of solution and injection into geologlca 1 formations should not 
be considered.  
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PRELIMINARY REPORT ON STUDIES O F  THE RADIOACTIVE WASTE DISPOSAL 

SITE AT LYONS, KANSAS 

by 

THE STATE GEOLOGICAL S U R W Y  OF' KANSAS 

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

During August of 1 9 7 0 ,  t h e  S ta te  Geo log ica l  Survey of 

Kansas in c o o p e r a t i o n  w i t h  t h e  U. S. Geolog ica l  Survey, t h e  

U. S. Corps of Eng inee r s ,  t h e  S t a t e  Department of H e a l t h ,  and 

Robert Walters of Walters D r i l l i n g  Company i n i t i a t e d  a de t a i l ed  

s t u d y  of t h e  s u r f a c e  geology,  ground water hydro logy ,  and sub- 

s u r f a c e  geology of a nine-square-mile  a r e a  c e n t e r e d  on Lyons, 

Kansas .  Inc luded  i n  t h e  s t u d y  a r e  an e v a l u a t i o n  of t h e  

possible e f f e c t s  of h i g h - i n t e n s i t y  r a d i a t i o n  on s a l t  i n  

p rox imi ty  t o  t h e  r a d i o a c t i v e  waste c o n t a i n e r s ,  and h e a t  t r a n s -  

fer problems re la ted  t o  t h o s e  c o n t a i n e r s .  

Survey of Kansas,  under  Kansas s t a t u t e  48-1601,  is charged 

w i t h  r e s p o n s i b i l i t y  f o r  c o n t i n u i n g  s t u d i e s  on t h e  g e o l o g i c  

effects of s t o r i n g  r a d i o a c t i v e  materials i n  s u b t e r r a n e a n  a r e a s .  

The s t u d i e s  a t  Lyons have been suppor t ed  by Oak Ridge N a t i o n a l  

Labora tory  and Union Carb ide  Company w i t h  funds ,  now approach- 

i n g  $100,000,  p rovided  by t h e  A t o m i c  Energy Commission. 

The S t a t e  Geo log ica l  

Although a number of o i l  and gas e x p J o r a t o r y  tes t  h o l e s  

have been d r i l l e d  n e a r  t h e  s i t e ,  l i t t l e  g e o l o g i c a l  i n fo rma t ion  

was r eco rded  f o r  t h e  rocks  f r o m  t h e  s u r f a c e  through t h e  s a l t .  

Accordingly,  Oak Ridge N a t i o n a l  Labora tory  , c o n t r a c t e d  w i t h  t h e  

U. S. Corps of E n g i n e e r s  t o  d r i l l  a hole a t  t h e  no r thwes t  



corner of t h e  1,000-acre si te .  

r e q u i r e d  t o  o b t a i n  a s i x - i n c h  core from t h e  s u r f a c e  through 

the s a l t  t o  a dep th  o f  approximately 1 , 3 0 0  feet, t o  o b t a i n  a 

complete s u i t e  of geophys ica l  l o g s ,  and t o  t e s t  wa te r -bea r ing  

fo rma t ions  under d i r e c t i o n  from g e o l o g i s t s  of t h e  S t a t e  Geol'ogi- 

cal  Survey and t h e  U. S. Geolog ica l  Survey. T h i s  work has  been 

completed and t h e  core and l o g s  have been b rough t  t o  t h e  offices 

of t h e  S ta te  Geological Survey. 

photographed i n  color.  A d d i t i o n a l l y ,  one might  note, t h e  

Geo log ica l  Survey has been provided  w i t h  an o u t s t a n d i n g l y  

complete r e c o r d  of '  these rocks ;  t h i s  r e c o r d  from t h e  A.E.C. 

No. 1 core hole will be the object of c o n t i n u i n g  investi- 

gations fo r  many y e a r s .  

The Corps of Engineers  was 

The core has  been s l abbed  and 

A second h o l e  has  been completed a t  t h e  s o u t h e a s t  coqner  

of t h e  proposed 1,000-acre  r e p o s i t o r y  s i t e  by t h e  Corps of 

Engineers .  The rocks  were n o t  co red ,  e x c e p t  th rough t h e  salt 

sect ion,  b u t  a complete s u i t e  of samples was o b t a i n e d ,  a long  

w i t h  a complete  s u i t e  o f  geophys ica l  logs and w a t e r  samples.  
' I  

P r e l i m i n a r y  studies of t h e  s u r f a c e  and n e a r - s u r f a c e  

geology and h y d r o l o g y ' i n  t h e  area have been completed by s t a f f  

of t h e  S t a t e  Geologica l  Survey. 

have been d r i l l e d ,  and e x t e n s i v e  s t u d i e s  have been made (and 

are c o n t i n u i n g )  of outcropping  rocks .  

Approximately 40' s h a l l o w  holes 

Pre l imina ry  - R e s u l t s  of Sur face  and Subsurface I n v e s t i g a t i o n s  

Gyound water i s  t h e  p r i n c i p a l  sou rce  of w a t e r  supply  for 

munic ipa l ,  i n d u s t r i a l , '  i r r i g a t i o n ,  s t o c k  and domest ic  u se  i n  



the Lyons area. 

1 ,000  g a l l o n s  p e r  minute ,  a r e  located i n  a l l u v i a l  d e p o s i t s  

in the Arkansas R ive r  Va l l ey ,  Cow Creek Valley, and. L i t t l e  COW 

Creek V a l l e y  s o u t h  and w e s t  of t h e  c i t y  of Lyons and the pro- 

posed r e p o s i t o r y .  Thicknesses  of t h e s e  d e p o s i t s  range  from 

8 f e w  f e e t  t o  as much as 1 8 0  feet .  

A l l  of t h e  l a r g e  w e l l s ,  y i e l d i n g  300 t o  

Sands tones  of t h e  Cre taceous  Dakota Formation and Kiowa 

Formation also c o n t a i n  w a t e r  of good q u a l i t y  for  s t o c k  and 

domestic use .  Sandstone beds ,  r anq ing  i n  t h i c k n e s s  from only 

a f e w  i n c h e s  t o  several  t e n s  of feet ,  occur throughout  t h e  

K i o w a  Formation, and are a p o t e n t i a l  sou rce  of water supply .  

The Stone C o r r a l  Formation of Permian age i s  t h e  lowermost 

rock u n i t  t h a t  may c o n t a i n  fresh water. I t  is approximately 

-18 feet  t h i c k  and t h i n s  toward t h e  o u t c r o p  a r e a  t o  t h e  e a k t .  

Water samples were o b t a i n e d  from 29 t es t  h o l e s  and 1 3  

doniestic supply wells. S tandard  chemical  and r a d i o a c t i v e  

analyses were performed by t h e  S t a t e  Department of Heal th;  t h e  

Geological Survey ana lyzed  all water samples f o r  t race e l e m e n t s .  

All of t h e  w a t e r  analyzed is a h a r d ,  calcium b i c a r b o n a t e  type .  

Samples ranged from 2 5 0  t o  650 p a r t s  p e r  m i l l i o n  of dissolved 

sol ids .  The water is g e n e r a l l y  of good q u a l i t y  e x c e p t  i n  l o c a l  

areas where it  i s  contaminated by sodium c h l o r i d e  from o i l  f i e l d  

brines or  s u r f a c e  o p e r a t i o n s  of s a l t  mines .  

The p r e l i m i n a r y  report of subsu r face  geo log ic  c o n d i t i o n s  

is d e r i v e d  from s tudy  of informat ion  from t h e  t w o  wells d r i l l e d  

by t h e  Corps of Engineers ,  froin s t u d y  of t h e  r o c k s  i n  t h e  s a l t  

c3 mine s h a f t ,  and from records o b t a i n e d  from t h e  f i l e s  of t h e  



I Geological Survey and o t h e r  s o u r c e s .  The lowest d e n s i t y  of 

c o n t r o l  p o i n t s  is i n  the  c e n t r a l  par t  of t h e  proposed  s t o r a g e  

s i te .  

The s a l t  s e c t i o n  i s  of n e a r l y  uni form t h i c k n e s s ,  and 

t h e r e  is  no e v i d e n c e  of any p o s t - d e p o s i t i o n a l  s o l u t i o n  a t  the 

top of t h e  s a l t  s e c t i o n .  S a l t  r anges  i n  t h i c k n e s s  from 250 t o  

300 fee t  i n  t h e  area. Some s t r u c t u r a l  de fo rma t ion  i s  e v i d e n t .  

The s a l t  t h i n s  over s t r u c t u r a l  h ighs ,  e s p e c i a l l y  i n  t h e  east- 

e r n  par t  of t h e  area i n  t h e  v i c i n i t y  of t h e  abandoned'Lyons 

gas f i e l d .  

i n  t h e  middle p a r t  of t h e  s e c t i o n ,  w i t h  less l a t e r a l  c o n t i n u i t y  

i n  beds a t  t h e  t o p  and bottom of t h e  s e c t i o n .  

f a u l t i n g  was found, a l t h o u g h  t h e  Harper  Sands tone  e x h i b i t s  

numerous h igh -ang le  f r a c t u r e s  which a p p e a r  t o  be open. 

possible t h a t  some f l u i d  movement c o u l d  o c c u r  a l o n g  t h e s e  

f r a c t u r e s .  

K i o w a  Formation a l so ,  b u t  t h e y  do n o t  appea r  t o  be open. 

Non-sa l t  beds g e n e r a l l y  e x h i b i t  l a t e r a l  c o n t i n u i t y  

N o  e v i d e n c e  of 

It is 

High-angle f r a c t u r e s  occur i n  t h e  o v e r l y i n g  

P r e l i m i n a r y  Conclus ions  from S u r f a c e  and Subsur face  S t u d i e s  

P r e l i m i n a r y  s t u d i e s  of t h e  s u r f a c e  geology and hydrology 

and s u b s u r f a c e  geology reveal no s t r u c t u r a l  o r  s t r a t i g r a p h i c  

c o n d i t i o n s  t h a t  shou ld  c a u s e  concern  w i t h  r e s p e c t  t o  t h e  geo- 

logic c o n d i t i o n s  a t  t h e  r e p o s i t o r y  s i t e .  

d i t i o n s  w e r e  r e v e a l e d ,  and t h e  rocks g e n e r a l l y  e x h i b i t  l a t -  

eral c o n t i n u i t y  e x c e p t  f o r  loca l  s t r u c t u r a l  h i g h s  and some 

t h i n n h g  of s a l t  and other  rock  u n i t s .  

w i l l  p r o v i d e  i n v a l u a b l e  i n f o r m a t i o n  for d e t a i l e d  a n a l y s i s  

relat ing t o  h e a t  flow. 

N o  unexpected con- 

The s t u d i e s ,  however, 



Heat T r a n s f e r  

Problems r e l a t i n g  t o  h e a t  flow and surface s u b s i d e n c e  

remain l a r g e l y  unsolved .  

Of the complex heat-flow problem have been b a s e d  upon a rqck 

To date ,  models used  f o r  s o l u t i o n  

s e c t i o n  c o n s i s t i n g  of a u n i t  of pu re  s a l t  and a unit of p u r e  

s h a l e .  Accord ing ly ,  t h e  a n a l y t i c a l  s o l u t i o n  for h e a t  flow 

d i s t r i b u t i o n  assumes homogeneous and isotropic media i n  t w o  

dimens ions  o n l y  fo r  s t e a d y  and uns teady  c o n d i t i o n s .  

more, t h e  h e a t  f l o w  p e r  c a n i s t e r  is an assumed v a l u e ,  and 

F u r t h e r -  

a c t u a l  values have n o t  y e t  been de termined .  

The actual rock section consists of laminated s a l t  and 

sha le .  T r i a l  calculations, based on i n t r o d u c t i o n  of t e n  and 

20 foot shale  l a y e r s ,  15 and 55 f e e t  above t h e  mine, i n d i c a t e  

a 34 p e r c e n t  r i se  i n  t h e  peak t empera tu re  of t he  mine as 

compared t u  a peak t empera tu re  rise i n  p u r e  salt. 

Conc lus ions  Regarding Heat T r a n s f e r  

Oak Ridge National Labora to ry  and A.E.C. s t a f f  have 

exhib i ted  remarkably l i t t l e  i n t e r e s t  i n  t h e  h e a t  flow problem, 

and have n o t  demonst ra ted  c a p a b i l i t y  for s o l v i n g  three-  

d imens iona l  problems i n v o l v i n g  a complex l amina ted  s e c t i o n .  

The i n t e r a c t i o n  of s u b s i d e n c e ,  thermal  expan.sion, and heat  

f l o w  c o u l d  be responsible for b r e a k i n g  t h e  s e a l  of o v e r l y i n g  

rocks, and p e r m i t t i n g  e n t r y  of s u r f a c e  or s u b s u r f a c e  waters. 

The S ta te  Geological Survey regards ' s o l u t i o n  of this problem 

as c r u c i a l  t o  t h e  s a f e t y  of t h e  r e p o s i t o r y  si te .  



Energy S to rage  from Radia t ion  Damage 

I n v e s t i g a t i o n s  have been undertaken by s taf f  of t h e  

Geologica l  Survey and Oak Ridge Na t iona l  Laboratory of energy 

s t o r a g e  i n  radiation-damaged s a l t .  

from t h e  project S a l t  Vau l t  s i t e  a t  Hutchinson show energy 

s t o r a g e  of approximately 1 0  t o  50 calories p e r  gram from gamma 

r a d i a t i o n .  

Van de Graaff Accelerator show energy s t o r a g e  as h igh  as 80 

calories p e r  gram. 

i t y  of t h e  s a l t  t o  undergo r a p i d  thermal  excur s ion  through 

sudden release of t h e  s tored energy. The release of 80 calo- 

ries p e r  gram would cause tempera tures  i n  t h e  affected reg ion  

to rise from 300° C.  t o  620" C, 

could r e s u l t  i n  g r e a t e r  flowage of s a l t  around t h e  c o n t a i n e r s ,  

and could  cause an e x p l o s i v e  a f f e c t  due t o  t h i s  sudden thermal  

expans ion ,  As l ong  as t h e  waste  Conta iners  main ta in  t h e i r  

i n t e g r i t y ,  on ly  very  s m a l l  q u a n t i t i e s  of s a l t  would be sub-  

ject  t o  h igh  energy ,  heavy p a r t i c l e  r a d i a t i o n .  However, 

r e l e a s e  might occur once or  twice a y e a r  for  about  t h r e e  

y e a r s  and me l t ing  o r  explos ion  might  cause  c o n t a i n e r s  t o  

mig ra t e  t o  lower dep ths ,  p o s s i b l y  t o  s h a l e  l a y e r s ,  and f a u l t s  

could  develop i n  o v e r l y i n g  rocks  because of exp los ions .  

Samples of s a l t  clbtained 

Samples of s a l t  i r r ad ia t ed  w i t h  p ro tons  from a 

A problem arises from t h e  p o t e n t i a l  capac- 

These h igh  tempeyatures 

I n  a d d i t i o n ,  t h e  metal c o n t a i n e r s  are expected t o  deterio- 

rate w i t h i n  s i x  months, and t h e  ceramic m a t e r i a l  c o n t a i n i n g  

the r a d i o a c t i v e  was te  i s  expec ted  t o  d e t e r i o r a t e  w i t h i n  sev- 

eral y e a r s .  

through t h e  s a l t .  

Accordingly,  r a d i o a c t i v e  p a r t i c l e s  could  migra te  

I f  t h e  p a r t i c l e s  are heavy, downward 

n 

n 



migration might occur  due t o  l o c a l i z e d  mel t ing ;  if they  are 

l i g h t  t h e y  might mig ra t e  upward. Water i s  available i n  the 

s a l t ,  and t h e  waste p a r t i c l e s  could  be suspended by t u r b u l e n t ,  

boiling. Furthermore,  t h e  solid p a r t i c l e s  would expo-se t h e  

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

total expec ted  dose per c o n t a i n e r  i s  2 x 1 0  rads,  w e  have 

i n d i c a t i o n  t h a t  the dose may be s i g n i f i c a n t l y  larger. 

10 

The ceramic s i l i c a  glass  also can store energy, and 

gamma r a d i a t i o n  can cause  chemical breakdown of s a l t .  

sis could  r e s u l t  i n  formation o f  new c h l o r i n e  compounds t h a t  

are capab le  o f  l e a c h i n g  plutonium. 

Radioly- 

Conclusions Regarding Radia t ion  Damage 

S t a f f  of  Oak Ridge Na t iona l  Laboratory and t h e  Atonic 

Energy Commission have exh ib i t ed  remarkably l i t t l e  i n t e i . e s t  

in s t u d i e s  of  r a d i a t i o n  damage. 

r e g a r d s  t h i s  problem a s  extremely c r i t i c a l  t o  sa fe  s t o r a g e  

of. r a d i o a c t i v e  w a s t e  a t  t h e  Lyons s i t e .  

The S t a t e  Geologica l  Survey 

T r a n s p o r t a t i o n  and R e t r i e v a l  of Waste 

Although t h e  S ta te  Geological Survey has  no d i r e c t  

r e s p o n s i b i l i t y  f o r  t r a n s p o r t a t i o n  problems and r e t r i e v a l  of 

r a d i o a c t i v e  was te s ,  w e  would be remiss i f  w e  d i d  n o t  c a l l  

a t t e n t i o n  t o  these c r i t i c a l  f a c t o r s  and r e i n f o r c e  t h e  con- 

c l u s i o n s  and concern of o t h e r  s t a t e  agencies  involved  i n  

these p r o b l e m .  W e  judge t h a t  p l ans  for safe  t r a n s p o r t a t i o n  

of t h e s e  r a d i o a c t i v e  m a t e r i a l s  are completely inadequate  and 



t h a t  no cont ingency plans for r e t r i e v a l  of waste exists a t  a l l .  

We conclude t h a t  these t.20 elements are critical and crucial 

to t h e  s a f e  s t o r a g e  of rad ioac t ive  m a t e r i a l s  a t  the Lyons site. 
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Dear Wr. Saffels:  

Ii am responding  to a l e t t e r  from Governor Robert  Docking, 
cfated December 29, 1 9 7 0 ,  a s k i n g  m e  t o  forward comments t o  
you r e g a r d i n g  a d r a f t  copy of Environmental  ---- Sta t emen t ,  
Rad ioac t ive  ---___ Waste Repos i to ry ,  - Lyons, Kansas from the- 
A t o m i c  Energy Cornmission under  cove r ing  l e t t e r  from 
John A .  Er lewine ,  and a r e p o r t  e n t i t l e d  Di sposa l  of Sol id  
Rad ioac t ive  Wastes i n  Bedded S a l t  Depos i t s  by t h e  C o m m i t t e e  
on Radioactive-aste Management of t h e  B x i o n a l  Academy of 
Sc iences .  I a m  p l e a s e d  t o  have o p p o r t u n i t y  t o  comment on 
these reports because I have been widely quoted  i n  t h e  news- 
,~ape r s  as s t a t i n g  t h a t  I wrote t h e  N a t i o n a l  Academy r e p o r t ,  
&at  t h e  r e p o r t  endor ses  t h e  Lyons s i te  for r a d i o a c t i v e  
d;isposal, and t h a t  I t h e r e b y  e x p r e s s  my approva l  and endorse-  
ment o f - t h e  project .  These s t a t e m e n t s  a r e  n o t  correct. 
Bctual’ly, I s e r v e d  on t h e  Pane l  on Disposa l  i n  S a l t  Mines 
Of the Committee on Radioactive Waste Management, and I d i d  
make major c o n t r i b u t i o n s  t o  t h e  Pane l  r e p o r t ,  which sub- 
s e q u e n t l y  w a s  reviewed and changed by t h e  p a r e n t  Committee. 
Q?r the m. os t  p a r t ,  Ia-e w i t h  t h e  N a t i o n a l  Academy r e p o r t ,  
which does  n o t  g i v e  u n q u a l i f i e d  endorsement of the Lyons s i t e  
and c o n t a i n s  many c o n s t r a i n i n g  s t a t e m e n t s .  For example, undei 
Summary and Conclus ions ,  t h e  Committee s ta tes  t h a t  d i s p o s a l  i x  
bedded s a l t  i s  t h e  s a f e s t  choice now a v a i l a b l e ,  p rovided  t h e  
wastes are i n  an  a p E p r i a t e  . --- form and t h e  s a l t  beds meet the- 
n e c e s s a r y  des ign  and g e o l o g i c a l  c r i t e r i a .  The Committee st%tc 
tha t  t h e  s i t e  n e a r  Lyons, Kansas is s a t i s f a c t o r y ,  - subject t o  - t h e  development of  - c e r t a i n  --- a d d i t i o n a l  -- conf i rma to ry  d a t a  and 
e v a l u a t i o n .  The recommendations of t h e  C o s i t t e e  f o r  add i -  
t i o n a l  s t u d i e s  and i n v e s t i g a t i o n s  a r e  t h e  same reconunenda- 
t i ’ons of t h e  Kansas Geological Survey,  and I acknowledge 

----__-_- 
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r e s p o n s i b i l i t y  for making s u r e  t h a t  t h e y  were a p a r t  o f  
t he  r e p o r t .  Inc luded  i n  t h e  recommendations are g e o l o g i c a l  
and h y d r o l o g i c a l  s t u d i e s ,  i n c l u d i n g  cored and logged d r i l l  
h o l e s ;  s t u d y  of subs idence  of t h e  mine, s t u d i e s  of r a d i a t i o n  
damage affects,  f u r t h e r  i n fo rma t ion  on t h e  the rma l  and 
mechanical  p r o p e r t i e s  of t h e  s a l t  beds and o t h e r  key s t ra t i -  
g r a p h i c  u n i t s ,  t h e o r e t i c a l  and expe r imen ta l  work u s i n g  cored 
material t o  de termine  t h e  p o s s i b i l i t y  of t h e r m a l l y  i n i t i a t e d  
f l o w  p a t t e r n s ,  a d d i t i o n a l  i n fo rma t ion  on thermal  c o n d u c t i v i t y ,  
t he rma l  d i f f u s i o n ,  t he rma l  expansion and phase changes ,  and 
a waste r e t r i eva l  p l an .  

n 

I am d i s t u r b e d  t o  n o t e  an Appendix t o  t h e  Committee r e p o r t  
which was n o t  a p a r t  of t h e  o r i g i n a l  report. Seemingly,  
t h e  s t a t e m e n t s  i n  t h e  Appendix were added g r a t u i t o u s l y  i n  
an a t t e m p t  t o  r e f u t e  some of t h e  concerns  of t h e  Committee. 

As t o  t h e  Environmental  S t a t emen t ,  I f i n d  many p a r t s  of 
it t o  be g e n e r a l ,  meaningless ,  and a p u b l i c  r e l a t i o n s  
e f for t  d e s i g n  t o  r e l i e v e  t h e  f e a r s  of c r i t i cs ,  Throughout 
t h e  r e p o r t ,  c o n c l u s i o n s  are based  upon r e s u l t s  derived from 
s t u d i e s  u s i n g  s i m p l i f i e d  models or n a i v e  assumptions.  The 
assumption i s  made t h a t  t h e  impermeabi l i ty  of t h e  s a l t  bed 
w i l l  p r o t e c t  a g a i n s t  release of r a d i o a c t i v e  material  t o  
underground water  r e s o u r c e s ,  and t h a t  t h e  s a l t  d e p o s i t s  a r e  
free o f  c i r c u l a t i n g  groundwaters  and a r e  i so la ted  from under-  
ground a q u i f e r s  by e s s e n t i a l l y  impermeable s h a l e .  Tempera- 
t u r e s  a t  t h e  s u r f a c e ,  i n  water b e a r i n g  rocks, and i n  t h e  
s a l t  are considered to be of r e l a t i v e l y  l i t t l e  s i g n i f i c a n c e .  
The report concludes  t h a t  c losure of t h e  mine, caused  by 
c o n s o l i d a t i o n  and r e c r y s t a l l i z a t i o n  of c rushed  s a l t  back- 
f i l l e d  i n t o  rooms, will e v e n t u a l l y  f i n d  expression i n  very 
sha l low subsidence a t  t h e  s u r f a c e .  These movernents are 
judged to be so slow and g r a d u a l  t h a t  t h e  s u r f a c e  and a l l  
i n t e r v e n i n g  rocks  w i l l  a d j u s t  t o  t h i s  deformat ion  w i t h o u t  
d e l e t e r i o u s  a f f e c t s ,  and any f r a c t u r e s  which might deve lop  
w i l l  be r e a d i l y  h e a l e d  by p l a s t i c  deformat ion  o f  t h e  s a l t .  

The r e p o r t  s t a t e s  t h a t  once r a d i o a c t i v e  wastes are emplaced 
i n  the s a l t  r e p o s i t o r y  they  w i l l  be regarded  as i n  permanent 
s t o r a g e .  R e t r i e v a l  would o n l y  be considered i n  l i g h t  of an 
o b j e c t i v e  s a f e t y  problem under c i r cums tances  which t o  da te  
have n o t  been p o s t u l a t e d .  However, the f a c i l i t y  w i l l  bi? 
des igned  so as n o t  t o  p rec lude  r e t r i e v a l .  The b u r i a l  
locat ions f o r  each c o n t a i n e r  will be a c c u r a t e l y  surveyecl 
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and r eco rded  s o  t h a t  re t r ie  a 1  'b u s e  of remote ly  c o n t r o l l e d  
automatic mining equipment would t h u s  b e  p o s s i b l e .  
regard t o  t r a n s p o r t a t i o n ,  s o l i d  wastes w i l l  be  s h i p p e d  i n  a 
special c o n t a i n e r  by- r a i l '  d u r i n g  i n i t i a l  y e a r s  of o p e r a t i o n ,  
and wastes w i l l  be  packaged and sh ipped  i n  conformance w i t h  
B.E.C. and Department of T r a n s p o r t a t i o n  r e g u l a t i o n s .  911 of 
these s t a t e m e n t s  s h o u l d  be s c r u t i n i z e d  c a r e f u l l y .  

With 

Geo log ica l '  I n t e g r i t y  O f  The S i t e  

I n  cjenerax, it is t r u e  t h a t  t h e  salt: d e p o s i t s  are free or: 
c i r c u l a t i n g  groundwaters  and are i s c l a t e d  from underground 
a q u i f e r s  by e s s e n t i a l l y  impermeable s h a l e .  Hnwever, t h e s e  
mclj..~ neve r  have been sub_fjec.ted to t h e  thermal  o r  r a d i o l o g i c a l  
stresses t h a t  a r e  -aSsuined. Fur thermore ,  w e  have r eason  t o  
judge  tnat t,he assumed stresses may be  an error .  Even so, 
some s t r u c t u r a l  de fo rma t ion  i s  e v i d e n t  from o u r  g e o l o g i c a l  
s t u d i e s .  The s a l t  t h i n s  o v e r  s t r u c t u r a l  h i g h s ,  t h e  Harper  
Sand-stone exhibi ts  numerous h igh-angle  f r a c t u r e s  which appea r  
t o  b e  open,  and h igh -ang le  f r a c t u r e s ,  which do  n o t  appea r  t o  
be open, occur i n  t h e  o v e r l y i n g  Kiowa Formation. 

ThermaI and' R a d i o l o g i c a l ' S t r e s s e s  - 
.The project has been d e s i q n e d  w i . m u t  a c lear  u n d e r s t a n d i n g  
of h e a t  diffusion problems. 
complex hea t - f low problem have been based  upon a rock  sec t ion  
cons i ' s t i ng  of u n i t s  o f - p u r e  salt and pure  s h a l e .  
rock s e c t i o n  c o n s i s t s  of l amina ted  s a l t  and s h a l e ,  and a n a l y t i -  
car r e s u l t s  may be v e r y - e r r o n e o u s .  
for h e a t  f low and t empera tu re  d i s t r i b u t i o n  assume homogeneous 
and i s o t r o p i c  media i n  two dimensions on ly  f o r  s t e a d y  and un- 
s t e a d y  c o n d i t i o n s ,  and are  6ased  on consta.nt  rock p r o p e r t i e s .  
Fur thermore ,  h e a t  flow p e r  c a n n i s t e r  is an assumed v a l u e ,  and 
ac tua l '  v a l u e s  have n o t  y e t  been de termined .  
c a I c u l a t i o n s ,  based  on i n t r o d u c t i o n  o f  1 0  and 20 foot s h a l e  
l a y e r s ,  1 5  and 55 f e e t  above t h e  mine, i n d i c a t e  a 34 p e r c e n t  
rise i n  t h e  peak t empera tu re  of t h e  m i n e  a s  compared w i t h  a- 
peak t empera tu re  i n  pu re  s a l t .  P h y s i c a l  p r o p e r t i e s  of rocks  
do change w i t h  t e m p e r a t u r e ,  and t h e  p h y s i c a l  p r o p e r t i e s  
of  s a l t  e s p e c i a l l y  are  s u s c e p t i b l e  t o  t empera tu re  change. 
Some o f  t h e s e  p r o p e r t y  changes range  from t h e  f o u r t h  t o  
t h e  t e n t h  power of the t empera tu re .  I n  a d d i t i o n ,  w e  have 
no measure of pore p r e s s u r e s  t h a t  may develop  i n  f l u i d -  
b e a r i n g  s h a l e s .  

Models used f o r  s o l u t i o n  of t h e  

The ac tuz l  

The a n a l y t i c a l  solutions 

Our own t r i a l  
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The Oak Ridge N a t i o n a l  Labora tory  and A . k . C .  s t a f f  have 
e x h i b i t e d  remarkably l i t t l e  inter ,es t  in a p r o p e r  s t u d y  of 
t h e  heat  , f l o w .  problem, and have n o t  demonst ra ted  c a p a b i l i t y  
for  s o l v i n g  th ree -d imens iona l  problems i n v o l v i n g  a com- 
p l e x  lamina ted  s e c t i o n .  

The a f f e c t s  of r a d i a t i o n  -damage t o  s a l t .  have  .not been 
adequa te ly  examined. Samples of s a l t  o b t a i n e d  from t h e  S a l t  
V a u l t  s'ite a t  Hutchinson show energy  s t o r a g e  of approximate ly  
10 t o  50 c a l o r i e s  p e r  gram from gamma r a d i a t i o n .  Samples of 
s a l t  i r r a d i a t e d  w i t h  p r o t o n s  from t h e  Van de  Graaff A c c e l e r a t o r  
show energy  storage as h igh  as 80 calor ies  p e r  gram. Thus, 
an a d d i t i o n a l  t he rma l  problem a r i s e s  from t h e  p o t e n t i a l  
capacity of the salt to undergo rap.id thermal excursion 
th rough sudden r e l e a s e  of t h e  s t o r e d  energy .  The release 
of 80 calor ies  per gram would cause temperatures i n  t h e  
affected region to r ise  f r o m  300° C. to 620° C .  These hi.qh 
t empera tu res  cou ld  r e s u l t  i n  g r e a t e r  flowage o f  s a l t  around 
t h e  c o n t a i n e r s  and could  cause  an e x p l o s i v e  B f f e c t  due t o  t h e  
sudden the rma l  expans ion .  Thus, t he rma l  and r a d i o l o g i c a l  
stresses i n t e r a c t i n g  w i t h  t h e  stresses caused by c o n s o l i d a t i o n  
and r e c r y s t a l l i z a t i o n  of t h e  s a l t  cou ld  produce s h e a r  i n  
o v e r l y i n g  r o c k s ,  and subs idence  o f  some magnitude. 

n 

Accordingly ,  t h e  s ea l  of o v e r l y i n g  rocks' could be b roken ,  
c r e a t i n g  v e r t i c a l  p e r m e a b i l i t y  and p e r m i t t i n g  e n t r y  of s u r -  
f'ace o r  s u b s u r f a c e  waters. Our i n v e s t i g a t i o n s  o f  t h e  sand- 
s t o n e s  of t h e  Kiowa Formation r e v e a l  t h a t  water i n  them may 
be under  a r t e s i a n  p r e s s u r e .  I t  i s  4mgerative t h a t  s t u d i e s  be 
con t inued  t n  determine whether t h i s  ilnde-rflow e x i s t s  and whether  
it cou ld  feed. a system of frac+\irQs. One can s t a t e  w i t h  sore 
c e r t a i n t y  t h a t  access of water  t o  t h e  s a l t ,  a t  c a l c u l a t e d  or 
h i g h e r  t han  c a l c u l a t e d  t empera tu res ,  would create a the rma l  
convec t ion  and c i r c u l a t i o n  system. Most c e r t a i n l y ,  s o l u t i o n  
of t h e  s a l t  would t a k e  p l a c e  and t h e  i n t e g r i t y  of t h e  s t o r a g e  
s i t e  cou ld  no l o n g e r  be main ta ined .  The S t a t e  Geo log ica l  
Survey regardc: s o l u t i o n  o f  t h e s e  problems as c r u c i a l  t o - t h e  
s a f e t y  of- t h e  r e p o s i t o r y  s i t e ,  and urges  most s t r o n g l y  t h a t  
s t u d i e s  be un-lertaken imnicdiately . 

R e t r i e v a l  Problems 

As l o n g  a s  t h e  was te  c o n t a i n e r s  ma in ta in  t h e i r  i n t e g r i t y ,  
o n l y  s m a l l  q u z n t i t i e s  of s a l t  would be  s u b j e c t  t o  h igh-energy ,  
h e a v y - p a r t i c l e  r a d i a t i o n .  However r e l e a s e  might o c c u r  once or 
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twice a y e a r  for abou t  t h r e e  years and m e l t i n g  o r  e x p l o s i o n  
couId cause  c o n t a i n e r s  t o  m i g r a t e  t o  lower d e p t h s ,  p o s s i b l y  
to shale  layers, and f a u l t s  could develop  i n  o v e r l y i n g  rocks 
because of e x p l o s i o n s .  
expected t o  begin t o  deteriorate w i t h i n  s i x  months, and t h e  
ce-ramic material  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 is expec ted  
t o  d e t e r , i o r a t e  w i t h i n  several years. Accordingly ,  r a d i o a c t i v e  
p a r t i c l e s  could m i g r a t e  through t h e  s a l t .  I f  t h e  p a r t i c l e s  
are heavy, downward m i g r a t i o n  might occur  due t o  l o c a l i z e d  
m e l t i n g ;  i f  t h e y  a r e  l i g h t  t hey  might m i g r a t e  upward. Water 
fs avai'l'able i n  t h e  s a l t ,  and t h e  was te  p a r t i c l e s  cou ld  be 
suspended by t u r b u l e n t  b o i l i n g .  Furthermore,  t h e  solid 
p a r t i c l e s  would expose t h e  sal€ t o  s i g n i f i c a n t l y  h i g h e r  
r ad ' i a t ion  doses. The ceramic  m a t e r i a l  also can store ene rgy ,  
and gamma rad ia t ion  can cause  chemical  breakdown of s a l t .  
R a d i o l y s i s  cou ld  result i n  format ion  of new c h l o r i n e  con- 
pounds t h a t  are  capab le  of - l e a c h i n g  plutonium. Thus,  s t a t e -  
pent-s t h a t  b u r i a l  l o c a t i o n s  for each  c o n t a i n e r  w i l l  bc 
a c c u r a t e l y  surveyed  and recorded so t h a t  p r e c i s e  l o c a t i o n  
of t h e  w a s t e s  w i l l  be known a r e  r e l a t i v e l y  n e s n i n q l e s s .  
Fur thermore ,  t h e  recovery  of these d i s p e r s e d  wastes ir a 
host i le  environment  a t  h igh  temperatGre and r a d i a t i o n  l e v e l s  
is s c a r c e l y  a t r i v i a l  problem. 
Ridge National.  Labora tory  and t h e  A . E . C .  have s t a t e d  t ? a t  t h e  
technology f o r  such r ecove ry -  i s  a v a i l a b l e ,  n o  d e s i g n  c3ncept  
h a s  been r e v e a l e d .  

I n  a d d i t i o n ,  t h e  metal C o n t a i n e r s  are 

Although t h e  s t a f f  of Oak 

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

A l t h o u q h  not really within the competence of t h e  s t a f f  of 
t h e  Geo log ica l  Survey,  o u r  views concern ing  t r a n s p o r t a e i o n  
are stated here i n  order t o  r e i n f o r c e  t h e  e x p r e s s e d  concerns  
of competent sta€f i n  o ther  s t a t e  a g e n c i e s ,  If s t a t e m e n t s  
t h a t  t h e  s u r f a c e  t empera tu res  of t r a n s p o r t a t i o n  casks \ b i l l  
Be approximate ly  350' C. are correct,  most c e r t a i n l y  these 
c o n t a i n e r s  will n o t  be  i n  conformance w i t h  A . E . C .  and Depart-  
ment of T r a n s p o r t a t i o n  r e g u l a t i o n s .  Fur thermore ,  railroad 
roadbeds i n  Kansas are judged by a u t h o r i t i e s  t o  be i n  ecceed- 
i n g l y  poor c o n d i t i o n .  Adequate desj gns for a t r a n s p o r t d t i o n  
avstem have n o t  been r e v e a l e d ,  and to t h e  best of o u r  k r o w l - -  
e d g e  the proposed N a t i o n a l  Academy of Sc iences  Committee on 
T r a n s p o r t a t i o n  has  n o t  y e t  been appo in ted .  
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I hope t h a t  these comments will be use f ih  t o  you i n  
assembling comments fo r  the  development of a s t a t emen t  by 
Goverqpr Docking, and I enc lose  an add i t iona l  copy of o u r  
pre l iminary  r e p o r t  dated December 2 ,  1970 for your p o s s i b l e  
use. 

S i n c e r e l y  yours , 

W i l l i a m  W. Hambleton 
D i r e c t o r  

WWH:ds 

Enclosure 



K A N S A 5 S T A T E U N I V E R S I T Y Mntihattnn, K a w s  66$02 0 
OlVlOlON OF BIOLOGY February 2,  1971 

Mr. Dale E. S a f f e l s ,  Chairman 
Advisory Council on Ecology * 
S t a t e  Corporation Conmission 
Fourth Floor ,  S ta te  O f f i c e  Building 
Topeka, Kansas 66612 

Dear Mr. S a f f e l s :  

In  response t o  t h e  l e t te r  from Governor Docking of December 29, I am sending t h e  
fol lowing comments concerning t h e  d e t a i l e d  environmental statement on the-proposed 
Radioactive Waste Repository a t  Lyons, Kansas. My f i r s t  comment i s  i n  t h e  s u b j e c t  
area i n  which I have t h e  most competence. The o t h e r s  are more general  comments. 

.1. 
no change s u f f i c i e n t  t o  a f f e c t  t h e  b i o t a ,  including man, e i t h e r  from t h e  
hea t  produced o r  from r a d i o a c t i v e  wastes i n  t h e  environment. 
w i l l i n g  t o  accept t h a t  t h i s  i s  probably so, but  t h i s  is an  experimental 
undertaking and w e  cannot guarantee t h a t  i t  is so. 
a c t i v i t y  from t h e  recent  underground nuclear  tes t  i n  Nevada, which planners  
s a i d  would not  occur,  and t h e  problems encountered i n  t h e  lunar  space c r a f t ,  
where extreme c a r e  is used t o  a s s u r e  success ,  both a t t e s t  t o  t h e  f a c t  t h a t  
perfection is not assured, 
e f f e c t s  do a r i s e , ' i t  w i l l  b e  important t h a t  w e  b e  a b l e  t o  e s t a b l i s h  t h a t  no 
e f f e c t s  d id  occur. 
repos i tory  who g e t s  s i c k ,  o r  who has l i v e s t o c k  o r  p l a n t s  t h a t  ge t  s i c k ,  w i l l  
accuse t h e  repos i tory  f o r  causing t h e  malady. Without constant  ' survei l lance 
and s tudy,  we w i l l  not be a b l e  t o  know whether such accusat ions a r e  t r u e  o r  
f a l a e .  
p o s s i b i l i t i e s  i n  order t o  l e a r n  a s  much a s  poss ib le  from t h e  experiment and 
t o  d e t e c t  unintended e f f e c t s .  For these  reasons I consider i t  e s s e n t i a l  
t h a t  w e  i n  Kansas require that the p o l i c y  statement include the fo l lowing:  

The statement assumes, on t h e  b a s i s  of planning, t h a t  tliere w i l l  b e  

I am 

The escape of radio- 

Perhaps equally important,  even i f  no adverse 

It w i l l  be  l i k e l y  t h a t  someone i n  the  area around t h e  

I n  a d d i t i o n ,  i n  any experimental f a c i l i t y  w e  need t o  check on a l l  

a. Studies  m u s t  b e  conducted before, during,  and a f t e r  t h e  a c t i v e  
s t o r a g e  of r a d i o a c t i v e  wastes ,  on t h e  composition of t h e  vege ta t ion ,  
populations of i n v e r t e b r a t e  and v e r t e b r a t e  animals, decomposers, and 
of t h e  radionucl ide concentrat ions i n  important members of each 
t rophic  l e v e l  i n  t h e  a rea .  
repos i tory  s i t e  and on cont ro l  s i t e s  with a s  similar s o i l s  and vege- 
t a t i o n  as i t  i s  poss ib le  t o  f i n d .  The cont ro l  a r e a s  should be about 
f i v e  m i l e s  away, preferab ly  t o  t h e  east o r  w e s t .  

It is l i k e l y  t h a t  t h e  h e a t  i n  t h e  s o i l  w i l l  a l t e r  t h e  moisture  re- 
l a t i o n s  and t h e  b i o t a  t o  sone extent .  Even though the change i n  the 
b i o t a  may w e l l  be  acceptab le  t o  us, i t  'is of grea t  importance t o  know 
what t h e  change is. Less l i k e l y  is t h e  p o s s i b i l i t y  of radionucl ide 
concentrat ions i n  t h e  b i o t a  becoming hazardous, but  w e  must know whether 
t h e s e  l e v e l s  a r e  high o r  low, and w e  must know t h e  source and r a t e  of 

Such s t u d i e s  m u s t  be  made both on t h e  
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increase i f  t hey  occur .  
c o n t r o l  areas a few m i l e s  away b e  e s t a b l i s h e d  f o r  comparison s t u d i e s ,  
p r e f e r a b l y  one east and one  w e s t .  
enough away t o  have r a d i o n u c l i d e  concen t r a t ions  t h a t  might cone 
from t h e  r e p o s i t o r y  a t  a level  low i n  comTarison t o  t h e  r e p o s i t o r y  
s i re ,  y e t  t h e  areas should b e  c l o s e  enough t o  make comparat ive 
s t u d i k s  easy and t o  keep weather v a r i a t i o n s  low. 

For a l l  t h e s e  changes i t  i s  e s s e n t i a l  t h a t  

The c o n t r o l  areas need t o  be f a r  

b. Monitor ing of r a d i o n u c l i d e  concen t r a t ions  must b e  c a r r i e d  on i n  
the atmosphere, s t ream, groundwater, and s o i l  of the r e p o s i t o r y  area,  
t h e  c o n t r o l  areas, and of  s e l e c t e d  o t h e r  s i tes i n  Rice  o r  ad jo in ing  
coun t i e s .  

c. 
s t o r a g e  of r a d i o a c t i v e  wastes, b o t h  on t h e  r e p o s i t o r y  s i t e  and on 
t h e  c o n t r o l  areas. 

Mete ro log ica l  r e c o r d s  must b e  c o l l e c t e d  b e f o r e ,  du r ing ,  and a f t e r  

2 .  The statement on p 36 says t h a t  t h e r e  is on ly  one low-producing o i l  well 
on t h e  r e p o s i t o r y  site and t h a t  o t h e r  in format ion  from t h e  area i n d i c a t e s  that  
no s i g n i f i c a n t  rnlneral  resources '  under ly  t h e  r c p o s i t o r y  s i t e .  A petroleum 
g e o l o g i s t  a t  S a l i n e ,  0. S .  F e n t ,  r e c e n t l y  t o l d  m e  t h a t  h e  unders tands  t h a t  
one  new producing w e l l  w a s  d r i l l e d  on t h e  area, and t h a t  more d r i l l i n g  is i n  
progress. .  It would appear  t h a t  t h e  s t a t emen t  needs t o  b e  modif ied i n  l i g h t  
o f  t h i s .  It a l s o  seems p e r t i n e n t  t o  have competent personnel  see i f  t h i s  
a f f e c t s  t h e  p l a n s  f o r  t h e  s i t e .  F i n a l l y ,  i t  anphas izes  t h e  f a c t  t h a t  judge- 
ment? , g iven  i n  t h e  s t a t emen t  can  b e  i n c o r r e c t .  

3 .  
excess  s a l t  b e  d isposed  of p r e f e r a b l y  by s a l e  o r  s t o r a g e  i n  ano the r  mine, 
or i f  t h e s e  a r e  n o t  p o s s i b l e ,  by shipment t o  t h e  ocean,  a l though  this l a t t e r  
p o s s i b i l i t y  i s  n o t  d e s i r a b l y  e c o l o g i c a l l y .  I b e l i e v e  i t  would b e  unwise t o  
conve r t  t h e  excess  salt t o  a b r i n e  and i n j e c t  i t  i n t o  t h e  Arbuckle Formation,  
because  w e  l a c k  s u f f i c i e n t  knowledge of p o s s i b l e  e f f e c t s  of  such  i n j e c t i o n .  
For exarn?le, t h e  argument t h a t  such d i s p o s a l  by petroleum i n d u s t r y  h a s  worked 
w e l l  does  n o t  seem v a l i d ,  as  they  remove more than  they  i n j e c t .  The i n j e c -  
t i o n s  of mater ia l  near  Denver a re  suspec ted  of having some d e t r i m e n t a l  e f f e c t s  
i n  t h a t  a r e a .  
t h e  economic e f f e c t  would b e  cons ide rab le .  

On t h e  b a s i s  o f  what I know, I u r g e  t h a t  we i n  Kansas r e q u i r e  that  t h e  

If t h e  b r i n e  were t o  l a t e r  move i n t o  a f resh-water  a c u i f e r ,  

4. It seenis t o  m e  w i se  t o  have t h e  S t a t e  of  Lzrisas r e c e i v e  some f i n a n c i a l  
r tn iuncra t ion  f o r  t h e  s t o r a g e  of  r a d i o a c t i v e  was tes  i n  t h e  s t a t e .  The method 
i s  no t  my concern ,  b u t  mlght be  a c e r t a i n  amount per  cask  of  waste shipped 

. t o  Lyons. The reason  I sugges t  t h i s  i s  t h a t  we  a r e  t h e  ones t o  most s u f f e r  
i f  something does n o t  work o u t  a s  planned a t  t h e  f a c i l i t y ,  and one way t o  
reduce  t h e  chance of t h i s  is  t o  have t h e  S t a t e ,  o r  a r e l i a b l e  independent  
l a b o r a t o r y  s e l e c t e d  by the s t a t e ,  conduct s u r v e i l l a n c e ,  i n  a d d i t i o n  t o  
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s u r v e i l l a n c e  conducted ?$ t h e  AEC. 
w e l l ,  and is  concerned with s a f e t y .  
and also i t  is  p o s s i b l e  f o r  the AEC t o  become a promoter of nuc lear  power 
w i t h  a z e a l  o r  method t h a t  causes carelessness  o r  overs ight .  I f  the s t a t e  
also is  keeping watch, t h e  chance of wrong procedures continuing long un- 
noticed are diminished. Survei l lance by t h e  s t a t e  w i l l  c o s t  money, and i t  
c e r t a i n l y  seems r i g h t  t h a t  the  cos t  be a p a r t  of t h e  c o s t  of  power production, 
and not come from the  general  tax sources of Kansas. 

I a m  aware t h a t  t h e  AEC i s  t r y i n g  t o  plan 
However, t h e r e  can b e  honest mistakes,  

It is not  c l e a r  t o  m e  what t h e  s t e p s  are  in developing the  Lyons P r o j e c t ,  so I am not 
s u r e  i f  all of t h e  above comments a r e  meant t o  be covered by t h e  environmental 
statement of AEC. However, the lack  of understanding of s t e p s  can b e  one of  t h e  ways 
that mistakes a r e  made, so i t  seems wise f o r  u s  t o  ask about these  poln ts  and t o  
follow up on them u n t i l  we a r e  s u r e  they a r e  s a t i s f a c t o r i l y  resolved. I w i l l  be  glad 
to amplify on any of my statements expressed here in .  

Sincerely,  

Lloyd C. Hulbert 
Associate Professor 

LCH : kd 
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Mr. Dale EL S a f f e l s ,  Chairman 
Advisory Counci l  on Ecology 
Kansas Corpora t ion  Commission 
Fourth F loor ,  S t a t e  O f f i c e  Bui ld ing  
Topeka, Kansas 66612 

Dear Dale: 

This l e t te r  is be ing  d r a f t e d  i n  response  t o  the November 1970 Environmental  
S ta tement  on the  proposed Rad ioac t ive  Waste Repos i tory  compiled by -  the  
United S t a t e s  Atomic Energy Commission. My comments w i l l  be s l a n t e d  toward 
t h e  p o t e n t i a l  e f f e c t s  of t h i s  p r o j e c t  on the  p lan t -an imal  community s i n c e  
you and D r .  Hambleton w i l l  t r e a t  t he  t r a n s p o r t a t i o n  and g e o l o g i c a l  p o r t i o n s  
re spec  t i v e  1 y . 
The s t a t e m e n t  by AEC t h a t  "No s i g n i f i c a n t  impact on t he  environment r e s u l t i n g  
from e i t h e r  the  c o n s t r u c t i o n  or o p e r a t i o n  of the  oroposed r e p o s i t o r y  is 
a n t i c i p a t e d "  i s  w e l l  and good. However, t h e r e  a r e  no p l a n s  t o  monitor  the  
environment t o  d e t e c t  changes i f  they do occur .  Without c o n t i n u a l  moni tor ing  
of t h i s  "experimcntal  p ro j ec t " ,  no s c i e n t i s t  can s a y  i n  25 yea r s  t h a t  t h e r e  
were no adve r se  e f f e c t s , . . , . . . .  s i m i l a r l y  i n  25 yea r s ,  AEC could n o t  defend 
I tself  aga ins t  charges of adverse e f f e c t s  i f  no moni tor ing  t akes  p l a c e ,  
have g r e a t  conf idence  i n  AEC'S eng inee r ing  c a p a b i l i t i e s ,  however i f  t h e i r  
i n t e r p r e t a t i o n  of  environmcntal  r e l a t i o n s h i p s  i s  a c t u a l l y  as na ive  a s  t h e i r  
r e p o r t  seems t o  i n d i c a t e ,  then I f e e l  even more s t r o n g l y  t h a t  we m u s t  have 
independent  ( s t a t e )  c o n t r o l s  on t h i s  p r o j e c t .  The AEC r e p o r t  devo tes  l e s s  
t han  one page t o  the  e f f e c t s  o f  t he  proposed p r o j e c t  on the  ecosystem. What i s  
s t r f c s sed  1s t h a t  (page 37) "In g e n e r a l ,  no s i g n i f i c a n t  e f f e c t  on w i l d l i f e  
popu la t ions  is a n t i c i p a t e d  e i t h e r  i n  r ega rds  t o  numbers or i n  s p e c i e s  com- 
p o s i t i o n . "  One might q u e s t i o n  what i s  " s i g n i f i c a n t "  t o  AEC, l i k e w i s e ,  what 
do they  mean by " a n t i c i p a t e d . "  Few p lans  a r e  ever  foolproof  a s  exempl i f ied  
by t h e  a c c i d e n t  a t  t he  Idaho F a l l s  p l a n t  i n  1961, the  a c c i d e n t  a t  t h e  Wind-  
s c a l e  Works i n  England (400 squa re  miles contaminated) ,  t h e  nerve  gss.  a c c  i d m t  
i n  S k u l l  Canyon, t he  escape  of  r a d i o a c t i v e  m a t e r i a l s  from r e c e n t  underground 
n u c l e a r  b l a s t s  in Kevnda, the  h igh  l e v e l  r e l e a s e s  o f  s t r o n t i u m  90 from t h e  
Nuclear Fuel Se rv ices  p l a n t  i n  Nev York, e t c .  None of t hese  were a n t i c i p a t e d ,  
b u t  they  d i d  happen as have many many more such u n a n t i c i p a t e d  e v e n t s  which we 
term a c c i d e n t s .  

I 

I n  an  a t t e m p t  t o  o b t a i n  some e c o l o g i c a l  in forn ia t ion  on t h e  proposed r e p o s i t o r y  
s i t e ,  AEC c o n t r a c t e d  scven  e c o l o g i s t s  a t  Kansas S t a t e  Un ive r s i ty  (v ia  t h e  
Oak Ridge Na t iona l  Labora tory)  t o  conduct  surveys  of the  a r e a  and t o  then 
reconunend p recau t iona ry  measures t o  i n s u r e  the  p r o t e c t i o n  of the  environment 
a t  t h e  Lyons s i t e .  These seven  r e p o r t s  were s u b n i t t e d  to AEC in S e p t m b e r  
and October of  1970 and c o n s t i t u t e d  over  130 pages o f  m a t e r i a l .  None of 
t hese  d a t a  is mentioned i n  AEC' s  environmental  s t a t emen t  nor  a r e  any of  the  
recommendations mzntioncd I n  A E C f s  s t a t e m e n t ,  A l l  seven o f  the  e c o l o g i s t s  
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i n  Kansas recommended independent ly  t h a t  continuous s t u d i e s  m u s t  be conducted 
on the  s i t e  t o  d e t e c t  changes i f  they occur.  No such plans a r e  mentioned i n  
the  November 1970 environmental  s ta tement  prepared by AEC. I f  AEZ does no t  
p lan  t o  do t h i s ,  then the  S t a t e  of Kansas m u s t  conduct them f o r  its own 
p r o t e c t i o n ,  The cont inuous s t u d i e s  proposed by the  Kansas S t a t e  e c o l o g i s t s  
would e s s e n t i a l l y  monttor the e f f e c t s  of the r e p o s i t o r y  s i t e  on the p lan t -  
animal ecosystem. These s t u d i e s  would r e q u i r e  a c q u i s i t i o n  of a t  l e a s t  two 
(four  would be more i d e a l )  160-acre t r a c t s  of land on which t o  conduct 
research .  The d a t a  c o l l e c t e d  on these  c o n t r o l  s i t e s  would then be compared 
t o  s i m i l a r  d a t a  c o l l e c t e d  from the r e p o s i t o r y  s i t e .  These s t u d i e s  m u s t  be 
i n i t i a t e d  p r i o r  t o  the  development of the r e p o s i t o r y  s i t e  i f  they a r e  t o  be 
of any va lue  i n  monitor ing the e f f e c t s  o f  the  ope ra t ions  on the  s i t e .  

Recommended s t u d i e s  included,  b u t  were n o t  l imi t ed  to ,  the fol lowing a reas .  

1. An eva lua t ion  of  the  p o t e n t i a l  e f f e c t s  of  chronic  and acc iden ta l  
r e l e a s e s  of r a d i o a c t i v e  wastes  i n t o  the  envikanment. 

a. 

b. 

C .  

a. 

e. 

Pathways and flow r a t e s  of "Sr, I3'Cs, 244Cm, 241Am, and Pu 
through the  terr is  t r i a l  ecosys tern. 

137 244 241 
Pathways and flow r a t e s  of 'OSr, C s ,  Cm, Am, and Pu 
through the aqua t i c  ecosystem. 

P o t e n t i a l  d i s p e r s a l  of r a d i o a c t i v e  contamination t o  humans i n  
the  40 t o  6 0 - s i l e  a r ea  surrounding the Lyons s i t e  v i a  t e r r e s t r i a l  
animals.  

P o t e n t i a l  d i s p e r s a l  of r a d i o a c t i v e  contamination t o  humans i n  
the  Arkansas River Drainage v i a  aqua t i c  organisms ( t h i s  inc ludes  
Hutchinson, Wichita,  and Arkansas C i ty  i n  Kansas) 

Changes i n  spec ie s  composition of the f l o r a  and fauna on the 
Lyons s i t e ;  most c r i t i c a l  i n  t h i s  a r ea  a r e  the natura ' .  balezces 
i n  the  ecosystem, i . e . ,  populat ions of e c t o p a r a s i t e s  #!re k z x x  ts 
inc rease  r a p i d l y  i n  response to  very small  changes i n  i.adioac t i v e  
contaminat ion and e c t o p a r a s i t e s  a r e  known t o  transnii t many 
d i s e a s e s  t o  humans, l i v e s t o c k ,  and p l an t s .  

2.. P o t e n t i a l  e f f e c t s  of temperature changes on the ecology of the s i t e .  

E f f e c t s  of a 10-14'F temperature increase  on the deep (60-70 f t )  
r o o t  systenis of  t r e e s  on the a rea . .  . . inc luding  those i n  Lyons 
i t s e l f .  

a. 

b. E f f e c t s  of a 3 t o  5' temperature inc rease  on the  deep ( 3  t o  i5 f t )  
r o o t  systems of perennia l  g ra s ses  and herbs.  

E f f e c t s  of a l°F o r  more temperature inc rease  on the  b i o t a  of 
s o i l  , e s p e c i a l l y  the incubat ion time of eggs of economically 
important i n s e c t s  arid the reproduct ive  p o t e n t i a l  of pa thogenic 
bac t e r  i a .  

c. 
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d. Changes i n  so i l -wa te r  i n t e r a c t i o n s  due t o  changes i n  s o i l  
temperatures ,  p r imar i ly  those a f f e c t i n g  s o i l  f e r t i l i t y  and 
decomposition a c t i o n  of b a c t e r i a .  

e. P o t e n t i a l  effects on COW Creek of temperature increases in 
t he  subGurface and su r face  runoff  w+iter f<om the s i t e .  

me above are  b u t  a few of the  types of  unanswered ques t ions  posed by eco log i s t s .  
Funds and manpower are needed t o  answer them. Many i s s u e s  have no t  even been 
ment iones  i n  AEC's environmental  s ta tement ,  inc luding  the  increased c o s t  of 
road and res idence  maintenance due t o  subsidence on the a r e a ,  increased c o s t s  
f o r  the  Lyons c i t i z e n r y  t o  cool  d r ink ing  water taken from ward a q u i f e r s ,  e t c .  
U n t i l  we have answers t o  many of the above ques t ions  or  a t  l e a s t  are assured 
t h a t  thesc  ques t ions  w i l l  be given se r ious  cons ide ra t ion ,  I s t rong ly  recommend 
t h a t  t he  Advisory Council of Ecology advise  Governor Docking not  t o  accept ,  a s  
adequate ,  the Novenber 1970 environmental  s taternent prepared by the United 
S t a t e s  Atomic Energy Commission. I would recommend f u r t h e r  t h a t  the Advisory 
Council  on Ecology make i t s  r e a c t i o n s  known, v i a  the Governor of the  S t a t e  of  
Kansas, t o  the  Environmental Pro tec t ion  Agency and the President's Council 
on Environmental Qual i ty .  

S i n c  ere> ,< 7 7  

(R,/J:' Robel, . y i ce  Chairman 
Advisory Council on Ecology 

RJR/fg 
c c :  Governor Docking 

Dr. William Hanibleton 



U N ITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

JUN C 1371 

Honorable Robert  J. Dole 
United States S e n a t e  

Dear Senator  Dole: 

Thank you f o r  your l e t t e r  of March 29, 1971, e n c l o s i n g  a copy of 
t h e  s t a t e m e n t  you f i l e d  w i t h  t h e  J o i n t  Committee on Atomic Energy 
which w e  understand r e p r e s e n t s  your comments on t h e  d r a f t  Environ- 
mental  Statement  f o r  t h e  proposed r a d i o a c t i v e  waste r e p o s i t o r y  
near  Lyons, Kansas. The f i n a l  s t a t e m e n t  has  been r e v i s e d  t o  
r e f l e c t  your  comments t o  t h e  maximum e x t e n t  p o s s i b l e .  Also, w e  
have made numerous a d d i t i o n s  and r e v i s i o n s  i n  response  t o  comments 
r e c e i v e d  from Federa l  a g e n c i e s  and Governor Docking of Kansas. We 
b e l i e v e  t h e  enclosed s t a t e m e n t  conforms w i t h  t h e  l e t t e r  and s p i r i t  
of t h e  Nat ional  Environmental  P o l i c y  Act of  1969. Also enclosed 
is a r e p o r t  i n d i c a t i n g  t h e  d i s p o s i t i o n  of t h e  comments conta ined  
i n  your l e t t e r ,  i n c l u d i n g  t h e  comments made a p a r t  of your statemeqit 
from t h e  S e n a t e  Committee on P u b l i c  Works. I n  t h i s  r e p o r t  w e  have 
n o t  a t tempted  t o  respond t o  s p e c i f i c  comments b u t  w e  have r e f e r e n c r d  
t h e  s e c t i o n s  of t h e  Environmental Statement  which have been r e v i s e d  
o r  a m p l i f i e d  i n  response  t o  your concerns .  

We n o t e  t h a t  many of t h e  comments c a l l  f o r  in format ion  and answers  
which cannot b e  inc luded  i n  a n  environmental  s t a t e m e n t  which must b e  
prepared i n  advance of doing t h e  work which w i l l  p r o v i d e  t h e  answers .  
However, w e  do i n t e n d  t o  a d d r e s s  t h e s e  matters d u r i n g  t h e  c o u r s e  of 
t h e  d e s i g n  of t h e  f a c i l i t y  and development of t h e  o p e r a t i o n a l  procedures ,  
A s  w e  have p r e v i o u s l y  s t a t e d ,  t h i s  p r o j e c t  w i l l  b e  reviewed by t h e  
s t a t u t o r y  Advisory Committee on Reactor  Safeguards where t h e s e  i s s u e s  
w i l l  be  f u l l y  explored.  I n  a d d i t i o n ,  w e  have inc luded  i n  the f i n a l  
s t a t e m e n t  a n  e x t e n s i v e  b i b l i o g r a p h y  of publ i shed  works on t h e  s a l t  
mine concept  i n c l u d i n g  r e l a t e d  r e s e a r c h  and development. 
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We w i l l  keep you informed of s i g n i f i c a n t  developments on t h i s  
p r o j e c t  and a s s u r e  you of o u r  i n t e n t i o n  t o  work c l o s e l y  w i t h  
o f f i c i a l s  of t h e  S t a t e  of Kansas i n  deve loping  t h e  necessary  
assurance  t h a t  t h i s  f a c i l i t y  cad be c o n s t r u c t e d  and o p e r a t e d  
w i t h o u t  endangering t h e  h e a l t h  and s a f e t y  of t h e  c i t i z e n s  of 
Kansas. 

S i n c e r e l y ,  - 

:'John A. Erlewine 

f o r  Opera t ions  
1 Ass i s t an t  General  Manager 

Enclosures:  
1. F i n a l  Environmental  Statement  
2 .  Comments on D r a f t  Statement  
3 .  AEC Response t o  Comments 

A 



AEC STAFF REPORT ON COMMENTS OF SENATOR ROBERT J. W L E  ON THE DRAFT ENVIRONMENTfi 
STATEMENT FOR THE PROPOSED RADIOACTIVE WASTE REPOSITORY NEAR LYONS, KANSAS 

Unanswered Questions 

Comment - A complete discussion of the effects of the proposed project on 

the environment should be available in the technical scientific 

literature and should be incorporated into the Environmental 

Statement. 

Response - The Environmental Statement has been revised to include a 
bibliography of pertinent reports (Sec. X)  relating to the 

developmept of the salt disposal concept as well as related 

waste management research and development. 

Radioactive Emissions - Continuous Monitoring 

Comment - Radioactive emissions from any proposed repository shculd not 
be allowed to exceed those required throughout the nuclear 

industry. 

Response - The Environmental Statement has been amended to include a 

discussion of radiological and environmental monitoring which 

will be carried o u t  in connection with the operation of the 

repository (Sec. VI.B.l.). The facility will be designed t 3  

maintain the releases of radioactive materials from the facility 

to the lowest practical levels and below applicable regulations. 



R e t r i e v a l  

Comment - There is  no i n d i c a t i o n  of t h e  s t e p s  t h a t  would b e  taken  should 

r e t r i e v a l  b e  r e q u i r e d  a t  a later time. These p o s s i b i l i t i e s  must 

b e  e v a l u a t e d  and an  o b j e c t i v e  s a f e t y  program provided f o r  -- 
b e f o r e  a c t u a l  c o n s t r u c t i o n  b e g i n s .  

Response - The p o s i t i o n  of t h e  Commission on t h e  q u e s t i o n  of r e t r i e v a l  of 

t h e  h igh- leve l  wastes has  been a m p l i f i e d  i n  S e c t i o n  V 1 . E .  A s  

noted i n  t h e  r e v i s e d  S ta tement ,  t h i s  r e p o s i t o r y  is a demonst ra t ion  

f a c i l i t y .  

t i o n a l  techniques  and o p e r a t i o n a l  procedures  w i l l  b e  v e r i f i e d  by 

During t h i s  p e r i o d  of demonst ra t ion ,  p e r t i n e n t  c a l c u l a -  
D 

i n  s i t u  measurements, (Sec. V1.A.). A l l  wastes b u r i e d  dur ing  

t h i s  demonstrat ion per iod  w i l l  b e  r e a d i l y  r e t r i e v a b l e .  The 

systems by which r e t r i e v a l  could be e f f e c t u a t e d  w i l l  b e  developed 

d u r i n g  t h e  des ign  of t h e  f a c i l i t y .  

E f f e c t  on Groundwaters 

Comment - There is  no da ta  presented  i n  t h e  Environmental  Statement  on t h e  

r e l a t i o n s h i p  of t h e  groundwaters used as water s o u r c e s  f o r  t h e  

communicies of Lyons, S t e r l i n g ,  and Chase t o  t h e  groundwaters i n  

t h e  v i c i n i t y  of t h e  proposed s i te .  Should t h e s e  groundwaters b e  

from t h e  same geologic  a q u i f e r s ,  t h e r e  would be a r i s k  of n o t  

on ly  contaminat ing t h e s e  water s u p p l i e s  b u t  a l s o  t h e  d i s r u p t i o n  

of water s u p p l i e s .  This  q u e s t i o n  r e q u i r e s  r e s o l u t i o n  p r i o r  t o  

t h e  i n i t i a t i o n  of c o n s t r u c t i o n .  



Response - The p o r t i o n  of t h e  Environmental  S t a t emen t  d e s c r i b i n g  t h e  d e t a i l s  

of t h e  n e a r  s u r f a c e  a q u i f e r  systems e x i s t i n g  a t  t h e  r e p o s i t o r y  

s i t e  h a s  been expanded t o  show t h e  g e n e r a l  r e l a t i o n s h i p  of  t h e  

a q u i f e r s  a t  t h e  s i t e  and l o c a l  groundwater s u p p l i e s .  A d d i t i o n a l l y ,  

t h e  S ta t emen t  re f lec ts  t h e  f a c t  t h a t  t h e r e  are on-going h y d r o l o g i c  

s t u d i e s  be ing  c a r r i e d  o u t  a t  t h e  s i t e  t o  a s s u r e  t h a t  t h e r e  is  

adequa te  i s o l a t i o n  of  t h e  s a l t  from t h e  o v e r l y i n g  water-bear ing 

f o r m a t i o n s .  The e f f l u e n t  c o n t r o l  systems (Sec. V1.D. and Sec.  

VII1.B.) s t a t e  t h a t  t h e r e  w i l l  be  no l i q u i d s  r e l e a s e d  f rom t h e  

f a c i l i t y  and t h e  e f f l u e n t  c o n t r o l  systems which w i l l  be  i n c o r -  

p o r a t e d  i n t o  t h e  f a c i l i t y  w i l l  p r e v e n t  any s i g n i f i c a n t  con tamina t ion  

of l o c a l  groundwater s u p p l i e s .  

Comment - There !.s a l s o  need f o r  f u r t h e r  i n f o r m a t i o n  on t h e  p o t e n t i a l  

e f f e c t s  of t h e  f u t u r e  development of groundwaters  on t h e  salt 

beds t o  be  employed. 

Response - A6 p a r t  of t h e  s i t e  e v a l u a t i o n  s t u d i e s ,  t h e  e f f e c t  of  f u t u r e  

changes i n  groundwater u se  p a t t e r n s  o r  c o n t r o l  rates w i l l  t e  

e v a l u a t e d  i n  terms of t h e i r  e f f e c t  on t h e  f u t u r e  s t a b i l i t y  3f 

t h e  s a l t  beds.  

Comment - P u b l i c  h e a l t h  and environmental  p o l i c y  should d i c t a t e  r e s o l u t i o n s  

of t h e s e  p o i n t s  p r e f e r a b l y  b e f o r e  s i t e  development is  i n i t i a t e d ,  

b u t  d e f i n i t e l y  b e f o r e  t h e  s i t e  i s  used f o r  t h e  d i s p o s a l  of 

s o l i d i f i e d  r a d i o a c t i v e  wastes. 



Response - The Commission h a s  p u b l i c l y  s t a t e d  i n  tes t imony b e f o r e  t h e  J o i n t  

Committee on Atomic Energy and b e f o r e  members of t h e  Kansas State  

L e g i s l a t u r e  t h a t  wastes w i l l  n o t  i r r e v o c a b l y  b e  b u r i e d  a t  t h e  

f a c i l i t y  u n t i l  a l l  s i g n i f i c a n t  s a f e t y  q u e s t i o n s  have been a d e q u a t e l y  

r e s o l v e d .  I t  should  be noted t h a t  c e r t a i n  conf i rmatory  tests and 

measurements w i l l  r e q u i r e  t h e  emplacement of r a d i o a c t i v e  was tes  

w i t h i n  t h e  s a l t .  However, as noted in Sec. V1.E. of t h e  S ta tement ,  

t h e s e  wastes w i l l  b e  b u r i e d  i n  a f u l l y  r e t r i e v a b l e  form. 

n 



AEC STAFF REPORT ON COMMENTS RECEIVED FROM STAFF OF THE SENATE COMMITTEE ON 
PUBLIC WORKS ON THE DRAFT ENVIRONMENTAL STATEMENT FOR THE PROPOSED RADIO- 
ACTIVE WASTE REPOSITORY NEAR LYONS, KANSAS 

Genera l  Comments 

Comment - There is  i n a d e q u a t e  documentation of t h e  soundness  of  t h e  s a l t  

d i s p o s a l  concept  by non-nuclear p r o f e s s i o n a l s .  

Response - The s t a t e m e n t  h a s  been r e v i s e d  t o  i n c l u d e  a b i b l i o g r a p h y  (Sec.  X . )  

and a n  expanded s e c t i o n  (Sec.  11) on t h e  background of t h e  p r o j e c t .  

Comment - S a l t  domes r e p r e s e n t  a s i g n i f i c a n t  a l t e r n a t i v e  - f u r t h e r  e x p l a n a t i o n  

f o r  t h e  r e j e c t i o n  of s a l t  domes i s  war ran ted .  

Response - The r e v i s e d  s t a t e m e n t  i n c l u d e s  an expanded s e c t i o n  (Sec.  I V . )  

o u t l i n i n g  t h e  r a t i o n a l e  f o r  exc lud ing  domes as a s i t e  f o r  t h e  

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

Comment - The s t a t e m e n t  does n o t  i n c l u d e  any d i s c u s s i o n  of t h e  env i ronmen ta l  

mon i to r ing  programs. 

Response - Sta t emen t  r e v i s e d  t o  i n d i c a t e  t h a t  mon i to r ing  programs w i l l  b e  

developed and implemented. 

Comment - Where a l t e r n a t i v e s  are d i s c u s s e d ,  p l a n s  of o t h e r  c o u n t r i e s  shou ld  

b e  d i s c u s s e d .  

Response - We do n o t  b e l i e v e  such  a d i s c u s s i o n  is a p p r o p r i a t e  f o r  i n c l u s i o n  

i n  t h i s  s t a t e m e n t .  The IAEA r e c e n t l y  h e l d  a symposium on t h e  

u l t i m a t e  d i s p o s a l  of r a d i o a c t i v e  waste d e a l i n g  w i t h  t h e  waste 

management p l a n s  of o t h e r  n a t i o n s .  T h i s  r e p o r t  shou ld  b e  a v a i l a b l e  

i n  t h e  n e a r  f u t u r e .  



S p e c i f i c  Comments 

Comment - The r i s k s  of t h e  t r a n s p o r t  system a s  a whole should be analyzed. 

Response - We do not  b e l i e v e  t h a t  such an a n a l y s i s  is appropr i a t e  f o r  i nc lus ion  

We b e l i e v e  t h a t  e x i s t i n g  i n  the  impact s ta tement  on t h e  r e p o s i t o r y .  

r egu la t ions  and r egu la to ry  processes  are adequate t o  a s su re  t h e  

s a f e t y  of e x i s t i n g  and proposed t r a n s p o r t  systems. The s e c t i o n  

on t r a n s p o r t a t i o n  and packaging of r a d i o a c t i v e  wastes (Sec. V1.F.) 

has been expanded t o  re ference  t h e  app l i cab le  r egu la t ions  of t he  

DOT and AEC. 

Comment - Although r i s k s  a t t endan t  t o  r epos i to ry  opera t ions  are small, 

d e t a i l e d  ana lyses  appear d e s i r a b l e .  

Response - A s  noted i n  Sec. V1.D. of t h e  rev ised  Statement,  ques t ions  r e l a t e d  

t o  t h e  s a f e t y  of f a c i l i t y  ope ra t ions  w i l l  be  adequately addressed 

i n  the  Conceptual Design and Safe ty  Report ,  c u r r e n t l y  i n  p repa ra t ion .  

Comment - Details on how pe rpe tua l  care w i l l  be c a r r i e d  ou t  is  unc lea r .  

Response - Regulat ion (10 CFR 50) r e q u i r e s  the  Government t o  own the proper ty  

on which r e p o s i t o r i e s  are loca ted .  The n a t u r e  and e x t e n t  of  per- 

p e t u a l  

t o  the  r epos i to ry  use r s  of which perpe tua l  c a r e  w i l l  be a p a r t .  

c a r e  w i l l  be developed i n  the  course  of determining charges 

Comment - Data is  aeeded on the  r ad ioac t ive  elements of b i o l o g i c a l  s i g n i -  

f i c a n c e ,  t h e i r  chemical form and s o l u b i l i t y .  



Response - The s t a t e m e n t  has  been modif ied (Sec.  111.)  t o  i n c l u d e  t h i s  i n f o r m a t i o n .  0 
Comment - No e v a l u a t i o n  is  inc luded  of t he  p o s s i b i l i t y  of accidents during 

t r a n s p o r t .  Conformation w i t h  DOT/AEC r u l e s  i s  n o t  t h e  o n l y  i s s u e .  

Response - It does n o t  appear  a p p r o p r i a t e  t o  i n c l u d e  i n  t h e  impact s t a t e m e n t  

a d i s c u s s i o n  of t h e  adequacy of e x i s t i n g  and i n t e r n a t i o n a l l y  

accepted  s t a n d a r d s  r e g a r d i n g  t h e  shipment of r a d i o a c t i v e  w a s t e s .  

A s  p r e v i o u s l y  noted ,  t h e  s t a t e m e n t  cover ing  t r a n s p o r t a t i o n  

(Sec. V1.F.) has  been expanded. 

Comment - There is  no d i s c u s s i o n  of t h e  r i s k  of s p i l l s ,  methods used t o  

d e a l  w i t h  s p i l l s  o r  e f f e c t  of s p i l l s  on o p e r a t i o n s .  

Response - D i s c u s s i o n s  of p o t e n t i a l  a c c i d e n t s  which could occur  w i t h i n  t h e  

f a c i l i t y ,  i n c l u d i n g  s p i l l s  and s a f e t y  systems (Sec .  V1.D.) which 

w i l l  b e  employed t o  m i t i g a t e  t h e  consequences of p o t e n t i a l  

a c c i d e n t s  are o p e r a t i o n a l  c o n s i d e r a t i o n s  and w i l l  be  d e s c r i b e d  

i n  t h e  Conceptual Design and S a f e t y  Report .  

Comment - No s t a t e m e n t s  a r e  made concerning t h e  s t e p s  t h a t  would b e  taken  

should  r e t r i e v a l  be r e q u i r e d  . . . a n  o b j e c t i v e  s a f e t y  program 

f o r  r e t r i e v a l  i s  needed a t  t h i s  p o i n t .  

Response - An expanded s t a t e m e n t  cover ing  t h e  Commission's p o s i t i o n  on 

r e t r i e v a l  has  been inc luded  i n  t h e  r e v i s e d  document (Sec.  V1.E.). 

However, t h e  concepts  f o r  such  p l a n s  are matters which can only  

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

d u r i n g  t h e  demonst ra t ion  phase.  



Comment - No evidence presented t h a t  r ad ioac t ive  m a t e r i a l s  w i l l  no t  intru 'de 

i n t o  the  ad jacen t  mine. 

Response - The ope ra t ing  American S a l t  Company mine workings are loca ted  

approximately 1800 f t  from t h e  a c t i v e  r epos i to ry  workings. The 

rev ised  Environmental Statement p re sen t s  (Sec. V.B.2.c.) estimates 

concerning the  migra t ion  of r a d i o a c t i v e  m a t e r i a l s  through s o l i d  

s a l t .  These estimates i n d i c a t e  t h a t  p a r t i c l e s  of s o l i d i f i e d  

wastes w i l l  move a t  a rate less than 1/10,000 of an inch  i n  

one m i l l i o n  yea r s .  

\ 

Comment - Once a v a u l t  o r  mine area is  opened up a t  depth,  f r a c t u r e s  i n  s a l t  

w i l l  no t  r e c r y s t a l l i z e  under l i t h o s t a t i c  p re s su re .  

Response - If t he  comment has  been i n t e r p r e t e d  c o r r e c t l y ,  i t  would suggest  

t h a t  c l o s u r e ,  co l l apse  and subsequent r e c r y s t a l l i z a t i o n  does not  

occur i n  mined ou t  a r eas .  

supported by a v a i l a b l e  evidence. 

undergoing c losu re .  See Sec t ion  V.B.1.d. f o r  d i scuss ion  on 

Geophysical Impact. 

This  s ta tement  does no t  appear t o  be 

The Lyons mine is presen t ly  

Comment - Once a hole  i s  opened up, i t  w i l l  fill from t h e  s i d e s  and t o p  

and may cause s h e  formation of c racks  along which i n f i l t r a t i n g  

downward pe rco la t ing  waters may flow t o  d i s s o l v e  l a r g e r  c a v i t i e s .  

Response - The p o t e n t i a l  f o r  t he  i n i t i a t i o n  of solut ' ional  processes  by 

va r ious  means is being evaluated a s  pa r t  of t h e  ongoing s i t e  

s t u d i e s  and has been addressed i n  the  rev ised  Statement (Sec. 

V.5.b.c.) .  



Comment - The i m p l i c a t i o n  t h a t  estimates of t h e  westward m i g r a t i o n  of t h e  

s a l t  f r o n t  ( i , e . ,  5 miles i n  1 mil l ion years) may not  be val id  

f o r  t h e  f u t u r e ,  c o n s i d e r i n g  f u t u r e  man-made a l t e r a t i o n s  i n  t h e  

geohydrologic  regime. 

Response - The p o t e n t i a l  f o r  a d v e r s e  a l t e r a t i o n s  i n  t h e  r e g i o n a l  hydrology 

w i l l  b e  a s s e s s e d  as p a r t  of t h e  ongoing s i t e  e v a l u a t i o n  s t u d i e s .  

Comment - The two most s i g n i f i c a n t  f a c t o r s  a r e  seismic a c t i v i t y  and t h e  

p o t e n t i a l  f o r  groundwater contaminat ion ( a f t e r  e a r t h q u a k e ) .  

Response - A s  noted i n  Sec.  V I . D . ,  t h e  f a c i l i t y  w i l l  be  designed t o  

m a i n t a i n  confinement and safe-shutdown c a p a b i l i t y  i n  t h e  e v e n t  

of a n  ear thquake  of i n t e n s i t y  a p p r o p r i a t e  t o  t h e  s i te .  Detai ls  

of t h e  f a c i l i t y  ear thquake  d e s i g n  c r i t e r i a  w i l l  b e  o u t l i n e d  i n  

t h e  f a c i l i t y  Conceptual  Design and S a f e t y  Report .  

f o r  s e i s m i c  e v e n t s  which would compromise t h e  i n t e g r i t y  of t h e  

s a l t  w i l l  be e v a l u a t e d  a f t e r  complet ion of ongoing s i t e  s t u d i e s .  

S t u d i e s  c a r r i e d  o u t  thus  f a r  r e v e a l  t h a t  t h e r e  a r e  no s t r u c t u r a l  

o r  s t r a t i g r a p h i c  c o n d i t i o n s  which would s u g g e s t  t h a t  t h e  s i t e  

is  u n s u i t a b l e  f o r  t h e  proposed use.  

The p o t e n t i a l  

Comment - N o  ev idence  is p r e s e n t e d  t o  s u p p o r t  the c o n t e n t i o n  t h a t  t h e  h e a t  

S i n c e  t h e  tempera ture  e f f e c t  e f f e c t  w i l l  c o u n t e r a c t  subs idence .  

( i . e . ,  thermal  expansion)  does n o t  take p l a c e  immediately 

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

i t  a p p l i e s  t o  contaminat ion  of t h e  groundwater.  



Response - The general topic of expansion, subsidence and thermal effects 
has been expanded in the revised statement (Sec. VI.B.1.d. and 

Sec. V.B.1.c.) reflecting the additional measukements which will 

be made to confirm these estimates. 

Comment - The possibility of groundwater contamination i s  of importance 

as is the possibility of subsidence and fracturing of the rock 

above the salt bed allowing waters to penetrate the salt bed. 

Response - The potential impact of subsidence and expansion has been addressed 
in the revised statement (Sec. V.B.1.d. and Sec. V.B.1.e.). 

Cornmen t 

Response 

- There is no data presented in the Environmental Statement on 
the reLationship of the groundwaters used as water sources for 

the communities of Lyons, Sterling and Chase t o  the groundwaters 

in the vicinity of the proposed site. Should these groundwaters 

be from the same geologic aquifers there would be a risk of not 

only contaminating these water supplies, but also the disruption 

,f water supplies. This question requires resolution prior to 

:he initiation of construction. 

- :'he portion of the Environmental Statement describing the details 
c f  the near surface aquifer systems existing at the repository 

site has been expanded to show the general relationship of the 

aquifers at the site and local groundwater supplies. Additionally, 

i:\e Statement reflects the fact, that there arc ongoing hydrologic 

si:udies being carried out at the site to assure that there is 



adequa te  i s o l a t i o n  of t h e  s a l t  from t h e  o v e r l y i n g  wa te r -bea r ing  

f o r m a t i o n s .  The e f f l u e n t  c o n t r o l  systems (Sec.  V1.D. and Sec.  

VII1.B.) states  t h a t  t h e r e  w i l l  be  no l i q u i d s  r e l e a s e d  from t h e  

f a c i l i t y  and t h e  e f f l u e n t  c o n t r o l  systems which w i l l  be  i n c o r -  

p o r a t e d  i n t o  t h e  f a c i l i t y  w i l l  p r e v e n t  any s i g n i f i c a n t  con tamina t ion  

of l o c a l  groundwater s u p p l i e s .  

Comment - There is  a l s o  need f o r  f u r t h e r  i n f o r m a t i o n  on t h e  p o t e n t i a l  

e f f e c t s  of t h e  f u t u r e  development of groundwaters  on t h e  s a l t  

beds t o  b e  employed. 

Response - As p a r t  of t h e  s i t e  e v a l u a t i o n  s t u d i e s ,  t h e  e f f e c t  o f  f u t u r e  

changes i n  groundwater u se  p a t t e r n s  o r  c o n t r o l  rates w i l l  b e  

e v a l u a t e d  i n  terms of t h e i r  e f f e c t  on t h e  f u t u r e  s t a b i l i t y  of 

t h e  s a l t  beds.  



D.*. G1 c-nn T .  SeaSorg , Ci ia i  rinn 
Anmi c Energy Co.mi s s i c n  
! Ja sh ing ton ,  D. C .  23545 

Dear Dr. S e a b o q :  
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(FULL TEXT) 

NUCLEAR REPOSITORY 

MR. DOLE: MR. CHAIRMAN, I appreciate  t h f s  opportuni ty  t o  appear 

before your Committee t o  comment on the proposed nuc lear  r epos i to ry  

f o r  the lo r i - t e rm s t o r w e  of s o l i d i f i e d  r ad ioec t ive  waste, t o  be 

located a t  a s i t e  nea r  Lyonso Kansas. 

Although a f h a l  dec i s ion  has not  been made on the  use 

of t h i s  s i t e ,  considerable  a t t e n t i o n  has fooused on the proposal  i n  

-<amas. M a n y  Kansans am q u e s t f o n h g  the  d e s i r a b i l i t y  of allowing 

s o l f d i f f e d  hQh- leve l  nuc lear  waste t o  be s to red  i n  Kansas for an 

extended per lod of time, poss ib ly  hundreds of years ,  o t h e r s  support 

the p r o j e c t  and look t o  the economic b e n e f i t s  that w i l l  accrue t o  

Lyons and Hice County. 

PRIOR EVALUATION 

Th.T-a p ro -ec t  I s  r ep resen ta t ive  of the need f o r  assessment 

of the Zmplicztlons c;l’ 30th century technology -- In t h i s  instance the 

dispc;:s,=_:. or’ aiiclear wastes that are by-products of nuc lea r  power 

,,:?nei*ac Ion befA2re committing ourselves  t o  the f u l l s c a l e  development 

2 ; f  such tecnnoLogy. Second v, w e  must cons ider  c a r e f u l l y  the 



procedures by which a Si te  i s  se l ec t ed  f o r  app l i ca t ion  of the 

necessary technology. 

S c i e n t i f i c  information furnished m e  supports  the concept; 

of the underground s to rage  of r ad ioac t ive  wastes i n  salt formations 

a s  i n t r i n s i c a l l y  the safest of the  a l t e r n a t i v e s  under cons idera t ion  

by t h i s  country. My concern 1s whether Lyons, Kansas, is an 

appropriate  s i te .  This will be the  f irst  na t iona l  repos i tory  f o r  

rad ioac t ive  wastes. Following these  hearings, funds may well be 

authorized f o r  development of the Lyons, Kansas site.  Before a 

decis ion  i? made t o  fund such development, I would urge that  

regard less  of how v e ~ y ,  very small the risks a t tendant  t o  the 

proposed repos i tory ,  a d e t a i l e d  ana lys i s  of t hese  risks be performed, 

adequate t o  s a t i s f y  not  only the  Federal  Government, bu t  the 

c i t i z e n s  of  Kansas Furthermore, should the  f a c i l i t y  be prepared 

p r i o r  t o  r e so lu t ion  of appropriate  publ ic  heal th  and environmental 

concerns, a c t u a l  depos i t  of rad ioac t ive  wastes should be deferred 

u n t i l  t hese  issues are resolved. 

INDEPENDENT REVIEW 

On June 17, 1970, the Atomic Energy Commission announced 

i t s  t e n t a t i v e  s e l e c t i o n  of Lyons, Kansas as a s torage  s i t e ,  Since 

then I have endeavored t o  keep myself informed of t h e  f u l l  

imp1ications of t h i s  dec is ion  t o  public  h e a l t h  and welfare  of t he  

c i t l z e n s  of Kansas and the economic development of Kansas. 

Recently, when M r .  Russell Train,  Chairman of the Council 

on Environmental Q u a l i t y  appeared before the  Senate Public Wopks 

Committee, I questioned h i m  on whether the Council had a u t h o r i t y  t o  

po l ice  t h i s  proposal. 

the proposed p r o j e c t  would be conducted cons i s t en t  with Sec t iop  102 

Chairman Train ind ica ted  t h a t  a fill study of 



Jf the  Nat ional  Environmental Policy Act of 1969, 

include comments on a d ra f t  Environmental Impact Statement by a l l  

concerned Federal  Agencies as wel l  as State and Local Governments. 

T h i s  s tudy  would 

Subsequently, during the confirmation hearings f o r  

V i l l i a m  Do Ruckelshaus a s  Administrator of the Environmental Pro tec t ion  

Agency, I raised similar quest lons.  After  the hearings, I received 

a l e t t e r  from M r .  Ruckelshaus advisfng m e  that  t h e  Environmental 

Pro tec t ion  Agency, through t h e  Radiation Office, would in su re  tha t  

t he  repos i tory  will not pose any dangers t o  the  c i t i z e n s  o r  the 

environment i n  Kansas. 

Because the Atomic Energy Commission i s  both promoting t h f s  

proposal and eva lua t ing  i t s  p o t e n t i a l  h p l i c a t i o n s ,  I f e l t  a need for 

an independent review of t h e  pro jec t ,  and undertook s t e p s  t o  obta in  

a non-governmental eva lua t ion  from s c i e n t i f i c  and t echn ica l  expe r t s .  

A t  my request ,  Senator  Jennings Randolph, Chairman of the Senate 

P u b l i c  Works Committee, c i r c u l a t e d  the Atomic Energy Commissionls 

D r a f t  Environmental Impact Statement on the  proposed nuc lear  

repos i tory  t o  t h e  Cormit tee 's  S c i e n t i f i c  Advisory Panel f o r  review 

and comment. I ask tha t  Senator Randolphls l e t t e r  t o  m e  transm9tt;bng 

the comments of the Advisory Panel members and a summary prepam3 by 

Mr, Richard Do Grundy of the Public Works S t a f f  be included in t h i s  

hearing record at t h i s  point .  

UNANSWERED QUEST IONS 

My review of  the comments of the S c i e n t i f i c  Advisory Pariel  

i n d i c a t e  seveyal bas ic  quest ions have not been answered by t h e  D r a f t  

Fnvironmental Impact Statcment This statement Is re?ixired by the 



National Environmental Policy Act, and as such should include a 

conplete  d iscuss ion  of the e f f e c t s  of the proposed p r o j e c t  on the  

q u a l i t y  of our environment i n  Kansas. Although adequate answers 

t o  these quest ions may be ava i l ab le  i n  t echn ica l  and s c i e n t i f i c  

l i t e r a t u r e ,  they  should be incorporated i n  the Environmental Impact 

Statement . 
RADIOACTIVE RELEASES 

While there i s  controversy over t h e  adequacy of cur ren t  

r a d i a t i o n  standards, the  h i s t o r y  of minimizing rad ioac t ive  r e l eases  

from nuclear  power p l an t s  shows a s teady  decrease i n  the amounts of 

r a d i a t i o n  that  are permitted t o  e n t e r  the  environment. The Atomic 

Evergy Commission has played a s i g n i f i c a n t  r o l e  i n  assur ing  t h a t  

rad ioac t ive  releases from power p l a n t s  are minimized cons i s t en t  w i t h  

t he  bes t  ava i l ab le  technology. The proposed nuc lear  r epos i to ry  i s  a 

p a r t  of t h i s  systenn, 

RADIO AC TIVE EMISSIONS 

A s  a Senator from Kansas, I would i n s i s t  that  rad ioac t ive  

emissions from any proposal repos i tory  not be allowed t o  exceed t h m e  

wqu i red  throughout the nuc lear  energy industry.  

r e l eases  elsewhere, t o  allow hlgher  l e v e l s  of emission a t  o r  i n  

t r a n s p o r t a t i o n  t o  t h e  proposed repos i tory  would i n  e f f e c t  be asking 

Kansans t o  not  only s t o r e  the  wastes of our n a t i o n ' s  energy system 

bu t  a l s o  t o  accept a h igher  r i s k  of poss ib le  adverse e f f e c t s .  

Af te r  con t ro l l i ng  

I 

mention t h i s  p o s s i b i l i t y  because the  p o t e n t i a l  problem i s  not  

discussed i n  the D r a f t  Environmental Statement. 



C ONTlNLTOUS MONITORING 

There I s  also an obvious need f o r  long-term environmental 

monitoring f o r  poss ib l e  atmospheric r e l e a s e s  of r a d i a t i o n  and ground- 

water contamination. Yet, there i s  no ind ica t ion  i n  the  statement 

of intended o r  a n t i c i p a t e d  environmental monitorlng programs o r  t h e i r  

c o s t s .  

the au tho r i za t ion  of t h i s  p ro jec t .  At an absolute  mln~mum, there must 

be continuous monitorlng t o  p ro tec t  the c i t i z e n s  of Kansas. 

Such programs would be expensive and must be provided f o r  i n  

FETRIEYAL 

I n  addi t ion ,  I am p a r t i c u l a r l y  concerned w i t h  three 

apparent omissions i n  the Draft Environmental Impact Statement. 

Although an extensive review i s  provided of the waste handling 

f a c i l i t i e s  f o r  the hlghly rad ioac t ive  wastes, t h e r e  I s  no i n d i c a t i o n  

of the steps that would be taken should r e t r i e v a l  be required a t  a 

l a t e r  tune, ei ther  due t o  i n t r u s i o n  of water I n t o  the sa l t  formation 

o r  a s p i l l  of the s o l i d i f i e d  rad ioac t ive  materials w i t h i n  the 

repos i tory .  These p o s s i b i l i t i e s  must be evaluated and an ob jec t ive  

s a f e t y  program provided for -- before a c t u a l  2onstruct ion begins e 

EFFECT ON GROUNDWATERS 

My second concern i s  the cu r ren t  and poss ib l e  fu tu re  uses 

of g'roundwat.ers I n  the v i c i n i t y  of the proposed repos i tory .  The 

communities of Lyons, Sterling, and Chase are now obtaining t h e i r  

water s u p p l i e s  from groundwaters. Y e t ,  there i s  no data presented fn 

the Environmental Statement on the r e l a t i o n s h i p  of these groundwaters 

t o  tlhe groundwaters i n  the v i c i n i t y  of the proposed s i t e .  These may, 

i n  f a c t ,  be from the same geologic aqu i f e r s .  Should t h i s  prove trueo 



there would be a risk of not Only COntamfnating these water supplies, 
b u t  a l s o  the d i s rup t ion  of water Supplies.  Therefore, t h i s  quest ion 

r equ i r e s  r e so lu t ion  p r i o r  t o  t h e  i n i t i a t i o n  of cons t ruc t ion ,  

There i s  a l s o  a need f o r  f u r t h e r  I n f o m a t i o n  on the 

p o t e n t i a l  e f f e c t s  of the f u t u r e  development of groundwaters on the 

s a l t  beds t o  be employed. 

a l t e r n a t i o n  of cur ren t  groundwater use patterns o r  withdrawal rates 

could affect  the s t a b i l i t y  of the salt  beds. The poss ib i l i t y  

therefore  e x i s t s  that  land use might be r e s t r i c t e d  In orde r  t o  provide 

the  necessary p ro tec t ion  f o r  the nuclear  Waste repos i tory ,  

consequent e f f e c t  might be the r e s t r i c t i o n  of the f u t u r e  economic 

development of Kansas , 

The Advisory Panel ' s  comments suggest that  

The 

Thirdly,  I am concerned that the hazard during; t r a n s i t  and 

t r a n s f e r  of the material both i n  Kansas and from wherever that  material 

i s  generated, have not  been s u f f i c i e n t l y  discussed . 
QUESTIONS MUST BE RESOLVED 

While I am not qua l i f i ed  t o  pass Judgment on the 

s c i e n t i f i c  merit of the quest ions raised by the Advisory Panel, I do 

feel tha t  a prudent publ ic  health and environmental po l i cy  should 

d i c t a t e  r e s o l u t i o n  of the po in t s  raised, preferab ly  before  s i t e  

development is  i n i t i a t e d ,  but d e f i n i t e l y  before  the s i t e  i s  used 

f o r  i t s  intended purpose -- the d i sposa l  of s o l i d f f i e d  r ad ioac t ive  

wastes, 

This i s  the first s i t e  t o  be constructed for the d i sposa l  of' 

s o l i d i f i e d  r ad ioac t ive  wastes i n  the na t ion .  

should not,  however, be the de termini t ive  f a c t o r  i n  consider ing 

The c o s t s  of d i sposa l  

n 



a l t e r n a t i v e s .  The f irst  such f a c i l i t y  should employ all the 

0 safeguards that  are considered desirable and provisiona should be made 

f o r  r e t r i e v i n g  the wastes should t h i s  become necessary I n  the future. 

Ultimately, the c o s t s  of operat ing such a r epos i to ry  will 

be charged t o  the nuclear  power Industry and in t u r n  the genei-a1 

publ lc .  I n i t i a l l y ,  however, publ ic  health concerns d i c t a t e  tha t  the 

Federal Government insure  that safety, not economics, be the 

overiridlng concern, and that  a t  every step of the process adequate 

marg:lns of safe ty  be provided 
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Honorable Robert Dole 
United States  Senate 
Washington, D O C  . 

COMMIWEE ON PUBLIC WORKS 

WASHINQTON. D.C. 20510 

March 11, 1971 

Dear Bob: 

Pursuant t o  your request of December 29, 1970, the  draft 
environmental statement concerning the proposed Radioactive 
Waste Repository i n  Lyons, Kansas, was c i r c u a t e d  t o  the Ad- 
visory Panel t o  the Committee on Public Works for  review and 
camrnent . 

Replies were received from Professor J h e s  R. Arnold, 
Professor Robert R. Curry, Professor Jean H. Fu t re l l ,  D r .  
Ralph E. Lapp, Professor Gene E. Likens (including comments 
by D r .  Franklin Long and D r .  Robert Morison), and D r .  George 
Woodwell. 
Richard D. Grundy of the Committee Staff .  
material i s  enclosed. 

A summary of t h e i r  comments was prepared by Mr. 
A copy of t h i s  

Should you desire t o  pursue t h i s  f'urther, M r .  G r u n d y  i s  
available t o  work with your s t a f f .  H i s  background i s  par t ic-  
u la r ly  appropriate t o  t h i s  issue. M r .  Grundy has a Master of 
Public Health Degree i n  Radiological Health, and pr ior  t o  
joining the Committee Staf f ,  he spent 8 years with the Bureau 
of Radiological Health, Public Health Service. This program 
is now a par t  of the Environmental Protection Agency. 

It has been my pleasure t o  have been of wsistance t o  you 
i n  t h i s  regaA. 

With warm personal regards, 

Truly, 

Enclosures 
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M E M O R A N D U M  

TO : Richard B. Royce 
Chief Clerk and Staff Director 

FROM: Richard D. Grundy 
Professional Staff 

SUBJET: Radioactive Waste Repository, LyOne, Kansae 

At the request of Senator Dole on December 29, 1970, the 
draft environmental etatement for the proposed Radioactive Waetc 
Repository in Lyons, Kansas, was submitted to the Advisory Panel 
for review and comment. 
the Atomic Energy Commission pursuant to the National Enviroxmen- 
tal Policy Act (Public Law 90-19). 
the fo l lowhg individuals: 

The subject statement was prepared by 

Comments were received from 

Professor James R. Arnold 
Professor Robert R. Curry 
Professor Jean H. Futrell 
Dr. Ralph E. Lapp 
Professor Gene E. Likens 

(Including comments by 
Dr. Franklin Lo@ and Dr. 
Robert Mori s on) 

Dr. George Woodwell 

Copies 0;' their comments and my memorandum of January 12, 
1971, are attached. 

Several deficiencies are apparent regarding the subject envir- 
onmental impact statement and knowledge concerning the use of the 
proposed site in Lyons, Kansas. These are enunciated herein. A 
prudent public health and environmental policy should dictate re- 
solution of the points raised before the site is used for its 
intended purpose--the disposal of solidified radioactive wastes, 

http://MKNT.CN


MEMORANDUM 

SUEJECT: Radioactive Waste Repository, Lyons, Kansas 

Page 2. 

The concept of underground storage of radioactive wastes i n  
bedded salt formations is sc i en t i f i ca l ly  sound. Although there 
5s a concensus tha t  the  salt burial  concept is intrinsicaLly the 
safest of a11 known methods of radioactive waste disposal, the  
environmental statement (section 2) does not document th i s .  
would be usel'ul t o  obtain the opinion of s c i en t i f i c  and technical 
personnel outcide the nuclear energy community on t h i s  point 
(see Fut re l l ) .  

It 

When discussing the al ternat ive methods for  radioactive waste 

This is a 
disposal., salt domes, as contrasted t o  bedded salt,  are considered 
and rejected on the basis of insuff ic ient  inforniation. 
significant alternative,  therefore, a further explanation as t o  the 
reasons for rejection is  warranted. 

There w i l l  obviously be a need for  long-term environmental moni- 
toring for  possible atmospheric releases and ground water contaanina- 
t ion.  Yeb, there i s  no indication i n  the Statement of intended or  
anticipated environmental monitoring programs (see Lapp). 

While a l ternat ive waste d i sposd  methods w e  discussed from a 
technical staqdpoint, it would be usef'ul t o  discuss the  plans of 
other countries fo r  dealing with radioactive wastes of these types. 
The plans of Great Britain,  France, Japan, I t a ly ,  Spain, Russia, 
and Belgium should be included, Since Japan does not have sui table  
geology for underground disposal, a discussion of t h e i r  plans would 
be par t icular ly  desirable (see Lapp) e 

The following specific observations were made regarding t h e  
technology for radioactive waste disposal and use of the proposed 
repository i n  Lyons, Kansas : 

(1) There are  r isks  associated with the transportation and 
handling of radioactive wastes which are not included i n  environ- 
mental statements. These r i sks  should be developed for  the sax- 
tem as a whole (see Lapp). Although the  r i sks  attendant t o  the 
proposed relository can be assumed very, very s m a l l ,  a detailed 
analysis of these risks appears desirable, adequate t o  s a t i s Q  
the inhabitants of wons, Kansas, and State: and loca3 officials 
(see LOW) . 



SUBJECT: Radioactive Waste Repository, Lyons, Kansas 

T e 3. 

(2) Considering the  Lyons, Kansas proposed repository,  
it is  envisioned t h a t  it w i l l  be maintained i n  the  perpetual 
care ol" the  Federal Government. The detaxls on how t h i s  
w i l l  be carr ied out over the  suggested 800 years required 
i s  unclear. 

(3) When presenting the  projected inventories of radio- 
act ive wastes (sect ion 2) only gross quant i t ies  a re  provided. 
Data i s  needed on the  radioactive elements of biological  
significance (e.g., cesium, plutonium, strontQm) and t h e i r  
chemical form (see F u t r e l l  and Lapp). 
warranted on the  so lub i l i t y  of these na t e r i a l s ,  also. This 
would provide an indication for potent ia l  leaching in to  sur-  
rounding s t r a t a  (see Fut re l l )  . 

Information appears 

(4) The discussion of t he  packaging and shipment of 
wastes (sect ion 2.3) docs not inclucie an evaluation of the  
poss ib i l i t y  of accidcnts during transport  of the  aaterial  t o  
the repository s i t e  (sce Arnold, Lapp, ana Long). Consider- 
i n g  the  poten t ia l  quant i t ies  of radioactive materials involved, 
conformance w i t h  AEC and DOT regulations for  gackaging and 
shipment 1s not the only  issue.! 

( 5 )  A review i s  provided of the "high level" ,  very 
radioactive, waste hsnciling disposal facil i t-Les ( sec t ion  3.2) . 
There i s  no discussion, however, of the  r i s k  of s p i l l s ,  the  
e f fec ts  of s p i l l s  on t h i s  operation, o r  the methods t h a t  would 
be employed t o  deal w i t h  s p i l l s  (see Arnold and Long). Also, 
there  i s  no i n d i c a t i o n  of the s t e p s  tna'i. w o u l d  be taken should 
r e t r i e v a l  be required a t  a l a t e r  time because of intrusion of 
water inLo t he  s a l t  Tormation. A n  objective safe ty  progrm f o r  
r e t r i e v a l  is  needed at this point. 

( 6 )  A desci-ipl; ion is  provided of the  proposed s i t e  (sec- 
t i on  4.1)0 
extends t o  within 1500 i'cet o r  t he  praposed s i te .  
i s  no evidencc prcsented on the poss ib i l i t y  of in t rus ion  of 
radioactive material  i n t o  t'ie mine (see Arnold). 

MenLion Is made of an operating salt mine t h a t  
Yet,-.there 
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SURTRCT: Radioactive Waste Repository, Lyons, Kansas 

(7) A signiPicant I’nctor i n  selectiw, a repository 
s i t e  i s  the geological history and s t a b i l i t y  of the s u l ~  
deposits selected. Let us asswe tha t  salt deposits are the 
most suitable alternative,  the existence of bedded salt being 
an indication o€ long gcriods without t‘ne presence of ground- 
waters. Normally, fractures occurring i n  salt beds quicldy 
sea l  through Plow of  the s a l t  and i t s  recrystal l izat ion under 
pressure or overlying rock materials (cal led l i t h o s t a t i c  pres- 
sure) * 
mine i s  opened up a t  depth, (see Curry). 

Jiowever, t h i s  ceases t o  be the case once a vault  or 

Not a l l  kinds or  fractures above such a vault would 
sea l  a.s quickly as before such a vault were constructed, since 
the separate blocks of overlying s a l t  and other materials can 
then yield by ;low toward the vault - both by gravity and by 
slow f l o w a g e  f r o m  zones of higher lithostatic pressures along- 
side of the vault i t s e l f .  Thus, by the very nature of s a l t  as 
a slowly flowing substance beneath the ear th’s  surface, once 
a hole is  opened up, it f i l l s  €rom the top and sides of the 
cavity, a,id may cause the formation of cracks along which i n -  
f i1terat i :G downward percolating waters may flow t o  dissolve 
larger  cavities.  

Such underground leaching of the salt  beds has occurred 
about 25 miles from the depository s i t e  and we are  to ld  tha?; 
t h i s  occurred a t  a slow ra te  of f ive miles of re t rea t  of the 
leaching f r o n t  i n  the last  1 million years (section 5.5). 
Thts occurred a t  a t i m e  when no one l ived i n  Kansas, no vaults 
were mined i n  the s a l t ,  and no human a l te ra t ion  of the surface 
and subsurface water flows occurredo 

( 8 )  Possibly the two most significant environmental fsc- 
t o r s  t o  be considered are seismic ac t iv i ty  and the potent ia i  
€or groundwater contamination. The Lyons, Kansas, s i t e  l i e s  
i n  a ‘low sc ismic r i s k  area. 
mic r i sk  data i s  a re la t ive ly  recent capabili ty since instru- 
mentation has been available for only about f i f t y  years or 
less .  

However, the development of se i s -  

On the basis of available data (see C u r r y ) ,  the seismic 
risks i n  Kansas may well be higher than s ta ted,  althowh not 
so high as t o  render the s i t e  impractical. Consideration 
should be given t o  the construction of a bern t o  avoid a coil- 
cavity should subsidence occur a6 a result of seismic ac t iv i ty  
( ~ e e  curry) . 
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SUBJECT: Radioactive Waste Repository, Lyons, Kansas 

( 9 )  Under normal circumstances, the poss ib i l i ty  for 
subsidence would be expected t o  o c c u  inimediately. 
statements (section 5.3) suggests the heat effect  of the 
radioactive materia3 w i l l  counteract the subsidence, No 
supporting evidence i s  presented. Since the temperature 
counteracting effect  does not occur immediately, subsidence 
may resu l t  and further consideration should be given t o  t h i s  
poss ib i l i ty  (see Curry) . 

The 

(10) The poss ib i l i ty  of groundwater contamination i s  of 
importance. Also ,  a serious hydrologic consideration is the 
poss ib i l i ty  of subsidence and fracturing, of rock above the 
salt bed allowing, waters from aquifers above the salt bed t o  
penetrate the salt bed (see C u r r y ) .  
evaluation. 

This poss ib i l i ty  requires 

(11) The co,miunities of Lyons, SLerling, and Chase a re  
c i ted  as obtaining t h e i r  water suppglies from groundwaters ( s ~ c -  
t i on  4.3). Yet, there i s  no datu presented on the  depths of 
the we l l s  involved or  t h e i r  relationship t o  the groundwaters 
and the geologic formations i n  the v ic in i ty  of the repository 
s i t e  (see Arnold and Curry). 
contamination of water supplies,but a l so  disruption of water 
supplies . 

There i s  the r i s k  of not only 

(12) An omission from the report i s  consideration of 
f'uture devclo2mental use of groundwaters. 
current USC patterns or withdrawal 
s t a b i l i t y  of the s a l t  beds themselves (see C u r r y ) .  I n  both 
Kansas and Nebraska i n  some locations, groundwater is being 
used or withdrawn at  f a s t e r  ra tes  than natural  ra tes  of re- 
charge. 
pated land use patterns of Kansas as 3 whole and t h e i r  in- 
pact on groundwater usage. ( see C u r r y )  * 

Alteration of 
r a t e  could a f fec t  the 

Therefore, consideration should be given t o  an t ic i -  

Richard 3 ) .  Grundy v 
ATTACHMEXI'S : 

L t r ,  Prof. James R. Arnold, Jan. 25, 19'71 
L t r ,  Prof. Robert R. C u r r y ,  Feb. 16, 1971 
L t r ,  Prof. Jean H. Futrell, Feb. 16, 1971 
L t r ,  D r .  Ralph E. Lapp, Feb. 14, 1971 
L t r ,  Prof. Gen? E. Likens, Feb. 18, 15171 
L t r ,  D r .  George Woodwell, Jan. 25, i371 
Memo, Richard D. G r u n d y ,  Jan. 12, 1\37; 
Ltr, Dr. Ralph E. Lapp, Fcb. 8, 1371 



Jmuazy 25, 1971  

Xr. Lic!urd '3. Royce 
C h i e f  Clcrk a id  Staff DLrec-or 
Coniitree cin Public Works 

Wcshing;on, D. C. 20510 
'J. s. ScrAat8 

Decr Dick : 

I have read wick nudl i a t s r c s :  the' d r a z t  of  'iks ei-Aviaii- 
mental izpac t  scatenen'. proposed by che A E C  f o r  tl-ie R a d i o a . t i v s  -*.'.-I.,L~ 

",h;;. l e d  to s e l e c t i o n  of Lyoas oz i n  t h e  de,sig;l or' Che stoo'raz=a S:/.~ZSL. 

?: a m  however considezably note  than czsua l ly  aware of rhc p i ~ b > e x  
t h a t  t h i s  type of storage? is  designed t o  solve.  I find tlie sixte- 
m e a t  coavinciz;g . 

7-9 ,,epository i n  LYGLS, Kaasas. I have i1at been involved l a  Ckc S~L<;LS 

b u c h  of the ;Zgw;leilt againsc i-.ucie;r power has hliigci, 3 ;  

che d i z f i c u l t y  of contaliling tlie w c r s t c .  The Lyoils p l a n t  I s  ~Lsi.;~.eG 
to solve the waste storage p r o b l a ,  e f f i c i a n t l y  and w i ~ h  salei;y. 
The decis ion to use a sai t  mine is obviously basad on a iarzc Lii..c*.a;hi 

02 c a r e f u l  research, coasiderable e q e r i c n c e  w l c h  vhrious r y p s  c i ;  

storage,  a; w a l l  as  on such questions as c o s t  and ef i ic ieacy  0 2  
t ranspor t .  I see no reason t o  question :ha v a l i d i t y  of t h s  SCLL.,- 

ments of the m o u n t s  or' rad ioac t iv i ty  chat would be re ieased o: LO 

questior, rile. Elat scaLenents (pages 33 aad 37) tilac there  would ba 
no hazard i o  l $ f e  through re lease  of t k s e  q u a n t i t i e s .  
devalopaeiit of nuclear power is t o  be challeriged on tha  grouiiis si 
p u b l i c  ssZa:y, i t  should not ba challenged for a fac i l i cy  SLC;I ds 

the  one covbi"r3d by t h i s  s ta tenent .  

If t h  

I4 ;il Environiieatal h p a c t  Starements were as' cos~rehci-isiva, 
;he Xational Environnental Policy Ac: would be a bri l l ia i l t  SUCCCSS. 

Yours  s incere ly ,  



~ . v e  z n t l o s s l  s a z  co;;.:,azts j y  9r. P:azL.Zi >ozg 
n. ur.  X O ~ P Z ;  Xoz i so i~  o f  20-maLl 'i;r.i.vczsi;y oa thc TSCGZGL - ,,,, , t o  davo t e  c;.y ~iz .2  Repos i tory .  I ';a s o x y  t h c t  L wcs a - -  -3' a 
zysalf  ~o t i l ls  ? ' ;o jac t ,  5u; I dii i  c i r c u i a s a .  tha ? ~ o ? o s & l  GIG 
cha a t t ~ c ; ; a d  c o z a a r s  ars oi; i z z s r ~ s t .  

GEL.:ps 
Zsc. 







7215 Park Tcri-ace Drive 
Al exazci 1- i a, Va ~ 

22307 

Sincerely, 



To: Dick Roycc 

Fron: R.E.Lapp 

8 2eb 7 1  

RZ: Sen. D o l e 2  Reques t  for c o r a c n t s  on Radwostc disp3s:f in :,-I:.. 1~-,2:,. -I 

I ' l l  be t u r n i n g  i n  some comnents on t h i s  r e q u e s t  by FetJ. 12~h. 

I s u g g e s t  t h a t  o t h e r s  who commen; ought to be  sure 'io have on  id: 

DISPOSAL 03 SOLID R%DIOi\CTZVlL T,l,\STZS IIU BXDDZ2 SAT,: JL'OSiL'd 
h R e p o r t  by t h e  Conrnittce oa Radioactive Waste Manogc.:cit^L 
N a t i o n a l  Academy of S c i e n c e s  Xov. 1370 

SNVIRONXEhTAL STATENENT: R a d i o a c t i v e  Waste Repository 
Environmentai  P r o t e c t i o n  Agency 

. .  S i n c e  Sen. i o  do ' - .  ( ' 4  I. . L ,-I 

t he i r  spent fuei, i t  would be h e l p f u l  if soineonc on ?;IC: G'GTT;' coi;Id 
make Q q u i c k  su rvey  of r e p o s i t o r y  p l a n n i n g  by Grcar B r i  :ni.n, i7~-a;-acc, 
Japan, I t a l y ,  Spain, B e l g i u m  and Jzpan. S o v i e t  p l a n s  waulC bi? ~ ;o i - th  
Icnowi ng . 
Japan ,  to my Icnowledge, has nct 
d i s p o s a l  and it wouId appear will have to 80 to  a madso:le\;m;i r:;?i' 

Dole migh t  ask what  o t i i c r  n o t i o n s  are  pis i ;ni ;Z 

t h e  proper  geo logy  i o r  i i i - a < i ~ ~ ~ , ~ t ~ i ; ~ i <  

"burial11 or arrange w i t h  SOAACI other country to acccp'i its T I - ' -  L. u .l '--"- LC 0. 
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S A L T  L A K E  C I T Y  84112 

Mr.  'Richard 8. Royce 
Chief Clerk and Staff Director 
United States SenaL- Committee 

Washington, D. C. 20510 
on Public Works 

February 16, 1971 

Dear Dick: 

In response to your letter of January 13, 1 am submitting some comments on the 
"Draft Environmental Statement, 
to the repository for radioactive wastes proposed for construction at  Lyons, Kansas. 
In general, 1 am favorably impressed with the document; i t  appears to me that the 
Atomic Energy Comrnission has done a careful study of the several ramifications of 
constructing this repository. In fact, I am optimistic that they have done a substantially 
better job in this regard than they have done in  establishing temporary repositories 
for wastes generated by existing facilities - parricularly those at Rocky Flats in Colorado 
and at the Hanford a id Savannah River Plants. The questions that are stimulated by 
reading the report are of a technical nature and simply request some additional derGi;s 
for reassurance that the planning has been as thcrough as the summary report suggests. 

prepared by the Atomic Energy Commission relating 

On page 2 of thc report they state that the temperature rise at the surface w i l l  Le 
1 would l ike to see the calculqJtions l o  F,  approximateiy 100 years after waste burial, 

which substantiate this estimate i n  order that 1 might judge how speculative this result is.  
O n  page 3, they state that a minor aquifer i s  located 100 feet below the site surface 
and that another one is located about 285 feet below the surface. This i s  a bit  surprising, 
since one of the reasons for choosing a salt bed deposit is that such deposits are not 
ex,pected to have any aquifers present i n  them. They also state that they are making the 
pessimistic assumption that the aquifer i s  stagnant. 
very optirnisitc assumption, because, i f  the aquifer i s  not stagnant, it w i l l  permit a means 
of communicating any leached radioactivity from the repository to the surrounding strata. 
It seems to me that this point should be very well established before the final decision i s  
made to go ahead with the repository. Since there i s  some apparent possibility of 
communicating through aquifers, I would l ike to be reassured that the AEC has made 
solubility measurements for the chemical forms of the radioactive elements which are 
of significance, in particular plutonium, samarium, ccsium, and strontium - the maior 
biological hazards. 

Actually this would appear to be a 
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O n  page 5, they state that the site w i l l  be maintained i n  the perpetual care of the 
Federal Government, and 1 would l ike more details on how this w i i l  be carried out 
for the thousands of years for which surveillance may wel l  be required. 
l ike to see as constituent of the master plan that the solubil ity measurements w i l l  
continue to be made for a l l  o f  the possible solid waste forms which w i l l  be estabiished 
in  the future. 

I would also 

O n  page 6, the final paragraph implies that a consensus has evolved on the method 
of waste disposal. 
consensus has actual ly been reached, including the opinions of scientif ic and technical 
personnel outside of the nuclear energy community. 

i would l ike to see this point documented to make sure that a 

O n  page 10, salt domes as contrasted to bedded salt are considered and rejected ifi 
two sentences. I would l ike to  know the reasons for that, since there are many salt domes 
in  different p a r t s  of the country, and since they represent a geological formation which is 
at least as contiguoirs and self-contained as bedded salt. 

. 

On page 35, the report states that the woricings w i l l  be designed so that the support 
pilars w i l l  deform ard  enclose a l l  openings. 
done, but 1 would l i c e  to see -his point elaborwed somewhat further. 
the appendix, i t  i s  implied that several solid forms of wastes are approved and I would 
reemphasize that i t  i s  necessary to  carry out the detail physical measurements of solubil ity 
in terms of the equilibrium constants for solution of radioactive elements in  order to 
assure that an unexpected catastrophe involving water breakthrough which communicates 
to other strata w i l l  not have disastrous consequences. O n  page 4 of the appendix, i t  
states that salt deposits are free of circulating ground waters and completely isolated from 
underground aquifers, whereas earlier in the report i t  i s  stated that there are two aquifers 
i n  the proposed site area. 

T h i s  i s  a cute t r ick and probabiy c c l i  be 
On page 2 of  

In addition to these specific points, there are two larger questions raised by tnc 
report which 1 would l ike to throw out for your consideration. 
that there are some 80 mi l l ion gallons o f  radioactive was'es now stored in a temporary 
fashion at  the Hanforc, and Savannah River Works. Thus far, there does not appeai- to 
be a reliable plan for the permanent disposal of  these wastes. 
sound and feasible can be done wi th  these wastes, we have u rather frightening potenliar 
catastrophe hazard on our hands, 1 think that tho AEC should be prodded somehow into 
solving this problem with a l l  deliberate sped. 

One of these is  il-ie fact 

Unt i l  something technicclly 

n 
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Another question raised by the report i s  the projection of  the quantity of radioactive 
wastes for which we must fjad some ultimate disposal. Presumably, the figures wi th in 
ihe ieporr are logical piojections from the number of  nuclear power plants which have 
been constructed,wnich are projected for the fuiure,and Gre L i l y  reaiistic, including 
rhe considerotlon that c1 ren-yeor delay period i s  invoived in the conversion of radio- 
act ive wostes PO a soik form. Consequently i believe that fucther- research into the 
quesrion of miiocrcrive wi;s:e disposal should be encouiaged in some fashion. 
;i. :eem G me ?aten;iy a h i d  i o  discard a number of tvaluaisie radioacrive and non- 
radioact;+e fission products aion, wi th the bio1ogical;y hazardous materials whose disposol 
i s  :he p-:r?e object;ve. 
cnemica, s.-ei:pira: ion age;-.rs whicn would remove the  longi ived radioactivities which 
toGe:her 'consrirute a very or;laii peicentage of the totci volume of radioactive wastes, 
bci;. wl i lcr constirurt: almost ;ne entire biological haze-d. if  $%is could !x done, then 
a VS:;/ l . l ~ " - . - :  m a l l e i  storaguarea would be inveiveci ar,a we wouid at the scifie t ime retain 
for turcrce recovery some very valbabie rninerai resources. ,;-,e principre \ji wcyci ins 
wi7:ch we o s  a pane; have 5:c.ted as a general goal wouia: theieDy be served, o l d  i i  i s  
cor,ce ;vo5, e that we migh.; , vo'id rhz morbid necessity cd esrabl ishing Yhese smc i w~s;<~ici;ds 
of perpetw,  care io; ;aaioaL:.ive wasres. i t  ,night eve.? De feasibie, i i  rn2 vo; ~rne C G U ~ ~  

be iedcrced m W g h  :ne i;arc' ,/ which i suggest, io CO~;COC; some exotic dispos: i scheme 
such a: t'1;/;.79 rhe k3sres ; n t ;  tne sun DY cowers at a cost w h k i i  may oe very ;r;uch iess 
than -ne ;n l  irlte s to rqe  conc?pr. 

I n  particular, 

-.I ,ne more logical approach, i: seems to me, i s  to develop selective 

.-* 

. .  

h i;d kb 

Very best regards , 

&an ii. Futrell 
Professor of Chemistry 
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NEMORAXDUM FOR THE RECOil3 

FROM : .I.'. A .  Long a 
/ 

TOPIC: Comme:-its on Proposed AEC Radioact ive Waste riepoaitory 
i n  Lyons, Kansas.. 

A b a s i c  assumptipn of t h i s  p roposa l  i s  -chat nuc ica r  power froin 
fission roac' i ion:~ i s  i n e v i t a b l e  and tanavoidablc I i n  mcei;ir,cf t h e  
J n i t e d  S t a t e s  energy nee2.s. I f  one accepts  t h i s  stater?.erit, aid 
i .c  seems per suzs ive ,  then one immediately f a c e s  t h e  2roblem 
05 disposal of r a d i o a c t i v e  wastes.  . The progosed proceduze Seem 
i I X c  the most reasonable  s o l u t i o n  t o . t : ? i s  prohlem, both i n  Lroad 
oukl ine  and iri s p e c i f i c  d e t a i l s .  
zecornendat ions 0: thought fu l  s t u d i e s  of t h e  problea .  

- - . L _ L ~  G- .", of course ,  some r i s k s  a s soc ia t ed  wi th  this p o y o s e d  
.-.rocecu:c.: There woulci, 04 course ,  be risks a t t ached  ko XI? 
c.~:;cr pzi ; e l . G r e  a l s o .  Indee l ,  one m u s t  t h i n k  of the u t i l l z ~ t i o n  
d.. .. ic-e.-:-. power as i t s e l f  involv ing  an Lssessiiient of Z e l < i t i V e  . 

.,:;e qie , ; t icx ;s whether t h e  b a s i c  r i s k s  or' nuc:.ear pawaz 
%..--> :O:~L-. .i;s - 3 c r  Cecision has presunably been made. G x .  

UYC ccceptab ie .  Xy owz r e a c t i s n  LS t h a t  they  are. 

. .  

- .  

It i s  c o n s i s t e n t  w i th  'L;-A~ 

n'.=,.+- -.e- 

- r  . 9 

.. - : ~ L S .  

7 - - .  r4A..)u .e.? c tc whe-diei- ,he r i s k s  i n  this 2artict; ;ar s t o r a s < :  s y s t m  

.-' ne:.e .: -.:,::, are  ht>. short- term an2 long. The long-term :.is:c hzs 
J L&cJ >.,!i ._ N,lez:Ic L' I n  t h e  di.szan-2 :?.;:.;re t h e r e  w i l l  be  SO;;^ k i z C  . . 1  I .  ..,. 

I ,' 

Z L  ; s  *.?i?.::/ i-,.zrC, Lzceec. ,  - 2 3  assess t h i s  lon~-ze=m risk I:. Le'---, 
. '.A,: iz k,. 'I ;cez, s&fe to conclcde t . ~  chis  r e p o r t  does, tha-c  t h i s  

's-....:: c ;  .;:,-;G .:.z some kin6 of' SLOW percolation w k c : ;  C\.LL, , .  
--vs xsterials to t he  h a r m  ~f ir.~-.raitar.ks. ~ - .  -T*J e. ;;;>se >->.Lie .CL-  

. -  , .  
r G - i  , ._ 

LSk 2.s VG?y low. 
,7'. q'ie5LiG.l of Short-rc.r.~e. r i s k s  I:-.voIves t h e  f.kngf3r 0 5  scae acci- 
,-.. .:n: In -G& t r . x ~ s ~ o r t a t i c r  :I- handl ing of t h e s e  radfoacz ive  was tes  
-.:...ci? wo;liC ze2ea;e ;';later; ::-s t h a t  co.;lC eo harm t o  t h e  r,eerhy 
.s.issl t a n t s .  



posal of radioactive wastes seems a s e n s i b l e  and indecd, prefer;-& 
response to what i s  a very significant present and coniing 
problem. 



'h'ssta D q o s  i tory ,  Lyons, Kansas. 

Sobort S. Curry 
Env; ro?mnfa ! , Goo i ogJ S? 

Ssc7:Ion i 

1h6 concopt of undersround sforzga of h i g h  and 4" ,ow-!ova; r6c;oaz:;vo 

G*) PI:e mafar ia is  to*rhe sun s ince  acc i l en?s ,cou ld  pu': such m a ? a t : a ! s  ir,?o 

oar?:, o r b i ?  or mIsf ;ras  cou!d p lace  Them a t  ,uncon?roI l e d  arsas of ?:ha ~ G T ? : : , ' S  

surface, i n c l u d i n g  The l aas t  des;raSis 03 d isposal  sifes - YP,e ocoans. 

In  addi?:Ion To ;.ne ;on9 p r i o d s  o'r' gao:ogic s7aSI: i ty im?l;si by 

ciecded salt depos;fs, Two other geologic c r i r e r i a  a re  of inpof iazzs f o r  

consi detafion. These are seismic a c T i v i T y  and p o t a n t i a l  

,oatamina?ion. 1 s h a i l  d iscuss these p o i n t s  se9ara fe ly  a u t  feel T ~ G T  u;?: 

:ha axcep i ion  of a few sfafaf iants  f h a f  1 r i n d  oaren7;ly Talse, ?he d r n f ;  

Er,vi r o f i m n f a l  lnpac f  Stafenen': does, i n  General, adaquafely cover  -?a3 po?m:-;al 

hazsrds con7ernplatad. Thare i s  one se r ious  omission, however, i n  ?ha? ';kc 

irn?sc"isfafernen': does not  rsvaa l  thaf once such a f a c i l l t y  i s  est&! isnai, 

much of  the  soufheastorn p o r f i o n  of t h e  stzfe's groundwafar and sur faca  

f o t  SroG,:iwaysr 

wa'l'er rsgiqies should not be a l f e r o d  Dy numan use because a l t e r a ? I o n ' c o u I c  

i i f f o c t  The s'iaDi I i f y  o f  ,the sal': . .  ,'Sods thelcso:ves and 'risk. confafi ;na7ion o f  , 



the  1 ower Arkansas ,Ri ver Va i I ey aqii i f a r  and poten? i a i i y andangGr 

O S  Wichifa, Kailsas, and nor theastern Oklahoma. Th is  omission w i  

w i t h  s p e c i f i c a l l y  i n  sec t i on  4 o f  t h i s  repor t .  

Section 2. Geoloqic h i s t o r y  and the sTabiIit\Lof T h e  s a l t  depos;?s: 

concur w i t h  t h e  Sect ion 2.1 ( p . 7  i f )  t h a t  sal': i s  Tho LWS? sui?obie 

a l t e r n a t i v e  and t h a t  bedded s a l t  deposi ts  a re  indeed an ind ica7 io i i  of  i o Z Q  

per iods o f  absence o f  s o l u t i o n  by underground waters. 

That f r a c t u r e s  t h a t  may from t ime t o  t ime occur i n  such s a l ?  bacs f : ,roq,n 

I f u r t h o :  asroc 

normal re lease o.f accumulated s t r a i n  i n  tha  e a r t h ' s  c r u s t  a r a  quick;\/  

sealed through f low o f  t h e  s a l t  and i t s  r e c r y s t a l l i z a t i o n  undar 2 t e s s u r o  

o f  o v e r l y i n g  'rock mafe r ia l s  ( c a l l e d  1 i t h o s t a t i c  pressure). Howevar, - inis 

ceases t o  be t h e  case once a v a u l f  o r  mine Is opened up a t  da?fn. I\OT u , ,  

k inds  o f  f rac tu res  above such a v a u l t  would seal as q u i c k l y  as bo' fori3 SbCil 

a v a u l t  were constructed, s ince  t h e  separate b locks of o v e r l y i n g  5 d ; t  SCC 

o t h e r  materials can then y i e l d  by flow toward t h e  v a u l t  - bo th  by c,raviYy 

and by slow flowage from tones of h ighe r  l i t h o s t a t i c  pressures a l c n s s i i a  0 7  

t h e  v a u l t  I t s e l f .  

substance beneath the  e a r t h ' s  surface, once a ho le  i s  openea u p ,  ii. f i l b s  

from t h e  top and s ides  o f  t h e  cav i t y ,  and may cause the format ion of c:iic&s 

along which i n f l l t r a T i n g  downward p e r c o l a t i n g  waters may flow t o  6 '  I ;soivr: 

l a rge r  c a v i t i e s .  On page 34, Sect ion 5.3, we learn  t h a t  such undsrirouna 

leaching o f  t h e  salt beds has gone on about 25 m i l e s  from t h e  deposieory s;ra 

and are  t o l d  t h a t  t h i s  occurred a t  a slow r a t e  of f i v e  m i l e s  of r e t r e a t  o f  

o f  t h e  leaching frolnt i n  the lest I m i l i i o n  years. Th is  occurred,  yo.^ w i i i  

Thus, by t h e  very na ture  o f  s a l t  as a s low iy  f low ing  

I 



note, a t  a t ime  when no one I I v e d  i n  Kansas, no v a u l t s  were mlned i n  tho 

s a l t ,  and no hunan a l t e r a f i o n  o f  t h e  sur face  and subsurface water f lows 

occurred. 

p o i n t  o u t  t h a t  t h i s  pas t  ra?e of geo log ic  so:ution is n o t  necessarily 

va l  i d  for the fu tu re .  

' ( I  

I n  t ? e  hyd ro log i ca l  sec t i on  (sec?ion 4 of t h i s  r e p o r t )  1 shsl !  
,d 

As t h e  s a l t  f lows i n t o  t h e  v a u i t  and mina areas, t h e r e  will be a 

sur face  deprassion, forming a c losed depression on t h e  land sur face  abovc 

t h e  mines. 

s o l u f i o n  and forming a subsidence pond - a s o r t  of  v i c i o u s  c y c l e  I n  whic3 

T h e  mora t h e  so lu t i on ,  t h e  more water accumulates and the more s o l u t i o n  

occurs. We a r e  t o l d ,  ( p .  36) That , ,  thermal expansion dua to the har-rting 

e f f e c f s  of the rad ioac t i ve  wastes upon t h e  sal': w i l l  counterac? t h o  sub- 

s i d m c e  - the ?he t ime constants  areaall wrong here. Subsidence beg!ns 

immediately, even be fore  the f a c i l i t y  Is abandoned, y e t  hea t  generaTion 

Throughout the  rock column does n o t  reach a maximum f o t . 8 0 0  years. On pase 

36 i t  i s  s t a t e d  t h a t  the two counterac t ing  processes w l  I 1 fake' p lace  sirnu:- 

tsneousiy, buf no $uppor t ing evidence is given and 1 s e r i o u s l y  doubt Thar 

. A  

Such a depression may f i1 1 ,with water, l o c a l l z i n g  a zone of 

?his is t rue .  

w i t h  a r a t h e r  broad rosey brush and I b e l i e v e  scep?:cIsm Is i n  order .  

The l a s t  paragra9h o f  Secf ion 5.3 seems Indeed To be pa in ted  

I a l s o  d isagree That a l l  s a l t  beds are  sh ie lded by Impermeable shale 

beds. 

e f f e c t s  o f  sur face  subsidence a n d  changes I n  land us8 and t h e  hydrogeologic 

regimes and t h e i r  combined e f f e c t s  on s a l t  so lu t i on .  

of fhe  sal': is occur r i ng  25 m i les  from t h e  site, wPby should we b e l i e v e  tha?) 

s o l u t I o n  Is n o t  poss ib le  under t h e  r l g h t  hydroseologlc  cond i t i ons  a': the 

s i t e ?  

I f  t h i s  were indeed the  case, one would n o t  have to worry.abou+ the 

However, I f  s o l u t l o n  

I t  i s  Indeed t r u e  t h a t  the Hutchlnson s a l t  * I  beds .have remained 



undissoived fo r  about 250 m i  1 1  ion ycars.and are o v e r l a i n  by a L;hci,a, ob? n 
$0 say t h a t  sa id  shala i s  i ixpermable, evel? whera f rac tu red  dua To 

subsidahce, ' s  n o t  s c i e n t i f i c a l l y  prudsnt. 1 suspect f h a f  those shaias 

are  Lot water bearing, i n  the sans0 of producing watar for  walls, b ~ ?  

t h i s  does n o t  mean t h a t  they are irnpcrmasble. Rather, it maar,s fr'iiii' ;';my 

hava few vo id spaces and t h a t  a q u i f e r s  such as t h e  S?one Corral doiOtcI;Y;a 

above the  o v e r l y i n g  shale can, over  most o f  t h e i r  a e r i a l  'exfan?, Sa de- 

pended upon to be a good source of '  water s ince  water f i 1 Is f i ie aqL; f e r  

f a s t e r  Than i-: f:Qws through t h e  sha le  i n t o  d,eeper layars. T h i s  wouid no? 

b e  t he  case fcjr an area w i t h  v e r t i c a l  f r a c t u r i n g y l t h i n  $he sha io  G ~ Q  to 

subsidanca. 

Section 3. Siasmic R i s k  

I t  i s  t r w  t h a t  t h i s  Lyons, Kansas, s i t e  l i e 5  i n  a low seisr; ic risrc 

p a r t  o f  the  U n ! t e d  States. i n  general, our s e i s n i c  r i s k  data a rb  basac 

upon per iods  o f  observat ion o f  t h e  area w i t h  seismographic i n s ? r m e n i s  

t o  measure the  r n t e n s l t y  and loca t l on  of e a r t h  movements. Sinca sucii 

ins t rumentat ion has genera l l y  been ava1 l a b l e  for f i f t y  years or I C J S S ,  GOS? 

nuclear  reac to r  and disposal s i t i n g  s tud ies  rely h e a v i l y  upon OaTectinS 

v i sua l  evidences o f  pas t  unrecorded f a u l t i n g  w i t h i n  t h e  rocks. Sucn Sau,;.s 

would be very hard t o  de tec t  i n  s a l t ,  s i nce  it f lows and heals  sucn fdl i ! f - iCg.  

Thus, an adequatc s i t e  study would have t o  expose several tkIousand l i n o a r  

f e e t  of  o v e r l y i n g  shales or h igher  u n i t s  to allow de tec t i on  o f  fau l?s  

to see i f  such could occur i n  the  fu tu re .  

The se ismic risk map shown i n  the  impact statement (p. 26) a t to r '  S . 1 .  

Algermissen, 1969, Seismic Risk Studies i n  the  Un i ted  States;  u.S. DepT. 

o f  Commerce/ESSA, i s  a prime example of how l i t t l e  we know abouf t he  

seismlclty o f  ,Kansas, The zone 2 and zone I del lneatlons are Pasea upon 



very iitTle data  and I include AlgermIssen's f i g u r e  2 from ?ha? same re- ' por? as an example. i n  my opin ion, '  1 b e l i e v e  t h a t  based upon a v a i i a b l e  

da?a, The Zonu Wo r i s k  con7our cou ld  as weli be drawn to Inc luce  Lyons, 

Kansas as any o t h e r  way. 

na'l'ural I n t e r p r 6 t a t i o n  of our geologic undersfandin$ of UndargroJnG 

s t r u c t u r e s  in. aastern Kansas and Okiahona which we be1;ieve a te  rosponsi-  

b l e  f o r  t h e  c r u s t a l  adjustmants going on the re  today. 

The shapa o f  t h o  Kansas Zone 2 COA?GU~ i s  a 

From Algerrn;sson's 

f i g u r e  

p e r l o c  

cenPra 

deed, 

Tion. 

2, (enC,Osed), one can see t h a t  indeed . h i s t o r l o  data fo r  *:he 

i900-19cj5 suggest more energy .being released in c e n t r a l  Krnsas and 

Oklahoma than a long t h e  c e n t r a l  eastern boundary of Kansas. 

con-tend, that P h a  map i n  T h e  Impact $tatemon'l',is a gross 96nera;i:s- 

!n-  

In '  poini' o f  facr ,  Algermissen has calcula?ed T h e  earthquake Tacur- 

rence formulae "or c e n t r a i  Kansas and f i n d s  a7 expactad sta7:s':Ici.i .?rcc;uc~cy 

O S  .2 r,odif;ed-Nerca;, ;-Scale-VI I i ear thquakts  every 'to0 yeras ( \  I : i = 

damage cortgiderible I n  o rd ina ry  s t ruc fu res ,  u;se.: o f  water :eveis ::I 

W0:;s) .  

Vt3bh-t p i ,  ( e r s  wi*'h possible immediate and d i rec t  expression of t h i s  a': the 

lana surface. 

Wha': This means i s  t h a t  we WOUIG have probable coila2se 0" T h e  

.n s.;;unary, t h e  seismic risns are h i g h e r  t h a n  s t a f e d  i n  f h e  in2ac': 

S?a?ement >ut no? so h:gh as t o  render ?he s i r e  imprac t ica l  assmin i :  c o  

f a b i t s  a re  nored . n  f h e  ove r ry ;ng  rock m d s .  

earThquake 

Ynrown up i r o u n d  ?ne sdrface concavify o v e r  ?he co l iapsed vau l t .  Sucl? 

o Derm, C O U A C  be construcSod ;n a few n,on:hs by bui  ,dozing severah 3unc:rod 

acros of ?ogsoi; from O U Y S :  ;a ;.;le aoruers o f  the s;?e to foe surface 

j.,Ic:. 

a 4 7  ?ha': wou,c ae,abou': -:ne o n l y  dlsadvanyage. 

I r i  t h e  even': of a darnzgins 

the sl te  wouid Aave 70 be abandoned o r  remlned and a berr? 

i': ir0u.c ae .,g:y a n i  render Phe ;onc p r e t t y  useless agricultural Jy, 

0 



Sec'l'ion 4. Hydrology and hydroloqooloqlc considerations: 

The hydrology sec t i on  ($.3,.p. 23 f f )  Is, i n  my opl,nion one of  t h e  

vteakesf y e t  most ImporSant of t h e  Impact consideral-Ions. As s?atsd, the 

sife area has a groundwater f a b l e  a t  'an'average depth of 25 f e e t  w i f h  good 

3roducing aquifers- I n  t he  sur face  45 : fee t ,  I n  the  sandstones 45-120 f e a t  

saiow T h e  surface, and i n  the  Stone Corra l  do lomi te 270-285 f oo t  below 

tha  surface. 

t he  s a i t  a t  about 800 fee t .  

. .  

I 

-;he "impermeable" sha le  exrends ,thence from 285 fee? down t o  

Among t h e  most se r ious  hyd ro log i c  cons Idgrs t ions  i s  tha?  of subsldonco 

afid f r a c t u r i n g  o f  t h e  rock u n i t s  above t h e  s a l t ,  a l  iowing waters ;n ?'he 

Top 285 f e e t  f o  penet ra te  to t h e  s a ' l t  and mix w i t h  wastes daposifi id ?here. 

As s t a t w  e a r l i e r ,  once such subsidence begins, where water ;s avallaka!a, 

a ~ , u f ; ~ c  ;toceeCs ana more col iapse occurs anc co l l a?se  s t r u c t u r e s  knowr, 

* .  

I *  

t~ S;nn ^iOies fo,-m - forming, d i r e &  avenues f o r  atmospheric vent ins o f  

wastes fi.8;' becorre exposed. 

vlas-.-es Jj. 3 6  year  LGJ3 i s  an Impressive voiumrl. Even Though most 3f f h I s  

Two-hundred seventy thousand megacurios o f  

:.bb,c n s  .)e .r, a fotm :ct ?oTenf ia l  re lease To t h e  atmos?here i f  The vaui': 

- v . . ~ ~ s G s  and vmt.,ng occdrs, fime anc ?x;dat;on and. rusTing under i n f i u e n e  

G: inateor.,: Nafers CG,.S ' ~ S L ~ T  ;n dangur anc conta,nme?t vess les S X J ~ C '  33 

-1 

GGs,'gned for strch cond;$:ons, i n  my Oi t ' f :on,  $0 ? r o t e c t  the l oca l  po3uiaca. 

Ths r c 2 0 r t  s7;dtes tha'; a berm or p r c t e c t I v e  b a r r i e r  t o  dispel I n f l o w i n g  

surfaca wofors  courd  be bL8: ,-; so t h a f  su;.face f l o o d i n g  and a i  I b u f  loca l  

n WOJ, G nc-t f .ow inyo ?e COi  lapse de?-ess:on. However, 1 itt:e can be 

$or,e abob?  he , nta,-r,ptad grobndwa-:er ac,. fers and the ;  r subsurface f low 

(Yur c de sdd(IJ4, to x a  709 c* tact sa.: beds a r  a..comSined flow r a t e  n+ 



perhaps a faw cub ic  faeS p a r  sacoad, i f l a rsa  anoush fracTuras cave lopoc 

i n  Tho shaia bads. 

Persocs l i v i n s  dowa-aquifar from the  s iTa w i l l  no doubt havo some 

GTaindTion o r  d i s r u p t i o n  of ? h a i r  dor;restic wafer suppl ies,  al-though it 

nay r r o t o c c u r  u n t i l  co l lapse begins. Thoso water supp l i es  a t o  no?, i t  

i s  t rue,  large ar,ough f o r  i n d u s t r i a l  o,r p u b l i c  water supply uss b u t  iira 

more $ban adaquata f o r  domestic use and are, by adni ss ion  o f  Tha ~dpor-:, 
I 

i n  ? resent  use. Twenty ga i l ons  po r  minufe from t h e  CreTaceous sandsTona 
I 

i s  a p e r f e c t l y  respectable water supply l o r  donast ic  and minor i r r i s t t i o n  

pbrposes., Most towns i n  t h o  reg ion do r e l y  upan w a l l s  f o r  wafer s ~ ? ? ! i s s .  

According t o  the  r a p o r t  these w a l l s  a re  f o r  t h e  most  pa^ iocatac  ; c  %a 

o v e r l y i n g  a l  l u v i a l  o r  graval  beds, formed from the  outwash o f  the ;ca 

snaets t h a t  axtendad i n t o  Kansas i n  t h u  l a s t  few hundrad thousand years. 

Thase a l l u v i a l  deposi fs  f i l l e d  t h e  r i v e r  beds and v a l l e y s  of The  pioslac;ai 

Topography o f  Kansas and regraded i t s  s ~ r f a c a  t o  i t s  present '  f ( ~ T T G ?  ? ~ I @ i e t  
. . 

grades. The r e s u l t  i s  t h a t  t h e r e  a re  bu r ied  cnannais and v a l l e y s  ~ 3 a f  zon- 

t a i n  abundanT r e a d i l y  a v a i l a b l e  f rash  water. Noth ing t h a t  1 can f i n d  w i i i  

T e l l  me i f  such a va l l ey -aqu i fe r  may o v a r l i a  t h e  proposed disposal  si te  

bu? i f  it should, t he  consequences of co l lapse cou ld  be grava indead. Tna 

Lyons fowns i te  w e i l s  a ra  located i n  t h i s  gravel  about 2; mi les  souPh of 

the  d isposal s i f e  and s ince 'These grave ls  may c c n t a i n  hundreds o f  m i  1 1 ions 

o f  gal ions o f  water and serve many persons, 1 would want t o  be very ca rya ic  
. . 

?ha$ no s i g n i f i c a n ~  groundwater flow occurred over the  l oca t ions  of  f:e 
t 

present  and proposcd evacuations. 

The r i s k s  here, it should be remembered, are  no? just of contarninafion 

of water supp l l e s  by rad!oacti ve wastes but o f  disruption of water  sup? i ;as 
. . *  



by coi lapse s7ructures and ultIrnat-o renciering of the' dfsposel 

unusaSle.!and w I t h  a hoS ( t he rma l l y  and radioactively) lake 

i-i'. Carefu l  h /d rogeo log ic  napping would be I n  o r d e r  here to 

rosiden'r's of Kansas, and, indeed, $he r e p o r t  a l  I u d ~ s  t o  such, 

s:te as n 

oca'fsd upon crrs 
pro*-oc.: the 

worx i n  

prograss. would request  to see t h i s  report- when avef lab le .  

As t h e  o v e r l y i n g  a q u i f e r s  become heated, even i f  co l l apse  Coos no': 

occur, these wcrrner wa?ers will a c t  as a heat  conductor: for t h e  wss?e 

depos i to ry  ( I n  marked c o n t r a s t  t o  t h e  statement on page 30 t h a t  a :  I 

heat  w i 1 1 go to ':he sur face d i r e c t l  y above The s i  ':e>. Such therms I y 

pol lu%d aqu i fe rs  probably are of 1 i t t l e  consequance b u t  t h i s  sore' Oic 

Thing h a s  never happened before so we s imply  do n o t  know. The w a r m s 3  

such wafers could get, according to t h e  graph in Fig. 6 (p .  30A) W L ; C  

be 100 degrees F 800 years a f t e r  b u r i a l ?  

flow, this sort o f  hsa t  f l u x  would not, i n  my op in lon  be expected :o 

r a i s e  sur face temperatures b u t  would r a t h e r  r a i s e  groundwater tern?era7uros 

over an area many t imes the  size o f  t h e  rep0si':or-y. I n  o t h e r  woros, even 

assuming very slow flow, t h e  movlng groundwaters w i l l  c a r r y  a t  leas,: sori13 

of  ':he rad logenic  heat away from t h e  s i t e .  ?he hea t ing  of t h e  shale w ;  i I 

bo a po ten t i a l . l y  good t h l n g  i n  tha7 any f r a c t u r e s  t h a t  may develop as 

subsidence begfns may be evIdont  by steam escape du r ing  t h e  flrsl- IC0 y o a x  

Even w i t h  very slow Sroclr.cwsfor 

of  t h e  disposal s i t e s '  h i s t o r y .  fempera3ures ak t h e  Soti'om of t h e  shaio 

w i  1 1  rise t o  nea r l y  250°F and i f  water  begins To seep down t o  t h a t  lower 

shale, sur face steaming s im i  Jar to t h a f  observed around areas of UndQrgrOunc 

burn ing coal mines, . rn fgh t  be expected. 

Another hydrologic cons idera t ton  Is tha9  of t h s  land use p a t t e r n s  of  

SInce t h e  c e n t r a l  p a r t  of ' t he  s t a t e  re1 les heavi i y  u3on Kansas as a whole. 



f \ groundwafer supp l ies  for  lfs ecoqomlc we! ISolng, and s ince  I n  both Kansas 

and Nebraska, These supp l ies  a re  I n  some p iaces belng used a t  ra?:as much 
U 

grea te r  Than f h e i  r natura 1 r a tes  o f  recharge, it seems Imporati VS t o  ma? n- 

t a i n  conslderation of changes i n  water use pa t te rns  f o r 3 ' h l s  p a r t  o f  T h i s  

counfry. The very presence o f  t h e  bedded s a l ?  deposi ts  I n  t h e  conyra! par? 

of  t h e  s t a t e  i n d i c a t e  ?Sat hyd ro log i c  regimes have va r ied  ratSer I l t t l e  i n  

t h e  pas? excep? for t he  g r e a t  sur face  f l o o d i n g  down ?he coursa of T h e  

Arkansas r i v e r  dur ing  t h e  me l t i ng  of g l a c i a l  ice. When one begins f o  

consider  opera t ions  such as i r r i g a t i o n  o f  areas f a r  from r i v e r  coursos, 

larga sca le  pumping of  groundwayer reserves i n  l o c a l i z e d  areas, and Im2or': 

0: water  In to  t h e  reg ion  from ou ts ide  fha  immadiate watersheds by di?ches 

or  canals; one begins to  al ter  t he  regime of  flow or c y c l e  of t h e  su t faca  

and groundwaters i n  t h e  area. 

ha?pen, b u t  most simply, It would seem p;uden? t o  e s s e n t i a l l y  Insuro ?ha? 

u l f imis fe use of  lands ove r  and around the depos i to ry  a re  no? i n f r i f i p d  o r  

reSTriC?ed. I s t r o n g l y  quest ion t h e  sfafament &n.p.  5 o f  t h e  lrnpac: S?:a?o- 

men? t h a  -;'...'I e s s e n t t a l l y . a l I  of t he  sur face could be re?urned To v i r t u a l  :y 

unres t r i c?ed use." 

"vir.?ual ly". I f  it Is a depression on t h e  sur face o f  The earth, can i': Sc 

used t o  ho ld  water? 

i f ?  Could f i e l d s  located thereon be I r r i g a t e d  i f  subsurface drainage 

occu r red? 

One could speculate endlessly on what could 

Watch ca re fu l  ly those modi f lers "essen t ia l  l y "  cnr: 

Would you have any choice? Could wells be place; upof 

The site i t s e l f  w f  1 I be under t h e  perpeSual cafe of The federa l  govarn- 

mont, bu': it I s  t h e  adjacent  lands thaf  I worry about. 

disposal s i t e  at Arco, Idaho, upon whlch I have been worklng fo r  some t i f ie,  

I n  the case of fha 

?ne governmen'; has released h i g h l y  toxlc and radioacfjve I l q u l d  wasfos i n t o  



The a q u i f a r  and thoy are .a l ready  proceeding out of Touch and c o n t r o i  

Toward The town of  Idaho F c , I ! s .  

t he  water yo g e t  there seems o f  ,little conso la t ion  to fu4uro res idents .  

Tha': it w i l l  t aka  I00 or more years for  

Section 5. Summry : 

based upon my work fn  Idaho and Washington on nuc lear  wasfe problems 

and'based upon t h e  premise t h a t  such,wastes are ineviTable, I do fsvor 

d isposal  i n  t h e  Kansas r e p o s l f o r y  and feel ?ha? f h l s  i s  indeed the leas': 

of severa l  e v l i s .  1 f I r m l y  believe t h a t  it i s  your  ieg1,s'iaTive rosponsi- 

9; I i t y  to see t h a t  a1 I possible precaut ions are  faken and %ha? s a f q u a r d s  

are me': / .  perpe4uity. 

38 reviewed ca re fu l  l y ,  t h e  consequencos of, h igho r  Than p red ic ted  seismic 

r i s k s  s h o u t C  b e  wplorec;, and f u l l  cons idera f ion  should b6 given to fuTure  

and ?resen? ;and u i e  and water use Yo She soufn and east o f  the slto f o r  a 

cIs7ance o savera i o ' s  of mi'tes. 

This means t h a t  the AEC llgeohydroIogicll study S ~ O U J G  
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DEPARTMENT OF GEOLOGY 
Gniversity of montana 

JTissooOa, .wontana 59801 

(406) 253-0211 

February 16, 1971 ' 

Senator Robert Dole 
Lln i t e d  States Senate 
Washington, D.C. 20510 

Dear Senator Dol e :  

As you know, Richard Royce has asked several of t h e  members 
of t h e  S c i e n t i f i c  Advisory panel t o  Senate Publ ic  Works t0 
comment upon t h e  D r a f t  Environmental Statement for -the Lyons, 
Kansas rad ioac t i ve  waste deposi tory .  

repos i to ry .  
please contac t  me through M r .  Richard Grundy o f  t h e  Pub1 i c  
Works s t a f f .  

My comments (a t tached)  
' cover very b r i e f l y  t h e  geologic coqsiderat ions of such a 

I f  I can be o f  fu r the , -  ass is tance i n  t h i s  matter, 

Env i ronmenta I Geqlpgy  

RRC; I b 

cc, Richard Grundy 



DlZPAHTMENT OF CHEMBTAY 
HEVEUE COLLEGE 

POST OFYIC1s BOX IO9 
U JOLLA, CALIFol\hu 91057 

January 25,  1971. 

Nr. Richard D. Grundy 
llnited States Senate 
Committee on Publ ic  Works 
Washington, D. C. 20510 

Dear Dick: 

After our conversat ion t h i s  morning I r e c a l l  That none of u s  have seen 
a copy or  t h e  Muskie B i l l  which t h e  hear ings are t o  be concerned with. 
I have a haif-dozen copies  f o r  d i s t r i b u t i o n ?  

Might 

The r e s t  of This l e t t e r  concerns t h e  AEC Environmental Statement which 
~ O L  sen: LS e a r l y  i n  the  month. 

Xy o v e r a i l  r e x t i o n  i s  thar it is a p r e t t y  good effor t .  That i>*, The 
statemen-: covers ii,xt of tne  ques t ions  t h a t  oae could. a s k ,  and t n e  aiswers  
a;le reaso:abiy sens ih i e .  I a m  l e f t  with a f e w  q i e s t i o n s ,  which are 6s foiiows: 

P q e  5 ,  Trans>ortaTion---The p o s s i b i l i t y  of acciaerLts i n  traiispo-?t is  not  
Perhaps it i s  conn'ent?r&qd oi l ts ide t i e  scope of t h e  repor-:, b u t  

Tne 
ciscussed.  
s ince  we a2e t a i k i n g  about a cornpie-Le sys-cem I wcluid not  agree with t h i s .  
l a s t  sentence of  t t i s  secr ion  does not  s a t i s f y  me. 

Page Z.---"it i s  pisnriei tSat t h e  s i t e  wl;; be maintained I n  rhe  ?er?ewa; 
care  of t he  'ederal  Governmeiit----.'I f am sure t n a t  t h i s  w i l l  seerrr h l i a r i o u s i y  
2uany tc ; u - r ~ r e  his:orians,  if t h e r e  are ay. 
years A' w Y . 1  f o i n  ;io inore than four o r  f i v e  nations i n  human h i s t o r y  who have 
acniaveci t h c t  s o r t  of longevi ty .  

If t h e  United S t a t e s  iasts 630 

?age --?robhbiy the  most s e r i o t s  Geficiency of t h e  r e p o r t  is that i-i 
L x s  not  d i s c ~ s s  r h r  e f f e c r  of s p i i i s  i n  t h e  high-ievei  mine. 
beems absoiuseiy e s s e n t i a l  t o  m e .  

Such a Ciscussion 

?~gga 2G---Zelerence is xace nere  t o  a working mine "no c l o s e r  zhaii -300 
-it> ::-.e s . m a p  s i t e .  .- , L  ---.  

iilake r~~ Nay ..ut0 t h i s  a c t i v e  mine? 
Whai Is the evidence t h a t  no m d e s i r a b l e  m a t e r i a l  can 



X=. fiichard 3. GrUnay -2- 

?age 3l---"The airborna concentrat ions of these  radioisotopes---------- ' 
The sentence is  incomprehensible. 

?age 33---The s t a t e n e n t s  i n  t h e  l as t  paragraph should be  clearer and nore 
is t h e  s tandard level  r e f e r r e d  t o  tSe present  l eve l  of f a l l o u t  de t a i l ed .  

concentrat ion i n  this region? Are the i so topes  the ' s ane?  

The appendices seem t o  be appropriate .  

Z woula be i n t e r e s t e d  to compare similar s t a t e n e n t s  from o t h e r  iigencies. 
While :;;e p o p o s e d  facility is i n  p i n c i p l e  much more t b e a t e n i r i g  ? h a  nost  
p o j e c t s ,  i wouid 3 e  s u r p i s e d  ana pleased t o  f i n d  that  ottiler governaenr 
agencies could a0 as good a job as .;his 2or any project. 

Since ely yours, 3 

a 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

D r .  Arthur H. Wolff 
Acting Deputy Commissioner 
Radiat ion Off ice  
Environmental P ro tec t ion  Agency 
Washington, D. C .  20460 

Dear Dr. Wolf f : 

Thank you f o r  your l e t te r  of A p r i l  29, 1971, 
Environmental P ro tec t ion  Agency's c o m e n t s  on t h e  Atomic Energy 
Commission's Draf t  Environmental Statement f o r  t h e  proposed radio-  
a c t i v e  waste r epos i to ry  near Lyons, Kansas. W e  have made numerous 
r ev i s ions  and add i t ions  i n  response t o  comments from o the r  agencies  
and w e  b e l i e v e  that  t h e  enclosed s ta tement  conforms w i t h  t h e  le t ter  
and s p i r i t  of the  Nat ional  Environmental Po l i cy  Act of 1969. 
EPA's comments i n  t h e  o rde r  presented i n  your l e t te r ,  w e  submit 
t hese  responses .  

n t a in ing  the 

Taking 

We are pleased t h a t  t h e  EPA regards  s a l t  mine s t o r a g e  of r a d i o a c t i v e  
w a s t e  as p o s s i b l e  and p r a c t i c a l  and that d i s p o s a l  of r a d i o a c t i v e  
wastes i n  s a l t  formations c o n s t i t u t e s  t h e  b e s t  method f o r  such d i s -  
posa l  p re sen t ly  known. We have added cons iderable  a d d i t i o n a l  material 
t o  the ' s t a t emen t  p lus  a bibl iography which documents p a s t  r e sea rch  and 
development on t h i s  p r o j e c t  which suppor ts  our  conclusions on both  
environmental and s a f e t y  a s p e c t s  and which is respons ive  t o  your r eques t  
f o r  such documentation. 

With regard t o  t h e  comments concerning t h e  a b i l i t y  of t h e  s a l t  t o  
adequately con ta in  the  wastes f o r  geologic  per iods of time, t h e  
s ta tement  has been rev ised  t o  r e f l e c t  t h e  n a t u r ?  and scope of t h e  
s t u d i e s  d i r e c t e d  towards confirming t h e  present  s u i t a b i l i t y  of t h e  
s i te  (Sec. V-A). Simi la r ly ,  Sec. V-B of t he  statement presents an 
o u t l i n e  of t h e  i n v e s t i g a t i o n s  being c a r r i e d  out  t o  more p r e c i s e l y  prc- 
d i c t  t h e  response of the environment t o  the  in t roduc t ion  of t h e  waste. 
These da t a ,  when developed, w i l l  provide t h e  necessary information upon 
which t o  f u l l y  support  t h e  s a f e t y  of t h e  f a c i l i t y .  



Arthur H . Wolff - 2 -  

The Commission's p o s i t i o n  on waste retrieval has b en ampl i f ied  
(Sec. VI-E) and reiterates the  f a c t  t h a t  no waste w i l l  be  i r r e t r i e v a b l y  
bur ied  a t  Lyons u n t i l  a l l  p e r t i n e n t  s a f e t y  cons idera t ions  have been 
adequately addressed. During t h e  demonstration phase of t h e  f a c i l i t y ' s  
operat ion,  a l l  waste w i l l  be  bu r i ed  i n  a f u l l y  retrievable form. The 
demonstrat ional  na tu re  of t h e  p r o j e c t ,  as w e l l  as t h e  requirements f o r  
implementing environmental  monitoring and s u r v e i l l a n c e  programs, have 
been emphasized by the  Commission on several occasions.  The AEC's  
i n t e n t i o n s ,  as regards these  matters, have been appropr i a t e ly  referenced 
i n  the  rev ised  s ta tement  (Sec. VI-A and D).  

With r e spec t  t o  your comment on major r e l a t e d  opera t ions ,  we consider  
s o l i d i f i c a t i o n  and t r a n s p o r t a t i o n  of r ad ioac t ive  materials to be w e l l  
beyond the scope of t h i s  environmental  s ta tement ,  inasmuch as no specific 
a c t i o n s  p e r t a i n i n g  t o  s o l i d i f i c a t i o n s  and t r a n s p o r t a t i o n  opera t ions  are 
being proposed. 
c a r r i e d  out a t  l i censed  f u e l  reprocessing f a c i l i t i e s .  W e  be l i eve  t h a t  
r a d i o l o g i c a l  s a f e t y  a n d ' r e l a t e d  environmental  e f f e c t s  are adequately 
addressed i n  the l i c e n s i n g  process ,  which inc ludes  a review by t h e  
Advisory Committee on Reactor Safeguards and a pub l i c  hea r ing  be fo re  t h e  
Atomic Safe ty  and Licensing Board. 

Waste s o l i d i f i c a t i o n  is an opera t ion  which w i l l  be  

S imi l a r ly ,  we te l ieve t h a t  t h e  r egu la t ions  under which a l l  sh ipping  
systems f o r  racdoac t ive  materials are reviewed and l i censed  adequately 
provide f o r  t h e  h e a l t h  and s a f e t y  of t he  publ ic .  We would no te  t h a t  t he  
shipment of r ad ioac t ive  waste w i l l  be similar i n  most re spec t s  t o  t h e  
shipment of spent  nuc lea r  r e a c t o r  f u e l s .  Shipments Of these  materials 
have been c a r r i e d  out  s a f e l y  f o r  over twenty-five years  and t h i s  
experience and r e l a t e d  technology provide a f i rm base  f o r  t h e  desigL 
of s a f e  and r e l i a b l e  systems f o r  shipment of r ad ioac t ive  w a s t e  t o  t he  
repos i tory .  

In  response t o  your suggest ion t h a t  t h e  Environmental Statement be 
accompanied by a d e t a i l e d  r e p o r t  similar t o  a s a f e t y  a n a l y s i s  r e p o r t ,  
t h i s  is t o  advise  you t h a t  a Conceptual Design and Safe ty  Report is i n  
prepara t ion ,  and w i l l  form the  b a s i s  f o r  t he  i n i t i a l  s a f e t y  r e v i e w  of 
t h i s  p r o j e c t  by the  Advisory Committee on Reactor Safeguards. 
s t a r t u p  of t h e  f a c i l i t y ,  a f i n a l  Safe ty  Analysis  Report w i l l  be prepared 
and subjec ted  t o  ACRS review. We do not  consider  a s a f e t y  ana lys i s  r epor t  
t o  be a proper  i tar t  of an environmental  s ta tement .  
mental  s ta tements  are d i r e c t l y  responsive t o  t h e  Nat ional  Environmental 
Pol icy  A c t  of 1969, and must be prepared t o  support  l e g i s l a t i v e  a c t i o n  
( au tho r i za t ion  and funding) w e l l  i n  advance of proposed Federal  ac t ions ,  
whereas s a f e t y  a n a l y s i s  r e p o r t s  are responsive t o  s a f e t y  requirements 
under the  Atomic Energy Act and are prepared and reviewed w e l l  a f t e r  
au tho r i za t ion  and funding and a f t e r  t h e r e  has  been considerable  expendi- 
t u r e  toward f a c i l i t y  design and s a f e t y  a n a l y s i s ,  

P r i o r  t o  

As you know, environ- 
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Your l e t t e r  of  A p r i l  29 a l s o  enclosed EPA's s t a f f  a n a l y s i s  and comments 
on our draf t  s ta tement .  Enclosed is a brief response t o  those s p e c i f i c  
comments. Copies of t h e  o t h e r  comments r e c e i v e d  on t h e  s t a t c m c n t  arc 
a l s o  enc losed .  

Thank you f o r  your  review and comments. 

John A. Erlewine 
A s s i s t a n t  General  Manager 

f o r  Operat ioi ls  

Enclosures:  I 
1. Environmen: nl btatemei;t 
2 .  Comrilen;-s 01 D r a f t  Statement  
3 .  AEC Response t o  Comments 
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Comment - The proposed f a c i l i t y  should,  however, be considered as a 
demonstration one and operated accordingly u n t i l  cons iderable  
ope ra t iona l  experience i n d i c a t e s  t h a t  no adverse  environmental  
e f f e c t s  occur from t h i s  method of h igh- leve l  d i s p o s a l  of 
r a d i o a c t i v e  wastes. 

Response - This  f a c i l i t y  has  been termed a demonstration f a c i l i t y  from 
i t s  incept ion .  Many of t h e  comments from EPA relate t o  matters 
which can only be addressed as p a r t  of t h e  demonstration 
program which aga in  p o i n t s  up t h e  urgency of ob ta in ing  au tho r i -  
z a t i o n  and funding i n  order  t o  permit  adequate time f o r  a 
meaningful demonstration program. 

Comment - Radionuclide inventory assumptions and release modes used i n  
es t imat ing  the  d ischarge  l e v e l s  of t h e  r a d i o a c t i v e  waste 
repos i to ry  should be presented i n  t h e  f i n a l  environmental  
s ta tement .  

Response - The f i n a l  s ta tement  w i l l  i nc lude  t h e  assumptions and release 
modes used f o r  es t imat ing  d ischarge  levels 
conceptual  design of t he  f a c i l i t y .  These w i l l  b e  more 
thoroLghly d e t a i l e d  i n  the  Safe ty  Analysis  Report  and confirmed 
dur ing  the  demonstration program. 

based on the  

Comment - A l l  d i scharges  of r a d i o a c t i v e  material from t h e  f a c i l i t y  should 
be  c a r e f u l l y  measured and accu ra t e ly  recorded during t h e  
opera t ion  of t h e  f a c i l i t y .  

Response - This  is  planned; however, t h e  d e t a i l s  of accomplishing t h i s  
are t o  be  developed i n  t h e  course  of t h e  des ign  and develop- 
ment or' t h e  ope ra t iona l  procedures f o r  t h e  f a c i l i t y .  

Comment - The p o t e n t i a l  o f f - s i t e  popula t ion  doses should be c a l c u l a t e d  
and t h e  r e s u l t s  presented  i n  t h e  f i n a l  environmental  s ta tement  
a long wi th  a l l  p e r t i n e n t  assumptions. 

Response - These tmes and assumptions on which they are based will be 
included i n  t h e  f i n a l  environmental  statement based on t h e  
conceptual  design of t h e  f a c i l i t y .  



Comment - 

Response - 

Cormnen t - 

Response - 

Comment - 

ResTonse - 

C omen t - 

An e f f e c t i v e  environmental s u r v e i l l a n c e  program f o r  t h e  s i t e  
should be e s t ab l i shed  and continued throughout opera t ion  of 
t h e  r epos i to ry .  This  program should a l s o  cont inue  fol lowing 
decommissioning of t h e  f a c i l i t y  t o  determine whether radio-  
active material i s  being re leased  t o  t h e  environment. 

This  has been planned from t h e  o u t s e t  and t h e  r ecogn i t ion  of 
t he  need f o r  such an  environmental  s u r v e i l l a n c e  program w i l l  
h e  noted i n  t h e  f i n a l  r epor t  bu t  th-. d e t a i l s  of such a program 
w i l l  be developed i n  t h e  course of t h e  design and ope ra t iona l  
procedures f o r  the repository in consultation with appropr i a t e  
Federal  and state agencies .  

N o  information concerning emergency planning w a s  presented i n  
t h e  d r a f t  environmental s ta tement .  Therefore  w e  recommend 
t h a t  emergency planning be discussed i n  t h e  f i n a l  s ta tement .  

The development of emergency p lans  w i l l  be  made i n  t h e  course 
of t h e  design of t h e  f a c i l i t y  and d e t a i l s  of such a plan would 
be included i n  t h e  Safe ty  Analysis  Report. 

Waste handling procedures and emplacement of wastes i n t o  t h e  
mine should be f u r t h e r  discussed.  The terms used f o r  waste 
con ta ine r s  should be designed t o  g ive  a b e t t e r  pel-spective 
of t h e  opera t ion .  I t  should be pointed out  i f  t h e r e  is any 
l i m i t  on conta iner  s i z e  o r  t h e  amount of a c t i v i t y  Fer conta iner  
of high-level  waste. I f  n o t ,  spacing of ho les  f o r  thermal. 
c o n t r o l  i n  the  f l o o r  of t he  mine may need t o  be  determined 
f o r  each con ta ine r .  Addi t iona l ly  con ta ine r s  should no t  be 
placed next  t o  beds of s h a l e  o r  anhydr i t e  which con ta in  
gypsum, because s h a l e  and gypsum can y i e l d  moisture  and 
corrode t h e  con ta ine r .  

The f i n a l  s ta tement  w i l l  de f ine  t h e  terms used. However, 
t he  conta iner  s i z e ,  a c t i v i t y  p e r  con ta ine r ,  spacing of cor- 
t a i n e r s  i n  the  mine, and l o c a t i o n  are needs t h a t  w i l l  be  
addressed i n  the  course of t h e  design and v e r i f i e d  i n  t h e  
demonstration phase. 

The n a t l r e  of the  vent  through which the  exhaust frt>rn t h e  
v e n t i l a t i o n  system w i l l  be  discharged t o  t h e  atmosphere should 
a l s o  be  discussed.  



Response - The v e n t i l a t i o n  system is discussed i n  the  d r a f t  r e p o r t  t o  
t he  ex ten t  f e a s i b l e  based on the  conceptual  design.  However, 
t he  d e t a i l s  of t h e  system w i l l  be  addressed i n  t h e  course of 
t h e  design of t h e  f a c i l i t y  snd the  performance s p e c i f i c a t i o n s  
w i l l  be  i n  t h e  Safe ty  Analysis  Report .  

Comment - Decontamination procedures,  t reatment  of t h e  r e s u l t i n g  wastes, 
the  mode of d i scharge  of t hese  wastes and c o n t r o l l i n g  procedures 
should b e  adequately descr ibed.  

Response - These are matters which w i l l  be d e t a i l e d  i n  t h e  course  of t he  
design of t h e  f a c i l i t y  and documented i n  t h e  Sa fe ty  Analysis  
Report .  

Comment - Considerat ion of t h e  poss ib l e  need f o r  a l t e r n a t e  o r  supple- 
mentary c o n t r o l  f a c i l i t i e s  during opera t ion  of t h e  f a c i l i t y  
i s  imperat ive.  

Response - These f a c i l i t i e s  w i l l  be considered i n  the  course  of t h e  des ign  
and development of t h e  ope ra t iona l  p lans  f o r ' t h e  f a c i l i t y .  

Comment - The AEC should a l s o  i n d i c a t e  the  means by,which t h e  s i t e  and 
surrounding p r o p e r t i e s  w i l l  be kept  and maintained i n  pe rpe tua l  
ca re .  

Response - Regulation (10 CFR 50) r equ i r e s  t h e  Government t o  own t h e  
property on which Federal  r e p o s i t o r i e s  are loca ted .  The na tu re  
and ex ten t  of perpe tua l  c a r e  w i l l  be developed i n  t h e  course 
of determining charges t o  t h e  r epos i to ry  use r s  of which pe rpe tua l  
ca re  w i l l  be a p a r t .  

Comment - Page 5 of t he  EPA environmental impact review d i scusses  matters 
p r e v i o u s l y  commented on r e g a r d i n g  t h e  releases of r a d i o a c t i v i t y  
and need f o r  an environmental  s u r v e i l l a n c e  program. 

Response - These pr3grams are planned inc luding  t h e  development of b a s e l i n e  

i n  keeping wi th  t h e  demonstration na tu re  of t h e  f a c i l i t y .  
- d a t a ,  but they are as EPA recognizes  i n  i t s  comments p r a c t i c e s  



ENViRONMEt~!l'P,L PZOTECTION AGENCY 
WASHINGTON, D.C. 20460 

OFFICE OF THE 
~ D h l I K t S T R A T O R  

Mr. John A. Erlewiiie 
Assis taiit Gcncral  Manager 

U. S .  Atomic Energy Conlniission 
Washington, D.  C ,  20545 

f o r  Operat ions 

Dear Mr. Erlcwine: 

The enclosed r e p o r t  sunmiarizes comnients of t h e  
Environmental. P r o t e c t i o n  Agency on t h e  p o t e n t i a l  environ- 
mental  impact of  t h a  Radioac t ive  Waste Deposi tory t o  be 
loca ted  a t  Lyons , Kansas. W e  a p p r e c i a t e  t h e  oppor tun i ty  
t o  comment on your d r a f t  environmental  s ta t  enient on this 
proposed f a c i l i t y .  

Th e 1 on g - t erm d i s p o s a 1 o f h igh  - 1 ev e 1 r a d i o  a c t i v  e 
wastes i s ,  of  cour se ,  of  g r e a t  iaterest  t o  t h i s  Agency, 
s i n c e  a proper  method of handl in ;  t h e s e  wastes i s  v i t a l  t o  
m a i n t a k i n g  cnvironmcntal  q u a l l c j  as a r e s u l t  of t h e  ex- 
pected ex~)ansi.oii 01 n u c l e a r  powc.: gene r s t ion .  
that t h c  a i s p o s a l  o r  long-term scoragc cjf h i g h l y  r ad io -  
active wastes i n  s a l t  s t r u c t u r e s  has  bccii under r a t h e r  
ex tens ive  i n v c s t i g a t i o n  by the AIX f o r  over a decade. 
Although i r  appears  t h a t  stoiagc i n  s a l t  fonw- t ion  o f f e r s ,  
a t  l e a s t  a t  t h i s  s t a g e ,  t h c  b e s t  method of such d i s p o s a l ,  
wc do not b e l i e v e  thc Commission has  adequately dcvcloped 
o r  rc fercnced  i n  t h e  environmental  impact s ta tement  t h e  
r e s u l t s  of work i t  has  done on t h i s  problem and which p rc -  
sumably r e l a t e  t o  t h e  conclus ions  contained i n  t h e  impact 
s ta tcmcnt .  Accordingly,  i t  i s  n o t  p o s s i b l c  f o r  us t o  
assess f u l l y  t h c  ciiviroiuncntal impact of t h i s  proposed 
o p e r a t i o n  on t h e  b a s i s  o f  t h e  s ta tement  as rece ived .  

We recognizc  

Becau;c of  t h e  scope and n a t u r e  of t h i s  proposed 
undertaking and i t s  importance re la t ive  t o  t h e  development 
of n u c l e a r  power i n  t h i s  count ry  and t h e  p u b l i c  i n t e r e s t  
and coiicern i n  t h i s  a r e a ,  wc b e l i e v e  a more d e t a i l e d  dosu- 
mentat ion of  t h e  environmental  and s a f e t y  a s p e c t s  o f  t h e  
proposed a c t i v i t y  i s  i n  o rde r .  
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I n  a3cl i t ion t o  d i scuss ing  more FI 
and assumptions used i n  c a l c u l a t i o n s  8 

experimental  and f i e l d  d a t a ,  w e  t h i n k  ; 

:: t h e  b a s i s  f o r ,  

8 should a l s o  
u t e r p r e t a t i o n  0; 

develop : 

1. 

2. 

3 .  

4 .  

The v a r i o u s  f a c t o r s  r e l a t i n g  t o  t h e  long-term 
i n t e g r i t y  of t h e  sa l t  formation and i t s  a b i l i t y  
adequate ly  t o  con ta in  t h e  depos i ted  r a d i o a c t i v e  
material  and t o  prevent  contaminat ion of  
terrestrial  and hydro logic  environments. 

The nced f o r  cont ingency p l ans  t o  recover  the 
depos i t ed  matcrial should t h i s  b c  r equ i r ed .  

The dcmonstrat ion n a t u r e  of t h e  p r o j e c t  and 
t h e  Coiimiission' s p l a n s  t o  eva lua te  p e r i o d i c a l l y  
t h e  tcclin-ical. p rog res s  of t h e  p r o j e c t  relative 
to actual cnviroiiinental iinpact o r  gco log ica l  
cliangec t h a t  niay have occurrcd.  

The e x t e n t  and n a t u r e  of  long-term environnicntal 
s t u d i e s  and a de termina t ion  as t o  who w i l l  
conduct such s t u d i e s  t o  assess discharges that  
might occur  and t h e i r  envirormental  e f f e c t s ,  

A l s o ,  w h i l e  we a p p r e c i a t e  t h a t  t5e environmental  
a s p e c t s  of t h e  s a l t  r e p o s i t o r y  ope ra t ion  can be  addressed 
wi thout  r e f e r e n c e  t o  o t h e r  major phases  of an  o v e r a l l  waste 
management system, w e  b e l i e v e  t h a t  it would b e  h i g h l y  de- 
s i rab le ,  i f  n o t  e s s e n t i a l ,  t o  cons ider ,  i n  d e t a i l ,  t h e  
environmental  a s p e c t s  of t h e  two major r e l a t e d  ope ra t ions ;  
namely, t h e  waste s o l i d i f i c a t i o n  process a t  v a r i o u s  loca-  
t i o n s  and t h e  t r a n s p o r t  of  t h e  s o l i d i f i e d ,  encapsulated 
material. A d c s c r i p t i o n  should also be includcd of how 
the interfaces bctwecn t h c s c  t h r c c  major p a r t s  of t h e  t o t a l  
system will b c  mnnaged so as t o  providc  appropriate pro- 
t e c t i o n  f o r  t h e  environmcnt. 

It i~oulc l  seem a p p r o p r i a t e  and useful f o r  a proposed 
p r o j c c t  of t h i s  scope and n a t u r e  t o  be accompanied by a 
d e t a i l e d  report:  siinilar t o  t h e  s a f e t y  a n a l y s i s  r e p o r t  for 
a proposed n u c l e a r  r e a c t o r .  



L y o n s ,  Kansas 



INTRODUCTION ASD COKCLUSIOXS 

The purpose o f  t h i s  r e p o r t  i s  t o  summarize t h e  rcsu1t-f of a n  

e v a l u a t i o n  by t h .  R a d i a t i o n  O f f i c e  and t h e  W a x r  Q u a l i t y  O f f i c e  

of t h e  Environmental  P r o t e c t i o n  Agency of t h e  p # o t e n t i a l  envi ron-  

mental  e f f e c t s  of t h e  Rad ioac t ive  Waste Respos i tory  proposed t o  be 

loca ted  a t  Lyons, Kansas. The r e p o s i t o r y ,  a federal ly-owned 

f a c i l i t y ,  w i l l  u t i l i z e  an  e x i s t i n g  200-acre nonproducing s a l t  mine 

about 1,000 f e e t  underground and approximatcly 800 a c r e s  of  the 

ad jo in ing  s a l t  fornmtion.  It w i l l  bc used f o r  t h c  u l t i m a t e  

d i s p o s a l  o f  b o t h  a lpha  waste and h igh - l eve l  waste .  

is m a t e r i a l  contaminated w i t h  plutonium a n d / o r  t r a n s u r a n i c  e lements  

Alpha was te  

dur ing  n u c l e a r  f u e l  f a b r i c a t i o n  and w i l l  g e n e r a l l y  be a t  relatively 

low a c t i v i t y  l c v c l s  w i t h  a very  long h a l f  life. High- leve l  was tes  

are  b a s i c a l l y  f i s s i o n  products  s epa ra t ed  froin spent  f u e l  a t  a 

f u e l  r ep roccss lng  p l a n t  and a r e  c h a s a c t c r i z c d  by h igh  beta-gnnma 

r a d i o a c t i v i t y  leve ls  an3 r e l a t i v e l y  l o n ~  h a l f - l i v e s .  A l l  wastes 

a re  t o  be t r e a t e d  and s t o r e d  as s o l i d  waste .  

(1) T h i s  e v a l u a t i o n  i s  based upon the Environmental  Statement  which 

was s u b n i t t e d  by t h e  Atomic Energy Conunission f o r  t he  proposed 

n 

f a c i l i t y  and i! r e p o r t  by t h c  Coinniittcc on Radioac t ive  Waste lianageincnt 

e n t i t l e d ,  "Dispcsai  of  S o l i d  Radioac t ive  Wastes i n  Bedded S a l t  

Depos i t s  ." Tile conc lus ions  o f  t h i s  evaluaLion,  b'ascd on tlie 
(2 1 

i n fo rma t ion  p rcscn ted ,  a r c  a s  f o l l o \ ~ s :  
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Our s t a f f  would be  a v a i l a b l e  t o  review f u r t h e r  mater- 
i a l  t h a t  you develop on the abovc p o i n i s ,  and w e  would b e  
pleased t o  assist  you i n  any o t h e r  way i n  connection with  
this proposed p r o j e c t  

S i n c e r e l y  y o u r s ,  

Arthur  H. Wolff 
Act ing Deputy Commissioner 
Radia t ion  O f f i c e  

0 



1. Disposal  of  s o l i d  r a d i o a c t i y c  ma te r i a?  i n  nonproducing salt: 

mines i s  f e a s i b l e ,  p r a c t i c a b l e ,  and has  advantages ovcr  o t h e r  

cons idered  methods o f  d i s p o s a l .  The proposed f a c i l i t y  should ,  

however, be cons idered  as a demonst ra t ion  one and ope ra t ed  

acco rd ing ly  u n t i l  c o n s i d e r a b l e  o p e r a t i o n a l  exper ience  i n d i c a t e s  

t h a t  no adve r se  environmental  e f f e c t s  occur  from t h i s  method 

of h i g h - l e v e l  d i s p o s a l  of  r a d i o a c t i v e  w a s t e s .  

2 .  

e s t i m a t i n g  t h e  d i scha rge  l e v e l s  from t h e  Radioac t ive  Waste 

Repus i tory  should be  p re sen ted  i n  t h e  f i n a l  Environmental Stater ; -cnt .  

Radionucl ide  inventory  assumptions and r e l e a s e  modes used i n  

3 .  All d i scha rges  of  r a d i o a c t i v e  m a t e r i a l  from t h e  f a c i l i t y  should 

be c a r e f u l l y  measused and a c c u r a t e l y  recorded dur ing  t h e  o p e r a t i o n  

of  t h e  f a c i l i t y .  

4. The p o t e n t i a l  o f f - s i t s  popu la t ion  doses should  be c a l c u l a t e d  

and t h e  r e s u l t s  p re sen ted  i n  t h e  f i n a l  E n v i r o n w n t a l  Statement  

a long  wi th  a l l  p e r t i n e n t  assumptions.  

5 .  An e x t e n s i v e  environmental  s u r v e i l l a n c e  program f o r  t he  s i t e  

should  be e s t a b l i s h e d  and cont inued  thi.oughout o p e r a t i o n  of t h e  

repository. 

s i o n i n g  o f  t h e  f a c i l i t y  t o  derei-rtiine whr'ther r a d i o a c t i v e  n l a t c r i a l  

is being released t o  t h e  environment.  

Th i s  program should a l s o  con t inue  fo l lowing  decommis- 

6.. 

t h e  d r a f t '  Environmental S ta tement ;  t h e r e f o r e ,  we recommend that: 

emergency p lanning  be d i scussed  i n  t h e  f i n a l  Environmental 

No informat ion  concerning emergency planning was p resen ted  i n  



Statemcnt  f o r  t h c  R a d i o a c t h e  Waste Repos i tory .  Emergcncy p l ans  

should be e s t a b l i s h e d  which could be i n i t i a t e d  i n  t h c  evcnt  of any 

f o r e s e e a b l e  t;vpe of emergency s i t u a t i o n ,  p a r t i c u l a r l y  t h e  c a s e  o f  

an i n - t r a n s i t  a c c i d e n t  i nvo lv ing  a shipment of radwaste t o  t h e  

r e p o s i t o r y .  

HANDLIKG, PROCESSING, AND DISPOSAL OF WASTES 

The was te  hand l ing  proccdures  and emplaccmcnt o f  wastes i n t o  t h e  

rninc.should be f u r t h e r  d i scussed .  The terms used f o r  waste c o n t a i n c r s  

(casks ,  was t e  Fackagcs, h i g h - l e v e l  was te  c o n t a i n e r s ,  e tc . )  should bc 

de f ined  t o  g i v c  n bc t t c ' r  p c r s p e c t i v c  of  t h e  o p e r a t i o n .  It should  he  

po in t ed  out if thcrc is any limit on c o n t a i n e r  size or the amount of 

a c t i v i t y  p c r  c o n t a i n e r  of h i g h - l c v e l  was te .  I f  n o t ,  spac ing  of holes 

f o r  thermal  c o n t r o l  i n  t h e  f l o o r  of  t h e  mine may need t o  be detczmiiicd 

f o r  each c o n t a i n e r .  A d d i t i o n a l l y ,  t h e  c o n t a i n e r s  should no t  be 

p laced  n e x t  t o  beds of s h a l e  o r  a n h y d r i t e  t h a t  c o n t a i n  gypsum 

because s h a l e  and gypsum whcn hea ted  can y i e l d  moisture and cor rode  

t h e  me ta l  c o n t a i n e r s .  Conuncnts i n  t h i s  regar$ should be inc luded  

in t h c  S ta t emen t .  

Air w i l l  be  c i r c c l a t e d  through t h e  f a c i l i t y  from areas of  low 

con tamina t ion  p o t e n t i a l  t o  areas of s u c c e s s i v r l y  h ighe r  contnminat ion  

p o t e n t i a l .  Rcturn  duc t s  w i l l  bc equippcd w i t h  h igh  e f f i c i e n c y  

particulate a i r  f i l t e r s ,  and a l l  a i r  will be rou ted  through 

a b s o l u t e  f i l t e r s  b e f o r e  being d ischarged  t o  t h c  atmosphere.  



/, Never the l e s s ,  i t  i s  s t i l l  expected t h a t  sr,?all aliiounts of  gaseous a n d  

a i r b o r n e  F a r t i c a l a t e  radio,act ive m a t e r i a l  w i l l  be d ischarged  t o  t h e  

atmosphere and estimates o f  annual d i scha rges  a r e  g i v e n  on p .  32 

of t h e  Environmental  S ta tement .  The assumptions made i n  

e s t i m a t i n g  the annual  d i scha rge  t o  t h e  atmosphere from o p e r a t i o n  

(1) of t h e  r e p o s i t o r y  were not  p re scn ted  i n  t h e  Envirqnmental S t a t emen t .  

Radionucl ide  inven to ry  assumptions and r e l e a s e  modes used i n  t h e  

estimated d i s c h a r g e  l e v e l s  should be p re sen ted  i n  t h e  f i n a l  

Environmental  Statement  so  t h a t  a n  independent estimate of d i s c h s r s c  

* 

l e v e l s  can be made. The n a t u r e  of t h e  vent  through whi.ch t h e  

exhaust  from the v e n t i l a t i o n  system w i l l  be  d ischarged  t o  t h e  

a t  rno s yh e s e s h ou 1 d a 1 s o b e d i s  c u s s e d . 

Since  i t  i s  i n + i c a t e d ( l )  t h a t  decontaminat ion f a c i l i t i e s  w i l l  be 

provided a t  thL r e p o s i t o r y  s i t e ,  d i scha rge  l e v e l s  o f  r a d i o a c t i v e  

was te  material r e s u l t i n g  from decontaminat ion o p e r a t i o n s  should  Lc 

inc luded  i n  t h e  r a d i o n u c l i d e  d i scha rge  e s t inmtes  f o r  t h e  f a c i l i t y .  

Dccontarnination procedures ,  t h e  t r ea tmen t  o f  t h e  r e s u l t i n g  

radioactive wastes, t h e  mode of d i s c h a r g e  of any of these wastes  

t o  t h e  environment,  a n d  monitor ing procedures  should be adequa te l )  

desc r ibed .  

Coi is iderat ion of t h c  possible? nccd t o r  C;Ltcrndtc o r  s u p p i m e n c a r y  

co i l t ro l  f a c i l i t i i  s dur ing  o p e r a t i o n  of  t h e  f a c L l i t y  i s  impera t ive .  

It may be ncccssa.:y t o  i n c o r p o r a t e  a d d i t i o n a l  waste  c o n t r o l  f a c i l i t i e s  

i f  u n a n t i c i p a t e d  pdvcrsc cnvironmental  e f f e c t s  should be d c t e c t c d .  



For t h e s e  r easons ,  i t  should b,e s h o m  t h a t  the  p rocesses  provide  

su ' f f i c i en t  f l e x i b i l i t y  so, t h a t  p r o t e c t i v e  an3  p r e v e n t i v e  measures 

can be taken .  The Atoniic Energy Comriission s h o u l . ~  a l s o  i n d i c a t e  

t h e  means by which the  s i t e  and surrounding p r o p e r t y  w i l l  be  kept  

and maintained i n  p e r p e t u a l  c a r e ,  

ENVIKOHNENTAL INPACT 

I n  a s s e s s i n g  t h e  p o t e n t i a l  environmental  i.mpact due t o  r a d i o a c t i v e  

d i scha rges  t o  t h e  environment from the Radioac t ive  Waste Repos i tory ,  

a n . e s t i m a t e  o f  r a d i a t i o n  d o s c s  t o  the  popu la t ion  du r ing  o p e r a t i o n  of 

t h e  r e p o s i t o i y  should be made f o r  evaluat j -ng p o t e n t i a l  r a d i o l o g i c a l  

e f f e c t s .  Avcsage annual  o f f - s i t e  concent i -a t ions r e s u l t i n g  from 

r e p o s i t o r y  e f f l u c n t s  were p rcscn ted  i n  t h e  Environnicntal S t a t e n e n t  ; 

howcvcr, t h e  d a t a  nccessa ry  t o  v e r i f y  t h e s e  e s t i m a t e s  were n o t  

inc luded .  Me teo ro log ica l  d z t a  t h a t  were u t i l i z e d  i n  c a l c u l a t i p g  

o f f - s i t e  d i l u t i o n  f a c t o r s  and a i r  concen t r a t ions  of gaseous rad io-  

a c t i v e  e f f l u e n t s  should be p rcscn tcd .  P o t e n t i a l  o f f - s i t e  populat ioi i  

doses from tl iese e s t ima ted  a i r  c o n c e n t r z t i o a s  should be c a l c u l a t e d  

and prcscnted  i n  t h e  f i n a l  Environmental Statement  a long  wi th  a l l  

p e r t i n e n t  a s  sum?\t i o n s  , 

(1) 

Hydrologic s t u d i e s  be ing  made should a l s o  determine thz need t o  c o n t r o l  

man's a c t i v i t i e s  on t h c  sur fc ice  from new a g r i c u l t u r e  development aI:d 

i n d u s t r i a l  i n s  t a1  l a t  i ons  thn t may p rcc  i p  i t a  tc. u n i n t e n t i o n a l  changcs 

.in t h e  g r o u n d - ~ n t c r  regime above the  s a l t  beds. Over s e v e r a l  decades 

t h i s  cobld adve r sc ly  a f f e c t  s a l t  s t o r a g e  a rcas .  



No niention i ;  

e n v i r o n m e n t a l  

SURVEILL ASC E 

made i n  t h e  Env i ronmen ta l  S:atement(’) of a n  o f f - s i t e  

s u r v e i l l a n c e  program. Such a program is e s s e n t i a l  

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

i n s u r e  t h a t  t h e  g e n e r a l  p u b l i c  i s  n o t  b e i n g  unduly exposed t o  

r a d i a t i o n  o r i g i n a t i n g  a t  t h e  s i t e .  Adequate  s u r v e i l l a n c e  sfiould be 

done by t h e  Atornic Energy Commission a n d  t h e  Kansas  Depar tneT t  of 

Health to i n s u r e  t h a t  t h e r e  i s  no encroachment  of  r a d i o a c t i v i t y  

i n t o  d r i n k i n g  water s u p p l i e s  o r  o t h e r  c r i t i c a l  e n v i r o n m e n t a l  

pathways t o  man. 

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

a reas ,  food c r o p s  p roduced  i n  t h c  area s h o u l d  b e  sampled r e g u l a r l y .  

A i r b o r n e  pa  f t i c u l a t e  and  g a s e o u s  samples  s h o u l d  also be c o l l e c t e d  

and analyzctl as p a r t  of t h e  s u r v e i l l a n c e  program. A l l  rac1ion: t ivc 

d i s c h a r g e s  i r o m  t h e  s i t e ,  i n c l u d i n g  any  wastes d i s c h s r g c d  z s  ii 

result of d e c o n t a m i n a t i o n  p r o c e d u r e s ,  s h o u l d  be  m o n i t o r e d .  Tile 

v e n t i l a t i o n  e x h a u s t  s y s t e m  s h o u l d  a l s o  b e  equ ipped  w i t h  a p p r o ; ) r i a t e  

m o n i t o r i n g  d e v i c e s  t o  measure 85Kr ,  

activity l e v e l s .  

3 H,  and  a i r b o r n e  p a r t i c u i ;  t e  

S u r f a c e  watci. m o n i t o r i n g  was n o t  ment ioned i n  the S t a t e m c n t .  

A l though  t h e r e  i s  a p p a r e n t l y  no d i r e c t  d i s c h a r g c  of  l i q u i d  r a d i o a c t i v e  

wastes t o  s u r f a c e  waters, c o n t a m i n a t i o n  c o u l d  o c c u r  from w s s t c  

discharecs t o  thc atmosphere o r  from s u r f a c e  drainage from t h e  s i t e .  



S u r v e i l l a n c e  of t h e  s u r f a c e  waters t r a v e r s i n g  t h e  s i t e  should be 

undertaken,  a t  l ea s t  du r ing  t h e  e a r l y  s t a g e  o f  o p e r a t i o n .  

S a l t  is t o  bc mined con t inuous ly  dur ing  o p e r a t i o n  o f  t h e  f a c l l i t y  

andtmuch of  t h c  s a l t  w i l l  be  used f o r  b a c k f i l l i n g ,  bu t  i t  is expected 

t h a t  t h e r e  w i l l  be  an cxcess  o f  s a l t .  

excess s a l t  i s  t o  s e l l  i t  commercially.  S ince  s a l t  mined from 

t h e  r e p o s i t o r y  could  p o s s i b l y  be contaminated w i t h  r a d i o a c t i v e  

m a t e r i a l ,  any s a l t  shipped o f f - s i t e  should be monitored c a r e f u l l y .  

The  p o s s i b i l i t y  o f  plutonium a n d / o r  o t h e r  t r a n s u r a n i c  element 

contaminat ion  makes t h i s  p a r t i c u l a r l y  impor tan t .  P recau t ions  

should  be  t aken  t o  a s s u r e  t h a t  above ground s t o r a g e  o f  t h i s  

excavated s a l t  o r  o t h e r  handl ing  o r  d i s p o s a l  i s  conducted i n  

such a way tliat t h c  q u a l i t y  of  s u r f a c e  o s  ground wa te r  i s  not  

Onc proposed u s e  of  t h i s  

impai red .  It was s t a t e d  t h a t  t h e  r e p o s i t o r y  would be i n s u l a t c d  

from t h c  und,:rground a q u i f e r s  i n  t h e  a r e a .  It was l i k e w i s e  

mentioned t h p t  t h e r e  w e r e  several  wells f o r  both hunlan and 

l i v e s t o c k  copsunpt ion  i n  t h e  v i c i n i t y  of  t h e  r e p o s i t o r y .  The r?  

is t h e  p o s s i b i l i t y  of  induced movement of  water i n  t h e  a q u i f e r s  

resulting from i n c r e a s e d  tempesaturcs  causcd by t h e  dccay of 

n u c l e a r  w a s t e s .  Although i t  i s  not a n t i c i p a t e d  t h e t  eny r a d i o -  

a c t i v a  materic.1 w i l l  permeate i n t o  t h e s e  a q u i f c r s ,  wa te r  samplcs 

should s t i l l  bc  takcn  and analyzed ta  confirm t h e  absence o f  

a d d i t i o n s  of r a d i o a c t i v e  m a t e r i a l s  t o  thc  a q u i f e r  water. Th i s  

p r a c t i c e  i s  i n  kceping  w i t h  t h c  dernonstracion n a t u r e  of t h c  

f a c i l i t y .  VhJhilc wate r  from t h e  a q u i f e r s  might not be uscd ,  t h e  
* *  

samp1.c~ t aken  should show whether t h e  water  could  be uscd if so 



f \  des i r ed  and as  an i n d i c a f i o i i  tlint: s i m i l a r  was tc  r c p o s i t o r i c s  c o u l d  

bc o p e r a t c d  i n  areas where  tlicre a r e  a c t i v e  a q u i f e r s .  
'0) 

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

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

Preopcratior.al  d a t a  c a n  e s t a b l i s h  t h e  c h a r a c t e r i s t i c  background 

l e v e l s  wh ich  c a n  bc u s e d  as a base l i n e  t o  d e t e r m i n e  if o p e r a t i o n  

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

t he  e n v i r o n s .  

a f t e r  t h e  dcconmiiss ioning o f  t h e  f a c i l i t y  t o  conf i r rn  t h a t  t h c  

r a d i o a c t i v e  w a s t e s  asc  bcing c o n t a i n e d  i n  t h c  r e p o s i t o r y  w i t h  no 

The s u r v e i l l a n c e  program s h o u l d  a l s o  b e  c o n t i n u e d  

re leases  of  r a d i . o a c t i v i t y .  

EMERGENCY PLANNING 

No i n f o r m a t i o n  c o n c c r n i n g  cmcrgency p l a n n i n g  was p r e s e n t e d  i n  t h e  

d r a f t  Env i ronn lcn ta l  S t a t e m e n t .  The o p e r a t i o n  of t h e  f a c i l i t y  

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

p l a n n i n g  s h o u l d  be  d i s c u s s c d  i n  thc  f i n a l  Snv i sonmcn ta l  S t a t e n c n t  

fo r  the facility. P o t e n t i a l  cincrgency s i t :mt ions  may be d i v i d e d  

into b a s i c a l l y  two c n t c g n r i e s :  (1) On-s i  t.e o c c u r r c n c e s  which 

c o u l d  expose the  s u r r o u n d i n ;  o f f - s i t e  e n v i r o n s  and g e n e r a l  pub1 f c  

to  abnormal  r a d i a t i o n  lcvcls, and (2)  I n - t r a n s i t  a c c i d e n t s  

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

Both of t f i c s c  t y p c s  o f  emcrgcnc ie s  s h o u l d  be c o n s i d e r e d  and  p l n r , s  

e s t a b l i s h e d  t o  a l l e v i a t e  t!ie e f f e c t s  of  a n y  p o s s i b l e  a c c i d c n t  

before  o y c r n t i c  ns a t  t h e  f a c i l i t y  b e g i n .  



Emergency p r o c e d u r e s  s h a u l d  bc e s t a b l i s h e d  t o  p r o t c c t  t h e  sur iouni i i [ ls  

e n v i r o n s  a n d  mininiize e x p o s u r e  o f  t h e  genei 'a l  p u b l i c  i n  t h e  e v e n t  

of an o n - s i t e  a c c i d e n t  i n v o l v i n g  r a d i o a c t i v e  material .  Arrangements  

s h o u l d  b e  nude by which t h e  Atomic Energy Commission, t h e  f a c i l i t y  

o p e r a t o r ,  w i l l  n o t i f y  t h e  Kansas  Department o f  I I c a l t h  and l o c a l  

a u t h o r i t i e s  i n  t h e  e v e n t  o f  a n  abnornial  o n - s i t e  o c c u r r e n c e  which 

c o u l d  a f f t c - t  o f f - s i t e  a rcas .  The s p e c i f i c  t y p e s  and magnitudc:: o f  

p o t e n t i a l  acc i d c n t s  s h o u l d  be  de t e rmined  and a p p r o p r i a t e  p l a n s  t o  

p r o t c c t  b o t h  t h e  g e n e r a l  p u b l i c  and on- s i t e ,  p e r s o n n e l  s h o u l d  be 

e s t a b l i s h e d .  

All s h i p m e n t s  o f  r a d i o a c t i v e  waste material  t o  t h e  r e p o s i t o r y  u i l l  

bc c o n d u c t c d  rindcr a p p r o p r i a t e  Atomic Energy Corruiiission and  D c p ~ r t -  

mcnt of  T r a n s p o r t n k i o n  r c g u l a t i  ons . However, the  possibi . l i .Ly 0.' 

a n  a c c i d e n t  i n v o l v i n g  t h e  re lease  of  r a d i o a c t i v e  nu ter ia l  durin: ;  

an i n - t r a n s i t  a c c i d e n t  s h o u l d  n o t  be  ovc r lo2 l ; cd .  Those  S t a t c s  

t h r o u g h  d i i c h  wjor s h i p p i n g  r o u t e s  w i l l  c r o s s  s h o u l d  be inforiL:iC;. 

as t o  the t y p e  of  w a s t e s  t h a t  w i l l  b e  s h i p p e d  and p o t e n t i a l  

a c c i d e n t a l  s i t u a t i o n s  t h a t  may r e s u l t  so  t h a t  t h e y  w i l l  b e  a b l e  

to r e s p o n d  i f  t h e  a c c i d c n t a l  s i t u a t i o n  arise; .  Thc s c o p e  oi sucl  

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

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

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

an a c c i d e n t  s h o u l d  be e s t a b l i s h e d  and a g r e e d  11pon by a l l  p a r t i e s  

involvc 'd  b e f o r e  any s h i p m c n t s  a re  made. 
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UNITED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. 20545 

M r .  H o l l i s  M. Dole 
A s s i s t a n t  Secre ta ry  of t h e  I n t e r i o r  
U. S. Department of t he  I n t e r i o r  
Of f i ce  of t h e  Secre ta ry  
Washington, D.C .  20240 

Dear M r .  Dole: 

Thank you f o r  your l e t te r  of February 3 ,  1971, comen ing an t h e  
Draf t  Environmental Statement on t h e  Proposed Radioact ive Waste 
Repository near  Lyons, Kansas. 
been thoroughly considered and t o  the  maximum ex ten t  p r a c t i c a b l e  
they have been included i n  the  prepara t ion  of t h e  F i n a l  Environmental 
Statement.  We have a l s o  made numerous add i t ions  and r e v i s i o n s  t o  
t h e  s ta tement  based on comments made by o t h e r  agencies  and we b e l i e v e  
t h a t  t h e  enclosed s ta tement  conforms wi th  t h e  let ter and spir i t  of 
t he  Nat ional  Environmental Pol icy  A c t  of 1969. Also enclosed is  a 
copy of a r e p o r t  i n d i c a t i n g  t h e  d i s p o s i t i o n  of your s p e c i f i c  comments. 
I n  t h i s  r e p o r t  w e  have no t  attempted t o  respond t o  s p e c i f i c  comments 
bu t  w e  have referenced t h e  s e c t i o n s  of t h e  Environmental Statement 
which have been rev ised  o r  amplif ied i n  response t o  your concerns.  
You w i l l  no t e  t h a t  many of your comments c a l l  f o r  information and 
answers which cannot be included in an  environmental  s ta tement  which 
m u s t  be  prepared well i n  advance of doing the work which would provide 
the  answers. Your own comments, i n  many i n s t a n c e s ,  recognize t h a t  
these answers are dependent upon the  des ign  of t h e  f a c i l i t y ,  ongoing 
s i t e  s t u d i e s  and the  development of ope ra t iona l  procedures.  
we have ind ica t ed  A E C ' s  i n t e n t i o n  wi th  r e spec t  t o  covering t h e s e  areas 
i n  t h e  Conceptual Design and Sa fe ty  Report .  
included an ex tens ive  bibl iography of publ ished information on the  
salt  mine concept,  inc luding  r e l a t e d  research  and development. 

The comments furn ished  by you have 

However, 

I n  a d d i t i o n  w e  have a l s o  

W e  are pleased t h a t  your l e t te r  recognizes  t h a t  t h i s  proposal  i s  a 
major p o s i t i v e  s t e p  f o r  i s o l a t i n g  r a d i o a c t i v e  wastes from man's 
environment, and i n  e l imina t ing  t h e  problem of p r o l i f e r a t i n g  t h e  
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disposal sites of radioactive wastes in environmental situations 
whereby these products might reach water or other resources valuable 
to man. 

We again thank you for your comments which have been most helpful to 
us in preparation of this Final Statement. 

Sincerdy, 

. 
John A. Erlewine 

for Operations 
General Manager 

Enclosures: 
1. Final Environmental Statement 
2. Comments on Draft Statement 
3.  AEC Response to Comments 

J 



Comment - We b e l i e v e  t h a t  a d d i t i o n a l  s i g n i f i c a n t  s t u d i e s  and conf i rmatory  

d a t a  concerning t h e  geology and hydrology of t h e  s a l t  d e p o s i t s  

and o v e r l y i n g  rocks  . . . and t h e  e f f e c t s  of t h e  c o n s t r u c t i o n  

of t h e  was te  f a c i l i t y  w i l l  b e  n e c e s s a r y  t o  demonst ra te  c o n c l u s i v e l y  

t h a t  t h e s e  d e p o s i t s  are indeed s u i t a b l e  f o r  t h e  f i n a l  r e p o s i t o r y .  

Response - S e c t i o n  V.B.1.d. of t h e  f i n a l  s t a t e m e n t  i n d i c a t e s  t h a t  t h e s e  

Comment - 

i 

a d d i t i o n a l  s t u d i e s  w i l l  b e  c a r r i e d  o u t  and t h a t  t h e y  w i l l  be  

documented i n  t h e  Conceptual  Design and S a f e t y  Repor t .  An 

An ev:. luation of t h e s e  s t u d i e s  w i l l  b e  made p r i o r  t o  a f i n a l  

safety d e t e r m i n a t i o n  r e g a r d i n g  t h e  s u i t a b i l i t y  of t h e  s i t e .  

Although t h e  s u b j e c t  s t a t e m e n t  i n d i c a t e s  t h a t  no s i g n i f i c s n t  

impact on t h e  environment i s  a n t i c i p a t e d  . . . i t  does  n o t  

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

of a l l  a s p e c t s  of t h e  f a c i l i t y .  T h e r e f o r e ,  an  endorsement of 

t h e  e s t a b l i s h m e n t  of t h e  r e p o s i t o r y  cannot  b e  g i v e n  on t h e  b a s i s  

of t h e  environmental  s t a t e m e n t  o r  t h e  i n c l u d e d  r e p o r t  by t h e  NAS- 

NRC. The NAS-NRC h a s  g iven  o n l y  q u a l i f i e d  endorsement and has 

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

c o n t i n u i n g  s t u d i e s  and development programs should  b e  carried o u t  

b e f o r e  waste d i s p o s a l  o p e r a t i o n s  begin .  Most of t h e s e  problems 

and i n v e s t i g a t i o n s  have a s t r o n g  b e a r i n g  on f i n a l  d e c i s i o n s  as 

t o  whether  t h e  p r o j e c t  is  f e a s i b l e .  
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Response - The environmental  s t a t e m e n t  does n o t  p u r p o r t  t o  p r e s e n t  t h e  

s c i e n t i f i c  j u s t i f i c a t i o n  f o r  t h e  f a c i l i t y .  We a g r e e  t h a t  t h e  

studies and i n v e s t i g a t i o n s  t o  be carried o u t  b e f o r e  waste d i s p o s a l  

o p e r a t i o n s  begin  have a s t r o n g  b e a r i n g  as t o  whether  t h e  p r o j e c t  

is  f e a s i b l e .  No f i n a l  d e c i s i o n  w i l l  b e  made u n t i l  a l l  t h e  s t u d i e s  

and i n v e s t i g a t i o n s  have been concluded and e v a l u a t e d  and no r a d i o -  

active wastes w i l l  b e  permanently p laced  i n  t h e  mine u n t i l  t h i s  i s  

accomplished. 

Comment - I t  is  noted t h a t  t h e  s t a t e m e n t  does n o t  provide  a n  adequate  

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

i t s  h i g h - l e v e l  mine from which t h e  e f f e c t s  of mining subs idence  

can b e  e v a l u a t e d ,  even i n  a g e n e r a l  q u a l i t a t i v e  manner. 

Response - The d e s i g n  of t h e  mine i s  o n l y  i n  a c o n c e p t u a l  s t a g e .  

a n t i c i p a t e d  subs idence  i s  d e s c r i b e d  i n  S e c t i o n  V.B.d. 

However, 

Comment - It  would be a d v i s a b l e  t o  d e s c r i b e  i n  more d e t a i l  how t h e  mined 

s a l t  w i l l  be  processed and u t i l i z e d  t o  i n c r e a s e  i t s  d e n s i t y  f o r  

backfi1.l t o  reduce subs idence  and t o  s p e c i f y  t h e  schedul ing  f o r  

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

Response - These m a t t e r s  w i l l  b e  cons idered  i n  t h e  c o u r s e  of t h e  d e s i g n  

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

Comment - The s t a t e m e n t  should  d e r i v e  and s p e c i f y  t h e  expected ear thquake  

and expected v i b r a t i o n a l  o r  o t h e r  ground e f f e c t s  a t  t h e  s i t e  and 

a d e f i n i t i o n  of t h e  p o t e n t i a l  hazard t o  mines o r  s u r f a c e  s t r u c t u r e .  
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Response - Eartkquake analysis w i l l  be i n c l u d e d  as part of the des ign  

phase of t h e  f a c i l i t y  and w i l l  be  included i n  t h e  Sa fe ty  Analysis  

Report  . 

Comment - It  should be poin ted  out  t h a t  f u r t h e r  ana lyses  of thermal and 

o t h e r  stresses on t h e  heterogeneous rocks i n  t h e  Hutchinson S a l t  

Member a t  t h e  s i t e  are warranted. These stresses, prolonged hea t  

and exposure t o  r a d i a t i o n  and subsidence and deformation wi th  t h e  

mining and flow of s a l t ,  could r e s u l t  i n  f r a c t u r i n g  i n  t h e  rocks 

above t h e  s a l t  . . . convect ive water through s a l t  reduced by 

hea t  through r a d i o a c t i v e  wastes could r e s u l t  i n  a long t e r m  cyc le  

of d i s s o l u t i o n  of t he  s a l t  and t h e  eventua l  aqueous t r a n s p o r t  

of radLoact ive wastes t o  t h e  s t i r face  . . . t h e s e  problems are 

not overwhelming bu t  they are l e g i t i m a t e  areas f o r  f i n a l  analysis 

and doc m e n t a t i o n .  

Response - We agree  t h a t  t hese  problems should be f u r t h e r  analyzed and 

docurnenced. This  w i l l  be done as p a r t  of t he  planned s i t e  s t u d i e s .  

Sec t ion  V.B.L. descr ibed t h e  c u r r e n t  s t a t u s  of t h e s e  i n v e s t i g a t i o n s  

and the  type of planned s t u d i e s .  

Comment - The d i scuss ion  of n a t u r a l  groundwater leaching  of rock s a l t  

d e p o s i t s  s ta tes  t h a t  t h e  s a l t  depos i t  ends a b r u p t l y  about 25 

m i l e s  east of t h e  s i t e  . . . i t  i s  impossible  t o  e v a l u a t e  

these  rates of subsur face  s o l u t i o n  of t he  s a l t  formation wi thout  

s p e c i f i c  and d e t a i l e d  information on t h e  r eg iona l  paleogeology 

and i n f e r r e d  paleohydrology and t h e  methods used . . . . 



- 4 -  

Response - This information w i l l  be developed during t h e  course  of t he  

s i t e  s t u d i e s  and w i l l  appear i n  t h e  Conceptual Design and Safe ty  

Report. Sec t ion  V.A.5.b. d i scusses  t h e  a d d i t i o n a l  work t o  be done. 

Comment - Page 4 of M r .  Dole 's  l e t t e r  sets out  e leven des ign  cr i ter ia ,  

ope ra t iona l  procedures and s t u d i e s  . . . bel ieved  t o  be v i t a l  

for the safe long term operation of the proposed f a c i l i t y .  

Response - These are matters which w i l l  be  developed during t h e  course  of 

t h e  design and development of ope ra t iona l  procedures f o r  t h e  

f a c i l i t y .  

Safe ty  Report .  

environmental statement. To a l imi t ed  extent ,  some of t h e  issues 

They w i l l  be presented i n  t h e  Conceptual Design and 

We b e l i e v e  they are ou t s ide  the  scope of t h e  

are discussed i n  the  F i n a l  Environmental Statement. 

Comment - The waste handling procedures and emplacement of wastes i n t o  

the  mine should be f u r t h e r  descr ibed .  

if t h e r e  i s  any l i m i t  on conta iner  s i z e  o r  t h e  amount of 

It should be  pointed out  

activity7 p e r  conta iner  of high-level  waste. I f  no t ,  t h e  s p a c i a  

of ho les  f o r  thermal c o n t r o l  i n  the  f l o o r  of t h e  mine may need t o  

be determined f o r  each con ta ine r .  Addi t iona l ly ,  t h e  con ta ine r s  

should not  be placed next  t o  beds of s h a l e  o r  anhydr i t e  t h a t  

conta in  sypsum. 

Response - The conta iner  s i z e ,  a c t i v i t y  per  con ta ine r ,  space of c o n t a i n e r s  

and l o c a t i o n  are matters t h a t  w i l l  be  addressed i n  t h e  course of 

t he  design and v e r i f i e d  during t h e  demonstration phase. 



Comment - Hydrologic  s t u d i e s  be ing  made should a l s o  de te rmine  t h e  need 

t o  c o i l t r o l  man’s a c t i v i t i e s  on t h e  s u r f a c e  from new a g r i c u l t u r e  

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

u n i n t e n t i o n a l  changes i n  t h e  groundwater regime above t h e  sa l t  beds.  

Response - The qi ies t ion of n e c e s s a r y  c o n t r o l s  i n  o r d e r  not to  a d v e r s e l y  a f f e c t  

t h e  sa l t  s t o r a g e  areas w i l l  b e  examined i n  t h e  c o u r s e  of t h e  d e s i g n  

of t h c  f a c i l i t y .  

Comment - The problem a r e a  t h a t  i s  s t i l l  under i n v e s t i g a t i o n  . . . is tile 

d i s p o s s l  of  s a l t  excavated from t h e  r e p o s i t o r y .  

Response - S e c t i o i  V1.B. provides  a d d i t i o n a l  i n f o r m a t i o n  on t h i s  and i t  w i l l  

be  a d d r e s s e d  i n  t h e  c o u r s e  of t h e  de::ign and development of 

o p e r a t i o n a l  procedures  f o r  t h e  f a c i l i t y .  

Commcnl. - The p o s s i b i l i t y  of induced movement of water from t h e  a q u i f e r s  . . . 
emphasizes our  prev ious  comments on t h e  need t o  sample groundwater 

and ana,yze t h e  samples f o r  r a d i o a c t i v e  components. 

Response - S e c t i o n  VI.D.l. d e s c r i b e s  t h e  r a d i o l o g y  and moni tor ing  programs 

which w : l l  be  developed d u r i n g  t h e  c o u r s e  of t h e  d e s i g n  of t h e  

f a c i l i t l .  
.. 
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Dear I v i r  . Erlesr ' t ic : 

We acree with tile c c n c r a l  concc_ntual conclusioas of the N A S - E X  Corip.ittee 
on Radioactive ?!islie IdiansLc:;er,t , as exgresced i n  t h e i r  rerievred re;o?i; 
(p.  1-2), t h a t  t h c  use or' b d d e d  s a l t  deyos i t s  for t h e  dis2os31 of 
rad ioac t ive  \.rastc:s i n  bedded s01-L is t h e  safest  choice now ovails 'blc,  
provided t h a t  t h e  v a s t c s  a x  i n  an  a_nproliriate 2 0 m  and t h a t  t h e  s31t 
beds meet necessary cn;iaccrinz-design and LwioGical c r i t e r i a .  
we believe t h a t  r ,ddi t ior :a l  c i p i f i c a n t  s tud ies  ond c o n f i r m a t o q  da ta  
concernine +the ; j c o l ~ ~ y  and .  hydrolocy ol" t h e  s a l t  dewsits and overlyi!iz 
rocks a t  and near Lyons, Ihrisas, and t h e  e f f e c t s  of constructfon 02 %!le 
waste-dis2oml facility vi11 be necessor:. to .dezonsti-ats , conclusively , 
t h a t  t h e s e  desosi t r ,  a r e  indeed sui table  ?or the  "r ' inol re,xsitory" 
mentioned (on p. 2) in t h e  d r a f t  environmental s t a t e c e n t .  Our colicerr,s 
are based p a r t l y  on t h e  stateir.ents in t h e  draft e n v i r o n m n t a l  stat5iier.t 
CP. 18) t h a t ,  al though r e t r i e v a l  of t h e  vus tes  i s  conceq%unllg p s s i b l e ,  

Xo:.:e-brc?l 



We bel ievc t h a t  t h e r e  ai-e inadequacies i n  t h e  >resents t ion  of s s c c i f i  c 
i t e a s  i n  the  d r a f t  s t a t e m c t .  tho t t h e  Comission m y  visb t o  corisidr.i. i n  
p re inr inz  i t s  ~ ~ n z l  sta'icr:ent. It i s  noted tixt stetement (2. 1:I- 
19) docs not Jrovicie an  aclcc,u.itc s s e c i f i c  dcscrl?Cion or analysLs  of t he  
contexplatcd desi<n oi" i t s  If h i i h - l e v c l  ::iiilc" from :.!:?icfi t h e  effects c.: 
m i n i n g  S L L ' O S L ~ C ~ C ~  (2. 35-25) CDII  bc evaluntcd, eveli i n  a cemraI . ,  q u a , l i t s t i v e  
manner. For exam;lc, if Inu. l t i lcve1 min ic -  i s  contei1L;lated, such a nrcjce-ss 
i n  a small area '  iniGht p-oducc entirely d i f i c r e n t  e f f ec t s  in terns of 
subsideace and y o c s i b l c  f r o c t u r i f i i  of ovcrlyine roc!cs ( inc luJ ink  possible 
ground-surlacc r u s i u i i c z )  t h s n  m u l d  rainin: a t  one level :over a l e q e  
area.  Such u n s y c i f i c d  c-?'l"cci;s could be c r i t i ca ' l  t o  t h e  location nccl safe 
operation of cii.i-racc I n c i l i t i c s ;  to tile l onc - te rn  i n t e t r i t y  of tke sto:.cc~ 
wastes; arid t o  Zossi lJ lc  environi;iental ci;a.nges. a t  tile land surface,  sue:. c s  
strcawdrsina;;e chan::cs, ::onclir,L, and poor s o i l  'drJinage. Addi t forn l l ; . ,  
it vould be advis::blc. t o  descr ibe i r i  rfloyc d e t a i l  hair t h e  c!ined s a l t  w i l l  

. .  

R 





1. Studies t o  dcterriine the  de t e r io ra t ion  r a t e  cf t!:c s t a i c l e s s  
s t e c l  and hj.;i) carbon stecl c a n i s t e r ;  to b e  uszd I'cr s t 0 r i r - L  
radioact ive wastes i n  t he  s c l t  envfronrient of the r.iinc; 

2. Studies t o  detcr, . i inr-  the ruijture strencth of these  c e n i s t e r s  
1 fror,i internal.  ,as and tenpc;ature build-uyi during the decay 

of t h e  c'octaitied radioact ive n n t e r i d s ;  

P r o v i s i o n s  foi. continuous a i r  Lonitorin:, t o  de t ec t  danL:l.;.ous 
levels of radioact ive Lases and airborne prticulstc r8!atter 
witkin t h e  n i n e  and a t  t he  nine ven t i l a t ion  exhaust port ,  
both before and aftcr f i l t r a t i o n ;  

3. 

* 
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6. Provis ;.o,is f o r  f i r j . J . l i n ;  and insti.Lu1cnt2.c.Z; dcc? ~ c l . 1 ~  n'ooui; 
t h e  pzrir,ctcr- of t h e  disposal s i t e  t o  i;.onitor ~c ; : !?~~ 'L?~uL 'c  
and r a d h  Lion l evc l s  i n  t h e  Hutciiinson ar.d adjacent forv.ntioos, 
and ovcrlyi::: ac,uife;-s; 

11. Planned ricac1s ic;r cl.ca.rlinZ ug r ad ioac t ive  rraste si>illa;c 
w i t h i n  t i le Kine, receivin5 f a c i l i t i e s ,  arid along p r i n c - i p l  
access routes.  

i ic(=ardless of posziblc industrial o r  other uses, the  area should be 
revcbctated t o  i!ie natural  s t a t e  os  soon a s  possj.ble i n  order t o  
maintain t h e  a c t c a l  ecolozicel niche or" t h e  p - m u l  area. 

The w s t e  hatidlinL yocec'lurzs and em?lacci:,ent of 1x3 s t e s  i n to  the  nine 
Ghould be f u r t h c r  described. T'nc tei*l:1s used f o r  v;att;C containcrn 
(casks, tmste r,ackclces, 'nli;h-level trnste .ccnta.iccrs, c tc .  ) should be 
defined t o  Zi - ie  a better 2crsgcctive of 'die oixrztion. It should bc 
pointed 0u.k if there  i s  any l i n l t  on contcintr  size o r  the  aEount of 
a c t i v i t y  gcr container of hii;h-level waste. 
f o r  t h e r m 1  cont ro l  i n  t i le f l o o r  of tile nine ns: need t o  be detct=r::ned 
f o r  cnch container. Additiocally, the  coctaincrs  shculd not be !,'Laced 
next t o  beds of shale o r  anhydr-its t h a t  contain c;yf.sun because s k d d  

If not, s p c i i i s  of holes 



S i n c e r e l y  yours ,  

YE. John A .  E r l c u i n c  
A s s i s t a n t  Genera l  Ih.nnjc-r lor Opere t ions  
Unitcd S t n t c s  Atomic E,ici'd:y C o m i s s i o n  
WashinGton, D.C. 2031c;i 

n 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
W A S H I N G T O N ,  D.C. LO545 

M r .  H. A. S o l b e r g  
Cap ta in ,  U.S. Coast  Guard 
Ac t ing  Ch ie f ,  O f f i c e  of P u b l i c  

and I n t e r n a t i o n a l  A f f a i r s  
Department of  T r a n s p o r t a t i o n  
Washington, D. C. 20591 

Dear M r .  So lbe rg :  

Thank you f o r  your  l e t t e r  of December 18, 1970, commenting on t h e  
d r a f t  Environmental  S t a t emen t  f o r  t h e  proposed r a d i o a c t i v e  w a s t e  
r e p o s i t o r y  near Lyons, Kansas. 
impact upon t r a n s p o r t a t i o n  of t h e  proposed p r o j e c t  is  minimal.  
have,  however, made numerous o t h e r  a d d i t i o n s  and r e v i s i o n s  i n  
r e sponse  t o  comments r e c e i v e d  from F e d e r a l  a g e n c i e s  and o t h e r s .  
b e l i e v e  t h e  e n c l o s e d  S ta t emen t  conforms w i t h  t h e  l e t t e r  and s p i r i t  
of t h e  N a t i o n a l  Environmental  P o l i c y  A c t  of 1969. 

We have n o t e d  your  comment t h a t  t h e  
We 

We 

The review of  t h e  d r a f t  S t a t emen t  by t h e  Department of  T ranspor t : l t i on  
i s  a p p r e c i a t e d .  

S i n c e r e l y ,  

P -  

John A. Er lewine 

f o r  O p e r a t i o n s  
' A s s i s t a n t  General Manager 

Enc losu re :  
F i n a l  Environmental  S t a t emen t  



1 8  DEC 197a 

Mr. Johil A. Erlcwiric 
Assistant Gcncral hInnngcr fo; Operations 
Atomic Encrgy  Commission 
U'asllington, D. C. 20545 

Dear Mr. Erlcwinc: 

This is in rcsponse to your letter of 30 Novernlier 1970 adtizcsscd to Mr. 
Lcgate concerning tlic d n f t  environmental statement for the proposed 
Radioactive IYastc Rcpositoqr projcct as Lyons, Kansas. 

The concerned opcratirig ad mini st ratio^^^ of tlic Dcpnrtmznt of Transprtnt ion 
have revien-cd tlic draft cnviror,nnental statzmerit, Other tlian to note all 
shipninrits of rndioactivc wn stes to the pi-oposcd dcpsi toiy ui l l  cor,iorlil 
with AEC and DO?' regulations, the impact upon t r ansp r td t i cn  of the 
proposed project is minimal. 
comment on the draft  environnlcrltal sta teinefit. 

POT hzs no ol>jection t3 and n x k c s  ao 

The opportunity afforded the D e p r t m e n t p f  Transportstion to review the 
draft environmental stntcnicnt for this broposed project is appreciated. 

/ I  



U N ITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D C. 20545 

Dr. Roger 0 .  Egeberg 
Assistant Secretary for 
Health and Scientific Affairs 

Department of Health, Education 
and Welfare 

Office of the Secretary 
Washington, D. C.  20201 

Dear Dr. Egeberg: 

Thank you for your comments of February 25, 1971, on the Atomic Energy 
Commission's Draft Environmental Statement covering the Proposed Radio-  
active Waste Repository at Lyons, Kansas. We have made numerous revi- 
sions and additions to the Environmental Statement taking into account 
the comments received from other agencies on the draft. 

With regard to the Department of Health, Education and Welfare's comments, 
we have noted that you recommend that the Final Statement contain adequate 
documentation and reference to previous work that supports our conclusions 
that all radioactive material will be sealed within the salt formation 
and will not leak into the environment. You will note in Sections 111. 
and V. of the Environmental Statement, we have carefully described the 
waste characteristics and the amount of such materials we expect to dis- 
pose in the Lyons facility, have indicated the suitability of the present 
salt formation for containing these materials, and the impact that these 
waste materials are expected to impose upon the subsurface environment 
in the Lyons vicinity. Further, we have added a bibliography of  relevant 
information which supports our conclusions. 

The demonstration nature of the project h a s  been emphasized in the 
Environmental Statement and in numerous statements before the Congress, 
as well. You will note that we expect the demonstration phase to extend 
through the first several years operation during which time considerable 
additional physicd and environmental information will be developed. 
We indicated in the Environmental Statement the extremely low-level 0.- 

radioactive efflueits expected from the facility and the resultant  lor^ 
radiation doses predicted for the general public in that vicinity. A s  
further assurance, the facility will be operated with a stringent onsite 
radiation monitoring program, plus a general radiation and environmental 
monitoring program offsite as summarized in Section VI.D.l. of the 
Environmental Statement. 



Dr. Roger 0. Egeberg - 2 -  

We have noted your suggestion for consideration of the potential for 
environmental radioactive contamination in connection with the waste 
solidification process and in connection with transportation systems. 
However, we consider these matters to be beyond the scope of this 
Environmental Statement inasmuch as no specific actions pertaining to 
the solidification process or the transportation operations are being 
proposed. 

Waste solidification is an operation which will be carried out a t  
licensed fuel reprocessing facilities. We believe that radiological 
safety and related environmental effects are adequately addressed in 
the licensing process, which includes a review by the Advisory Committee 
on Reactor Safeguards and a public hearing before the Atomic Safety and 
Licensing Board. Similarly, we believe that the regulations under which 
all shipping systems for radioactive materials are reviewed and licensed 
adequately provide for the health and safety of the public. 
note that the shipment of radioactive waste will be similar in most 
respects to the shipment of spent nuclear reactor fuels. 
these materials have been carried out safely for over twenty-five years 
and th is  experience and related technology provides a firm base for the 
design of safe and reliable systems for shipment of radioactive waste 
to the repository. 

We would 

Shipments of 

Enclosed are copies of our Final Environmental Statement, copies of all 
comments received on the Draft Statement and our responses, as requested. 

Thank you for your assistance. 

Sincerely, 

John A. Erlewine 
Assistant General Manager 
for Operations 

Enclosures : 
1. Final Environmental Statement 
2. Comments on Draft Statement 
3 .  AEC Response to Comments 



DEPXRTiMENT OF HEALTH.  EDUCATIOS. r??iD LVELFARE 
OFFICEOFTHESECRETARY 

WASHINGTON. D C 20201 

M r .  John A .  Erlewine 
A s s i s t a n t  General  Manager 
f o r  Operat ions 
U . S .  Atomic Ene:*gy Commission 
Washington , D .C . 20545 

Dear Mr. Er1ewirl.e: 

Your l e t t e r  of November 30, 1970, t o  M r .  Roger S t re low reques t ing  
comnients on t h e  Radioac t ive  Waste Reposi tory t o  be loca ted  a t  Lyons, 
Kansas, has  been r e f e r r e d  t o  me. 
r e p l y ,  bu t  our review of  nuc lea r  a c t i v i t i e s  has  been somewhat i n t e r -  
rup ted  by t h e  r e c e n t  r eo rgan iza t ion  of t h e  bulk of t h e s e  a c t i v i t i e s  
i n t o  the  Environmental P r o t e c t i o n  Agency. 

We apologize  f o r  t h e  l a t e n e s s  of  our 

We a r e  g e n e r a l l y  of  t h e  opin ion  t h a t  conversion t o  s o l i d s  and s t o r a g e  
i n  s a l t  formations o f f e r s  t h e  b e s t  long-term approach f o r  pub l i c  h e a l t h  
p r o t e c t i o n  from wastes from t h e  nuc lear  i ndus t ry .  We do no t  b e l i e v e  
t h e  Atomic Energy Commission has  included i n  i t s  environmental  s ta tement  
adequate  documentation o r  r e fe rence  of t h e  work it has  sponsored i n  this 
area over t h e  yea r s ,  We s t r o n g l y  urge  you t o  do so  i n  your d e t a i l e d  
s ta tement  on t h e  r e p o s i t o r y ,  g iv ing  p a r t i c u l a r  emphasis t o  t h e  bas ic  
work t h a t  suppor ts  t h c  conclus ion  t h a t  all r a d i o a c t i v e  material w i l l  be 
s ea l ed  wi th in  t h e  s a l t  formation and will not  leak t o  t h e  environment.  

The f a c i l i t y  should be cons idered  as a demonstrat ion p r o j e c t  and oper2ted 
accord ingly ,  Programs should be developed t o  determine t h e  e f f e c t  DL 
opera t ing  t h e  f a c i l i t y  on r a d i a t i o n  doses t o  t h e  pub l i c .  These programs 
should u t i l i z e  the  most s e n s i t i v e  r a d i o l o g i c a l  s u r v e i l l a n c e  methods, 
s i n c e  expected d i scha rges  would be small. 

The e f f e c t  of ope ra t ing  t h e  f a c i l i t y  has  not  on ly  l o c a l  b u t  nationwide 
impl i ca t ions .  The p o t e n t i a l  t o  contaminate l o c a l  environments where t h e  
waste i s  converted from a l i q u i d  t o  a s o l i d  form should be  c o n s i d e r e d ,  
bu t  j u s t  a s  important a re  t h e  p o t e n t i a l  r i s k s  of environmental  contamina- 
t i o n  and p o s s i b l e  pub l i c  exposure from t r a n s p o r t i n g  t h e  waste t o  the  
r epos i to ry .  These p o i n t s  should be assessed  and p l ans  developed t o  
m i t i g a t e  popula t ion  exposure o r  environmental  contamination dur ing  
t r a n s i t .  



?.?p .- - M r .  John A .  Erlewine 

I 

I 

We would apprec i a t e  rece iv ing  your compilat ion of comments by o ther  
agencies when it i s  completed. 
f u r t h e r  i n  this ratter,  we wculd be happy t o  do so. 

I f  t h i s  Department can assist you 

SI U. S. GOVERNMENT PFUNTING OFFICE ' 1971 483-021/58 
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