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A PREL'IMINARY ASSESSWENT OF MINERALOGICAL C R I T E R I A  ON THE I 
IJTILITY OF ARGILLACEOUS ROCKS AND MINERALS FOR 

HI G W- L ~ - W  I O A C T - ~ S T E  DI SPOS 1__1 AT 

ARS'IIMCT 

S h a l e s  and c l ay - r i ch  rocks possess ve ry  f a v o r a b l e  p r o p e r t i e s  
f o r  t h e  i s o l a t i o n  arid containment of high-level  r a d i o a c t i v e  waste, 
C l a y s  and m l x l u r e s  of c l a y  minerals wi th  o t h e r  subs t ances  a l s o  
appea r  t o  be among t h e  most s u i t a b l e  materials f o r  h u f f e r s  and 
hackfill i n  eii-adt?rground r e p o s i t o r i e s  e 

 he purpose of t h i s  st i tdy w a s  t o  review a v a i l a b l e  d a t a  
conce rn ing  t h e  p r o p e r t i e s  r e p o r t e d  fo r  t h e s e  rocks and d n e r a l s  
t.o determine whether such in fo rma t ion  could be i n s t r u m e n t a l  i n  
s e l e c t i n g  t h e  more f a v o r a b l e  assemblages of c l a y s  fo r  waste 
r e p o s i t o r y  purposes.  

L i t e r a t u r e  s e a r e h e s  were conducted f o r  reports  d e a l i n g  wi th  
t h e  p r o p e r t i e s  o f  t h e s e  a r g i l l a c e o u s  materials, The p r o p e r t i e s  
t h a t  were ob ta ined  from a p p r a p r i a t e  r e f e r e n c e s  were recorded i n  
a n  Appleworks Database (Appendix A). The d a t a  are d iv ided  i n t o  
f i u e  major groups : chemi c a 1  p r o p e r t i e s ,  g e n e r a l  p h y s i c a l  p r o p e r t i e s ,  
h y d r o l o g i c  p r o p e r t i e s ,  mechanical p r o p e r t i e s ,  and thermal p r o p e r t i e s .  
The Database i n c l u d e s  s m h  informati 011 as t h e  type o f  material 
fo rma t ion  narnc, g e o l o g i c a l  age,  l o c a t i o n ,  depth,  t es t  c o n d i t l o n s ,  
results ,  and re€erence(s). Par t ia l  d a t a  are recorded in s e p a r a t e  
Appendixes based on p r o p e r t y  (Appendix H) , material (Appendix C ) ,  
and formation name (Appendix I)>. 

Tn g e n e r a l ,  n o t i c e a b l e  c o r r e l a t i o n s  w e r e  not  appa ren t  when 
mineral  o g i c a l  i n fo rma t ion  w a s  compared wi th  v a r i o u s  p r o p e r t i e s  
u s ing  p l a t s  of t h e  d a t a  f o r  each lnd ivPdua l  p rope r ty .  The b e s t  
c o r r e l a t i o n s  were ob ta ined  f o r  chemical and c e r t a i n  mechanical 
and hydro log ic  p r o p e r t i e s .  Thermal p r o p e r t i e s  appear  to be 
1 east  i n f l u e n s r d  by c lay mine ra l  composition. 

An important  reason f o r  t h e  i n a b i l i t y  t o  c o r r e l a t e  
a n i  neralogicat composi t ions wi th  most p r o p e s t l e s  was  t h e  lack 
of u n i f o r m i t y  of test methods, t es t  c o n d i t i o n s ,  and even t h e  
u n i t s  used for  r e p o r t i n g  t h e  f i n a l  da t a .  A l s o ,  t h e r e  was ve ry  
l i m i t e d  in fo rma t ion  concerning the m i n e r a l o g i c a l  composi t ions 
of most of  t h e  s h a l e s  tested. 

T h e  p o t e n t i a l  e x i s t s  f a r  i d e n t i f y i n g  t h e  more s t i l t a b l e  
formations (o r  s p e c i f i c  h o r i z o n s  w i t h i n  fo rma t ions )  using 
m i n e r a l o g i c a l  d a r n ;  however., in o r d e r  t o  make such sel.ectisns, 
i t  w i l l  k~ necessa ry  t o  c o l l e c t  f u t u r e  d a t a  lasing s t a n d a r d i z e d  

1 
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t es t  methods and c o n d i t i o n s .  The d n e r a l o g i e a l  composi t ions 
of t h e  samples t e s t e d  need t o  be determined q u a n t i t a t i v e l y  
r a t h e r  than q u a l i t a t i v e l y .  I n  a d d i t j o n ,  i n fo rma t ton  re la r t lve  
t o  t h e  c h a r a c t e r  of argLlLaceous rocks ( e - g . ,  degree of 
p r e f e r r e d  o r i e n t a t i o n  of t h e  c l a y  f l a k e s ,  and the n a t u r e  
and e x t e n t  of cementat ion)  w t l l  a i d  our understanding of 
t h e  r e l a t i o n s h i p s  between m i n e r a l o g i c a l  composition and 
rock p r o p e r t i e s .  

1 INTRODUCTION 

The Oak Ridge National Laboratory ( O W )  r e c e n t l y  completed a com- 

p a r a t i v e  e v a l u a t i o n  of f i v e  sedimentary rocks  (CROPP 1984a, 1986b, and 

1 9 8 6 ~ 1 ,  no tab ly  s h a l e s ,  c a r b o n a t e s ,  s ands tones ,  a n h y d r i t e ,  and cha lk ,  t o  

de t e rmine  t h e i r  r e l a t i v e  p o t e n t i a l  as h o s t  media f o r  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, On t h e  b a s i s  of g e n e r i c  f e a t u r e s  and c h a r a c t e r -  

i s t i c s ,  s h a l e  w a s  determined t o  have t h e  g r e a t e s t  p o t e n t i a l  fo r  waste 

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

Thick and e x t e n s i v e  d e p o s i t s  of s h a l e  u n d e r l i e  most r e g i o n s  of the  

United S t a t e s  (GONZALES 1985). These posses s  a wide range of chemical,  

h y d r o l o g i c ,  mechanical,  and thermal  p r o p e r t i e s .  Furthermore,  s h a l e s  con- 

s i s t ,  f o r  t he  most p a r t ,  of clay m i n e r a l s  or c lay-s ized mine ra l  g r a i n s .  

The most common groups of t hese  c l a y s  are i l l i t e ,  mect i te ,  c h l o r i t e ,  and 

k a o l i n i t e .  With v a r i a t i o n s  i n  t h e  types  and q u a n t i t i e s  of c l a y s  as w e l l  as 

nonclay c o n s t i t u e n t s ,  such as q u a r t z ,  it i s  not unexpected t h a t  s h a l e s  show 

wide d i f  f e r t ~ n c ? ~  i n  p r o p e r t i e s  and behavior .  With i n c r e a s i n g  age, t e m -  

p e r a t u r e ,  and pressure, i l l i t i c  c l a y s  tend to dominate i n  shale d e p o s i t s  

while s m c t i t b ~  c l a y s  are f r eq i i en t ly  most abundant i n  younger sediments.  

Carbonate  and carbon e o n t e n t s  alee u s u a l l y  low i n  s h a l e s  b u t ,  I r a  cer tain 

d e p o s i t s ,  may range up t o  50% f o r  t he  former and 15% f o r  the  l a t t e r .  Thus, 

t he  type and amount of c l a y ,  o r g a n i c  c o n t e n t ,  and ca rbuna te  c o n t e n t  are t h e  

grea tes t  variables i n  s h a l e  compositions.  

In order  to select shales t h a t  possess  t h e  most:  f a v o r a b l e  charac- 

t e r i s t ics  f o r  repository u t i l i t y ,  i t  i s  appa ren t  t h a t  d a t a  on t h e  chemical,  

h y d r o l o g i c ,  mechanical and thermal  p r o p e r t i e s  of v a r i o u s  shale t y p e s  are 
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needed,  a long with t h e  mineralogical composi t ions of these  s h a l e s .  The 

i n i t i a l  s t e p  in t h i s  i n v e s t i g a t i o n  w a s  t o  survey t h e  l i t e r a tu re  f o r  

measured va lues  of m a t e r i a l  p r o p e r t i e s  and t o  a t t e m p t  t o  c o r r e l a t e  them 

w i t h  the  main group of mine ra log ica l  assemblages.  

S e v e r a l  dLf E i c u l t i e s  were apparent  while t r y i n g  t o  u t i l i z e  t h e  

a v a i l a b l e  l i t e r a t u r e  d a t a  f a r  comparing t h e  composi t ions of s h a l e s  and 

o t h e r  c l ay - r i ch  material wi th  va r ious  p r o p e r t i e s ,  There was a l a c k  of uni- 

f o r m i t y  i n  the  test methods and c o n d i t i o n s ,  as w e l l  as t h e  u n i t s  used f o r  

r e p o r t i n g  the  r e s u l t s .  These problems w i l l  be addressed  i n  d e t a i l  l a t e r ,  

2. CLAY MINERAL PROPERTIES 

The i n t e n t i o n  of t h i s  r e p o r t  i s  to review the  r e l a t i o n s h i p s  between 

m i n e r a l o g i c a l  composi t ion and the  p r o p e r t i e s  of sha ley  rocks.  For d e t a i l s  

concern ing  the  mine ra log ic  a s p e c t s  of c l a y  mine ra l s ,  t h e  i n t e r e s t e d  r e a d e r  

is r e f e r r e d  t o  s t anda rd  c l a y  mlneralogy texts (e.grp GRIM 1968; MILLOT 

1970; WMECZ 1981) o r  t o  r ecen t  r e p o r t s  ( e . g . ,  WEAVER 1979; MEYER 1983) 

concern ing  t h e  d i s p o s a l  of r a d i o a c t i v e  wastes. 

Clay mineral p r o p e r t i e s  can be d i f f i c u l t  t o  measure a c c u r a t e l y  f o r  

s e v e r a l  reasons.  F i r s t ,  pure c l a y  mine ra l s  are r a t h e r  rare. Orher c o n s t i t -  

u e n t s ,  such as q u a r t z ,  f e l d s p a r s ,  aluminum and/or  i r a n  oxides  and hydrox- 

i d e s ,  o rgan ic  matter, and o t h e r  minor mine ra l s ,  are u s u a l l y  p re sen t .  Unless 

s t e p s  are taken t o  remove all i m p u r i t i e s  f i r s t ,  the t e s t  r e s u l t s  w i l l  apply 

t o  a mixture  of mine ra l s  r a t h e r  than t o  a pure d a y .  On t h e  o t h e r  hand, if 

a t t e m p t s  are made t o  p u r i f y  t h e  c l a y ,  i t  is g e n e r a l l y  necessary  t o  s e p a r a t e  

t h e  i m p u r i t i e s  through mechanical and ehemlcal t r ea tmen t s ,  and the  r e s u l t i n g  

"pure"  c l a y  m y  differ from t h e  material p r e s e n t  in t h e  rocks  a t  a waste 

r e p o s i t o r y .  Second, many impor tan t  p r o p e r t i e s  must be measured over  long 

time I n t e r v a l s  andfor distances. Attempts to measure such p r o p e r t i e s  i n  

t h e  l a b o r a t o r y  i n  smal l  samples and i n  r e l a t i v e l y  s h o r t  t i m e  pe r iods  may 

g i v e  r e s u l t s  t h a t  are u n r e a l i s t i c  when a c t u a l  r e p o s i t o r y  cond i t ions  are 

cons idered .  Thi rd ,  t h e  i n t e r a c t i o n  of c l a y s  with pore f l u i d s  of v a r i o u s  

composi t ions m y  r e s u l t  i n  changes i n  physical andfor  chemical p r o p e r t i e s ,  

Four th ,  u n i v e r s a l l y  accepted  laboratory methods are not  a v a i l a b l e  f o r  many 
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impor tan t  p r o p e r t i e s ;  hence,  even when s p l i t s "  of the s e material are 

t e s t e d ,  d i f f e r e n t  workerrs may get d i f f e r e n t  r e s u l t s .  F i f t h ,  t he  f a c t  t h a t  

d i f f e r e n t  terms are sometimes used for e s s e n t i a l l y  t h e  same measured prop- 

e r t y  and the lack of uni formi ty  i n  the u n i t s  used 60 expres s  the r e s u l t s  

( e s p e c i a l l y  i n  the  o l d e r  l i t e r a t u r e )  make it  d i f f i c u l t  tt:, compare and eval-  

u a t e  d a t a  obta ined  f r o m  d i f f e r e n t  sources o r  measured at d i f f e r e n t  times, 

The n a t u r e  of c l a y  mineral  p r o p e r t i e s  w i l l  be o u t l i n e d  f i r s t  because 

w e  need t o  know what t hese  p r o p e r t i e s  are, how they  are d e t e r d n e d ,  and how 

v a l i d  the de te rmina t ions  may be. Only then can we review the  p r e s e n t  s ta te  

of knowledge about c l a y s  t o  see i f  the des i r ed  p i eces  of informat ion  are 

a v a i l a b l e ,  miss ing ,  or not w e l l  known. 

Clay minera l  p r o p e r t i e s  nlay be div ided  i n t o  five mjor groups: cherni- 

ca l  g e n e r a l  phystcal. ,  hydrologf c ,  mechanical , and thermal The r eade r  

shou ld  bear i n  mind t h a t  many individual .  p r o p e r t i e s  are c l o s e l y  i n t e s r e -  

l a t e d .  For example, two specimens of t h e  same clay mineral  compacted a t  

two d i f f e r e n t  p r e s s u r e s  andlor  moisture  con ten t s  (hence having d i f  f e r e n t  

d e n s i t i e s )  dl1 d i f f e r  In  h y d r a u l i c  conduc t iv i ty .  Likewise,  h y d r a u l i c  con- 

d u c t i v i t y  i s  s t r o n g l y  in f luenced  by chemical bonds with water molecules  at  

c l a y  m i n e r a l  s u r f a c e s  and the  n a t u r e  of o t h e r  chemical s p e c d e s  presen t  i n  

t h e  pose f l u i d s .  

The Database presented  i n  Appendix A was prepared using the fo l lowdng 

r e f e r e n c e s :  BEALL 1982; BOCOLA 1981; BRADLEY 1983; CHAPMAN 1985; CROPP 

1986a, 1986b, and 1986c; COUTUKF, 1983; DOE 1980, 1981; CONZALES 1985; GRAY 

1984; KIBBE 2978; LOMENICK 1983; M Y E R  1983; MOAK 1981; NEA 1979a, 1979b, 

1981; OSCAKSON 1983; PUSCH 1977, 1978; ROY 1982; SOUDEK 1983; WEAVER 1973, 

1976, 1979; and WOOD 1981. Severa l  o the r  r e p o r t s  and report. a b s t r a c t s  were 

examined but  omi t ted  because they conta ined  n e  apparent  u s e f u l  in format ion  

€or t h i s  review. 

Chemical p r o p e r t i e s  (Appendix A. 1) inc lude  ba tch  d i s t r i b u t i o n  ratio, 

d i f f u s i v i t y ,  ion-exchange c a p a c i t y ,  and s o r p t i o n  c o e f f i c i e n t .  

- 
*A s p l i t  i s  def ined  here  as a r e p r e s e n t a t i v e  portton of a s a m p l e  

having the same mineralogy, chemical composition, and t e x t u r a l  
c h a r a c t e r i s t i c s  as s i m i l a r  p o r t i o n s  o f  the  s a m e  sample wed f o r  measuring 
other  p r o p e r t i e s .  
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Genera l  phys i ca l  p r o p e r t i e s  (Appendix A.2) i nc lude  d e n s i t y ,  mois ture  

c o n t e n t  ( o r  water c o n t e n t ) ,  p o r o s i t y ,  s p e c i f i c  g r a v i t y ,  s p e c i f i c  s u r f a c e ,  

and void r a t i o .  

Hydrologic  p r o p e r t i e s  (Appendix A . 3 )  i nc lude  groundwater t r a v e l  

d i s t a n c e ,  h y d r a u l i c  c o n d u c t i v i t y  (and p e r m e a b i l i t y ) ,  in f low,  s p e c i f i c  

s t o r a g e  and t r a v e l  t i m e ,  

Mechanical p r o p e r t i e s  (Appendix A.4 )  i n c l u d e  bulk modulus, cohes ion ,  

compressive s t r e n g t h ,  f r i c t i o n  a n g l e ,  p P a s t € c i t y  ( l i q u i d  l i m i t ,  p l a s t i c  

l i m i t ,  p l a s t i c  or p l a s t i c i t y  index,  and sh r inkage  l i m i t ) ,  Po i s son ' s  r a t i o ,  

s h e a r  modulus, shea r  s t r e n g t h ,  s w e l l i n g ,  swe l l ing  d i s t a n c e ,  swe l l ing  

p r e s s u r e ,  t e n s i l e  s t r e n g t h ,  and Young's (e las t ic )  modulus. 

Thermal p r o p e r t i e s  (Appendix A . 5 )  i nc lude  c o e f f i c i e n t  of l i n e a r  expan- 

s i o n ,  hea t  c a p a c i t y  and s p e c i f i c  hea t  c a p a c i t y ,  thermal  c o n d u c t i v i t y  (hea t  

c o n d u c t i v i t y ) ,  and thermal  d i f f u s i v i t y .  

A d i s c u s s i o n  of t h e s e  i n d i v i d u a l  p r o p e r t i e s  fo l lows .  

3. CHEMICAL PROPERTIES 

Chemical p r o p e r t i e s  i nc lude  ba tch  d i s t r i b u t i o n  r a t i o  (Rd) and s o r p t i o n  

c o e f f i c i e n t  (Kd), ion-exchange c a p a c i t y ,  and d i f f u s i v i t y .  The f i r s t  two 

p r o p e r t i e s  are c l o s e l y  r e l a t e d  and are measured by de termining  both t h e  

q u a n t i t y  of s p e c i f i c  i o n s  sorbed by t h e  c l a y s  and c l ay - r i ch  rocks  being 

s t u d i e d  and t h e  q u a n t i t i e s  of those  ions  remaining i n  the  f l u i d  phase. The 

a p p r o p r i a t e  equa t ion  is : 

g r a d i o n u c l i d e  on so rben t /g  so rben t  
g r a d i o n u c l i d e  i n  f l u i d / m l  f l u i d  Kd = * 

[Note:  Kd d e s c r i b e s  t h e  d i s t r i b u t i o n  of a trace element between two 

s u b s t a n c e s  measured a t  equ i l ib r ium.  I n  those  cases where equ i l ib r ium i s  

n o t  proven, t h e  t e r m  Rd may be used i n s t e a d  of Kd. Many of t he  va lues  

s t a t e d  i n  t h e  l i t e r a t u r e  as Kd's are probably a c t u a l l y  Rd'ss,] 

These measurements are ve ry  s e n s i t i v e  t o  exper imenta l  cond i t ions  

( t empera tu re ,  pH, Eh, c o n c e n t r a t i o n ,  va lence  states, na tu re  and con- 

c e n t r a t i o n s  of o t h e r  i o n s  p r e s e n t ,  etc.) and o f t e n  show q u i t e  a range of 
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v a l u e s  even [or a s i n g l e  mine ra l  s p e c i e s  o r  rock type.  Ion-exchange 

c a p a c i t y  (eir 'her c a t i o n  o r  an ion )  is a r e l a t e d  p r o p e r t y  but ,  i n  a s t r ic t  

s e n s e ,  rrfers on ly  t o  those  i o n s  t h a t  can be adsorbed onto exchange s i t e s .  

There i s  no obvious inathematical r v l a t i o n s h i p  between ba tch  d i s t r i b u t i o n  

r a t i o  or s o r p t i o n  c o e f f i c i e n t  and ion-exchange c a p a c i t y ;  however, m i n e r a l s  

t h a t  possess  l a r g e  ion-exchange c a p a c i t i e s  are l i k e l y  t o  have l a r g e  sorp- 

t i o n  c o e f f i c i e n t s .  

Mass t r a n s p o r t  depends on h y d r a u l i c  c o n d u c t i v i t y  and t h e  e f f e c t i v e  

mass d i f f u s i o n  c o e f f i c i e n t  (OSCARSON 1983) .  I f  h y d r a u l i c  c o n d u c t i v i t y  i s  

low, d i f f u s i o n  m y  be t h e  dominant mechanism. D i € f u s i o n  i s  s t r o n g l y  

i n f l u e n c e d  hy t h e  Md and j s  d i f f i c u l t  t o  measure; hence,  there are few 

v a l u e s  f u r  p r o p e r t i e s  such as d i f f u s f v i t y  a v a i l a b l e .  

Chemical p r o p e r t i e s  W p l l  be ve ry  important  i n  t h e  s e l e c t i ~ n  of si tes  

f o r  waste d i s p o s a l .  The waste c o n t a i n e r s ,  b u f f e r s ,  and o t h e r  nearby 

materials t h a t  may be used t o  i s o l a t e  r a d i o a c t i v e  wastes may be breached by 

mechanical means or  through co r ros ion .  In t h a t  even t ,  t h e  surrounding h o s t  

r o c k  will act as t h e  u l t i m a t e  c o n t a i n e r ,  r e t a r d i n g  the  flow o f  f l u i d s  ( i n t o  

a n d / o r  ou t  of t h e  c o n t a i n e r s )  and so rb ing  t h e  r a d i o n u c l i d e s  from any f l u i d s  

t h a t  might escape. Kmy c l a y  mine ra l s  do no t  have good s o r p t i o n  p r o p e r t i e s  

f o r  an ions  such as iod ine .  Some workers (e.g. ,  REALL 1982) have suggested 

t h a t  o t h e r  mine ra l s  (e.g.* c innaba r ,  ga l ena ,  arid c h a l c o c i t e )  m y  be added 

t o  the b u f f e r  t o  s o r b  such a n i o n i c  s p e c i e s .  

The r o l e  of o r g a n i c s  is a l s o  thought t o  k important .  Organic corn- 

pounds may react d i r e c t - l y  w l t h  some r a d i o n u c l i d e s .  I n  a d d i t i o n ,  t he  pres- 

ence  of o r g a n i c  matter m y  i n f l u e n c e  the pH and Eh of t h e  l o c a l  env i ronnen t  

and l e a d  t o  changes i n  the valence states of c e r t a i n  r a d i o n u c l i d e s ,  which 

i n  turn could s i g n i f i c a n t l y  change t h e i r  s o l u b i l i t i e s  and s o r p t i o n  hchavior  . 
4 GENERAL PHYSICAL PROPERTIES 

Dens i ty  ( t h e  mss pe r  u n i t  voluaw o f  a subs t ance )  i s  an important  prop- 

e r t y  o f  c l a y s  and c l a y - r i c h  rocks. The d e n s i t y  v a l u e  reflects not  on ly  t h e  

p ropore lnns  of mineral m n t t e r  and void spaces ,  but  it can a lso  be used Lo 

estimate t h c  dep th  o f  b u r i a l  of s h a l e  or as an iradfcator of the stress 

a p p l i e d  La c lay- - r ich  material (e.g., a r e P f i c P a l l y  c-ornpaeted mter'ial) . 
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Note t h a t  d e n s i t y  can be determined f o r  material t h a t  has been air- 

d r i e d  o r  oven-dried,  i s  moist (as taken  from s a t u r a t e d  m a t e r i a l ) ,  has been 

e q u i l i b r a t e d  with moist  air, etc., o r  t h e  d e n s i t y  of t he  g r a i n s  t h a t  com- 

p r i s e  t h e  sample  can be measured. If the  s p e c i f i c  type of d e n s i t y  de t e r -  

mined was s t a t e d ,  it is l i s t e d  i n  Appendix A a 2 a  However, s i n c e  the  t y p e  of 

d e n s i t y  may not  be s t a t e d ,  cau t ion  i s  advised  when comparing t h e  r e s u l t s  

from s e v e r a l  d i f f e r e n t  sources .  I n  some cases, tests were performed on 

c l a y  mine ra l s  t o  which s p e c i f i c  amounts of water  had b e e n  added. (Th i s  i s  

u s u a l l y  s t a t e d . )  Caut ion i s  a l s o  advised  i f  t h e r e  i s  any evldence t h a t  t h e  

m a t e r i a l  w a s  oven-dried s i n c e  the  p r o p e r t i e s  of c l a y  mine ra l s ,  such’ as the  

smectites and h a l l o y s i t e ,  may be i r r e v o c a b l y  changed i f  d r i e d  above c e r t a i n  

t empera tu res  i n  a i r .  The r e s u l t s  f o r  samples of shales and o t h e r  c l ay - r i ch  

rocks t h a t  were exposed t o  the  atmosphere f o r  extended pe r iods  p r i o r  t o  t h e  

de t e rmina t ion  of d e n s i t y  w i l l  no t  r e p r e s e n t  t h e  i n  s i t u  va lues  f o r  t he  

rocks .  (The same s ta tement  a p p l i e s  t o  any p r o p e r t i e s  measured on samples  

t h a t  have been allowed t o  d ry  out . )  Values l i s t e d  for s p e c i f i c  g r a v i t y  are 

normal ly  d imens ionless  but can be r e a d i l y  converted t o  d e n s i t y  va lues .  

S e v e r a l  o t h e r  impor tan t  parameters  such as i t s  hydrau l i c  and thermal  

p r o p e r t i e s ,  are in f luenced  d i r e c t l y  o r  i n d i r e c t l y  by the  d e n s i t y  of a rock 

s a p l e a  I n  f a c t ,  many impor tan t  phys i ca l  and chemical parameters  are 

i n t e r r e l a t e d .  Unfo r tuna te ly ,  when v a r i o u s  materials are t e s t e d ,  i t  is not  

f e a s i b l e  t o  change a l l  of t h e  p o s s i b l e  v a r i a b l e s ;  hence,  s p e c i f i c  t e s t s  

r e l a t i n g  two v a r i a b l e s  may be determined a t  only  one or  two tempera tures ,  

at a g iven  pH, or under some o t h e r  set of f i x e d  cond i t ions .  I n  many cases ,  

t h e  exper imenta l  c o n d i t i o n s  are not s t a t e d  i n  t h e  r e p o r t s  examined. 

(However, some of t h i s  Informat ion  may be a v a i l a b l e  i n  t h e  o r i g i n a l  

r e fe rences . )  

P o r o s i t y  and void r a t i o  measure t h e  amount of pore (open) space l e f t  

between the  s o l i d  minera l  g r a i n s .  P o r o s i t y  expres ses  the  percentage of 

pore  space as compared wi th  t h e  t o t a l  volume of t he  s a m p l e  ( t o t a l  volume of 

po res  d iv ided  by t o t a l  volume of sample, m u l t i p l i e d  by 100%) .. The meaning 

of e f f e c t i v e  porosity is less w e l l  de f ined  but i s  taken  here t o  be s i m i l a r  

t o  that; of p o r o s i t y  except  t h a t  t h e  pore space measured i s  l i m i t e d  to 

i n t e r c o n n e c t e d  pore space  from which f l u i d s  can mig ra t e  o r  i n t o  which 

f l u i d s  can e n t e r .  Like p o r o s i t y ,  e f f e c t i v e  p o r o s i t y  is expressed as a 
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percen tage  For 3: given sample, e f f e c t i v e  p o r o s i t y  cannot exceed p o r o s i t y ;  

and,  i n  g e n e r a l ,  t he  e f f e c t i v e  p o r o s i t y  i s  a much smaller percentage.  In 

so& r e p o r t s ,  no dimensions are s t a t e d .  Void r a t i o  i s  a dimensionless  

number t h a t  expres ses  the  r a t i o  o f  t h e  t o t a l  volume of t h e  pore spaces  t o  

t h e  to t a l .  volume o f  t he  s o l i d  ( n o t e  that t h e  r a t i o  i s  not  compared w i t h  the 

t o t a l  volume of t he  sample), 

Aecurate deterruinat ion o f  p o r o s i t y  I s  not  e a s i l y  accomplished One 

t echn ique  uses mercury under pressure, which i s  forced i n t o  ever--smaller  

po re  spaces.  P o r o s i t y  changes wi th  depth and degree of ceroentation and, 

t h e r e f o r e  i s  markedly af fec’led by g r a i n  s i z e  and shape d i s t r i b u t i o n s .  

L ike  bulk d e n s i t y ,  p o r o s i t y  is i n t e r r e l a t e d  wi th  many physical and chemical 

p r o p e r t i e s .  For exarnple, t he  amount of p o r o s i t y  and t h e  n a t u r e  of t h e  

s u b s t a n c e s  t h a t  f i l l  t h e  pores  of a rock w i l l  i n f l u e n c e  both i . t s  hydro log ic  

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

Moisture  con ten t  ( o r  water c o n t e n t )  d e s i g n a t e s  t h e  amount of water 

( u s u a l l y  i n  weight pe rcen t )  con ta ined  i n  a c l a y  o r  c l a y - r i c h  rock. I n  some 

cases, t h e  v a l u e  r e p r e s e n t s  t h e  amount of water added t o  a c lay o r  rock by 

t h e  i n v e s t i g a t o r  i n  o r d e r  t o  change i t s  p r o p e r t i e s .  

5 .  I-IYJ~ROLOGIC PROPERTIES 

The t w o  most f r equen t  measurements are h y d r a u l i c  c o n d u c t i v i t y  (K)  and 

p e r m e a b i l i t y  ( o r  i n t r i n s i c  pe rmeab i l i t y )  (k). P e r m e a b i l i t y ,  which i s  a 

measure of t h e  a b i l i t y  of a subs t ance  t o  t r a n s m i t  f l u i d s ,  is determdned by 

s e v e r a l  f a c t o r s ,  i n c l u d i n g  t h e  rate of flow o f  t h e  f l u i d  ( q ) ,  t h e  cross-  

s e c t i o n a l  area o f  t h e  porous medium ( A ) ,  t h e  p r e s s u r e  drop along t h e  l e n g t h  

of t h e  sample (Ap), t h e  l e n g t h  of the sample (I.,), and t h e  v i s c o s i t y  o f  the  

f l u i d  (1~). The r e l a t i o n s h i p  among t h e s e  v a r i a b l e s  is: 

where 1~ is  i n  c e n t i p o i s e s .  

More r e c e n t l y ,  most i n v e s t i g a t o r s  u se  K t o  c h a r a c t e r i z e  t h e  flow of 

f l u i d s  Zlhrough porous m d i  a. Hydraul ic  c o n d u c t i v i t y  i s  deterruined by the  

d e n s i t y  of the f l u i d  ( p , ) ,  t h e  a c c e l e r a t i o n  due to  g r a v i t y  ( g ) ,  t he  



9 

p e r m e a b i l i t y  of t he  s o l i d  ( k ) ,  and t h e  v i s c o s i t y  of t he  f l u i d  (1~). The 

r e l a t i o n s h i p  among t h e s e  v a r i a b l e s  is : 

where k is g iven  i n  square cen t ime te r s .  

The terms pe rmeab i l i t y  and h y d r a u l i c  c o n d u c t i v i t y  are o f t e n  used 

in t e rchangeab ly ;  hence, i t  is important  t o  look at the  units of measurement 

t o  determine which p rope r ty  was measured. They are r e l a t e d  by: 

K = 9.6 x 10-7 k 

and 

k = 1.033 x lo6 K. 

Phys ica l  f a c t o r s  t h a t  i n f l u e n c e  h y d r a u l i c  p r o p e r t i e s  i nc lude  g r a i n  

p a c k i n g ,  compaction h i s t o r y ,  g r a i n  s i z e ,  g r a i n  s i z e  d i s t r i b u t i o n ,  and t he  

g r a i n  shapes.  

g r a i n e d  rocks the  p a r t i c l e  arrangement dominates t h e  h y d r a u l i c  f low 

p r o p e r t i e s  ( R I E K E  1974). 

Morgenstern has presented  evidence. t o  show t h a t  i n  f i n e -  

Less informat ion  is a v a i l a b l e  f o r  s p e c i f i c  s t o r a g e ,  which r e f e r s  t o  

the volume of water taken i n t o  s t o r a g e ,  or discharged ,  per u n i t  volume of 

rock far a u n i t  change i n  h y d r o s t a t i c  head. The equa t ion  f o r  s p e c i f i c  

s t o r a g e  is: 

where 

S ,  = s p e c i f i c  s t o r a g e ,  

g = weight  of a u n i t  volume of i n t e r s t i t i a l  f l u i d ,  

E, = modulus of compression of matrix, 

+ = p o r o s i t y ,  and 

E, = bulk modulus of t h e  i n t e r s t i t i a l  f l u i d .  
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S p e c i f i c  s t o r a g e  i s  r e l a t e d  t o  the  e l a s t i c  p r o p e r t i e s  of sediments  and 

water. Pew s f  t h e  r e p o r t s  checked t h u s  fa r  have made r e f e r e n c e  t o  t h i s  

p r o p e r t y ,  b r i t  i t  may be a uqe fu l  measurement i n  f u t u r e  s t u d i e s  of waste 

d i s p o s a l  sites. 

Only l i m i t e d  r e f e r e n c e s  were made t o  p r o p e r t i e s  such as groundwater 

t r a v e l  d i s t a n c e  in f low,  t r a v e l  t i m e ,  and h y d r a u l i c  d i f f u s i v i t y .  

Groundwater t r a v e l  d i s t a n c e  i s  t h e  d i s t a n c e  ( i n  me te r s )  t h a t  groundwater 

will t r a v e l  i n  100,000 yea r s .  In f low i s  an estimate ( c a l c u l a t e d )  of the 

ra te  a t  which groundwater w l X l  f low i n t o  mined openings,  making cer ta in  

assumptions about t he  s i z e  of t h e  opening, t he  h y d r a u l i c  head ,  and extent 

o f  t h e  s a t u r a t e d  zone. T rave l  time is t he  l e n g t h  o f  t i m e  ( y e a r s )  t h a t  It 

w i l l  take  ( e a l c u l a t e d )  f o r  groundwater t o  Crawl between t h e  disLurbed zone 

and t h e  a c c e s s i b l e  environment. 

6.  MECHANICAL PROPERTIES 

S t r e n g t h ,  e l a s t i c i t y ,  and p l a s t i c i t y  are ve ry  important  mec'manical 

p r o p e r t i e s  o f  c l a y s  and c l a y - r i c h  rocks. These p r o p e r t i e s  can h e l p  us 

t o  r e s o l v e  important  q u e s t i o n s  concerning waste d i s p o s a l  such as: (1) w i l l  

a n  underground opening r w a i n  open for a given pe r iod  of t i n e  while  mate- 

r i a l s  are being emplaced; ( 2 )  will a s u b s t r a t e  be capable  o f  suppor t ing  

v e h i c l e s  'being used to t r a n s p o r t  inaterial; ( 3 )  w i l l  a s u b s t r a t e  be capab le  

of suppor t ing  c a n i s t e r s  i n  a predetermined p o s i t i o n ;  and ( 4 )  dl1 manufac- 

t u r e d  materials (preformed blocks)  ina in ta ln  the i r  shape du r ing  handl ing? 

There have been a number o f  r e c e n t  s t u d i e s  and summaries of p a s t  s t u d i e s  

concerning t h e s e  p r o p e r t i e s .  The r e a d e r ' s  a t t e n t i o n  i s  e s p e c i a l l y  d i r e c t e d  

t o  BIEKE ( 1 9 7 4 1 ,  a work which p rov ides  d e t a i l e d  e x p l a n a t i o n s  of many of t h e  

p r o p e r t i e s  of a r g i l l a c e o u s  materials Much of t h i s  i n fo rma t ion  w a s  devel-  

oped by r e s e a r c h e r s  during i n v e s t t g a t i o n s  of t h e  sedimentary rocks found i n  

oil f i e l d s .  Here, v a s t  q u a n t i t i e s  of a r g i l l a c e o u s  rocks were s u b j e c t e d  t o  

w i d e  ranges of t empera tu re ,  p r e s s u r e  and t i m e  e 

S t r e n g t h ,  e l a s t i c i t y ,  p l a s t i c i t y ,  and o t h e r  mechanical p r o p e r t i e s  are 

a f f e c t e d  by i ~ a n y  of t h e  o t h e r  c h a r a c t e r i s t i c s  of c lay - r i ch  mtea ia l s ,  

i n c l u d i n g  the  c l a y  mfneral composi t ion,  t h e  pe rcen tage  of c l a y s  p r e s e n t ,  

t h e  presence of cemects and o t h e r  m i i ~ l e r a l s ,  t h e  g r a i n  s i z e  and shape 



d i s t r i b u t i o n ,  t h e  d e n s i t y  and/or  p o r o s i t y ,  t h e  amount of f l u i d s  p re sen t  and 

t h e  chemical s p e c i e s  p re sen t  i n  those  f l u i d s ,  t h e  prev ious  compactional 

h i s t o r y  of t h e  material, and the  temperature .  I n  many l a b o r a t o r y  tests,  

on ly  ewo or  t h r e e  v a r i a b l e s  are measured under a range of cond i t ions .  T h i s  

makes i t  d i f f i c u l t  t o  compare t h e  r e s u l t s  p re sen ted  by d i f f e r e n t  

r e s e a r c h e r s .  These p r o p e r t i e s  w i l l  be, i n  p a r t ,  s i t e - s p e c i f i c  (dominated 

by t h e  p r o p e r t i e s  of t h e  hos t  rocks) and ,  i n  p a r t ,  determined by the  

materials and processes  used t o  prepare  materials for  the  b u f f e r  and back- 

f i l l .  Publ ished r e p o r t s  of  d a t a  on va r ious  s t r e n g t h  p r o p e r t i e s  can only 

g i v e  us i d e a s  concerning t h e  ranges t h a t  might be a n t i c i p a t e d  f o r  c l ay - r i ch  

material. * 

Young's ( e l a s t i c )  modulus, modulus of r i g i d i t y ,  bulk modulus, and 

Poisson's r a t i o  have been d i scussed  i n  d e t a i l  (RIEKE 1974). These 

r e s e a r c h e r s  n o t e  s e v e r a l  reasons  why l a b o r a t o r y  r e s u l t s  ( s t a t i c  and 

d e s t r u c t i v e )  are s u b j e c t  t o  I n a c c u r a c i e s  and why dynamic ( n o n d e s t r u c t i v e  

and/or  i n  s i t u )  measurements are more l i k e l y  t o  r e f l e c t  t h e  t r u e  p r o p e r t i e s  

of a rock. Equat ions  r e l a t i n g  the  e l a s t i c  c o n s t a n t s  i n  an i s o t r o p i c  sed i -  

mentary rock body are summarized below: 

Nodulus of e l a s t i c i t y  

(Young's modulus): 

Modulus of r i g i d i t y  

(Shear  modulus) : 

Bulk modulus: 

Poisson's r a t i o :  

E = 2G( 1 + y) , 

y = r a t i o  of  l a te ra l  t o  

l o n g i t u d i n a l  s t r a i n  , 

where E is t h e  s l o p e  of  the  s t r e s s - s t r a i n  curve.  

Compressive s t r e n g t h ,  shea r  s t r e n g t h ,  and t e n s i l e  s t r e n g t h  may be 

measured under s e v e r a l  d i f f e r e n t  sets o f  exper imenta l  c o n d i t i o n s  t h a t  are 

n o t  always c l e a r l y  s t a t e d  i n  r e p o r t s .  The presence ,  or absence,  of f r i c t i o n  



r e d u c e r s  on t h e  p l a t e n s  can have a s i g n i f i c a n t  e f f e c t  on the tes t  r e s u l t s .  

I n  g e n e r a l ,  t h e  "strength" of a material. i s  determined by measuring the  

stress t h a t  i s  needed t o  cause f a - i l u re ,  F a i l u r e  may be manifested by 

c r a c k i n g ,  r u p t u r e ,  s h e a r i n g ,  and loss  of load-bearing c a p a c i t y .  Data con- 

ces:rri.ng unconfined compression tests of c l a y - r i c h  material are f a i r l y  com- 

mon; however , swli in fo rma t ion  has Limited a p p l i c a t i o n  t o  c o n d i t i o n s  in 

waste r e p o s i t o r i e s  where t h e  material w t l l  be mechanical ly  compacted e i t h e r  

d u r i n g  emplacement o r  by stress a p p l i e d  by the overburden w i t h i n  a geol.ogi- 

c a l l y  s h o r t  t i m e  a f t e r  a r e p o s i t o r y  has been s e a l e d .  The s t r e n g t h  of clay- 

ric.h material i s  a f f e c t e d  p r i m a r i l y  by i t s  nmls tu re  con ten t  and p l a s t i c i t y .  

I n  a d d i t i o n ,  t h e  c l a y  mineralogy, the n a t u r e  of t h e  exchange s i tes  and t h e  

manner i n  which w a t e r  i s  o r i e n t e d  on the  c l a y  s u r f a c e s ,  stress h i s t o r y ,  

g r a i n  s i z e  and shape d i s t r i b u t i o n ,  conf in ing  p r e s s u r e ,  t empera tu re ,  rate of 

l o a d i n g  and deformation are all f a c t o r s  t ha t  : in f luence  s t r e n g t h .  

P l a s t i c i t y  can be measured i n  s e v e r a l  d i f f e r e n t  ways. A common  neth hod 

i n v o l v e s  measuring the  behavior  of c l a y s  as water i s  added t o  t he  system. 

The v a r i o u s  l i m i t s  are c o l l e c t i v e l y  known as t h e  At t e rbu rg  L i m i t s ,  which 

are  u s u a l l y  determined f o r  s o i l s  OK unconsol idated matemrlal.. The p l a s t i c  

l i m i t  is g lven by the  minimum weight percent  water a t  which the  material 

e x h i b i t s  p l a s t i c  behavior.  The p l a s t i c  behavior beg ins  when enough water 

h a s  been added to overcome t h e  a t t rac t ive  f o r c e s  &tween t h e  ind iv idua l .  

c l a y  g r a i n s  a d  t he  s h e a r  strength of t he  c l a y  d imin i shes  s i g n i f i c a n t l y .  

The l i q u i d  l i m i t  is the rrninimum weight percent water a t  which the  material 

behaves l i k e  a 1.iquid. The p l a s L i c ,  o r  p l a s t i c i t y ,  index ( l i q u i d  l i m i t  

minus p l a s t i c  l i m i t )  d e f i n e s  t h e  l i m i t s  of p l a s t i c  behavior .  'fie sh r inkage  

l i m i t  is t h e  weight perc:ent water a+, -&i.c'n the volume dec rease  is no longer  

l i n e a r l y  proportj .ona1 t o  t h e  water con ten t .  

P l a s t i c i t y  w i l l  probably h a v e  l i t t l e  i n f l u e n c e  on t h e  cho ice  a€ deep 

d i s p o s a l  s i tes because of the p r e e x i s c i n g  compacted nature of t h e  b u r i a l  

formation.  These p r o p e r t i e s  could be s i g n i f i c a n t  however , i n  t h e  sel ec- 

t i o n  of shal lower si tes (o r  Less-compacted format lons  such as t he  Gul f  

Coast c l a y s ) ,  and they could a l s o  De very important  i n  the  ae l .ec t ion  of 

r and/or  b a c k f i l l  materia1.s.  or example through proper s e l e c t i o n ,  

t h e  behavior of t h e  b u f f e r  and/or  b a c k f i l l  c m k d  be madified t o  f a c i l i t a t e  

emplacement by making r e l a t i v e l y  s i n a l l  changes i n  water conLent = 
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Conversely,  improperly s e l e c t e d  material might g i v e  a f a l s e  sense  of 

s e c u r l t y ,  I ts  s t r e n g t h  might be diminished s i g n i f i c a n t l y  i f  a s m a l l  amount 

of water were added t o  t h e  s y s t e m  by any means. 

Volume s t a b i l i t y  ( s w e l l i n g  and shrinkj.Jlg) i s  an important  a spec t  of 

b u f f e r s  and b a c k f i l l  m a t e r i a l ,  as w e l l  as material whlch may be used t o  

form a seal when a r e p o s i t o r y  is c losed .  On t h e  one hand, e x c e s s i v e  

s w e l l i n g  can g e n e r a t e  p r e s s u r e  which might damage c a n i s t e r s  or sur rounding  

m a t e r i a l s .  On the  o t h e r  hand, excess ive  sh r inkage  might d e s t r o y  t h e  e f fec-  

t i v e n e s s  o f  a seal arid admit f l u i d s  from e x t e r n a l  sou rces  or release f l u i d s  

from wi th in  t h e  r e p o s i t o r y  s i te .  Volume s t a b i l i t y  is a f f e c t e d  by c l a y  

minera logy ,  minera l  c o n t e n t ,  volume of f l u i d s  p re sen t  and t h e i r  chemis t ry ,  

p o r o s i t y  (void  r a t i o ) ,  g r a i n  s i z e  and shape d i s t r i b u t i o n ,  st.ress h i s t o r y ,  

and temperature .  Swell ing i s  a measure of t he  amount ( i n  pe rcen t )  of 

volume change t h a t  occurs  i f  water is added t o  an unsa tu ra t ed  c l a y  under 

n e g l i g i b l e  conf in ing  p res su re  e Swell ing p r e s s u r e  resul ts  if the clay-water 

mix tu re  i s  confined.  The mare p l a s t i c  c l a y s ,  such as t h e  smectites, tend 

t o  develop h ighe r  swe l l ing  p res su res .  Conversely,  such c l a y s  are a p t  t o  

undergo t h e  greatest sh r inkage  when water I s  removed. Swell ing d i s t a n c e  

r e f e r s  t o  t h e  d i s t a n c e  t h a t  a c l a y  w i l l  i n t r u d e  i n t o  a s m a l l  f r a c t u r e  i n  

t h e  sur rounding  rock. 

7. THERMAL PROPERTIES 

Thermal p r o p e r t i e s  t h a t  have been measured f o r  c l a y s  and c l ay - r i ch  

rocks  i n c l u d e  t h e  c o e f f i c i e n t  of l i n e a r  expansion,  h e a t  c a p a c i t y  and/or  

specif ic  hea t  (two p r o p e r t i e s  which are c l o s e l y  r e l a t e d ) ,  thermal  conduc- 

t i v i t y  ( k  or  A),  and thermal  d i f f u s i v i t y  ( D  o r  a). These p r o p e r t i e s  are 

r e l a t e d  t o  each  o t h e r  by t h e  equat ion:  

D = kJCp 

where 

C = s p e c i f i c  hea t  and 

p = dens i ty .  
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Lhermal p r o p e r t i e s  are very import,rnt because t h e  hea t  gene ra t ed  by 

tl-w r a d i o a c t i v e  wastes must be d i s s i p a t e d  through thp can is te rs ,  b u f f e r ,  

b a c k f i l l ,  and t h e  surrutinding rock r a p i d l y  so t h a t  t he  l o c a l i z e d  e f f e c t s  

arc  minimized. A t  the  v e r y  l e a s t ,  t h e r e  might be s t r u c t u r a l  changes i n  

nearby c l a y  minerals (wh ich  might release water  inito t h e  system). 

Thermal p r o p e r t i e s  car! be measured i n  s i t u  or i n  t h e  l a b o r a t o r y ,  o r  

c a l c u l a t e d ,  t ak ing  i n t o  account t he  s p e c i f  i c  h e a t  of t h e  material  being 

t e s t e d  as we11 as o t h e r  p h y s i c a l  c o n d i t i o n s  of a h y p o t h e t i c a l  r e p o s i t o r y .  

Although a modest mount  of thermal d a t a  is a v a i l a b l e ,  t h e r e  a p p e a r  t o  be 

o n l y  a few re su lLs  de r ived  f r o m  the  t e s t i n g  of l a r g e  samples. 

8 DISCUSSION 

A primary purpose of t h i s  i n v e s t i g a t i o n  w a s  t o  determine whether d a t a  

from t h e  L i t e ra tu re  could be used t o  select  s u i t a b l e  s h a l e s  or assemblages 

of c l a y s  for h i g h - l e v e l  waste r e p o s i t o r i e s .  I n i t i a l l y ,  i t  w a s  thought t h a t  

s u f  i i c i e n t  i n fo rma t ion  would be a v a i l a b l e  f o r  a wide v a r i e t y  of mateliabs 

s o  t h a t  the e f f e c t s  of m i n e r a l o g i c a l  composition on most p r o p e r t i e s  could 

be e v a l u a t e d  wi th  confidence.  I n  some cases, i t  may be p o s s i b l e  t o  i n f e r  

t h e s e  r e l a t i o n s h i p s  wi t h  a degree of confidence;  however, i n  o t h e r  cases, 

i t  would be foo lha rdy  t o  t r y  t o  judge r e l a t i o n s h i p s  t o  mineralogy on t h e  

b a s i s  of t he  incomplete in fo rma t ion  p r t*sen t ly  a v a i l a b l e ,  Much of t he  

i n f o r m a t i o n  i n  t h e  Database (Appendix A) was ob ta ined  from r e p o r t s  t h a t  

siinmari zed the  d a t a  r a t h e r  than being taken from t h e  o r i g i n a l  r e f e r e n c e s .  

Thiis, i t  may be & s i r a b l e  t o  review s e l e c t e d  o r i g i n a l  w f e s e n c e s  t o  d e t e r -  

mine whether seine of the needed inforil iation may be found t h e r e .  

Sever,i l  f a c t o r s  c o n t r i b u t e  t o  t h e  problems encountered whi l e  

attczupeirrg t o  c s t a b l i s h  any  r e l a t i o n s h i p s .  F i r s t ,  a l though t h e  mineral  

c o n t e n t  is known f o r  many materials t e s t ed  i n  l a b o r a t o r y  s t u d i e s  of rela- 

t i v e l y  pure in ine ia l s  (and t h e i r  mixtures wt th  o the i  minerals  and r o c k s ) ,  

t h e  mineralogy of rock samples is f r e q d e n t l y  not  given or is on ly  s t a t e d  i n  

gene ra l  terms (e .g . ,  ‘illite-sme i t e  dominant, p lus  lesser i l l i t e ,  

kao l in3  t e  arid chlortte”), which can only be used q l d i t a t i v e l y .  Second, 

t h e  c o n d i t i o n s  u s e d  in t h e  s t i rd ies  are not always s t a t e d ,  and even whcn 

t h i s  i n f o i m a c i o n  i s  includcAd, i t  is r4rc’ t o  f i n d  many samples t h a t  were 
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t e s t e d  under i d e n t i c a l  c o n d i t i o n s .  For example, it is d i f f i c u l t  t o  make a 

v a l i d  comparison of t he  p r o p e r t i e s  of two s a m p l e s  when one w a s  t e s t e d  a t  25 

MPa while  " w e t "  and the  o t h e r  w a s  t e s t e d  a t  200 MPa whi le  "dry."' The l a c k  

of c o n s i s t e n c y  i n  u n i t s  r e q u i r e d  t h e  use of conversion f a c t o r s ,  which 

i n t r o d u c e s  t h e  p o s s i b i l i t y  of mathematical  e r r o r ;  and i n  s e v e r a l  cases, 

t h e  u n i t s  used f o r  t h e  p r o p e r t y  were not v a l i d  (e.g, ,  thermal  c o n d u c t i v i t y  

g i v e n  i n  W/kg*K). F i n a l l y ,  f o r  some p r o p e r t i e s  (e.g. s w e l l i n g  d i s t a n c e )  

so few d a t a  sets were a v a i l a b l e  t h a t  no meaningful comparisons could be 

made. This  t a s k  would have heen immeasurably easier -Ef everyone who tests 

m a t e r i a l s  had a set of g u i d e l i n e s  s t i p u l a t i n g  t h e  in fo rma t ion  needed con- 

c e r n i n g  the  material ,  test methods, etc., and the  u n i t s  t o  be used i n  

r e p o r t i n g  t h e  r e s u l t s .  

8.1 CHEMICAL PROPERTIES 

P l o t s  were prepared f o r  two groups of d a t a :  ba t ch  d i s t r i b u t i o n  r a t i o  

( F i g  I 1 ) and cat ion-exchange c a p a c i t y  ( F i g  I 2) No s o r p t  i o n  c o e f f i c i e n t  

p l o t  was prepared a t  t h i s  ti.me because t h e  d a t a  are so voluminous and t h e  

r e p o r t e d  v a l u e s  cover  a wide range. No a t t e m p t  w a s  made t o  i n t e r p r e t  t h e  

s i n g l e  d a t a  s e t  found f o r  d i f f u s i v i t y ,  

The a v a i l a b l e  d a t a  s t r o n g l y  sugges t  t h a t  t h e  ba t ch  d i s t r i b u t i o n  r a t i o  

and the  exchange c a p a c i t i e s  of c l a y s ,  s h a l e s ,  etc. ,  can be " p r e d i c t e d "  t o  a 

h i g h  degree i f  t h e i r  m i n e r a l o g i c a l  composi t ions are known. I n  g e n e r a l ,  

t h o s e  samples t h a t  c o n t a i n  smectite rminera1.s (OK b e n t o n i t e )  and smectite- 

r i c h  mixed-layer c l a y s  typical1.y have t h e  hest c a p a b i l i t y  f o r  exchanging 

( o r  s o r b i n g )  c a t i o n s .  Although l i m i t e d  d a t a  were a v a i l a b l e  f a r  ver- 

m i c u l i t e ,  t h e  same conc lus ion  w i l l  probably hold t r u e  f o r  t h i s  mine ra l  as 

w e l l  as any r o c k s / s o i l s  t h a t  c o n t a i n  i t  as an important  c o n s t i t u e n t .  

While k a o l i n i t e  and i l l i t e  are g e n e r a l l y  cons ide red  t o  have less 

d e s i r a b l e  chemi-cal p r o p e r t i e s ,  they m y  have s e l e c t i v e  p r o p e r t i e s  f o r  

c e r t a i n  i o n  s p e c i e s  (e .g. ,  i l l i t e  f o r  cesium). In  g e n e r a l ,  t h e  s o r p t i o n  

c o e f f i c i e n t s  f o r  most: c l a y s  f o r  an ion ic  s p e c i e s  (such as i o d i n e )  are low, 

and i t  inay be necessa ry  t o  add o t h e r  materials t o  c o r r e c t  t h i s  d e f i c i e n c y  

if c l a y s  are used i n  b u f f e r s  or  b a c k f i l l .  

S e v e r a l  o t h e r  f a c t o r s  should be taken i n t o  c o n s i d e r a t i o n  s i n c e  they 

may a l s o  i n f l u e n c e  t h e  behavior  of any g i v e n  material  t h a t  might be 
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Fig.  1. Batch distribution ra t io .  
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P i g .  2. Cation-exchange capac i ty .  
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e v a l u a t e d .  Both t h e  d e n s i t y  and the  e f f e c t i v e  p o r o s i t y  of t h e  material  

will a f f e c t  i t s  s o r p t i v e  c a p a c i t y ,  as w i l l  f a c t o r s  such as  t h e  ambient t e m -  

p e r a t u r e  and t h e  p h y s i c a l  and chemical c o n d i t i o n s  of the pore f l u i d s  (e .g . ,  

pW, Eh, and i o n  s p e c i e s  p r e s e n t ) .  

8.2 GENERAL PHYSICAL PROPERTIES 

P l o t s  were prepared f o r  s e v e r a l  groups of d a t a ,  i nc lud ing  d e n s i t y  

( t y p e  u n s p e c i f i e d )  (F ig .  3 ) ,  d e n s i t y  ( b u l k ,  na tu ra l . ,  g r a i n ,  e t c . )  (F ig .  4 )  

deinsity ( d r y )  (F ig .  5 ) ,  s p e c i f i c  g r a v i t y  (Fig.  a ) ,  mo i s tu re  o r  water con- 

t e n t  (Fig.  71, p o r o s i t y  ( s e v e r a l  t ypes )  (Fig.  81, e f f e c t i v e  p o r o s i t y  

( F i g .  9 ) ,  s p e c i f i c  s u r f a c e  (F ig .  LO), and void r a t i o  (F ig .  11). Limited 

d a t a  f o r  w e t  d e n s i t y  were not p l o t t e d .  

The terminology f o r  t h e  severa l  types of d e n s i t y  and p o r o s i t y  shows 

c o n s i d e r a b l e  arnbiguity. An a t t e m p t  w a s  made t o  reduce the  number of t y p e s ,  

b u t  t h e  n a t u r e  of t he  p rope r ty  was a l s o  l i s t e d  on the  p l o t s  i n  case i t  is 

s i g n i f i c a n t .  

Most p h y s i c a l  p r o p e r t i e s  are not u s e f u l ,  per se, i n  p r e d i c t i n g  the  

s u i t a b i l i t y  of s p e c i f i c  rock bodies  as host  fo rma t ions ;  however, f o r  a 

g i v e n  rock type (or mixture  of m i n e r a l s ) ,  t h e  p h y s i c a l  p r o p e r t i e s  will 

change as o t h e r  physical. c o n d i t i o n s  change. For exampl.e, d e n s i t y  g e n e r a l l y  

i n c r e a s e s  with depth a n d / o r  pressure a p p l i e d  by some compacting dev ice ;  

p o r o s i t y  i s  i.isually a f f e c t e d  i n  the  o p p o s i t e  manner. Densi ty  and p o r o s i t y  

arc a l s o  in f luenced  by the mineral-ogical  composition and f a c t o r s  such as 

t h e  g r a i n  s i z e  d i s t r i b u t i o n ,  g r a i n  o r i e n t a t i o n s ,  presence of pore f l u i d s ,  

and presence o f  cements. 

What i s  p o t e n t i a l l y  w s t  u s e f u l  is t h e  f a c t  t h a t ,  f o r  a given inaterial, 

o t h e r  p r o p e r t i e s  wi1 .1  vary with respect t o  p r o p e r t i e s  such as d e n s i t y .  One 

iiiight observe,  f o r  example, t h a t  f o r  a given mixture  of smectite and g r a i n s  

of sand ( o r  crushed g r a n i t e )  t h e  h y d r a u l i c  c o n d u c t i v i t y  w i l l  dec rease  

( r a t e  of f low wi.11 d imin i sh )  as the  inaterial is  compacted and t h e  d e n s i t y  

i n c r e a s e s  (and ,  conve r se ly ,  t he  p o r o s i t y  d e c r e a s e s ) .  

We m y  expect  t o  fi.nd a t  l ea s t  two r e l a t i o n s h i p s  i n  n a t u r a l  systems 

(and  be a b l e  t o  c o n t r o l  them t o  s o m e  degree i n  a r t i f i c i a l  systems):  

1 .  With i n c r e a s i n g  depth of b u r i a l ,  densi.tiy w i l l  i n c r e a s e  and a n y  o t h e r  

p r o p e r t i e s  (whether cheinLcal hydro log ic ,  mectian-ical, or thermal)  t h a t  
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Fig. 3.  Density ( type  not specified). 



20 

BENTONITE (a) 
Ne- B ENTONITE (a) 
Na- BENTONITE (TO 1.4) (b) 

Na -BENTONITE, WYOMING (TO 1.06) (c) 

Na-EENTONITE (SPECIFIC) 

BLUE CLAY 
BOOM CLAY 
OXFORD CLAY 

ANTRIM SHALE 
ELEANA ARGILLITE 
GREEN RIVER FM (TO 1.506) 

IRE TON FORMATION 

NEW ALBANY SHALE 
OLENTANGY AND HURON SHALES 
PIERRE. GRANEROS. GREENHORN. 

SHALE (a) 
SHALES, EASTERN CANADA 
SHALES, NEW YORK. KENTUCKY. 

VIRGINIA. WEST VIRGINIA 
S HA I. E S. OK LA HO MA 
SHALES ( a )  

SHALES (b) 

NIOBARA SHALES (TO 1.559) 

t- -I 
I- -I 

-I 

SHALES (NATURAL) (c) 

1 I I I I I 

CLAYS AND SHALES, EASTERN 
UNITED STATES (GRAIN DENSITY) 

SHALE, BLACK HILLS (GRAIN DENSITY) 
SHALE (GRAIN DENSITY) (b) 
SHALES. KANSAS (GRAIN DENSITY) 
S V A L E S . V EN E ZU E L A ( GR A IN DENS IT Y 1 L W 

1 8  1.7 1.6 1.9 2.0 2 .1  2.2 2.3 2.4 2 5 2.6 2.7 2.8 2.9 

(g/crn3) 

Fig .  4. Density ( b u l k ,  n a t u r a l ,  g r a i n ,  etc.), 
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Fig .  5 .  Density (dry). 
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1.5 2 "0 2.5 3 .o 3.5 

Fig .  6 .  S p e c i f i c  g r a v i t y .  
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Fig. 7. Moisture  (water) con ten t .  
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F i g .  8 (Continued).  
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Fig. 9. P o r o s i t y  (effective). 
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are r e l a t e d  t o  d e n s i t y  w i l l  a l s o  change as a f u n c t i o n  of depth  of 

burCaJ or degree of compaction. 

2. W e  might look €or sirntlar r e l a t i o n s h i p s  wi th  respect to age; t h a t  is, 

o l d e r  rocks may h v e  g r e a t e r  d e n s i t y  and less p a r o s i t y ,  and their 

o t h e r  p r o p e r t i e s  w i l l  be r e l a t e d  t o  these h ighe r  01: lower values.  

p r e l i m i n a r y  examinat ion of some o t h e r  p rope r ty  d a t a  does not always 

bear this o u t ;  however, t h e  i n c o n s i s t e n c y  i n  sample c o l l e c t i o n  and test  

methods i s  too g r e a t  t o  a l low us to draw f i rm conclus ions ,  These 

r e l a t t o n s h i p s  are worth exp lo r ing  as mre c a r e f u l l y  collected d a t a  

become a v a i l a b l e  

In g e n e r a l ,  mst s h a l e s  have d e n s t t i e s  between 2,O and 2.7 g/cm3 

( F i g s  3-5) ; h ighe r  or  lower values  may r e f l e c t  unusrial daera logica l  com- 

posic€ots ,  depth  of b u r i a l ,  near-surf ace weather ing f o r  samples taken a t  

sha l low dep ths ,  e tc ,  The d a t a  sugges t  t h a t  smectites and ( b e n t o n i t e ) - r i c h  

macerials have s l i g h t l y  lower d e n s i t i e s  ( F i g s ,  3 and 4 ) .  Some o f  t h e  

younger and/or  sha l lower  shales and c lays  a l so  have h ighe r  p o r o s j t y  va lues .  

E f f e c t i v e  p o r o s i t y  (Fig. 9) is a more important  p rope r ty  than either 

p o r o s i t y  or d e n s i t y ;  however, it  i s  more d i f f i c u l t  t o  measure and t h e  u n i t s  

repcirted i n  t h e  l i t e r a t u r e  are o f t e n  uiiclear and i n c o n s i s t e n t .  

Only l i m i t e d  data were a v a i l a b l e  for ""spec i f ic  sur€ace* '  (F ig .  10). 

The few va lues  a v a i l a b l e  sugges t  t h a t  smec t i t e - r i ch  material lkas much 

h i g h e r  va lues  than t y p i c a l  s h a l e s .  

8 . 3  HYDROLOGIC PROPERTIES 

Seve ra l  d i f f e r e n t  types  of hydrologic  properties were reeorded i n  t h e  

r e p o r t s  surveyed; however, t he  in fo rma t ton  on groundwater t r a v e l  d i s t a n c e ,  

i n f low,  s p e c i f i c  s t o r a g e ,  and t r a v e l  t i m e  was so scant: t h a t  no interpreta- 

t i o n  w a s  a t tempted ,  

The p rope r ty  t h a t  has r ece ived  the mast a t t e n t i o n  1 6  hydraulic eonduc- 

t l v i t y  (and/or  pemeabf lP ty ,  which is directly related t o  t h a t  property). 

Unfor tuna te ly ,  t h e  lack of un l fo rmt ty  of test methaads, exper imenta l  eon- 

d I t L o n s ,  and u n i t s  used f o r  r e p o r t i n g  the K ~ S U ~ ~ S  make a t t empt s  a t  

i n t e r p r e t a e i o n  d i f f i c u l t .  Mast of the  a v a i l a b l e  da ta  w x e  determined in an 

i inspecdf ied d i r e c t i o n  or i n  t h e  hor izonta l .  d i r e c t i o n  (i .e .  p a r a l l e l  t o  t h e  

b e d d i n g ) .  Only a Eew d a t a  were r e p o r t e d  f o r  the v e r t i c a l  d i r e c t i o n .  Most 

workers report v e r t i c a l  c o n d u c t i v i t y  valnes as much as an order of magnitude 
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smaller than t h u s r  in t h e  h o r i z o n ~ a l  d i r e c t i o n  ( i .e- ,  f l u i d s  f l a w  

th rough  rocks such as s h a l e s  more rap-i’dly f n  t h e  h o r i z o n t a l  d i r e c t i o n  i h a n  

i n  i h k i  v e r t i c a l  d i rec t law due t o  t h e  p r e f e r r e d  o r i e n t a t i o n  of the  p l a t y  

c l a y  g r a i n s ) .  

A l l  of t h e  h y d r a u l i c  conduct-iuliy and p e r m e a b i l i t y  v a l u e s  found i n  the: 

l i t e r a t u r e  bere tonverecd t o  c m / s .  Not2 t h a t  sewrial workers use m / s  as 

w e l l  as several o ther  i m i t s ,  i n c l u d i  ng f t / y e a r  , m2, m i 1 l i d a r t . i  es 2nd 

m i c r o d a r c i e s ,  A 5dde range of v a l u e s  was repotted. For p l o t t i n g  purposes ,  

t h e  d a t a  were d iv ided  i n t o  tvo groups f o r  p r e l i m t n a r y  evaluation. T h e  

f i r s t  group inc ludps  rocks (shales,  a r g i l l i t e s ,  etc.; see Flgs. 12 and 131, 

w h i l e  t h e  second group i n c l u d e s  c lay  d n e r a l s  and dxtures  of c l a y s  wl ih  

o t h e r  materials s u c h  as sand (F ig .  1 4 ) .  The data  for rocks were d i v i d e d  

i n t o  “ d i r e c t i o n  u n s p e c i f i e d ”  (F ig .  121 and ‘ * h o r i z o n t a l ”  (FIR. 13) e 

I n t e r p r e t a t i o n  of t h e  p l o t s  i s  d i f f i c u l t  because o f  t h e  many d a t a  

points and ranges of v a l u e s  far summary d a t a  s e t s .  The ever-present  uncer-  

t a i n t y  about t he  q u a l i t y  of t h e  a ~ ~ l y s e s  and u n i t  conve r s ions  and the  

general l a c k  of good d n e r a l o g i c a l  i n fo rma t ion  about t he  samples t e s t e d  (a 

m a g  o r  unctr’rt ainty) also tend to  complicate  macters  . 
From t h e  a v a i l a b l e  data, we can i d e n t i f y  severa l  r e l a t i o n s h i p s :  

1. Consider ing I-ocks (F igs .  22 and 13), t h e s e  appears  t o  be a &de range 

o f  va lues  from approximately loa1* t o  

obvious selationshlp t o  agc,  Values f o r  Pa leozo ic  shales d i f f e r  by 

three o r d e r s  of aaglaitiude. S p e c i f i c  mineral-ogical d a t a  appear t r ~  lx 

l i m i t e d  making it  d i € f i  c u l t  t o  d i s c e r n  mlmPrabgica1 t rends .  The 

v a l u e s  tha t  have k e n  r e p o r t e d  f o r  illite-rich (and  presiiaraed i l l i t e -  

rtch) racks are both r e l a t i v e l y  tmigh a d  Pow ( e , g . ,  samples of the 

AgatrPn Sha le  range Srom -IOn9 to 

froa -lo-” to  IOc9 c ~ / s ) ~  Age and dep th  o f  b u i i a l  m y  be respons ib le  

fo1 Ihe observed differenceso The large volume of data avai lable  

would seem t o  w z r a n t  a c l o s e r  l ook ,  c a r e f u l l y  e v a l u a t i n g  all of t h e  

imforma t ion  concerning sample d e p t h  and t h e  cond i t ions  under  which 

t l w  h y d r a u l i c  c o n d u c t t v l i l e s  w e r e  m a s u z e d .  3 i  i s  ImporLant to 

r e a l i z e  t h a t  propct t i e s  sricb 3s h y d r a u l i c  c n n d u c t i u i t y  can be changed 

w h e n  samples are iemoved fon testling. Field ( i n  situ> t e s t i n g  of ihe 

p r o p ~ s t i e s  of shales is d e f i n i t e l y  n ~ e d e d ,  

cm/s d-dch do not bear any 

and t h e  Conasauga Shale  r anges  
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I I , I , , n , l  I I I I , , , , I  I 1 I I , , , , I  I , , I , a 4 I I  I I I I t . n . 1  I , t l , , , , l  1 I , I , , , ,  

KAOLINITE (30%) + SAND 
Ca-KAOLINITE (VOID RATIO 0.7 TO 2) 

Na-KAOLINITE (VOID RATIO 0.7 TO 2) 

Ca-SMECTITE (b) 

(TO 10-5) 

(TO 10-5) 

Ca-SMECTITE (VOID RATIO 1 TO 6 ) ( a )  

Ca-SMECTITE (90%) + SAND 

ORNL D W O  85-18654A 

Fig. 14 (Continued). 



36 

Only a few se ts  of d a t a  were a v a i l a b l e  Cui h,aLk i w d ~ d i i s  ( F i g .  15); 

however, t h e r e  a p p c a ~ s  io  be a g-nerzl i n c r e a s s  i n  the va lue  of bulk uiodu- 

I u s  w d t h  age (and presumably t h c  d e p t h  o f  b i i r i a l ) .  'I'he n a t u l r  O f  sCIap9 

shales w i t 1 1  h igher  v d u e s  o f  iscllk msdiil11s than the E l c . n n . ~  A r g i l l i t e  (which 

had L ~ r i i  s l i g h r l  y w t a n o r p h o s e d )  np s ;o be i nves t i ga tad .  

Cohesion v a l i i ~ s  (F ig .  16) ar? g ~ n e r a l l y  Inw ( < l o 0  M P a >  Poorly 

c o n s o l i d a t e d  mte r t a l  s have lower v a l u r f ;  than o1dp.r s h a l e s ;  horcever, there 

a re  i n c o n s i s t e n c i e s  Ln some v a l u e s  (e .g . ,  r e p o r t e d  v a l u e s  f o r  the? Picrre 

S h a l e  range over  1 . ~ 1  orde r s  of imgn i tude ) ,  perhaps as a r e s u l t  of fhe 

methods used f o r  taking OT s r u r i n g  tho ples pl-ior t o  tes t i  ng. 

T h e  v a l u e s  ~ e p ~ - s t e d  fo r  rompressive s t r e n g t h  ( F i g .  17) show a wide_ 

v a t  P a b i l i t y .  An obvious  d i f f e r e n c e  is noted r~%ei: rock valups are compared 

w i t h  uiinersl and m i n e r a l  mixture vaI I E S .  older  and/or  L : C J ~ ~  i l l i t s  c 

(re1 atlve LO mre srncrt I t e - r i c h )  shaler appear t o  have s l i g h t l y  h igher  

compressive s t reng th  values .  

The va1uc.s of f r i c t i o n  anglr. (Figs, 18 atld 13) a1 $0 cover a wide 

 rang^, 111 a d d i t i o n ,  the usc  o f  vni-ioiis c k s c r i p l i v e  rmi t i f i z r s  ( s h e a r  

resistance,  i n t e r n a l ,  d i l a t i o n )  mkcz  i t  clifliciil t t o  compare the results 

wi thou t  f u r t h ~ r  i n t e r p i  <Atation 01 t h e  da~a. 

A l l  o€ the p l a s c i ~ i t y  va l i i e s  ( l i q i i i d  lialt, Yig- 20; p l a s t i c  or  

p l a s t i c i t y  indpx,  Fig. 71; y : a ~ t F r :  l i m i t ,  Fig. 3 7 ;  2nd shrirtkage limit, 

Fig.  23)  arc i n f l u e n c e d  by miiicralogy. In f a c . t ,  t h r s i a  p l o t s  provide s o w  

of t h e  cl t n r e s t  evidence of mineralogical  i n i P t i r n r e  cn mcrlinnical prupca-ties.  

The p resense  of smec'site ( b e n t o n i t e )  pioduceo ?arge  i n c r r a s e s  i n  the l i q u i d  

l i m i t  and llie p l a s t i c i t y  indcx .  Trisaiffici?!it d a t a  w e r e  a v a i l a b l e  to 

i n t e r p r e t  the sh r inkage  l i m i t .  

Values of the Po i s son ' s  i z ~ i o  foJ" m a p l e s  i t e d  (Fig.. 2 4 )  rang? froar 

-0.03 to 0.77. Shales Cover m s L  of i-kls L, e ,  and tht-i-e is  no obviouz 

r e l a t i o n s h i p  t o  mineral  o g y .  

The da ta  for s h e a r  modulus and s h  P s t r cn5 t ; i  (F ig .  3 5 )  mnfirrit tha t  

s h a l e s  have illtlch hie;l-?ev va lues  ?€(an  compacted clays n i  L-entonites. ThpTe 

arp some sugg I o i i s  t h a t  n l d e r  and/or  ~ i o r e  i 7  1 i t i c  s l ~ a P : a s  have h ighe r  

va lues  ( t o  -105 m a )  of s h e a r  11 

SwclPing an:; s w L 1  In< p o t e n t i a l  ( b i g e  26) are  i l i f l iuelared hy d n r c . ? l " . g y -  

Smectite and/or bPntorrite s~fifi!l u p  t o  s F v . e r a 1  t i m r s  3s m u c h  as i l l i t c  and 

k a o l i n i t  r, Insufficie4-t: d a t a  availaF37n fgi S W O T  lint ilistzric e. 
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ORNL DWG 85-18655 

BENTONITE f SAND(a1 

BENTONITE + SAND (b) 

Na-BENTONITE (UNIAXIAL) (b)  
Na-BENTONITE (a> 
KAOLINITE 

(APPROACHES 0) 

(APPROACHES 0) 

NB-SMECTITE. KAOL.INITE, SAND (b) 
( T O  6.3 x 

Na-SMECTITE, KAGLINITE, SAND (a) 

ARNHEIM AND WAYNESVILLE 
FORMATIONS (UNIAXIAL) 

BEARPAW SHALE, MONTANA (a) 
BEARPAW SHALE, MONTANA (b) 
CHAGRIN SHALE (UNIAXIAL) 
ELEANA (UNCONFINED) 
HUCKNALL SHALE 
LEWIS SHALE , NEW MEXICO 
MANCOS FM, NEW MEXICO 
MAQUOKETA GROUP 
OIL SHALES (LOW GRADE) 
OIL SHALES (HIGH GRADE) 
PIERRE SHALE (b) 
PIERRE SHALE (UNIAXIAL) (a) 
SHALES (UNCONFINED) (a) 
SHALE (UNIAXIAL)(TYPICAL ILLITIC)(b) 
SHALE (UNIAXIAL) (a) 
SHALES, OHIO 
SHALES (UNCONFINED) (b) 

-- 

0 

0 

.- 

I I I I I I I I I  I I I l l l l l l  I I I I I I I ' I  I I I I I I  

10-1 100 10' 102 to3 
(MPa) 

Fig. 17. Compressive s t r eng th .  
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4 3  

ILLITE 

KAOLINITE 

Na- SMECTITE 

- 
- 

- 

- e  CLAY, PORTERS CREEK 
- 

PIERRE SHALE - 

SHALES, MUDSTONES, 
SILT ST 0 NE S 

- 
I I I I 1 

PLASTIC INDEX 

BENTONITE, OREGON (a) 

BENTONITE, OREGON (b) 

BENTONITE, WYOMING 

- 

HANFORD CLAY C 

HANFORD CLAY D 

OANL DWG 86-17030 

e 

t PLASTICITY INDEX 

Na-BENTONITE, WYOMING (a) 

e 

- e  

t Na-BENTONITE, WYOMING (b) 

e 

e 

e 

Fig. 21. P l a s t i c i t y  ( p l a s t i c  index ,  p l a s t i c i t y  index). 
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Fig. 22. Plrmst,icity ( p l a s t i c  l i m i t ) .  
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ORNL DWG 85-17832 

BENTONITE, OREGON (a) 

BENTONITE, OREGON (b) 

HANFORD CLAY 0 

0 5 10 15 20 25 

(%) 

Fig. 23. Plasticity (shrinkage limit). 
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ORNL DWG 85-18656 

Na-BENTONITE (SHEAR 

Na-BENTONITE (SHEAR STRENGTH) (b) 
STRENGTH)(TO c 1.5 x 1 O'2)(a) 

I 1 '  I""[ I ' ' I ""I I ' ' I li ' '( I ' I " f l l  I ' I"' 

-- - 
- e 3 

- 0 - 
--I 
e 

- - 

BLUE CLAY (SHEAR STRENGTH) 
BOOM CLAY (SHEAR 

STRENGTH)(O.G) 
OXFORD CLAY (SHEAR STRENGTH) 
PORTERS CREEK CLAY (STRENGTH 

NOT SPECIFIED)(O. 19) 

ARNHEIM AND WAYNESVILLE 
FORMATIONS (INTACT) 

CHAGRIN SHALE (INTACT) 
PIERRE SHALE (INTACT) 

SHALES, VARIOUS (b) 
TYPICAL ILLITIC SHALE (INTACT) 

SHALES (O-~OOOXTO 1 x io6) (a) 

100 1 o1 lo2 lo3 
(MPa) 

Fig. 25. Shear modulus and shear strength. 
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SWELLlNG 
BENTONITE (a) 

BENTONITE (b) 

BENTONITE (c) 

ILLITE 

ILLITE AND BENTONITE (a) 

IL.I.ITE AND BENTONITE (b) 

KAOLINITE 

ILLITE AND KAOLlNlTE 

KAOLINITE AND BENTONITE 

SWELL POTENTIAL 
PIERRE SHALE 

PIERRE SHALE EQUIVABEa\dT. 
CANADA 

QWNL IPWG 85-18639 
- 1  I 

a 10 20 30 40 50 60 

(%I 

F ig .  26.  Swelling and swell p o t e n t i a l ,  
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Most of t h e  measurements f o r  swe l l ing  p r e s s u r e  (Fig.  27 )  were made f o r  

smectite ( b e n t o n i t e ) - r i c h  samples. Swel l ing  p r e s s u r e  decreased when sand 

w a s  added. The va lue  determined f o r  a s h a l e  sample is a l s o  r e l a t i v e l y  low. 

A few va lues  were found f o r  t e n s i l e  s t r e n g t h  (Fig.  28). Values €o r  

shales ranged up t o  10 MPa, but  t he  d a t a  were i n s u f f i c i e n t  $0 e s t a b l i s h  any 

t r e n d s ,  

Young’s ( e l a s t i c )  modulus v a l u e s  (Fig.. 29) range from -10 t o  106 MIC”a. 

T h e  va lues  f o r  o l d e r ,  more i l l i t i c  s h a l e s  appear  . to  be h ighe r  than €or  

s h a l e s  l i k e  t h e  Pierre, t h e  Boom and Blue Clay, and b n t o n i t e - s a n d  

mlxtures .  

Overa l l ,  t he  mechanical p r o p e r t i e s  appear  to be in f luenced  by t h e  c l a y  

mineral con ten t  of t he  material t e s t e d .  I n  g e n e r a l ,  t he  older, and typi -  

c a l l y  more i l l i t i c ,  rocks  t h a t  havk been s l i g h t l y  metamorphosed possess  

g r e a t e r  s t r e n g t h .  

8.5 THERMAL PROPERTIE_S 

Only a l imi ted’number  o f  types  of  thermal  p r o p e r t i e s  were found i n  t h e  

r e p o r t s  reviewed. These inc lude  the  c o e f f i c i e n t  of l i n e a r  ( the rma l )  expan- 

sion, hea t  c a p a c i t y  and s p e c i f i c  hea t  ( c a p a c i t y ) ,  thermal  ( h e a t )  conduc- 

t i v l t y ,  and thermal  d i f f u s i v i t y .  

A p l o t  of t h e  c o e f f i c i e n t s  of l i n e a r  thermal  expansion (Fig.  30) 

r e v e a l s  t h a t  most va lues  are f o r  s h a l e s  and t y p i c a l l y  f a l l  i n t o  t h e  range 

from -2 t o  16 x N o  t r e n d s  were obvious;  however, no v a l u e s  w e r e  

f oond f o r  smec t i t e - r i ch  samples .  

The p l o t s  f o r  hea t  c a p a c i t y  and s p e c i f i c  hea t  ( c a p a c i t y )  (Fig.  3 2 )  

show t h a t  t h e  va lues  f a l l  i n  a ve ry  narrow range from -5 x l o 2  t o  1.2 x 

103 J/kg*K. Again, t he  sample composi t ions w e r e  very  l i m i t e d ,  and no 

t r e n d s  could be seen. Two va lues  €or  t h e  Blue and Boom Clays f a l l  i n  t h e  

t y p i c a l  range €or t h e  s h a l e s  t e s t e d .  

The greatest volume of d a t a  w a s  a v a i l a b l e  f o r  thermal  c o n d u c t i v i t y  

( o r  hea t  c o n d u c t i v i t y )  (Fig.  32) .  Thle most obvious d i s t i n c t i o n  was found 

between rock samples and minera l  samples and/or  s o i l s ;  t h e  va lues  f o r  some 

s o i l s  are lower by as much as an o r d e r  of magnitude. Some o t h e r  t r ends  

cou ld  also be e s t a b l i s h e d .  The measurements (for a set of  r e l a t e d  samples)  

showed a g radua l  i n c r e a s e  i n  thermal  c o n d u c t i v i t y  wi th  i n c r e a s i n g  sample 
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ORNL D W G  8 5 - 1 8 8 4 0  

BENTONITE (a)  ba -7 
BENTONITE (b) 

BENTONITE (c) 
Ca-BENTONITE 
BENTONITE, OREGON 
BENTONITE, WYOMING 
Na-BENTONITE (a) 
Na-BENTONITE (c) 
N a- 5 E N  T 0 NIT E (b) 

Na-BENTONITE ( d )  

Na-BENTONITE, WYOMING (h) 

Na-BENTONITE, WYOMING ti) 
Na-BENTONITE, WYOMING ( j )  

Na-BENTONITE, WYOMING ( f )  

Na-BENTONITE, WYOMING [e) 
Na-BENTONITE, WYOM1NG (9) 
BENTONITE,  OREGON 

BENTONITE,  OREGON 
AND SAND (a) 

AND SAND (b) 

SWALE 

0 10 20 30 4 0  50 60 70 80 90 100 
(MPa) 

F i g  27. Swelling pressure. 
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ARNHEIM AND WAYNESVILLE 
FMS (INTACT) 

CHAGRIN SHALE (INTACT) ( c )  

CHAGRIN SHALE (INTACT) (d) 

ELEANA ARGILLITE 
(CALCULATED) 

PIERRE SHALE (INTACT) (e) 

TYPICAL ILLITIC SHALE (b) 

SHALE (INTACT) (a) 
(APPROACHES ZERO) 

SHALES (TO < 6.9 x lo-')  

(INTACT) 

I I I I " I l l  I ' I I 1 1 ' 1 1  I ' ' I 1 1 1 1 '  

- e - 
- 0 - 
- e - 

- 0 - 
- e - 

- 0 

4 - 

* - 
I I I I I I I I I  I I I 1 I I I I I  1 I r l u  

Fig. 28. Tensile strength. 
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O R N L  D W G  8 5 - 1 8 6 5 7  

BENTONITE 
BENTONITE f SAND (b) 
BENTONITE -F S A N D j a )  

RI.IJE C l . A Y  
B O O M  CLAY 
AHNHEIM A N D  WAYNESVILLE 

CHAGRIN SHALE ( INTACT)  
ELEANA ARGILLITE ( L A B ) ( a )  
El-EANA ARGILLITE (b )  

1-1 U C K N AL L SHALE ( INTACT)  
OIL SHALES ( t l I - -GRADE) 

OIL SHALES (LO-GRADE) 

P I E R R E  SHPILE 
PIERRE SHALE ( INTACT)  

F 0 R MA T IONS ( INTACT 

(UNCONFINED) 

(7  1 0 3  T O  1 . 7 5  x 104)  

0 2 . 1  x 1 0 4 )  

SHAI .E ( INTACT) (TO 4 . 4  x 1 0 4 ) ( ~ :  
SHALE ( a ) ( b )  
SHALES(9 .9  x l o 3  

S H A L E S ( 1  x l o 4  TO 5 x 1 0 6 ) ( b )  

TYPICAL ILLITIC S H A L E l d )  

T O  3 . 1 7  x lO4)(a)  

S H A L E S ( T O  1 x 1 0 5 ) ( ~ )  

( INTACT)  (1.1 x I 0 4 )  

10' 1 0 2  1 o 3  1 o 4  
( M P a )  

F i g .  29. Young's ( e l a s t i c )  modulus.  
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ORNL D W G  85-18842 

ELEANA ARGILLITE 

TYPICAL ILLITIC SHALE (b)  
( INTACT )(H OR IZO NT AL 1 

TYPICAL ILLITIC SHALE (C) 
(INTACT)(VERTICAL) - 

SHALE (INTACT) (a) ... 

SHALES (8 TESTS)(a)  

SHALES (8 TESTSI (b1  

.a-. ..... I I I 
0 2 4  6 8 10 1 2  14 16 

(K-’ X lo6) 

F i g .  30. Coefficient of linear (thermal) expansion.  
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d e n s i t y .  I n  a lmost  every case where t h e  amounts of water were known, t h e  

thermal  c o n d u c t i v i t y  inc reased  as the  water con ten t  i nc reased  . Thermal 

c o n d u c t i v i t i e s  a l s o  appeared t o  i n c r e a s e  as the  nonclay ( sand ,  g r a n i t e ,  

etc.) f r a c t i o n  w a s  i nc reased .  Most thermal c o n d u c t i v i t i e s  f o r  c l ay - r i ch  

r o c k s  f a l l  w i t h i n  t h e  range from -0.5 t o  3 W/m.K, a l though a few h ighe r  

v a l u e s  were recorded . 
Only a few va lues  f o r  thermal  d i f f u s i v i t y  (Fig.  33) w e r e  a v a i l a b l e  

f o r  some s o i l s ,  a sodium b e n t o n i t e ,  and t h e  Blue and Boom Clays. The 

l a t t e r  two materials had t h e  h i g h e s t  va lues  of t h e  group. 

The ranges f o r  thermal  p r o p e r t i e s  appear  t o  be narrower,  i n  g e n e r a l ,  

t h a n  those  f o r  mechanical p r o p e r t i e s ;  however, t h e  d i f f e r e n c e  between 0.5 

and 3 W/m.K could be q u i t e  s i g n i f i c a n t  when t r y i n g  t o  determine the  thermal  

l o a d i n g  of a r epos i to ry .  The e f f e c t  of c l a y  mine ra l  composition may be 

overshadowed by t h e  amount of q u a r t z  p re sen t  ( o f t e n  t h e  most abundant 

mine ra l  i n  shales), t h e  amount of mois ture  p r e s e n t  ( t h e  mst  common pore 

f l u i d  i n  s h a l e s ) ,  and/or  t h e  degree  of packing of t he  c o n s t i t u e n t  g r a i n s  i n  

t h e  rock. The weight percent  of q u a r t z  in a s h a l e  might be important  as an 

i n d i c a t o r  of i ts  thermal  conduc t iv i ty .  

9. COMPARISON OF SELECTED PROPERTIES FOR SOME SPECIFIC FORMATIONS 

I n  some cases, format ions  were i d e n t i f i e d  i n  t h e  r e p o r t s  t h a t  were 

used i n  t h i s  s tudy ,  and some informat ion  about t h e i r  minera l  composi t ions 

were repor t ed  i n  a few cases. Add i t iona l  d a t a  of t h i s  type  may be a v a i l -  

a b l e  in t h e  o r i g i n a l  r e fe rences .  Informat ion  concerning the  b n a s a u g a  

S h a l e ,  some Devonian Shales  (e.&., t h e  A n t r i m  and the  Chagrin) ,  and t h e  

P i e r r e  Shale  (wi th  lesser informat ion  on t h e  Eleana Argi l l i te ,  some "oil 

s h a l e s , ' o  and s h a l e s  t h a t  w e r e  i d e n t i f i e d  as " t y p i c a l  i l l i t i c  s h a l e s " )  was 

p l o t t e d  f o r  t h e  fo l lowing  p r o p e r t i e s :  h y d r a u l i c  c o n d u c t i v i t y  (Fig.  3 4 ) ,  

b u l k  modulus (Fig.  35), cohesion (Fig.  3 6 ) ,  compressive s t r e n g t h  (Fig.  371, 
s h e a r  modulus (F ig .  38) ,  t e n s i l e  s t r e n g t h  (Fig. 3 9 ) ,  Young's (e las t ic)  

modulus (Fig.  4 0 ) ,  and thermal  c o n d u c t i v i t y  (F ig .  41). The r e s u l t s ,  which 

are d i scussed  below, should be cons idered  p re l imina ry  and used wi th  cau t ion  

because (1) t h e  d a t a  a v a i l a b l e  f o r  p l o t t i n g  each f i g u r e  is r a t h e r  l i m i t e d ,  



BEhiTOkldlTE, WYOMING iDR\I)( :O T E S T S )  ( d )  

BENTONITE,  W Y O M I k G  (WET:J{13 T E S T S )  (C)  

BENTONITE,  WYOMING (APPROACHES ZERO) 

BENTONITE (b )  

BENTONITE ( 5 - 1 6 s  WATER)  ( f )  

BENTONITE,  WYOMING ( 6 6 %  SATURATED)  ( h )  

BENTONITE (100% SATURATED)  ( e )  

B E N T 0 N i T E I3 0: 7 0 BENT 0 N IY E : S A i T 1 1 a )  

BENTONITE (30:70 8ENTONITE:SALT)  (b)  

B E N T O k l T E ,  WYOMAING AND CRUSHED GRANITE ( a )  
BENTONITE AND CRUSHED GRANlTE ( b )  

BENTONITE AND SAND (DRY)  (b) 
BENTONITE AND SAND (5-30s WATER9 l a )  

BENTONITE AND 90% Q T Z  ( a )  

Ca-SENTONITE 

N a -  BENTONITE 

HECTORITE AND 90% Q T Z  (DRY T O  S A T i l R A T E D )  

I L L I T E  ( S E A L  BOMQ)(a )  

I L L i T E  ( S E A L  BOND) AND SAND.  ETC.. ( D R Y l ( c )  

I L L I T E  ( S E A L  BOND)  AND SAND, ETC.. (MC)IST)(b) 

I L L I T E  (50:50 S E A L  BOND, GRAMITE) IO-10  95 MOISTURE)  

K A O C i N l T E  AND S A N D .  ETC., (MOIST3  (a3 

K A O L i N I T E  A N D  S A N D ,  ETC.. ( D R Y )  (b )  

K A O L I N I T E  AND GRANITE 

BLUE C L A Y  

B 0 3 M  C L A Y  (b) 

B O O M  C L A Y  ( M A T R I X )  (a1  

O X F O R D  CLAY 

CLAY (S. P A O L O  MINE) 

ORhlL DWG 85-15658 

r--- 
i- 4 4 c 
E 

- t 

t d 

t 1 

10-1 100 IO1 
( W l m .  K) 

Fig. 32. Thermal ( h e a t )  conductivity f o r  ( A )  b e n t o n i t e s  and c l a y s  
and (3)  s o i l s  and sha les .  
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SILT/CLAY SOIL (a) 
SILT/CLAY SOIL fb) 
SILT/CLAY SOIL ( C )  

SILT/CLAY SOIL (df 
SlLT lCLAY SOIL (e) 
SILTlCLAY SOIL ( 1 )  

CONASAUGA SHALE (rn) 

ELEANA ARGlLLlTE ( c )  

ELEANA ARGILLITE (MATRIX) (a )  

ELEANA ARGILLITE (VERTICAL) (b) 

KAROO SHALE 

NONESUCH SHALE 
PIERRE SHALE 

CLAYEY SANDSTONES 
SHALES, CALIFORNIA 

SHALE, KANSAS 
SHALE, MASSACHUSETTS (k) 

SHALE, MASSACHUSETTS (1) 
SHALE, ENGLAND (CARBONIFEROUS) (h) (i) 

SHALE, ENGLAND, (TRIASS1C)fB TESTS) (a)  
SHALE, SOUTH AFRICA 

SHALE (HORIZONTAL) (d)  

CONASAUGA SHALE (MATRIX) (1) 

SHALE (HORIZONTAL) (c) 

SHALES (HORIZONTAL) (a) 
SHALE (VERTICAL) ( 1 )  

SHALES (b) 

TYPICAL ILLlTlC SHALE (n) 

ORNL D W G  85-16658A 

I I I 1 1  I ! ,  I , I *  

TYPICAL ILLITIC SHALE ( lNTACT) (HORIZONTAL) (b ) t  0 

TYPICAL ILLITIC SHALE (VERTICAL) (e)  0 t I I I 2  I I t 1  I 
1 6 ’  100 10’ 

( W l m .  K )  

F i g .  32 (Con t inued) .  
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N a - BEN T ON 17 E 

CLAY (S. PABLO MINE) 

SOILS, MISSSSSSPPI 
NESSEE (b )  
NESSEE (a) 

SOILS, VIR61 

BLUE CLAY 
BOOM CLAY 

10-7 

F i g .  3 3 .  'l'hernal diffusivity. 
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ORNL DWG 85-18662 

CONASAUGA SHALE 
CONASAUGA SHALE (CORE) 

(HORIZON TAL) 

DEVONIAN SHALE (ANTRIM) 

DEVONIAN SHALE (CHAGRIN) 
(HORIZONTAL)(INTACT) ( 

DEVONIAN SHALE (CHAGRIN) 

DEVONIAN SHALE, MICHIGAN 

DEVONIAN SHALE, MICHIGAN, 

DEVONIAN SHALE, PENNSYLVANIA 

DEVONIAN SHALE, PENNSYLVANIA 

MICHIGAN (TO 1.9 X 

(VERTICALMINTACT)( 5 x io - " )  

(HORIZO~TAL)(CORE)(TO 2 x 

APPALACHIAN BASINS (TO lo-'; 

(HORIZONTAL) 

(FIELD TEST) 

I I I I I I 1 1 1 1  I I I I I I ' I I  I I I I I I I I I  

PIERRE, BEARPAW AND 

PIERRE SHALE 
PIERRE SHALE (FIELD TEST) 
PIERRE SHALE (HORIZONTAL) 
PIERRE SHALE (VERTICAL) 

CLAGGETT SHALES (TO l o * )  

;..I 

10-11 

a 

e 

F i g .  3 4 .  Hydraul ic  conduc t iv i ty  for selected samples. 
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I I 1 ~~~~~~ I I I I I 1 1 1 -  

CHAGRIN SHALE - e 

PIERRE SHALE (INTACT) e 

I 

(IN T A CT)(DEVON IAN) 
- I 

- e TYPlCAL ILLITIC SHALE 
- 

I I 1 I I l l l l  I I 1 I I I I L ,  

Fig. 38. Shear modulus v a l u e s  for s e l e c t e d  samples .  
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I , ,-..-,.... 1 .  'I"TP- V17"T-'r. 

0 - 

(DEVoNIAN/iMlSSlSslPPIBN) - 8r I 

0 I_. 

Bp - 

e? - 

-̂-. _L Ik--II_I...L.LsL__-L . . . . . L . _ 1 . 4  

CHAGRIN SHALE 
(DEVONIAN)(INTAGT) 

CHAGRIN SHALE 

(INTACT) 

ELEANA ARGILL ITE 
(CALCULATED) 

P IERRE SHALE ( I N T A C T )  

TYPICAL ILLITE SHALE 
( IN T A C T )  

Fig. 39. ' T e n s i l e  s t r e n g t h s  f o r  scl.ected samples. 
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CQNASAlJGA SHALE (66 TO 326OC) 
CON A S A U G A SHALE (? 1 00%) 

E LE AN A ARGIL.1- ITE ( E l  OO°C) 

ELEANA ARGILLITE t'lOO°C) 

ELEANA ARGILLITE (25 TO 480'c) 

(PARALLEL TO BEDS) 

(NORMAL. TO BEDS) 

TYPICAL ILLITIC SHALE (25'C) 
TYPICAL ILLITIC SHALE 

( HORIZONTAL) 
TYPICAL ILLlTiC SHALE 

(INTACT)(VERTICAL) 

lo-' 100 

(W/m K) 

16' 

Pig .  41. Thermal  conductivities for se lec ted  samples .) 
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and ( 2 )  u n c e r t a i n t y  remains as t o  whether test r e s u l t s  ob ta ined  by d i f -  

f e r e n t  i n v e s t i g a t o r s  ( o f t e n  under d i f f e r e n t  exper imenta l  c o n d i t i o n s )  can be 

d i r e c t l y  compared. 

The Conasauga, Devonian, and P i e r r e  Shales  appear  t o  have d i s t i n c t l - y  

d i f f e r e n t  ranges  of h y d r a u l i c  c o n d u c t i v i t i e s  (Fig.  3 4 ) .  The d a t a  i n d i c a t e  

t h a t  t h e  Conasauga has a h y d r a u l i c  c o n d u c t i v i t y  an o r d e r  of magnitude lower 

t h a n  t h a t  of t he  Pierre, and t h e  P i e r r e ' s  c o n d u c t i v i t y  i s  an o r d e r  of 

magnitude lower than  t h a t  of t h e  Devonian s h a l e s .  One might have a n t i c i -  

pa t ed  t h a t  Devonian s h a l e s  would have va lues  i n t e r m e d i a t e  between the 

Conasauga and t h e  P i e r r e ;  however, two rock f e a t u r e s  might produce t h e  

observed  o rde r .  F i r s t ,  t h e  Devonian s h a l e s  were probably never  bu r i ed  as 

d e e p l y  as t h e  Conasauga Shale;  hence,  t hey  would be less compact (or dense ) ,  

r e s u l t l n g  i n  h ighe r  va lues  of p o r o s i t y  and pe rmeab i l i t y .  Second, t h e  

P i e r r e  ( a l though  much younger and, p o s s i b l y  bu r i ed  less deeply  than  the 

Devonian s h a l e s )  is composed of mixed-layer smectite-i l l i te,  smectites, 

etc. ,  which tend t o  adsorb  water and s w e l l ,  r educ ing  t h e  ra te  a t  whfch 

wa te r  can pass  through the  rocks.  

Only l i m i t e d  d a t a  were a v a i l a b l e  f o r  bulk  modulus, cohes ion ,  and shea r  

modulus ( F i g s .  35, 36, and 38). In g e n e r a l ,  t h e  Eleana A r g i l l i t e  (of 

Devonian-Mississ ippian age) which was s u b j e c t e d  to some metamorphism and 

more i l l i t i c  s h a l e s  have h ighe r  va lues  f o r  t h e s e  p r o p e r t i e s  (withi.n two 

o r d e r s  of magni tude) ,  sugges t ing  t h a t  s t r e n g t h  no t  on ly  i n c r e a s e s  as a 

r e s u l t  of compactlon but  a l s o  through r e c r y s t a l l i z a t i o n ,  g r a i n  growth, etc. 

Note t h a t  cons ide rab ly  d i E f e r e n t  va lues  may be ob ta ined  when " i n t a c t "  spec i -  

mens are t e s t e d  (e.g., see t h e  va lues  of cohes ion  f o r  t h e  P i e r r e  i n  

F ig .  36).  Unfo r tuna te ly ,  t h e  tes t  c o n d i t i o n s  are not  always s t a t e d .  The 

v a l u e s  of t e n s i l e  s t r e n g t h  (Fig.  39) are a l so  g r e a t e r  for t h e  EPeana 

A r g i l l i t e  and " t y p i c a l  i l l i t i c  sha le"  than  f o r  t h e  P i e r r e  and Devonian 

s h a l e s ,  presumably for t h e  same reasons.  

S e v e r a l  sets of d a t a  were a v a i l a b l e  f o r  compressive s t r e n g t h  

(F ig .  37), but  t h e  exper imenta l  c o n d i t i o n s  were q u i t e  va r i ed .  Some s p e c i -  

mens w e r e  t e s t e d  under conf ined  c o n d i t i o n s ,  whi le  o t h e r s  were unconFined 

( o r  t h e  exper imenta l  c o n d i t i o n s  were not  s p e c i f i e d ) .  The Eleana 

(unconf ined)  appears  weaker than t h e  P i e r r e  and some Devonian s h a l e s  tinder 

conf ined  c o n d i t l o n s .  Even s o ,  t h e  va lue  f o r  " t y p i c a l  illitic sha1.e" i s  
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even easier t o  s e l e c t  materials f o r  use i n  b u f f e r s  and b a c k f i l l s ,  based on 

t h e  p r o p e r t i e s  t h a t  have been determtned f o r  s p e c i f i c  c l a y s  and o t h e r  

minera ls .  

Seve ra l  d i f  E i c u l t i e s  w e r e  encountered dur ing  t h e  course  of t h i s  s tudy.  

One of t he  major d i f f i c u l t i e s  w a s  t he  l a c k  of un i fo rmi ty  i n ,  and l a c k  of 

i n fo rma t ion  abou t ,  the  test  methods used. The r e s u l t s  of t e s t s  made on 

s e v e r a l  d i f f e r e n t  materials cannot be compared wi th  confidence when the  

exper lmenta l  c o n d i t i o n s  ( e  .g., t empera ture ,  n a t u r e  of f l u i d s  p r e s e n t ,  con- 

f i n i n g  stresses) are not i d e n t i c a l  o r  n e a r l y  S O .  Also ,  t h e  l ack  of un i for -  

m i t y  o f  u n i t s  used t o  r e p o r t  t he  resul ts  mandated the  use of convers ion  

f a c t o r s  and in t roduced  the  p o s s i b i l i t y  of e r r o r s .  There were compara t ive ly  

few cases f o r  which the  minera l  compost t ion of t h e  material being t e s t e d  

was s t a t e d .  Even when composi t ions were s t a t e d ,  t hey  were r a r e l y  quan- 

t i f i e d ;  and they were probably determined on o t h e r  samples,  which may not  

have been taken a t  t h e  same l o c a l i t y  as t h e  test  specimens. 

It  is sugges ted  t h a t  two t h i n g s  be done: 

1. The p r e s e n t  s tudy  should be extended f o r  s e l e c t e d  formations (e.g., 

t h e  Conasauga Shale ,  P i e r r e  Shale)  by us ing  the  o r i g i n a l  r e f e r e n c e s ,  

r a t h e r  than r e p o r t s  t h a t  may exclude important  background in fo rma t ion ,  

t o  f i l l  i n  gaps t h a t  may e x i s t  i n  t h e  d a t a  (e.g., s p e c i f i c  sample 

l o c a t i o n s ,  depths ,  and format ion  names, which are o f t e n  omi t ted  when 

d a t a  a r e  summarized). 

2 .  Emphasis should be placed on un i fo rmi ty  i n  l a b o r a t o r y  methods, 

expe r imen ta l  c o n d i t i o n s ,  r e p o r t  formats ,  and r e p o r t i n g  u n i t s  f o r  a l l  

samples  t o  be t e s t e d  i n  t h e  f u t u r e .  Reports  should inc lude  

mine ra log ica l  ana lyses  of sample s p l i t s ,  a s  w e l l  as p e t r o l o g i c  and 

SEM s t u d i e s  t o  determine the  e x t e n t  of cementat ion and g r a i n  or ien-  

t a t i o n s .  When the  resu l t s  of chemical ,  hydro logic ,  mechanical ,  and 

thermal  tests a r e  compared with respect t o  the  mine ra log ica l  and 

p e t r o l o g i c  c h a r a c t e r  of the  samples ,  m? should be better a b l e  t o  select  

s p e c i f i c  s h a l e  format ions  or o t h e r  c l ay - r i ch  rocks i f  i t  should become 

d e s i r a b l e  t o  use s h a l e s  as p o t e n t i a l  hos t  rocks  f o r  r a d i o a c t i v e  waste 

d i s p o s a l .  The n e c e s s i t y  f o r  i n  s i t u  t e s t i n g  of p r o p e r t i e s  such as 

h y d r a u l i c  c o n d u c t i v i t y  cannot be overemphasized. 
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Some of t he  in fo rma t ion  r epor t ed  he re  r e f e r s  t o  s p e c i f i c  c l a y  

rninera1.s or mix tu res  which n i g h t  be used f o r  b u f f e r s  and/or  b a c k f i l l .  Such 

material  can be c h a r a c t e r i z e d  more r e a d i l y  than n a t u r a l  s h a l e s  and a r g i l -  

l i t e s  ” Although addi  t t o n a l  work w i l l  be needed $ the  a v a i l a b l e  in fo rma t ion  

s u g g e s t s  t h a t  i t  w i l l  be p o s s i b l e  t o  produce b u f f e r s  and b a c k f i l l s  t h a t  

have the  chemical hydro log ic ,  rnechanical and thermal p r o p e r t i e s  necessa ry  

t o  s a f e l y  c o n t a i n  s p e c i f i c  kinds of r a d i o a c t i v e  wastes. Although t h e  hos t  

fo rma t ion  w i l l  remain t h e  u l t i m a t e  b a r r i e r ,  t a i - lo red  b u f f e r s  and b a c k f i l l s  

can  reduce t h e  l i k e l i h o o d  t h a t  waste products  w i l l  reach the  hos t  formation 

f o r  ve ry  long times. 
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11. CONVERSION FACTORS USED 

To conve r t  from: 

Btu / lb* 'F  

B tu /h* f t*OF 

cal/cm.s*°C 

cm2 /h 

c m 2  / s 

O F  

ft/s 

f t 1 y e a r  

ft2/h 

J/ s -m C 

kg/ c m 2  

kg/m3 

l b / f t 3  

md 

metric t o n  ( t o n n e )  

metric ton  ( tonne)  

a / m  

m/ s 

m* 

PS i 

W/cm* 'C 

J/kg*K 

W/m*K 

W/m*K 

,* / S  

m'/s 

OC 

cm/ s 

c m /  s 

m 2 / s  

W/m*K 

Pa 

g/c.m3 

g/cm3 

cm/ s 

kg 

g/cm3 

c m /  s 

cm/ s 

Pa  

W/m * K 

g 

Mu1 t i p l y  by: 

4.185 x l o 3  

1.730 x l o o  

4.184 x lo2  

2.780 x 

1.000 x 10-4 

5.560 x 10-1 

3.048 x 101 

9.664 x 10-7 

2.580 x 

1.000 x 100 

1.000 x 10-3 

9.810 x l o 4  

16.018 x 10-3 

9.600 x iCr7 

1.000 x 103 

1.000 x 106 

1.000 x 100 

1.000 x 102 

6.890 x 103 

1.000 x 10' 

9.700 x l oa  

Note: k = k i l o  = x l o3 ;  M = mega = x l o 6 ;  G = g i g a  = x 109. 
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13. APPENDIXES 

Summaries of  t h e  informat ion  conta ined  i n  r e p o r t s  c i t e d  ear l ie r  are 

p resen ted  i n  Appendixes A, 8 ,  C, and D, which fo l low.  Appendix A, which 

i s  the  most complete of t h e s e ,  i s  d iv ided  i n t o  f i v e  s e c t i o n s :  chemical  

p r o p e r t i e s  (Database A . l ) ,  g e n e r a l  phys i ca l  p r o p e r t i e s  (Database A.2) ,  

hydro log ic  p r o p e r t i e s  (Database A . 3 ) ,  mechanical p r o p e r t i e s  (Database 

A . 4 ) ,  and thermal  p r o p e r t i e s  (Database A.5)  

The c a t e g o r i e s  i n  t h e  Databases  are a lphabe t i zed ;  t h e  last  four  

c a t e g o r i e s  t o  be a lphabe t i zed  were: l o c a t i o n ,  format ion ,  material, arid 

p r o p e r t y  class. For most purposes ,  t h e  las t  two c a t e g o r i e s  are t h e  mst 

impor tan t  [e.g., a l l  t h e  informat ion  found f o r  t h e  p rope r ty  class 

" h y d r a u l i c  c o n d u c t i v i t y  (minera ls ) ' '  is l i s t e d  under its "material" name 

i n  a l p h a b e t i c a l  o rde r ] .  Note t h a t  lower-case let ters,  f o r  example, ( a ) ,  

( b ) ,  ( c ) ,  which fo l low some material names, were added t o  f a c i l i t a t e  t h e  

l o c a t i o n  of a set of  d a t a  shown i n  a s p e c i f i c  f i g u r e  i n  the  body of t h i s  

r e p o r t .  These l e t t e r s  do not  c ross - re ference  materials from one ca t egory  

t o  any o t h e r  ca tegory .  

I n s o f a r  as p o s s i b l e ,  an a t tempt  w a s  made t o  r e t a i n  t h e  o r i g i n a l  ter- 

minology and u n i t s  presented  i n  the  r e p o r t  from which the informat ion  w a s  

de r ived .  I f  the  terminology and/or u n l t s  used were a c c e p t a b l e ,  on ly  t h a t  

i n fo rma t ion  i s  given;  however, i n  many cases t h e  terms and/or u n i t s  

r e p o r t e d  e i t h e r  were not  uniform or are not  c u r r e n t l y  accepted.  Where 

p o s s i b l e ,  t h e  proper  terms w e r e  added and the  u n i t s  w e r e  c o r r e c t e d  by 

m u l t i p l y i n g  by an a p p r o p r i a t e  convers ion  f a c t o r  ( s e e  Sect .  11) so t h a t  

t h e  va lues  can be compared d i r e c t l y  i n  Figs .  1-41. For example, t he  term 

"pe rmeab i l i t y"  may be fol lowed by t h e  t e r m  " (hydrau l i c  c o n d u c t i v i t y ) "  i f  

t h a t  is a p p r o p r i a t e  f o r  t h e  p rope r ty  r epor t ed .  S i m i l a r l y ,  i f  t h e  r e p o r t  

gave a va lue  fo r  p re s su re  i n  Engl i sh  u n i t s ,  such as p s i ,  this va lue  i s  

fo l lowed by i t s  S I  e q u i v a l e n t ,  ma. 
I n  a d d i t i o n ,  t h r e e  abbrev ia t ed  Appendixes ( B ,  C ,  and D) are provided 

t o  assist t h e  use r  i n  l o c a t i n g  s p e c i f i c  in format ion ,  These appendixes  

use t h e  same f i v e  major d i v i s i o n s  as presented  ear l ie r  f o r  Appendix A. 

Appendix B was a lphabe t i zed  on t h e  b a s i s  of t h e  p rope r ty  c i t e d .  Appendix C 

w a s  arranged sa t h a t  t h e  material n a m e s  are l i s t e d  a l p h a b e t i c a l l y .  



Appendix D was a l p h a b e t i z e d  on the  b a s i s  of formation name where that. 

i n f o r m a t i o n  was s u p p l i e d  i n  t h e  rcbport. A p l ~ r i i d i  x D i s  the  s h o r t e s t  

appendix because formation names are o f t e n  omit ted.  This  informati-on may 

h e  a v a i l a b l e  i n  t h e  o r i g i n a l  r e f e i e n c e s .  

If an i n t e r t ~ ~ l . i n g  item i s  l o c a t e d  i n  Appendix 3, C,  or  D ,  t he  u s e r  

can  e i t h e r  access  Rppcndix A (to r e v i e w  the more complete summary f o r  

t ha t  e n t r y )  o r  go d i r e c t l y  t o  Lhe sources Potential useis are encouraged 

t o  t a k e  time t o  become f a m i l i a r  with the  formats  used. 

F i n a l l y ,  t he  computer  program employed he re  d i d  no t  p e r m i t  t h e  use 

of s u b s c r i p t s  or sup t? r sc r ip t s .  Many of the experimental  va lues  are g i v e n  

t o  powers  of 10. These v a l u e s  are shown p a r e n t h e t i c a l l y  on the l i n e ,  

fo l lowing  the  numeral 10; f o r  ~“xarnple, lo ($)  - IO6 and 10(-12) = 

Nor d i d  t he  program p e r m i t  t he  use of a cen te red  pe r iod ;  hel ice ,  u n i t s  

such  as W/rn*K are shown with a dash ( e . g . ,  W/in-W) i n  t he  nppendixes. 
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Property c lass:  D i f f u s l v i t y  
Ma te r ia l :  Bentoni te  

Formation: - 
Locat lon:  - 

Cond i t i on  1: 10% bentoni te  4 sand 
Cond i t i on  2: Sr(+2) ion 
Condi t ion 3: - 
ranges from: 1.3 x 10(-10) 

Property/un i t s :  D i  f f u s i v i  t y  (mf2)/s) 

t o :  - 
as: - 

ranges frm: - to:  - 
Reference: Neratnleks (1977) 
Source: ONWI-3’12 (19811, p. 14 

Proper ty  class: I on exchange 
Mate r la l :  A i  lophane 

Formation: - 
Location: - 

Condi t ion 1: pH = 7 
Condf t lon 2: - 
Condition 3: - 

P r o p e r t y h n  i t s :  I on exchange capacl t y  
(meq/lQO g) 

ranges from: 70 
to :  - 
as: - 

ranges from: - t o :  - 
Reference: - 
Source: ORNL-6241/V2 ( I n  preparat lon)  p. 152 

Proper ty  class: lcxl exchange 
Mater la I: Benton I t e  

Formation: - 
Location: - 

Condi t ion 1: pH = 7 and 9 
Condi t ion 2: NeCl = 10l-2) and 10(-3) 

Cond l t l on  3: Ion used: Cs 
molar 

Proper ty /un l ts :  Ion exchange capact t y  
(meq/lOO 9) 

ranges from: 0.1 
to :  loo 
as: Concentrat ion Cs (mol/dm(3)) 

ranges from: ca. 10(-6) to :  ca. 100 
Reference: - 
Source: NWiEG/CP-O052 (19831, p. 181 

Property c lass:  Ion exchange 
N a t e r l a i :  Bentoni te  (Na) ( a )  

Locat ion:  Wyomtng 
F o m t l o n :  - 

Cond i t i on  1: MX-80 
Cond i t i on  2 :  2.5% organic  content 
Cond i t i on  3: .. 

Proper ty /un i ts :  Ion exchange capaci ty 
(maq/100 g )  

ranges frm: 68.6 

ranges from: - to:  - 
to:  - 
as: - 

Reference: - 
Source: AECL-7825 (19841, p. 12 

Property class: I on exchange 
Mate r ia l :  Bentoni te  (Na) ( b )  

Formation: - 
Locat Ion: Wyoming 

Condi t ion 1: MX-80 
Condi t ton 2: 50% sand mixture 
Condl t ion 3: - 

Property/un 1 ts:  I on exchange capacl ty 
(meq/100 g) 

ranges from: 34.3 

ranges from: - to: - 
to:  - 
as: - 

Reference: - 
Source: AECL-7825 (19841, p. 12 

Property class: Ion  exchange 
Mater la l :  Chlor l l te  (a) 

Formt ion :  - 
Locatton: - 

Condi t ion 1: pH 7 
Condl t lon 2: - 
Condi t ion 3: - 

P r o p e r t y h n  i t s :  Ion exchange capaci ty 
( m q / l O O  g) 

ranges frcm: 10-40 

ranges from: - to: - 
to: - 
as: - 

Reference: G r l m  (1968) 
Source: ONWI-486 (1983), p. 67 

Property class: I on exchange 
Material: C h l o r l t e  (b )  

Formation: - 
Location: - 

Condl t ion 1: pH = 7 
Condi t ion 2: - 
Condl t ion 3: - 

Property/un i t s :  ion exchange capacl ty 
(meq/100 g) 

ranges fran: 10 
to :  40 
as: - 

ranges from: - to: - 
Reference: Savera I r e f s  
Source: ORN1-6241/V2 ( i n  preparat lon l  p. 152 

Property class: Ion exchange 
Mater ta l :  Clay 

Formation: Boom Clay 
Location: Belgium 

Condi t ion 1: Ve rm icu \ i t e  302, i l l i t e  255, 

Condl t lon 2: - 
Condi t ion 3: - 

smact i te  20% 

Property/un I t s :  Ion exchange capacl ty 
(meq/lOO g) 

ranges from: ca. 20 

ranges from: - to:  - 
to: - 
as: - 

Reference: - 
Source: Proc NEA Workshop OECD (1979a), p. 88 
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Proper ty  class: I on exchange 
Mater l a  I : Glauconi te  

Formation: - 
Location: - 

Condi t ion 1 :  pH = 7 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un i Ps: I on exchange capac i t y  
(meq/100 g )  

ranges frorn: 1 1  
t o :  20 
as: - 

ranges from: - to :  - 
Reference: Several r e f s  
Source: ORNL-6241/V2 ( i n  preparat ion)  p. 152 

Proper ty  class: Ion exchange 
Mater ia  i : Ha I loys i t e  

Formation: - 
Location: - 

Condi t ion 1 :  @I = 7 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un i t s :  Ion exchange capaci ty  
(meq/lOO g) 

ranges from: 5 
t o :  10 
as: - 

ranges from: - t o :  - 
Reference: Severa I r e f s  
Source: ORNL-6241/V2 ( i n  preparat ion)  p. 152 

Proper ty  class: i on  exchange 
M a t e r i a l :  I I l i t e  ( a )  

Formation: - 
Location: - 

Condi t i o n  1 : pH = 7 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un i t s :  I on axchange capacl t y  
(mq/lOO g )  

ranges from: 10 
to :  40 
as: - 

ranges from: - t o :  - 
Reference: G r l m  (1968) 
Sourca: ONWI-486 (19831, D. 67 

Proper ty  class: Ion exchange 
M a t e r i a l :  I I l i t e  (b )  

Formation: - 
Location: - 

Cond i t ion  1 :  pH = 7 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un Its: Ion exchange capaci ty  
(meq/100 g) 

ranges from: 16 
t o :  50 
as: - 

ranges from: - to: - 
Reference: Several r e f s  
Source: ORNL-6241/V2 ( 1  n preparat ion)  p. 152 

Property class: Ion exchange 
Mater ia l :  K a o l i n i t e  ( 3 )  

Formafion: - 
Location: - 

Condi t ion 1 :  pH = 7 
Condi t ion 2: - 
Condi t ion 3: - 

Proper ty /un i ts :  ion exchange cctpaclty 
(meq/100 g )  

ranges from: 3 
to :  15 
as: - 

ranges from: - to: - 
Reference: G r l m  (1960) 
Source: ONWI-486 (1983), p. 67 

Property class: I on exchange 
Mater la l :  K a o l i n i t e  ( b )  

F o r m t i o n :  - 
Location: - 

Cond i l ion  1: pH = 7 
Condl t ion 2:  - 
Condi t ion 3: - 

Property/un i t s :  I on exchange cdpacl t y  
(meq/100 g )  

ranges from: 2 
to: 15 
as: - 

ranges from: - t o :  - 
Reference: Several r e t 5  
Source: ORN1.-6241/'42 ( i n  preparat ion)  p. 152 

Property class: I on exchange 
Mater ia l :  Pa lygorsk i te  

Formation: - 
Loca-fion: - 

Condi t ion 1: pH = 7 
Condi t ion 2 :  - 
Condi t ion 3: - 

Proper ty /un i ts :  Ion exchange capacity 
(meq/100 g)  

ranges from: 20 
l o :  30 
as: - 

ranges from: - to:  - 
Reference: Several r e f s  
Source: CRNL-6241/V2 ( i n  preDarat ion)  p. 152 

Property c lass:  I on exchange 
Mater ia l :  Smectl te 

Formation: - 
Location: - 

Condi t ion 1 :  pW = 7 
Condi t ion 2: - 
Condil-ion 3: - 

Property/unl ts: Ion exchange capaci t y  
(rneq/100 g) 

ranges from: 80 
to :  150 
as: - 

ranqos from: - to:  - 
Reference: G r i m  (1968) 
Source: ON41 -486 (19831, p. 57 
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Property c lass:  I on exchange 
M a t s r i a l :  Srmct l te  (Ca) 

Formatlon: - 
Locat ion:  - 

Cond l t ion  1: pH = 7 
Cond i t ion  2: - 
Cond i t ion  3: - 

Proper ty /un i ts :  Ion exchange capacl ty 
(meq/l00 g) 

ranges from: 80 
t o :  150 
as: - 

ranges from: - to :  - 
Ref erenca: Severa I r e f s  
Source: OKNL-6241/V2 ( 1  n preparat ion) p. 152 

Proper ty  class: Ion exchange 
Mate r ia l :  S m c t i t e  (Ca) 

Formation: - 
Locat ion:  - 

Cond i t lon  1 :  - 
Cond i t ion  2: - 
Cond i t lon  3: - 

Property/un i t s :  I on exchange capaci ty (meq/g) 
( ? I  

ranges from: 33 
t o :  12 
as: Temperature ( C )  

ranges from: 105 t o :  390 
Reference: G r l r n  (1968) 
Source: 3Ndl-312 (1981), p. 24 

Proper ty  class: ton exchange 
Mate r la l :  Srmct i te  ( L i )  

Formation: - 
Locat ion:  - 

Cond i t ion  1: - 
Cond i t ion  7: - 
Cond i t ion  3: - 

Property/un i t s :  ion  exchange capacl ty (meq/g) 
( 7 )  

ranges from: 56 
t o :  20 
as: Temperature (C)  

ranqas from: 105 to:  200 
Reference: G r i m  (1968) 
Source: Owl-312 (1981)' p. 24 

Proper ty  c lass:  ion  exchange 
Mate r ta l :  Smectl te (Na) 

Formation: - 
Locat ion:  - 

Cond i t ion  1: pH = 7 
Cond i t ion  2: - 
Cond i t ion  3: - 

Propcr ty /un l ts :  Ion exchange capac l ty  
(meq/100 g) 

ranges from: 100 
t o :  150 
as: - 

ranges from: - to: - 
Reference: Several r e f 5  
Source: ORNL-6241/VZ ( i n  p repara t ion)  p. 152 

Property c lass:  I on exchange 
Matertal: S m c t l t e  (Na) 

Formation: - 
Location: - 

Condit ion 1: - 
Cond l t ion  2: - 
Cond i t ion  3: - 

Proper ty /un l ts :  Ion exchange capaci ty (meq/g) 
( ? )  

ranges frcm: 95 
to :  68 
as: Temperature (C)  

ranges from: 105 to :  390 
Reference: G r i m  (1968) 
Source: OMdI-312 (1981). p. 24 

Property class: Ion exchange 
Mate r la l :  Vermlcu l i te  (a )  

Formation: - 
Location: - 

Cond i t ion  1: pH = 7 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un I t s :  I on exchange capacl t y  
(meq/100 g )  

ranges from: 100 
to :  150 
as: - 

ranges from: - to: - 
Reference: G r i m  (1968) 
Source: Owl-486 (19831, p. 67 

Property class: Ion exchange 
Mater ia l :  Vermicu l i te  ( b )  

Formation: - 
Locatlon: - 

Cond i t ion  1: pH = 7 
Cond i t ion  2: - 
Cond i t lon  3: - 

Property/unl ts:  Ion exchange capacl ty 
(mea/lOO g )  

ranges from: 100 
to:  i50+ 
as: - 

ranges from: - t o :  
Reference: Severa I re 
Source: ORNL-6241/V2 

S 

i n  p repara t ion)  p. 152 

Property class: Sorpt  on 
Ma te r la l :  A r q i l l l t e  

Formation: Eleana Argl I l i t e  
Location: - 

Cond l t lon  1: Ions used: Am, Ra, Ce, Cm, 

Cond i t ion  2: Sources o f  va r lab l  I i t y :  
Cs, Eu, Pm, Ra, S r ,  Tc, U 

method, source, f l u i d  comp, 
R-N conc, temp 

(ml/g) 
ranges from: 0 

to :  1 x lO(5) 
as: - 

Cond i t ion  3: - 
Proper ty /un i ts :  Sorpt ion c o e f f i c i e n t  (Kd)  

ranges from: - io :  - 
Reference: Three r e f s  
Source: ONWI-486 (1983), p. 73 



Property class: Sorp t ion  
Ma te r ia l :  A t t a p u l g l t e  

F o r m t i o n :  - 
Locat lon:  - 

Cond i t lon  1: Ions used: Am, Cm, I ,  Rb, S r  
Cond i t ion  2: Sources of v a r i a b l l l t y :  Na 

conc, time, @, f l u i d  comp 
Cond i t ion  3: - 

Propsr ty /un i ts :  Sorpt ion coef f  l c l e n t  ( K d )  
(ml/g) 

rangas frcm: 1 x 10(-2) 
t o :  2 x l O ( 4 )  
as :  - 

Rsfarence: Bsa l I  e t  a l  (1979) 
Source: OWI-486 (1983), p. 73 

Proper ty  c lass:  Sorpt ion 
Mater l a  I : Benton i t e  

ranges from: - to:  - 

Fomiat Ion: - 
Locatlon: - 

Cond l t ion  1:  pll = 10 
Cond l t ion  2: tons used = I ,  Tc, Cs, S r ,  

Cond l t lon  3: - Np, Pu, Am, Lr, Sm 

Proparty/unl ts:  Sorpt ion coe f f  l c l e n t  (Kd) 
(ml/g?) 

ranges from: 1 
t o :  2 x lO(5) 
as: - 

ranges from: - to :  - 
Reference: - 
Source: Proc NEA Workshop OECO (1979a1, 

P. 304 

Property class: Sorpt ion 
Ma te r ia l :  Rentonl te (Ca) 

Formation: - 
Location: - 

Cond l t lon  1 :  Grande Ronde ground water 
Cond l t lon  2: Cs Ions 
Cond l t lon  3: pH 9.85 (Initial), pW 8-6  

( f  l n a l )  
Proper ty /un l ts :  Sorpt ion coef f  l c l e n t  (Kd)  

(mi/g) 
ranges from: 2.5 x IO(4) 

to: 1.1 x lO(5) 
as: Time (days) 

rangss arm: 14 to: 28 
Reference: - 
Source: Owl-312 (19811, p. 35 

ProparPy class:  Sorp t ion  
Material: Ben lon l te  (Ca) 

F o r m f l o n :  - 
Location: - 

Cond l t lon  1: Grande Ronde ground water 
Cond l t lon  2: I Ions 
Cond i t ion  3: pH 9.85 ( I n i t i a l ) ,  pbl 8.6 

Proparty/unIts:  Sorpt ion coef f  l c l s n t  (Kd) 
( f  I n a l l  

(ml/g) 
ranges f r a n :  2.5 

t o :  3.2 
as: T i m  (days) 

ranges from: 14 t o :  28 
Reference: - 
SOUrCQZ OWn-312 (19811, p. 35 

P r o p e r t y  c lass: Sorpt 1 on 
Mater la I : Benton i te  (Ca) 

Forrnatlon: - 
Location: - 

Condit ion 1 :  Grande Ronde ground water 
Condi t lon 2: Sr Ions 
Condit ion 3: pH 9.85 ( I n i t i a l ) ,  @i 8.6 

( f  I n a l )  
Property/unl ts:  Sorpt ion c o e f f i c i e n t  (Kd)  

(m l /g )  
ranges from: 1.2 x lO(3) 

to: 865 
as: Tltw (days) 

rangcs from: 14 Po: 28 
Reference: - 
Source: ONWI-312 (19811, p. 35 

Property class: Sorpt ion 
Mater ia l :  Benton i te  (Na) 

F o r m t l o n :  - 
Locatlon: - 

Condit lon 1: Grand Ronde ground water 
Cond i t ion  2: pH 9.85 (initial), pl-i 8.6 

( f  l n a l )  
Condi t lon 3: S r  Ions 

Proporty/unl ts:  Sorp t ion  c o e f f i c i e n t  (Kd) 
(ml/g) 

ranges from: 5.0 x lO(3) 
to: 6.8 x lO(3) 
as: Time (days) 

ranges from: 14 tor 28 
Reference: - 
Source: OWI-312 (19813, p. 35 

Property class: Sorp t ion  
Mater la I : Banton I t e  (Na 1 

F o r m t i o n :  - 
Location: - 

Cond i t ion  1: Grande Ronde ground water 
Cond i t ion  2: I Ions 
Condl t ion  3: - 

Property/unIts:  Sorpt ion c o e f f i c l e n t  (Kd)  
(ml/g) 

ranges frotn: 0.4 
to: 8.5 
as: T l m  (days) 

ranges from: 14 to: 28 
Reference: - 
Source: Owl-312 (19811, p. 35 

Property class: Sorp t lon  
Material: Bef l tonl te (NJ) 

F o r m t l o n :  - 
Locatlon: - 

Cond l t lon  1: Grande Ronde ground water 
Cond l t ion  2: pH 9.85 ( I n i t i a l ) ,  pH 8.6 

( f i n a l )  
Condl t ion 3: Cs Ions 

Propsr ty /un i ts :  Sorpt ion coef f  i c l e n t  (Kd)  
(ml/g) 

ranges frm: 1.1 x lO(3) 
to: 1.0 x lO(3) 
as: Time (days) 

ranges from: 14 to :  28 
Refarencer - 
Source: OWi-312 (19811, p. 35 
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Property c lass:  Sorpt  ton 
Ma te r ia l :  Benton i te  (Na) 

Formation: - 
Locat ion:  - 

Cond i t lon  1: Ions used: Am, Cs, Eu, Ra, 

Cond i t lon  2: Sources of v a r l a b l i i t y :  pH, 

Cond i t lon  3: - 

S r ,  Tc 

temp, f l u i d  comp 

Proper ty /un l ts :  Sorp t ion  coef f  l c l e n t  (Kd) 
(m l /g )  

ranges from: 0 
t o :  4 x 1 0 ( 4 )  
as: - 

ranges from: - to:  - 
Reference: Nwak (1980) 
Source: OW!-486 (19831, p. 73 

Property class: Sorp t ion  
Ma te r ia l :  Benton i te  (Na) (Accofloc-350) 

F o r m t l o n :  - 
Location: - 

Cond i t ion  1 :  Grande Ronde ground water 
Cond i t ion  2: pH 9.84 ( l n l t i a l ) ,  pH 8.6 

( f  i n a l )  
Cond i t ion  3: Cs ions 

Proper ty /un i ts :  Sorp t ion  c o e f f l c l e n t  (Kd) 
(rnl/g) 

ranges from: 1.3 x IO(3) 
t o :  1.1 x lO(3) 
as: Time (days) 

ranges fran: 14 to: 28 
Reference: - 
Source: ONWI-312 (1981), p. 35 

Proper ty  class: Sorpt ion 
Ma te r la l :  Benton i te  (Na) (Accofloc-350) 

Formation: - 
Location: - 

Cond i t ion  1 :  Grande Konde ground water 
Cond i t ion  2: pH 9.85 ( I n i t i a l ) ,  ptl 8.6 

Sond i t i on  3: I Ions 

(mi/g) 
ranges from: 1.2 

t o :  0.1 
as: Time ( d a y s )  

( f  I na l )  

Proper ty /un i ts :  Sorp t lon  coef f  i c i e n t  (Kd)  

ranges from: 14 t o :  28 
Reference: - 
Source: ONWI-312 ( i981) ,  p. 35 

Property c lass:  Sorp t ion  
Y a t e r l a l :  Benton i te  (Na) (Accof loc-350) 

Formation: - 
Location: - 

Cond i t ion  1 :  Grande Ronde ground water 
Cond i t ion  2: pF 9.85 ( I n i t i a l ) ,  pH 8.6 

( f  I na I )  
Cond i t ion  3: S r  lons 

Proper ty /un l ts :  Sorpt ion coef f  i c i e n t  (Kd) 
(m l /g )  

ranges from: 1.5 x 10(3) 
tor 1.5 x l O ( 3 )  
as: T i m  (days) 

ranges from: 14 to :  28 
Reference: - 
Source: OWI-312 (19811, p. 35 

Property class: Sorpt ion 
Ma te r ia l :  Benton i te  (Na) ( S a l  Ine  Seal-100) 

Formation: - 
Location: - 

Cond i t ion  1: Grande Ronde ground Hater 
Cond i t ion  2: pH 9.85 ( i n i t i a l ) ,  fl 8.6 

( f  inai) 
Cond i t ion  3: Cs ions 

Proper ty /un i ts :  Sorp-tion coe f f  l c i e n t  (Kd) 
( m l / g )  

ranges from: 2.6 x lO(3) 
to:  3.8 x lO(3) 
as: Time (days) 

ranges from: 14 to: 28 
Referenca: - 
Source: ONWI-312 (19811, p. 35 

Property c lass:  Sorpf lon 
Mater ia l :  Rentoni te (Na) (Sa l ine  Seal-100) 

Fo rmt lon :  - 
Location: - 

Cond i t ion  1: Grande Ronde ground water 
Cond i t ion  2: pH 3.85 ( i n i t i a l ) ,  pH 8.6 

Condit ion 3: I ions 

(m I / g )  
ranges from: 2.8 

to: 3.6 
as: T i m e  (days) 

( f i n a l )  

Property/uni  t s :  Sorp t ion  cosf f i c i e n t  (Kd)  

ranges from: 14 to:  28 
Reference: - 
Source: ONWI-312 (19811, p. 35 

Property class: Sorp t ion  
Ma te r ia l :  Benton i te  (Na) (Sa l ine  Seal-100) 

F-ormation: - 
Location: - 

Condit ion 1 :  Grande Konde ground water 
Cond i t ion  2: pH 9.85 ( I n i t i a l ) ,  pH 9.6 

( f i n a l )  
Cond i t ion  3:  S r  ions 

Proper ty /un i ts :  Sorpt ion coef f  l c i e n t  (Kd) 
( m l / g )  

ranges from: 1.2 x IO(3) 
to:  1.5 x lO(3) 
as: Time (days) 

ranges from: 14 to :  28 
Reference: - 
Source: ONWI-312 (198t), p. 35 

Property c lass:  Sorpt ion 
Mater I a I : aenton I to a n d  Quar tz  

Formation: - 
Location: - 

Condit ion 1 :  Ions used: Am, Ce, Cs, Eu, I ,  

Cond i t ion  2: Sources o f  va r lab l  I i t y :  f l u l d  

Condi t lon 3: 1:9 mix tu re  

Np, Pu, Ra, S r ,  Tc, 11 

comp, temp, R-N conc 

( m  I /g) 
Proper ty /un i ts :  Sorp t lon  conf f  i c i e n t  (Kd) 

ranges from: ( 1  
to: 1 x l O ( 4 )  
as: - 

Reference: A I  l a rd  e t  a l  (1979) 
Source: ONWl -486 (1983), p. 7 3  

ranges from: - tor - 
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Property class: Sorpt ion 
Ma to r ia l :  Bentonl to and Sand 

Formt ion :  - 
Locatfon: - 

Condit ion 1: ions used: Am, F b  
Condl t l o n  2: Saurces of  var iab i  I I f y :  f l u l d  

Cond i t ion  3: 1:9 mlxl-ure 
CornPo PH 

Property/unl ts:  Sorpt ion c c e f f  l c lsn t  (Kd) 
(m I /g) 

ranges from: 490 
to :  9.5 x lO(3) 
as: - 

ranges from: - to: - 
Reference: Nmak ( 1980 1 
Source: OW.6\6--486 (13831, p. 73 

Proporfy class: Sorpt ion 
Ma te r ia l :  Clay 

Formation: Boom Clay 
Location: Be lgl urn 

Cond l t lon  1 :  Anion used = I 
Cond i t ion  2: Various concentrat ions and 

depths 
Cond i t ion  3: pH 7 3 

uroper ty /un l ts :  Sorpt ion cce f f  i c i e n t  ( K d l  
( m l / g ? )  

rangos from: 0.87 
to :  6.12 
as: - 

ranges from: - to: - 
Reference: - 
Source: Proc NEA Workshop OECD (1979a1, p. 97 

Property class: Sorpt ion 
Ma te r ia l :  Clay (Na) 

Formation: - 
Locatlon: Bal Po Fourch 

Cond i t ion  1 :  Ion used: Cs 
Cond i t ion  2: Sources of var iab i  I l t y :  @, 

Cond i t ion  3: - 
f l u i d  cmp 

Property/un i t s :  Sorpt ion coef f I c l  o n t  (Kd) 
(rnl/g) 

t o :  5.7 x lO(3) 
as: - 

Reference: S i l v a  e t  a l  (1973) 
Source: ONWI-486 (19831, p. 7 3  

Property class: Sorpt ion 
Ma t a r  i a  I : Hector i ts 

Formation: - 
Lncatlon: - 

ranges from: 5.6 

ranges from: - to: - 

Cond l t ion  1 :  Ions used: Cs, Eu, S r ,  Tc 
Cond i t ion  2: Sources of v a r i a b l l i t y :  f l u i d  

Cond i t ion  3: - C ~ P ,  pll, temp 

( m l / g )  

to: 7.2 x lO(3) 
as: - 

Proper ty /un l ts :  Sorpt ion c o e f f i c i e n t  (Kd) 

ranges from: 0.4 

rangos from: .- to: - 
Roforence: N W 3 k  (1980) 
Source: O M ! - 4 8 6  (19831, p. 73 

Properfy class: Sorp t ion  
Mater ia l :  HactorDte end Sand 

FormSBonr - 
Location: - 

Cond i t ion  1: Ion used: Ra 
Condl blon 2 :  Sources of m r l a b l  I Ity:  f l u i d  

Condi t ion 3: 1:3 mlx-t.ure 
C M P ,  Pl-I 

(m11/g) 
Property/unl ts:  Sorp t ion  c o e f f i c i e n t  (Kd) 

ranges f r o m :  400 
to: 1300 
as: - 

rangos frm: -~ to: - 
Reference: Ncwiik (1980) 
Source: QW!-486 (1983), p. 73 

Property class: Sorp t ion  
Ma te r ia l :  I I I I t e  

Formatian: - 
Location: - 

Condit ion 1 :  ion used: cs  
Cond i t ion  2: 0.2 m I / L  NzCl  
Cond i t ion  3: - 

P r o p e r t y h n f t s :  Sorp t ion  c w f f  I c i e n t  (Kd) 
(m(3)/kg) ( 1 )  

ranges from: 0.9 
to: - 
as: - 

ranges from: - To: - 
Reference: - 
Source: AECL-7812 (19831, p. 25 

Property class: Sorpt ion 
Mater ia l :  I l l i t e  

F o r ~ t  i on: - 
Location: - 

Condit ion 1: Ions used: Sr 
Condit ion 2: 0.04 t o  0.2 m l / b  NaCl  (and 

NaOAC) 
Cond i t ion  3: @I = 5 

Property/uni ts:  Sorp t ion  cceff l c l o n t  (Kd) 
(rn(3)/kg) ( ? I  

ranges from: 0.005 
to. 0.02 
as: - 

ranges from: .- to: - 
Reference: Three r e f s  
Sourcs: AECL-7812 (19831, p. 25 

Property c lass: Sorpt I on 
Matar ia I :  I i l i t e  

F o r m t i o n :  - 
Location: - 

Cond l t lon  1 :  Ions used: U, Co 
Cond i t ion  2: 0.04 mol/L NaCl  
Cond i t ion  3: @I = 5 

Proporky/unlts: Sot-pfion c c e f f  i c i o n t  (Kd) 
(m(3)/kg) ( ? )  

rangos frorn: 0.045 
to: 0.090 
as: - 

ranges from: - to:  - 
Reference: - 
Source: AECL-7825 (19343, p. 25 
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Property class: Sorption 
Haterlal: Illlte 

FonnatJon: - 
Location: - 

Condltlon 1: ions used: Co, Sr, Nb, Ru, 

Condltlon 2: Sources of varlablllty: pH, 
Cs, Th, U, Np, Pu, Am 

t m P  

(mt/g) 

Condition 3: - 
Property/unlts: Sorpt ion 

ranges from: 0 
to: 3 x lO(5 
as: - 

ranges from: - to: - 
Reference: Several refs 
Source: ORNL-424 1 /V2 ( I n 

Property class: Sorption 
Mater la I : I I I I ts 

Formtion: - 
Locatlonr - 

p. 132-133 

Gond f t Ion 
Cond I t 1 on 

Cond i t  

coef f IC 

psepara 

ent (Kd) 

ion) 

1: pH = 7.5 
2: Ions used: I, Tc, Np, Sr, Cs, 

Am, Sm, S r  

Property/units: Sorption coeff lclent (Kd) 
.ion 3: - 

hll/g?) 
ranges frm: 1 

to: 3 x lot61 
as: - 

ranges from: - to: - 
Reference: - 
Source: Proc NEA Workshop OECO (1979a1, 

p. 304 

Property class: Sorption 
Mater la I : Kaol 1 n 1 te 

Formation: - 
Location: - 

Condltlon 1: Ian used: Sr 
Condltlon 2: 0.04 to 0.2 &l /L  NaCl (and 

NaOAC 1 
Condltlon 3: pH = 5 

PropertyJunlts: Sorption 
( m ( 3  1 /kg 

ranges from: 0,003 

ranges frm: - to: - 
to: 0.004 
as: - 

Reference: Three refs 
Source: AECL-7812 (1983) 

coeff icfent (Kd) 
( ? I  

p. 25 

Property class: Sorptlon 
Materia I: Kaal lnlte 

Formation: - 
Locatton: - 

Condltlon 1: Ions used: Am, Cm, Sm, U, Co 

ConditSon 3: pH = 5 

ranges frm: 0.002 

ranges from: - to: - 

Candltlofi 2: 0.04 tQ 0.25 m l / L  N&l 

Praperty/units: Sorption coefflclent (Kd) 
(m(3)Pkg) ( ? I  

to: 0.04 
as: - 

Reference: Two refs 
Source: AECL-7812 (19831, p. 25 

Property class: Sorptlon 
Material: Kaollnlte 

F o ~ I T B ~ ~ o ~ :  - 
Location: - 

Condltlon 1: Ions used: Cs 
Condition 2: 0.2 to 0.5 mol/L NBC 

f lclent 

mo I/L NaOAC 
Condltton 3: - 

ranges from: 0,02 

ranges from: - to: - 

Propertydun i tsr Sorption coe 
(n(3)/kg) ( ?  

to: - 
as: - 

Reference: - 
Source: AECL-7812 ( 1  9831, p. 25 

; 0.01 

(Kd!, 

Property class: Sorptlon 
Mater la I : Kaol 1 n 1 te 

Formatlon: - 
Location: - 

Condftlon 1: Ions used: Am, Cf, Cm, Es, 

Condition 2: Sources af varlabi Ilty: pH, 

Condftlon 3: - 
ranges from: 0.1 

Eu, La, Sm, Tc, Yb 

fluid comp, Na conc, R-N mnc 

(mldg) 

to: 1.6 x tO(3 )  
as: - 

Propertyhnlts: Sorptlon coefflclent (Kd) 

ranges from: - to: - 
Reference: Three refs 
Source: ONW1-486 (19831, p. 73 

Property class: Sorptlon 
Materlal: Kaol lntte 

Formation: - 
Locatlon: - 

Condltton 1: Ions used: Go, 

Condltlon 2: Sources of vat- 

Ru, cs, Sm, Eu 
Pu, Am 

temp 

Property /un I ts: Sorp t 1 on 
(m I / g )  

to: 3 x 10(5 
as: - 

Condltlon 3: - 
ranges from: 0 

ranges from: - to: - 
Reference: Severa I refs 
Source: ORNL-624I/VZ/(In 

p. 132-133 

Property class: Sorption 
Mater la I : Kao I I n I te 

Formatfon: - 
Location: - 

Condition 1: DH = 6.5 

Sr, Nb, 

ab1 l l t y  

Th, u, 

coeff lcient (Kd) 

preparat 1 on 1 

Condition 2: ions used:  I ,  Np, Tc, Sr, Cs, 

Condltlon 3: - Zr, Pu, Am, Sm 

(m I /g? 1 
Property/unIfs: Sorption cmfflclent (Kd) 

ranges from: 1 

ranges from: - to: - 
to: 2 x 10(4) 
as: - 

Reference: - 
Source: Proc NEA Workshop OECQ (1979a1, 

P. 304 
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Property ~ 1 ~ 5 5 :  Sorp t ion  
MaPerlal: K a o l i n i t e  ( a )  

Formation: - 
Locat ion:  Georgla 

Cond i t lon  1 :  Amr ican  Clay InstJtuPe 
Source Clay KGa-1 

Cond i t ion  2: Tested In basa l t  ground 
water; ions: Sr ,  Cs, Am 

Cond i t lon  3: 'Tested for 28 days a t  25 
deg C 

(In I /g 7 1 
ranges from: 1.28 x lO(2) 

t o :  9.22 x lO(2) 

Proper ty /un i ts :  Ratch d i s t r i b u t i o n  r a t i o  (Rd) 

as: - 
ranges from: - tor - 

Referenca: - 
Sourcs: PNL-4452 IE-70 (19831, p. 18 

Property c lass: Sorpt ion 
Ma ta r la l :  K a o l i n i t e  (b )  

Forma t i on : 
Loca t ion : 

Cond i t ion  1 :  

Cond i t ion  2: 

Cond i t ion  3: 

ProperPy/un 1 t s :  

ranges from: 
to :  
as : 

ranges from: 
Reference: - 

- 
Goorg I a 
American Clay i n s t i t u t e  
Source Clay KGa-2 
Tested in  basa l t  ground 
water; ions used: S r ,  Cs, Am 
Tosted f o r  28 days a t  25 
dog C 
Batch d i s t r i b u t i o n  r a t l o  (Rd) 
(in l /g? 1 
1.88 x lO(2) 
9.0 x 10(3) - 
- to: - 

Source: pNL-4452 E-70  (1983), p. 18 

Property class:  Sorp t ion  
Ma te r ia l :  K a o l i n i t e  (Ca) 

Formation: - 
Location: - 

Cond i t ion  1 :  Ion used: Cs 
Cond i t ion  2: - 
Cond l t ion  3: - 

Proper ty /un i ts :  Sorp f ion  c o s f f l c i e n t  (Kd) 
(Log) (ml /g?)  

ranges from: ca. 2*3 
to:  ca. 1.5 
a s :  Log C calcium c h l o r i d e  

ranges frm: (-3) to: ca. 0.5 
Reference: - 
Sourcs: Proc NEA Workshop OECD (1979a1, 

p. 282 

Property class:  Sorpt lon 
Ma te r la l :  K a o l i n i t e  ICa) 

Forinstion: - 
Location: - 

Cond i t ion  1 :  Ion used: S r  
Cond i t ion  2: - 
Cond i t ion  3: - 

Proper ty /un i ts :  Sorp-t-ion coof f  i c l e n t  (Kd? 
( log)  (ml/g?) 

ranges from: ca. 1.3 
t o :  CR. ( - 1 )  
a s :  Log C calcium c h l o r l d e  

ranges frm: ( -3)  to:  ca, 0 
Reference: - 
Source: Proc NFA Workshop OFCD (1979a1, 

p. 282 

Property class: Sorp t ion  
M a t e r l a l :  K a o l i n i t e  (Na) 

Formation: - 
Location: - 

Cond i t ion  1:  ion used: Cs 
Condit lon 2: - 
Cond i t ion  3: - 

Property/uni ts:  Sorpt ion cce f f  i c l e n t  (Kd)  
(Log) (ml/g?) 

ranges frm: ca. 2.3 
to: caa 1.3 
as: Log C MsCl 

ranges from: ( - 2 )  t o :  ca. 1 
Reference: - 
Source: Proc NEA Workshop OECD (1979a3, 

p. 282 

Property c lass:  Sorp t lon  
Ma te r ia l :  K a o l i n i t e  (Na) 

Formatlon: - 
Location: - 

Cond i t ion  1: ion used: S r  
Condit ion 2: - 
Condit ion 3: - 

Proper ty /un i ts :  Sorpt ion c o e f f i c i e n t  (Kd) 
(Log) (ml /g? )  

ranges from: >2 
to:  (0 
as: Log C NaCl 

ranges from: ( -2 )  to:  a. 0.5 
Reference: - 
Source: Proc NFA Workshop OECD (1979a), 

P. 282 

Property c lass:  Sorp t lon  
Ma te r la l :  Nont ron i te  

Formation: - 
Location: - 

Cond i t ion  1 :  Ions used: Am, Cs, I ,  Np, Pu, 
Ra, Se, Sr ,  Tc, U 

Condit ion 2: Sources o f  va r iab i l iPy :  FI;, 
R-N conc, Eh, temp, so1:sorb 
r a t l o  

f rac tu res  and vugs 

(ml/g) 

Cond i t ion  3: M i n e r a l i z a t i o n  i n  basa l t  

Property/unl ts:  Sorp t ion  c w f f l c l e n t  (Kd) 

ranges from: 0 
to: 2.25 x lO(5) 
as: - 

ranges from: - to :  - 
Reference: Two r e f s  
S O U ~ C X :  OW1-486 (19831, p. 73 

Property class: 
Mater ia  I : Sha l o  

Format ion: 
L o a  t I on: 

Cond l t lon  1 :  
Cond i t ion  2: 

Cond i t ion  3: 
Proporty/un i t s :  

ranges frm: 
to: 
as: 

ranaes frm: 

Sorpt ion 

Conasauga Sha l e  

Ions used: Cs, Rb, S r  
Sources o f  va r iab l  I lty: no t  
s ta ted  

Sorpt ion coe f f  l c i e n t  ( K d )  

- 

- 

(ml/g) 
57 
100 

- to :  - - 
Refere&e: K m r n e n i  and Roy (1980) 
Source: Ok+&d!R85 (19831, p. 73 
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Property class: Sorpt-i on 
Mate r ia l :  Shale 

Locat ion:  - 
Formation: Dewey Lake Redbeds 

Cond i t i on  1: Ion  used: Eu 
Cond i t ion  2: Sources o f  v a r l a b i l l t y :  pH, 

Cond l t lon  3: - temp, f l u i d  comp 

(rni/g) 

to :  1.4 x I O ( 4 )  
as: - 

Property/un I t s :  Sorp t ion  coef f l c l e n t  (Kd) 

ranges from: 200 

ranges from: - to:  - 
Reference: Nowak (1980) 
Source: Owl-456 (1983), p. 73 

Proper ty  c lass:  Sorpt lon 
Ma te r ia l  : S m c t i  t e  

Formation: - 
Location: - 

Cond i t ion  1: Calculated values 
Cond i t ion  2: N a C l  conc = 10(-2) molar 
Cond i t ion  3: 25 deg C 

Proper ty /un i ts :  Sorpt ion c o e f f i c i e n t  (Kd) 
( cm( 3 1 / g  1 

ranges from: ca. 188 
t o :  ca. 200 
as: Weight % clay 

ranges from: ca. 5 to: ca. 95 
Referance: - 
Source: NUREG/CP-0052 (19831, p. 186 

Property c lass:  Sorpt ion 
Mater ia  I : S m c t  1 te 

( m I / g  ) 

Formation: - 
Location: - 

Cond l t lon  1 :  Ion used: Cs 
Cond i t ion  2: 0.2 t o  0.5 m l / L  NaCI; 0.01 

Cond i t ion  3: pH = 5 

ranges from: 0.06 

ranges frcm: - to: - 

mol/L NaOAC 

Proper ty /un i ts :  Sorp t ion  coef f  l c l e n t  (Kd) 
(m(3)/kg) ( ? )  

t o :  0.7 
as: - 

Reference: - 
Source: AECL-7812 (19831, p. 25 

Proper ty  class: Sorp t ion  
Ma te r ia l :  Smectfte 

Formatlon: - 
Locatlon: - 

Cond i t ion  1 :  Ions used: Eu, Am, Cm, Sm, U, 
c o  

Cond i t i on  2: 0.04 t o  0,25 mol/L N a C l  (and 
NaOAC ) 

Cond i t ion  3 :  pH = 5 

ranges from: 0.034 

ranges from: - to: - 

Proper ty /un l ts :  Sorp t ion  c o e f f l c l e n t  (Kd) 
(m(3)/kg) ( ? I  

to: 0.65 
as: - 

Reference: Three r e f s  
Source: AECL-7812 (19831, p. 25 

Property class: Sorp t ion  
Mater ia I :  Smecti te 

Fo rmt ion :  - 
Locatlcm: - 

Cond l t lon  1:  lons used: S r  
Cond i t ion  2: 0.05 t o  0.2 moi/L NaCi (and 

NaOAC 1 
Cond l t lon  3: pkl = 5 

ranges from: 0.030 

Property/unIts:  Sorp t ion  coef f  l c l e n t  Wd) 
(m(3)/kg) ( 7 )  

to: 0.6 
as: - 

ranges from: - to:  - 
Reference: Three r e f s  
Source: AECL-7812 (1983), p. 25 

Property class: Sorp t ion  
Ma te r ia l :  Smecti te 

Formatlon: - 
Location: - 

Condit ion 1 :  Ions used: Co, S r ,  Nb, Tc, 

Cond i t lon  2: Sources o f  v a r i a b i l i t y :  pH, 

Cond l t lon  3: - 

Ru, I ,  Cs, Sm, Eu, U, Np, Pu, 
Am 

t a p  

(m l/g) 
ranges from: 0 

to:  4 x lO(5) 
as: - 

Property/uni ts:  Sorption coef f  l c i e n t  (Kd) 

ranges from: - to: - 
Reference: Severa I r e f s  
Source: ORNL-6241/V2 ( I n  prepara?:on) 

p. 132-133 

Property class: Sorpt ion 
Ma t e r l a  I : Smect i t e  

Formation: - 
Location: - 

Condit ion 1: Varlous pH's, s a l i n i t i e s ,  

Cond i t ion  2: Several ion specles 
Cond i t ion  3:  - 
ranges frcm: 200 

f lar  ra tess  etc. 

Property/uni ts:  Sorp t ion  c o e f f i c i e n t  (ml/g) 

to: 2,000 
as: - 

ranges from: - to: - 
Reference: Nowak ( 1  979) 
Source: ONWI-312 (1981), p. 13 

Property c lass:  Sorpt ion 
Ma te r ia l :  Smectl te 

Formation: - 
Location: A t  lzona 

Cond i t ion  1 :  Amsrican Clay I n s t i t u t e  

Cond l t ion  2: Tested I n  basa l t  ground 

Cond l t lon  3: Tested f o r  25 days a t  25 

Source Clay SAz-I 

water; Ions used: Sr ,  Cs, Am 

deg c 
Property/unl ts:  Batch d l s t r i b u t i o n  ratlo (Rd) 

(m I /g? 

to :  2.7 x lO(3) 
as: - 

ranges f r o m :  8.15 x lO(2) 

ranges from: - to: - 
Reference: - 
Source: PNL-4452 Uc-70 (19831, p. 18 
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Proper ty  class: Sorpt ion 
Mater la I : Siwct  i t e  

Location: Arizona 
F o r m t l o n :  - 

Cond i t ion  1: lons used: Cs, 
Cond i t ion  7 :  Sources o f  var 

Cond i t ion  3: - 
s ta tad  

Property/un I t s :  Sorp t i  3n coef f 
(ml/g) 

ranges from: 260 
to: 750 
3;: - 

Qb, 
abi  

c i  e 

S r  
i t y :  not 

t (Kd) 

ranges from: - to :  - 
Refarenco: Yomrnen I and Roy (1980)  
Source: 3Mdl 4 8 6  (19831, p. 73  

Propei-fy c 135s: Sorpt ion 
Mater ia l :  Srrecti t e  

isrlnatlon: - 
L x a t i o n :  Texas 

Coqd i t ion  1: Amerlcan Clay I n s t i t u t e  

Cond i t lon  2 :  Tested i n  basa l t  ground 

Cond i t ion  3: Tested f o r  28 days a t  25 

Source Clay STx-1 

water; ions used: Sr.  Cs, A m  

deg C 

(rn I /g? 1 
ranges from: 1.4 x 1 0 ( 3 )  

to: 1.9 x lO(3 )  
as: - 

Proper ty /un l ts :  Batch d i s t r i b u t i o n  r a t i o  (Rd)  

ranges from: - to:  - 
Reference: - 
Source: PNL-4452 E - 7 0  (1983), p. 18 

Proper ty  class: Sorpt ion 
Mater l a  I : S m c t l  t e  

Location: Texas 
F o r m t i o n :  - 

Cond it ion 1 : Saturated NaC I b r  i ne 
Cond i t ion  2: Ion used: Cs 
Cond i t ion  3: - 

Proper ty /un i ts :  Sorpt ion coeff l c i e n t  (Kd) 
(rnl/g) 

ranges from: 310 
t o r  685 
as: Hydrothertna I a l t e r a t i o n  

ranges from: Untreated to: 200 deg C, 
30 Wa 

Reference: Roy and Burns 
Source: Sci  Basis  f o r  Waste Managerrant - V 

11982) ,  p. 6% 

Proper ty  c lass:  Sorpt lon 
Mater la I : Smact I t e  

Locatlon: Texas 
F o r m t l o n :  - 

Condi t l o n  1 :  Saturated NaCl b r i n e  
Cond i t ion  2: ion used: Cs 
Cond i t ion  3: - 

Proper ty /un i ts :  Sorpt ion coef f  l c l e n t  (Kd) 
( m l / g l  

ranges f r o m :  410 
t o :  400 
as: Yydrotherm I a l t e t a f  ion 

ranges from: Untreated to:  200 deg C, 
3 0  W a  

Reference: 9oy and Burns 
Source: Sci Rasls  f o r  Waste FSanagement - V 

(1982) ,  p. 638 

Proper ty  class: Sorp t ion  
Mater i a I : Smct i tg 

Location: Texas 
Fo rmt ion :  - 

Sond i t ion  1 :  Saturated NaCl o r l n e  
Zond i t lon  2:  ion used: Sr" 
Condi t ion 3: - 

Proper ty /un i ts :  Sorpt ion c o e f f i c i e n t  (Kd) 
(mi /g)  

ranges frcm: 310 
to: 370 
as: Hydrothernw I a i t e r a t  Ian 

ranges from: Untreated to:  200 deg C, 
30 Wa 

Reference: R o y  and Burns 
Source: Sci  Basis  f o r  Waste Managemonf - Y 

( 1 9 8 2 ) ,  p. 638 

Proper ty  class: Sorpt ion 
Matar I a I : S m c t  1 t e  

Location: Wyoming 
Formation: - 

Condi t lon 1 :  Amr lcan  Clay I n s t i t u t e  

Cond i t ion  2: Tested i n  basalt. ground 

Condi t ion 3: Tested f o r  28 days a t  25 

Source C I ay SWy-I 

water; Ions used: S r ,  Cs, Am 

deg C 

( m l / g ? )  
ranges from: 1.0 x l O ( 3 )  

to: 2.0 x lO(3)  

Proper ty /un l ts :  Batch d l s t r l b u t l o n  r a t i o  (Rd) 

as: - 
ranges from: - to: - 

Reference: - 
Source: PNL-4452 UC-70 ( 1 9 8 3 ) ,  p. 18 

Proper ty  class: Sorpt ion 
Mater ia l :  S m c t i t e  

Formation: - 
Locat ion: Wyoml ng 

Cond i t i  on 1 : Saturated NaC I b r  i ne 
Cond i t ion  2: I on  used: S r  
Condi t ion 3: - 

Property/un i t s :  Sorpt ion coef f  iclent (Kd) 
(mP/g) 

ranges from: 170 
to: 200 
as: Hydrothermal a l t e r a t i o n  

ranges from: Untreated to: 200 deg c, 
30 W a  

Reference: Rcy  and Burns 
Source: Sc l  Basis for  Waste Managemmt - V 

(19821,  p. 630 

Proper ty  c lass:  Sorp t  Ion 
Mater ia l :  S r e c t i t e  (Ca) 

Forrrwtion: - 
Location: - 

Condi t ion 1: Ions used: Ba, Cs, Eu, Sr 
Condi t l o n  2: Sources of  v a r i a b l  I l t y i  X - N  

conc, Ca conc 
Condi t ion 3: - 

Propor ty /un l ts :  Sorpt ion c m f f i c i e n f  (Kd) 
(rnl/g) 

ranges from: 0.4 
to ;  1.1 x lO(4)  
as: - 

Reference: Shlao e t  a l  (1979) 
r?lngQS frm: - to:  - 

Source: ObWl-486 (1983). p. 73 
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Proper ty  class: Sorpt ion 
Ma te r ia l :  Srnactite @la) 

Formatlas!: - 
Locat ion:  - 

Condition 1: Ions used: Am, Ba, Cb, Cm, 
Cs, Es, Eu, La, Sm, Sr,  Yb 

Cond l t i on  2: Sources of warlablllty: Na 
cwc, R-N canc, pH, temp, 

Conditron 3: - 
PropertyPuni ts:  Sorpt ian c w f f  iclent (Kd) 

f l u l d  Conrp 

(mlSg) 

to: 1 x l O ( 5 )  
as: - 

Source: 6Ml-486 (19831, p. 73 

Proper ty  class: Sorpt lon 
Ma te r ia l :  Ve rm lcu l l t e  

Location. - 

ranges frm: 0.2 

ranges from: - to: - 
Refereoce: Three refs 

Forma * ! on: - 
C o n d l t l a n  1 :  Ions used: Ba, Cs, Rb, Se, Sr 
Condition 2: Sources of vartabi I I t y :  not 

Condl t ion 3: - s t a t e d  

Prope,rty/untts: Sorption caceff ic ient  [KdB 
(rnl/g) 

ranges from: 47 

ranges from: - to: - 
to: 1.5 x lO(3) 
as: - 

Reference: Two r e f s  
Source: ONW1-486 (1983), p. 73 

Proper ty  class: Sorpt  ion 
Mater la I : VermO cu I I t e  

Formation: - 
L o m t l o n :  - 

CondiTion 1: Varies w l t h  pfl 
Condi t ion 2: - 
Cond l t i on  3: - 

PropertyPunl ts:  Sorption coef f lclent (Kd) 
(ml/g? 1 

ranges from: ca. 40 

ranges from: - to: - 
to: 4 x lot41 
as: - 

Reference: - 
Source: ?roc NEA Workshop OECU (19791, pn 315 

Property class: Sorpt ion 
Ma te r ia l :  Varmlcul I t a  

Formtion: - 
Location: - 

Condit ion I :  p~ = 8.5 
Condition 2: Ions used = I, Te, Np, Ss, 

CQndttiOn 3: - Zr ,  Cs, Am, Sm, PU 

PropertyPunBts: Sorpt ion c o e f f l c  
( m I /g7 1 

ranges from: M 

rangas frm: - -Po: .I 

to: 4 x 10(6) 
as: - 

Reference: - 
Source: Prw NEA Workshop OECD < 

p. 33-4 

Properw class:  Sorpt ion 
NrP-terlaI: VermBcul Its 

Formation: - 
Locatlon: Sau%h Cplrol lnw 

C a n d l t l o n  1 :  Salurated NaCl brine 
Condi t ion 2: Ion used: cs 
Condi t ion 3: - 

PropsrtyPunfts: Sorption cae f f  iclont (Kd) 

ta: 1.01 x 1064) 
as: Hydrotharma I a l t s raP lon  

(m I !gj 
ranges from: 8,9 x 10(2) 

ranges from: Untreated to: 200 deg C, 

Reference: Ray and Burns 
Source: S c l  Basis far Waste ?.lanaganent - Y 
Property class: Sorpt ion 
Mater ia! :  Verm?cu!Ite 

F o r m t l a n :  - 

30 W a  

(19821, p. 638 

Locatton: SwPh Carolina 
Condltlon 1: Saturated N&l  b r i n e  
Condltion 2: Ian used: S r  
Condition 3: - 

Propet-ty/untts: S o r p t l o n  a e f f t c l e n t  (Kd) 
h l / g )  

to: 9.8 x 110(2) 
as: Hydro tharm I a l t e r a t i o n  

30 @a 

ranges from: 2 x 10(3) 

ranges from: Mntreated to: 200 deg C, 

Reference: Roy and Burns 
Source: Scl b s l s  for Waste Management - V 

Property class: So rp t i  on 
Material: Vermlcu l l t e  and Gibbsite 

Formt ton :  - 
Locatton: - 

(19821, p. 6318 

b n d l t l o n  1: Ions used: &I, Cm, Rb, S r  
Candi t lon 2: Sources of varlabll!ty: not 

Condlt ion 3: 1: 1 mlxtusa 
statad 

Proper ty /un i tsr  Sorptlom coeaff iclent (Kd) 
(l?ll/g) 

ranges frm: 77 

ranges frm: - $0: - 
to: 1520 
as: - 

Reference: K m r n e n !  and Roy (19801 

Prnperd-y c9ass: Sorption 
Mater la I :  Verrnfcul i ta and Shale 

Formation: Gsnasauga Shale 

1-4186 (19831, p. 73 

b C X 3 t ! Q 8 7 :  - 
Condltl lon 1: loras used: b, Cm, Rb, ss 
C c s n d l t f s n  2: Sources of mr lab l  I Ity: no? 

condialon a: 1:l  afxTure 
s ta tad  

ProimrbyPun1Ps: Ssrptlon c m f f  Dclent IKdS 
(ml/g) 

ranges frm: 41 
to: 1.340 
as: ... 
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Property class: Sorpt ion 
M a t e r i a l :  Vermicu l i te  and Smectito 

Formation: - 
Loca1-ion: - 

Cond i t ion  1 :  Ions u s e d :  E h n  Cm, Rb, S r  
Cond i t ion  2: Sources o f  v a r l a b l  I i t y :  no t  

Cond i t ion  3: 1: 1 m i  x t u r e  
s t a t e d  

Propertyt’unlts: Sorpt ion c o e f f i c i e n t  fKd) 
(rnl/g) 

ranges from: 192 
t o :  3800 
as: - 

ranges from: - to :  - 
Reference: Kmarneni  and Roy (1980) 
Source: OWI-456 (19831, p. 73 

Proper ty  class: Sorpt ion 
Mater ia l :  Vermicul i t e  and Z e o l i t e  (var ious)  

F o r m t i o n :  - 
Locatior1: - 

Cond i t ion  1: Ions used: Ba, Cm, Rb, S r  
Cond i t ion  2: Sources of v a r i a b l  l i t y :  

Cond i t ion  3: 1:l mlxfure 
2001 i t S  $pSCi@S 

Property/un i t s :  S o r p t i o n  coef f  l c i e n t  (Kd) 
( rn l /g)  

ranges from: 130 

ranges from: - t o :  - 
to: 5.92 x 1 0 ( 5 )  
as: - 

Reference: Komarnenl and Roy (1980) 
Source: OW1-486 (1983), p. 73 
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13.1.2 Appendix A.2. GENERAL PHYSICAL PROPERTIES 
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Property c lass: Dens i t y  
Ma te r ia l :  Argl  I l i t e  

Formatlon: E l ema Arg 
Location: Nevada 

Cond l t lon  1: Quartz and 
Cond i t i on  2: Lesser kao 

Cond i t ion  3: - QtC. 

I I i t e  

i I I i t e  doml nant 
I n l t e ,  chamsi te ,  

Property/unfts:  Densi ty (bulk) (g/cm(3 
ranges from: 2-44 

to :  2.71 
as: - 

ranges frwn; - to: - 
Reference: - 
Source: ORNL/Sub/84-64794/1 (19651, p. 

Proper ty  class: Density 
Ma te r ia l :  Benton l te  (a )  

Formation: - 
Locatlon: - 

406 

Cond i t ion  1: Pressed a t  50 t o  100 MPa 
Cond l t ion  2: Water content ca. 10% 
Cond l t lon  3: - 

Propesty/unl ts:  Dsnsl ty (bulk) (t/m(3) ) 
(g/cm(3)) 

ranges from: ca. 2.1 
to: - 
8 s :  - 

ranges from: - to: - 
Reference: - 
Source: Proc NEA Workshop OECD ( l979b), 

P. 148 

Property c lass:  Densi ty 
Ma te r ia l :  Benton i te  (a) 

Formation: - 
Locat ion: Oregon 

Cond l t lon  1: 20 - 160 mesh 
Condition 2 :  - 
Cond i t ion  3: - 
ranges from: 2.73 

Proper ty /un l ts :  Speclf lc  g r a v i t y  (g/cm(3)) 

t o :  - 
as: - 

Reference: Taylor et a \  (1980) 
Source: RHO-BWI-SA-80 (19811, p. 6 

Proper ty  c i ass: Dens i t y  
Ma te r ia l :  Benton i te  (b1 

Formation: - 

ranges from: - to:  - 

Locat ion: Oregon 
Cond i t ion  1: Minus 200 mesh 
Cond i t ion  2 :  - 
Cond i t i on  3: - 
ranges frcm: 2.85 

Proper ty /un i ts t  Speclf I c  g r a v i t y  (g/cm(3) 1 

t o :  - 
as: - 

Refcrence: Taylor e t  a l  (1980) 
Source: RHO-BWI-SA-80 (1981 1 ,  p. 6 

ranges from: - To: - 

Property class: Dens it 
Mate r ia l :  Benton i te  Ccr 

Formatton: - 
Location: Wyoming 

Cond l t ion  1: - 
Cond i t ion  2: - 
Cond l t ion  3: - 
ranges from: 2.77 

P r o p e r t y h n l t s :  Spec i f i c  grav 

to: - 
as: - 

Reference: Taylor e t  a \  (1980 
Source: RHO-BWl-SA-80 (19811, 

Property c lass:  Dens 1 t y  
Ma te r ia l :  Benton i te  (Ca) 

ranges from: - to:  - 

Formation: Panther Creek C 

Cond i t ion  1: Held a t  compact 

Cond l t lon  2: - 

Location: - 
f o r  one m i  nute 

Cond i t ion  3: - 
ranges from: <1.7 

Property/unl ts:  Densi ty (g/cm(3 

to:  ca. 2.14 

B Y  

on pressure 

as: Compaction pressure ( W a l  and 
water content ($1  

ranges fran: 55; <5 to: 221 ; ca. 0 
Reference: - 
source: PNL-4452 uc-70 ( 1 9 0 3 ) ~  p. 24 

Property c lass :  Densi ty 
Ma te r ia l :  Benton i te  (Na) 

Formation: - 
Locat Ion: Wyoming 

Cond i t ion  1: MX-80 
Cond i t lon  2: ADOPTEO VALUE FOR 

Cond l t lon  3: - 
CALCULATIONS 

Property/unl ts:  Densl ty (specific) ( t /m(3 ) )  
(3/cm(3)) 

ranges from: 2.7 
to:  - 
as: - 

ranges from: - to:  - 
Reference: - 
Source: KHS TBKNISK RAPPORT 74 (19781, D. 3 

Property class: Densl ty 
Mater la l :  Benton i te  INa) (a )  

Formatlon: - 
Location: - 

Cond i t ion  1 :  P i u s  80 t o  90% crushed 

Condit ion 2: Laboratory compaction 
Condit ion 3: - 

(g/cm( 3 )  ) 

quar-tzl te, quar t r  sand, etc. 

Property/uni ts:  Densl ty (bu l k )  (t/m13) 

ranges from: 1.8 
to: 2.0 
as: - 

ranges from: - to: - 
Rsference: - 
Source: KBS TEKNISK RAPPORT 9 (19771, p. 4 
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Property class: Dens 1 t y  
Ma te r ia l :  Benton l te  (Na) (a )  

Formation: - 
Location: - 

Cond i t ion  1 :  Densi ty mxlrnum near 6% water 
Cond i t ion  2: Densi ty var ies  w i t h  compac- 

t i o n  pressure 
Cond i t ion  3: - 

Property/unI ts: Densl ty (g/cm(3) ) 
ranges from: <1.8 

t o :  2,28 
as: Compaction pressure (Wa)  

ranges from: 55 to :  221 
Reference: - 
Source: ObMl-312 (1981), p. 32 

Property class: Density 
Ma te r ia l :  Benton i te  (Na) (b) 

F o r m t i o n :  - 
Location: - 

Cond i t ion  1: P lus  80 t o  90% crushed 
quartz I te, sand, etc. 

Cond i t ion  2: F i e l d  ccmpact on t e s t  
Cond i t ion  3: - 

Proper ty /un l ts :  Densi ty (bulk (t /m(3 
(g/cm[3)) 

ranges from: 1.4 
to: 1.7 
as: - 

ranges frm: - to: - 
Reference: - 
Source: KBS TEKNl SK RAPPORT 9 (19771, 

Property class: Density 
Ma te r ia l :  Benton i te  (Na) ( b )  

Formation: - 
Locotion: - 

Cond l t ion  1 :  CS-50 Na-bentonite 

P. 4 

Cond i t ion  2: Compaction f o r  one minute 
Cond i t ion  3: - 
ranges from: <1.8 

Property/unl  ts: Densi ty (g/cm(3)) 

t o :  ca. 2.5 
as: Compactlon pressure (Wa)  and 

water content (%)  
ranges from: 55; <2 to: 221; 5 

Reference: - 
Source: PNL-4452 E - 7 0  (19831, p. 21 

Property c lass:  Density 
Ma te r ia l :  Benton i te  (Ma) ( c )  

Formation: - 
Location: Wyomlng 

Cond i t ion  1 :  MX-80 
Cond i t ion  2: - 
Condit ion 3: - 

Proper ty /un l ts :  Density (bu lk )  ( rho x t /m(3))  
(q/crn(3)) 

ranqes  from: 2,54 
t o :  1.08 
as :  Water content (wt, % I ;  void 

r a t i o  (e) 
r a n 9 h s  from: 3.7; 0.1 to: 741; 20,O 

PufC3rencu: - 
2oiirce: V h 5  T t K Y I S K  HAPPOllT 74 (19781, p. 4 

Property c lass:  Dens f t y  
Ma te r ia i :  Benton i te  (N33 and Sand (a) 

Formatlon: - 
Location: - 

Condiblon I :  75% c lay  
Condit ion 2: Held a t  compaction pressure 

f o r  one minute 
Cond l t lon  3: - 
ranges from: <1.9 

Proper ty /un l ts :  Densi ty (g/cm(3)) 

tor  ca. 2.8 
as: compaction pressrwe (Wa) and 

water content ( % )  
ranges from: 55; <3 to :  220; ca. 4 

Reference: - 
Source: PNL-4452 UC-70 (19831, p. 22 

Property class: Dansi ty 
b l a h r i a l :  Bentoni te (Na) and Sand (b) 

Fo rmt ion :  - 
Location: - 

Condit ion 1: 50% benton i te  
Condi t ion 2: Held a t  pressure f o r  one 

Cond i t ion  3: - 
ranges from: <1.9 

minute 

Property/un i t s :  Dens i t y  (g/cm(3) 1 

to: ca. 2.1 
as: Compactlon pressure (MPa) and 

water content (%I 
ranges from: 55; <3 to :  276; ca. 8 

Reference: - 
Source: PNL-4452 UC-70 619831, p. 23 

Property c lass: Densi ty 
MaterlaI: Benton i te  and Sand 

Formation: - 
Location: - 

Condit lon 1: Dry 
Condi t ion 2: - 
Condit ion 3: - 

Property/uni ts:  Densi ty (d ry )  (Mg/m(3)) 
(g/cm(3) 1 

ranges from: 1.81 
to :  1.4 
35: Clay content (%) 

ranges from: 22 to: 100 
Refersnco: - 
Source: AECL-7812 (19831, p. 31 

ProperPy c l a s s :  Dens I t y  
Fnaiterlai: Ch lo r lTe  

Forrnatlon: - 
Location: - 

Cond i t lon  1: - 
Condit ion 2: - 
CondlTion 3 :  - 

Property/uni  ts: Densi ty (d ry )  (presumed 
g/cm(3) ) 

ranges frm: 2.6 
to :  2.96 
as: - 

ranges from: - to: - 
Reference: G r i m  (1968) 
Source: Y/Wl /SUB-7009/1 (1976), p. 9 
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Property class: Dens I t y  
Ma te r la l :  Clay 

Formation: - 
Locat 1 on : Ha n f o r  d 

Cond i t ion  1: Rlngold c lay  0 
Cond i t ion  2: - 
Cond i t ion  3:  - . 
ranges fran: 2.71 

Proper(-y/unlts: Specl f  I C  g r a v l t y  (g/cm(3) 1 

to: - 
as: - 

Reference: Tay lo r  e t  a l  (1980) 
Source: RHO-BWI-SA-80 (1981), p. 6 

Proper ty  c lass: Dens I t y  
Ma te r la l :  Clay 

ranges from: - to: - 

Formation: Blue Clay 
Location: I t a l y  

Cond l t lon  1: - 
Cond i t l on  2: - 
Cond i t i on  3: - 

Proper ty /un i ts :  Densl ty (bu l k )  (kg/m(3)) 
ranges from: 2100 (2.100 g/cm(3)) 

ranges from: - to :  - 
Reference: Chapman and Gera 
Source: Rad Waste Management and Nuclear Fuel 

Cycle, V. 6 (19851, p. 54 

to: - 
as: - 

Property class: Densl ty 
Ma te r ia l :  Clay 

Formatlon: Boom Clay 
Locat ion: Be l g  I um 

Cond i t ion  1: - 
Cond l t lon  2: - 
Cond i t ion  3: - 

Property/unl ts:  Densl ty (bu l k )  (kg/m(3)) 
ranges from: 2010 (2.010 g/cm(3)) 

to: - 
as: - 

ranges from: - to :  - 
Reference: Chapman and Gera 
Source: Rad Waste Management and Nuclear Fuel 

Cycle, v. 6 (19851, p. 54 

Proper ty  class: Oensi t y  
Ma te r ia l :  Clay 

Locat ion: England 
Format Ion: Oxford Clay 

Cond i t ion  1: - 
Cond i t ion  2: - 
Cond i t lon  3: - 

Property/unl ts:  Densl ty (bu l k )  (kg/m(3)) 
ranges from: 2210 (2.210 g/cm(3)) 

ranges from: - to:  - 
Reference: Chapman and Gera 
Source: Rad Waste Vanagement and Nuclear Fuel 

Cycle, v. 6 (1985) ,  p. 54 

to :  - 
as: - 

Property class: Densl ty 
Mater la l :  Clay 

Formatlon: Po r te r ' s  Creek Clay 
Locat 1 on: Lou i s 1 ana 

Cond l t ion  1: Smecttte, kao l l n l t e ,  I I  I l t e ,  
etc. 

Cond l t lon  2: Quartz 5 t o  50 % 
Cond i t lon  3: - 

Property/unl ts:  Densl ty (kg/m(3) 
ranges from: 1,954 (1.954 g/cm(3)) 

to: - 
as: - 

ranges from: - to :  - 
Reference: Bout-~et I (1980) 
Source: ORNL/Sub/84-64794/1 (19851, p. 173 

Property class: Dens i t y  
Mater la l :  Clay and Sand 

Formatlon: - 
Locatlon: - 

Cond l t lon  1 :  Varlaus benton l te  sand 
m l  x tu res  

Cond i t lon  2: 10 - 70% c lay  by weight 
Cond i t ion  3: - 

Proper ty /un l ts :  Densl ty (d ry )  (kg/mg(3) 1 ( ? I  
(g/cm(3) ( ? I  

ranges from: ca. 1.6 
to: ca. 2.2 
as: Clay content ($1 and mofsture 

content ( % I  
ranqes from: 70: ca. 20 - 27 to: 10; 

I .~ 

ca. 5 - 15 
Reference: Tav lo r  e t  a l  (1980) 
Source: RHO-BW I - S A 4 0  ( 1  98 11, p. 6 

Property c lass:  Densi ty 
Ma te r ia l :  Clays and Shales 

Formation: - 
Locatlon: Eastern US 

Cond i t ion  1: Twenty-slx deterrnlnations 
Condit ion 2: - 
Cond l t lon  3: - 

Property/un 1 t s :  Densi ty ( g r a l  n) ( a v ~ r a g e )  
(presumed g/cm(J)) 

ranges from: 2.69 
to:  - 
as:  - 

ranges from: - to :  - 
Reference: - 
Source: Y/Wl /SUB-7009/1 (19761, p. IO 

Property c lass: Densi ty 
Ma te r ia l :  I I I l t e  

Fortitation: - 
Locatlon: - 

Cond i t ion  1: - 
Cond i t ion  2: - 
Cond i t ion  3 :  - 
ranges from: 2-65 

to: 2.13 
as: Humldlty ( $ 1  

Property/unl ts:  Densl ty (presumed g/cm(3)) 

ranges from: Dry to :  100 
Reference: Grlm (1968) 
Source: Y/WI /SUH-7009/1 (19761, p. 9 
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Proporty c lass:  Dens i t y  
Ma te r ia l :  I l l i t e  and Srneztita 

Formation: - 
Location: - 

Cond i t ion  1: Mixed-layer w i th  smect i te 
Cond i t ion  2: - 
Cond i t ion  3: - 
ranges from: 2.64 

t o :  1.48 
as: I-lurnidity ($, 

Property/un Its: Dons1 t y  (presmed g/crn(3) ) 

ranges from: Dry to:  100 
Reference: G r i m  (1968) 
Source: Y/Wl /SUB-7009/1 (1976), p. 9 

Property c lass: Densi ty 
Ma te r ia l :  K a o l i n i t e  

Formation: - 
Location: .. 

Cond i t ion  I :  - 
Cond i t ion  2: .- 
Cond i t ion  3: - 

Proper ty /un i ts :  Densi ty (d ry )  (Mg/m(3) 1 
(g/cm(3)) 

ranges frcm: ea. 1.2 
t o :  ca, 1 - 5  
as: h i s t u r e  content ($1 

ranges from: 10 to: 25 
Roforence: - 
Source: AECL-7812 (19831, p. 35 

Property c lass: Density 
Ma te r la l :  K a o l i n i t o  

Formation: - 
Location: - 

Cond i t ion  1 :  - 
Cond i t lon  2: - 
Cond i t ion  3: - 
ranges from: 2.60 - 2.68 

0 -  I I operty/uni ts:  Density (presumed g/cm(3) 1 

t o :  2.43 
as: Humidity ( % )  

ranges from: Dry to: 100 
Reference: G r i m  (1968) 
Source: Y/Ob!I /SUB-7009/1 (1976), p. 9 

Proporty class: Densi ty 
Ma te r ia l :  K a o l i n i t e  and Sand 

Formation: - 
Location: - 

Cond i t ion  1: Dry 
Cond i t ion  2: - 
Cond i t ion  3: - 

Proper ty /un i ts :  Densi ty (dry 
(g/cm(3)) 

ranges from: 2.05 
t o :  1.45 
as: Clay content 

Reference: - 
Sourco: AECL-7812 (19831, p. 

ranges from: 22 to: 100 

31 

Property class: Densi ty 
Ma te r la l :  01 I Shales 

Fo rmt ion :  Green R iver  Fm 
Location: - 

Cond i t ion  1: Mahogany zone 
Condil-ion 2: - 
Condit ion 3: - 

Propor ty /un i ts :  Densi ty (bu l k )  (presumed 
g/cm(3) 1 

ranges from: 1.506 
to:  2.31 
as: - 

r-doges from: - to: - 
Refnrancfi: - 
Source: Y/WIPSUR-7009/1 (19761, p. 13 

Property class: Densi ty 
Mater la l :  Shale 

F o r m t i o n :  - 
Location: Ca I i f o r n i a  

Condi t ion 1: Pl iocene 
Cond i t ion  2: Dopth: 5,000 t o  6,000 f e e t  
Condi t ion 3: - 

Property/un f fs:  Densi ty (presumed g/cm(3) 1 
ranges from: 2.5 

to: - 
as: 'dater content ($1  

ranges from: 6 to: - 
Referenca: M d u l  loch (1967) 
Source: Y/OWI /SUD-7009/1 (1976), p. 12 

Property class: Densi ty 
M a t e r i a l :  Shale 

Locat ion: M I  ch I gan 
Formation: Antrlrn Shale 

Cond i f ion  1: Quar-tz dominant 
Condl t ion 2: I l l i t e ,  k a o l i n i t e  
Cond i t ion  3: - 
rdnges from: 2.2 

to: 2.8 
as: - 

Property/unl ts:  Densl ty ( h u l k )  (g/crn[3)) 

ranges from: - -to: - 
Reforonce: Young (1978) 
Source: CRNL/Sub/84-64794/1 (19851, p. 96 

ProporPy class: Densi ty 
Mater ia l :  Shale 

Forma'rion: Bearpaw Shale 

Cond i t ion  1: Uppsr Cretaceous 
Condlt lon 2: Depth f r m  180 t o  200 fset 
Condit ion 3: - 

Location: Montana 

Property/un i i s :  Den5 i Py (dry 1 (average 1 

ranges Iran: 118 ( 1  .890 g/cm(3) 1 
( I bs/f t ( 3 )  1 

to: - 
as: - 

rangos from: - to: - 
Refsrancs: - 
Sourco: Y/WD PBH36/6, p. 6-1 
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Properfy class: D e m t t y  
Mates la? :  Shale 

Location: Montana 
Formation: Bearpaw Shale 

Condl t Ion 1 : Upper Cretaceous 
Cond i t lon  2: Depth from 180 t o  200 f e e t  
Cond i t ion  3: - 

Prnperty/un t ts:  Dens i t y  (wet) (average) 

rcsaiges from: 135 (2.162 g/cm(3)) 
(pounds/f t (3)  1 

t o :  - 
as: - 

ranges from: - to:  - 
Reference: - 
Source: Y/CWI/TM36/6, p. 6-1 

Proper ty  c lass:  Densl ty 
Material: Shale 

Formation: New Albany Shale 
Location: I Ilinols, Indlana, and 

Cond i t ton  1: Devonian and Miss iss lpp lan  
Cond l t lon  2:  Five  coreholes 
Condt t ion  3: 1 I l i t e : c h l o r l t e  = 2:1 

Proper ty /un i ts :  Densl ty (bu lk )  (average) 

Kentucky 

(g/cm(3) ) 
ranges from: 2.36 

to: 2.53 
as: - 

ranges from: - to: - 
Reference: Severa I r e f s  
Source: NNL-5703 (19831, p. 76 

Proper ty  c lass:  Densi ty 
Ma te r ia l :  Shale 

Formation: Qlentangy and Huron Shales 
Location: Oh l o  

Cond i t ion  1: I I l i t e  domtnant 
Cond l t ion  2: Several samples 
Cond i t ion  3: - 
ranges from: 2.65 

ranges from: - to: - 

Propar ty /un l ts :  Densi ty (bu l k )  (g/crn(3)) 

t o :  - 
as: - 

Reference: - 
Source: ORNL/Sub/84-64794/1 (1985), p. 108 

Proper ty  class: Dens I t y  
Ma ts r l a l :  Shale 

Formatlon: P i e r r e  Shale 
Location: Northern Great P l a i n s  

Cond i t ion  1: - 
Cond i t ion  2: - 
Cond i t ion  3: - 

Froper ty /un i ts :  Densi ty (d ry )  ( I  b/cu f t )  
ranges from: 95 (1.522 g/cm(3)) 

ranges frm: - to:  - 
to:  1 1 0  (1.762 g/cm(3)) 
as: - 

Reference: Abel and Gentry (1975)  
Source: ORNL/Sub/84-64794/1 ( i985), pb 293 

Property c lass: Dens 1 t y  
Na te r la l :  Shale (ea )  

Formation: - 
Location: - 

Cond i t ion  1: Miocene 
Cond l t lon  2: - 
Condft ion 3: - 

Property/unl ts:  Density (bu lk )  (presumed 
g/cm(3) ) 

ranges from: 2.1 
to: 2.5 
as: Water content ($1; depth ( f t )  

ranges from: 31; 6,000 to :  4; 16,000 
Reference: Ker r  and Kiarr lngton (1961) 
Source: Y/OWD/SUi3-3Q09/1 (1976) , p. 12 

Proper ty  c !ass: Dens i t y  
Material: Shale (a) 

Formation: - 
Locatlon: - 

Cond l t lon  1: Summary 
Conditlon 2: - 
Cond l t lon  3: - 
ranges from: 2,123 ( 2 . 8 2 3  gPcm(3)B 

to: 3,003 (3.003 g/cm(3)) 
as: - 

Property/unl ts:  Densi ty (kgim(3))  

ranges from: - to: - 
Reference: - 
Source: ORNL-624i/V1 ( i n  p repara t ion)  p. 40 

Property class: Dens t t y  
Ma te r ia l :  Shale (b) 

Formatfon: - 
Locatfon: - 

Cond l t ion  1: - 
Cond i t lon  2: - 
Conditllon 3: - 

Property/uni ts:  Densi ty (g ra ln )  (average) 
(presumd g/cm(3)) 

ranges from: 2.71 

ranges from: - to: .. 
to: - 
as: - 

Reference: - 
Source: Y/QWI/SUR-7009/1 (1976), pa 18 

Property class: Dens i i ty 
Hater la ! :  Shale (b) 

Formation: - 
Location: - 

Cond l t lon  1: - 
Cond l t lon  2: - 
Cond l t lon  3: - 
ranges from: 2,563 (2.563 g/cm(l3 

Proparty/unfts:  Densl ty (kg/m(3) 1 

to: - 
as: - 

ranges from: - to: - 
Reference: Loken, M. (personal c m n  

Source: oRML-6241p’V2 ( i n  prepera t lon)  
(19841 
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Property class: Dens I t y  
Maberlal :  Shale ( c )  

Formi t ion:  - 
Location: - 

Cond i t ion  1: PaSeozoIc 
Cond i t ion  2: Deep b u r i a l  
Condl t I on 3: Expanded 

ranges frm: 2.4 
Property/un i ts: Dens i t y  (presumed g/cm(3) ) 

to :  - 
as: - 

ranges f c m :  - to:  - 
Reference: - 
Source: Y/W I /SUB-7009/1 ( 1  9761, p. 8 

Proper ty  class: Dens i t y  
Material: Shale (d) 

Fornuation: - 
I-ocatfon: - 

Cond i t lon  1: PaIeomAc 
Cond i t ion  2: Deep b u r i a l  
Condl t I on 3: Non-expanded 

ranges from: 2.65 

ranges from: - to: - 

Proper ty /un i ts :  Densl ty (presumed g/cm(3)) 

t o :  - 
as: - 

R a f e r e n ~ ~ :  - 
Source: Y/W i /SUB-7009/1 ( 1  9761, p. 8 

Proper ty  class: Densi ly 
Ma te r ia l :  Shale (e) 

Formation: - 
Locat ion:  - 

Cond i t ion  1: Paleozoic 
CondiPion 2: Shallow b u r l a l  
Condtt lon 3: Expanded 

ranges from: 2.2 
Proper ty /un l ts :  Densi ty (presumed g/cm(3)) 

to: - 
as: - 

ranges from: - to :  - 
Reference: - 
S O U ~ C O :  Y/Wi /SUB-7009/1 (19759, p. 8 

Proper ty  c lass: Dens I t y  
Wa*erlal: Shale ( f )  

F o r m t i o n :  - 
Location: - 

Cond i t ion  1: Paleozolc 
Cond l t lon  2: ShallvPl burlal 
Cond i t lon  3: Now-expanded 

ranges from: 2.3 

ranges from: - to:  - 

Prcqmrty/un its: Density (presumed g/crn(3) 1 

to: - 
as: - 

Reference: - 
Source: Y/&l /SUB-7009/1 (19769, p. 8 

P r o p e r t y  class: Density 
h h r i a ! :  Shale (g)  

Formatlon: - 
LocaPion: - 

Condit lon 1: T e r t i a r y  
CondlSion 2: Deep bur 
Cond i t ion  3: Expanded 

Property/uni ts:  Densi ty 
ranges from: 2.2 

f a :  - 
as: - 

ranges from: - to: - 
Reference: - 
SOUrCQ: Y/obdl /SuB-3009/1 

Property class: Density 
MaPer la l :  Shale (h)  

Formation: - 
LocaPicm: - 

Cond l t lon  1: T e r t i a r y  

a 1  

presumed g/cm(4) 1 

(19763, p. 8 

Cond i t ion  2: Deep b u r l a l  
Condi t 1 on 3: Non-expanded 

ranges from: 2.5 

ranges from: - to: - 

Property/unl ts:  Densl ty (presumed g/cm(3) 1 

to :  - 
as: - 

Reference: - 
Source: Y/OWI /SUB-7009/1 (1976), p. 8 

Property c lass:  Dens I t y  
Ma te r ia l :  Shale ( 1 )  

F o r m t i o n :  - 
Location: - 

Cond i t i o n  1 : T e r t l a r y  
Condi t ion 2: Shal lmi b u r i a l  
Condi t  ion 3: Expanded 

ranges f r o m :  2.0 

ranges frm: - to:  - 

Property/un I t s :  Densi ty (presumed g/cm(3) 1 

to: - 
as: - 

Reference: - 
Sourcw "/Ow I /SUB-7009/1 ( 1  9761, p. 8 

Property class: Densl ty 
b h t e r i a l :  Shale aj) 

Formation: - 
Location: Gulf  Coast 

Cond i t lon  1: Oligocene 
Cond i t ion  2: - 
Condit lon 3: - 
ranges from:: 2.1 

to:  2.3 
as: Po ros i t y  (%); Depd;h I f e a t )  

ranges f r o m :  22; 2,000 to: 12; 10,000 

Property/unIts:  Densl ty i(g/cm(3) 1 

Reference: Two r e f s  
Source: Y/OwI/Sl#3-7009/1 (19761, po 121 
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Proper ty  class: Dens i t y  
Ma te r ia l :  Shale (k) 

F o r m t i o n :  - 
Location: Gulf  Coast 

Condition 1: Eocene 
Cond i t ion  2: Depth 8,600 f e e t  
Cond i t ion  3: - 
ranges from: 2,56 

to:  - 
as: Water content (S, 

ranges from: 1.3 to: - 

Praperty/un 1 ts: Dens 1 t y  (presumed g/cm(31 ) 

Reference: Dickinson (1953) 
Source: Y/WI /SuB-70OW1 (19761, p. 12 

Proper ty  class: Densi ty 
Ma te r la l :  Shales 

Formatlon: - 
Location: - 

Canditlsn 1: - 
Cond i t ion  2: - 
Cond i t lon  3: - 

Property/un I t s :  Densi ty (d ry )  (presumed 
g/cm(3) 1 

ranges from: 1.55 
to: 2.55 
as: Depth ( f e e t )  

ranges from: 0 to :  11,000 
Reference: Skeels (year no t  s ta ted)  
Source: Y/OWI /SUB-7009/1 (19761, Fig. 1 

Proper ty  c lass:  Densl ty 
Ma te r la  I: Shales 

Formation: - 
Location: - 

Cond i t i on  1: Represents m n y  t e s t s  
Cond i t i on  2: - 
Cond i t i on  3: - 
ranges from: 117 (1.874 g/cm(3)) 

t o :  188 (3.011 g/cm(3)) 
as: - 

Proper ty /un l ts r  Densl ty ( I b s / f t ( 3 ) )  

ranges f rom:  - to: - 
Reference: Severa I r e f s  
Source: Y/CWID?436/6, p. A-2, 3 & 4 

Proper ty  class: Dens I t y  
Mater l a  I : Sha les 

Formation: - 
Locatlon: - 

Cond l t ton  1: - 
Cond i t ion  2: - 
Cond i t i on  3: - 

Prcper ty /un l  ts:  Densl ty (wet) (presumed 
g/cm(3) 1 

ranges from: 1.98 
to: 2.67 
as: Depth ( f e e t )  

ranges from: 0 to: 11,000 
Reference: Skeels (year n o t  s ta ted)  
Source: YPCkil /SUB-7009/1 (19761, Fig. 1 

Property c lass:  Dens I t y  
Ma te r la l :  Shales 

Formatfon: - 
Locatlon: Black H I  I Is 

Condl t Ion 1 : Cretaceous 
Cond l t ion  2: Nine determlnat lons 
Cond l t lon  3: - 

Property/unIts:  Densi ty (g ra in )  (average) 
(presumed g/cm(3) 1 

ranges from: 2,66 
to: - 
as: - 

ranges from - to: - 
Reference: - 
Source: Y/MdI/SUB-7009/1 (19761, p. 10 

Property c lass: Dens i t y  
Mater ta l :  Shales 

Formation: - 
Locatlon; EasPern Canada 

Cond i t lon  1: Cretaceous 
Cond i t ion  2: I l l i t e  dominant p lus  

Cond l t lon  3: - 
ch l o r !  ?e, quartz, smect f te, 
stc. 

Property/unl ts:  Densl ty (bulk)  (presumed 
g/cm(.3) 1 

ranges from: 2.07 
to :  2.68 
as: Depth ( f e e t )  

ranges frm: 2,690 to: 9,120 
Reference: Kaarsberg (19591 
Source: Y/CWI /SUB-7009/1 (1976), p. 15 

Property c lass:  Dens I t y  
MaterIaI :  Shales 

Formation: - 
Location: Kansas 

Cond i t ion  1: Paleozoic and Masozolc 
Cond l t ion  2: Twenty-f ive determinat ions 
Cond i t ion  3: - 

Property/un i t s :  Dens 1 t y  (gra  i n )  (average) 
(presumed g/cm(3)) 

ranges from: 2.72 

ranges from: - to: - 
to: - 
as: - 

Reference: - 
Source: Y/OW1/SUB-7009/1 (19741, p. 10 

Proper ty  class: Densi fy 
FtaterIaI:  Shales 

Formation: - 
Locat ion:  New York, Kentucky, V i r g i n i a  

and West V l r g l n i a  
Cond i t lon  1: Oevonlan 
Cond i t ion  2: - 
Condit.ion 3: - 

Proper ty /un i ts :  Oenslty (bu I k )  (average) 
(g/crn(3) 1 

ranges from: 2.61 
to: 2.68 
as: - 

ranges from: - to: - 
Reference: Severa B r e f s  
Source: ORNL-5703 (19831, p., 37 
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Proper ty  class: Density 
Mater la  I : Sha les 

Formation: - 
Location: Qklahotm 

Cond i t lon  1: Permian 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un i ts:  Density 

ranges f r m :  2.1 
g /cm ( 3 1 

Too: 2,62 
as: Depth ( 

ranges from: 400 to :  
Reference: Athey (1930) 
Source: Y/O\srI /SUB-7003/ 

Proper ty  c I ass: Dens 1 t y  
M a t e r i a l :  Shales 

Forirmtton: - 

and Pennsylvanian 

(bu lk )  (presumed 

e e t  1 
5 ~ 000 

(1976), p. 16 

L oca f 1 on: Venez ue I A 

Cond i t ion  1 :  T e r t l a r y  
Condi f i o n  2: For ty  determinations 
Cond i t ion  3: - 

Proper ty /un i ts :  Density (g ra in )  (average) 
(presumad g/cm(3)1 

ranges from: 2.69 
to: - 
as: - 

ranges from: - to:  - 
Reference: - 
Source: Y/WI /SUB-7009/1 (19761, p. 10 

Proper ty  c lass:  Density 
M a t e r i a l :  Shales 

Formation: Graneros, Greenhorn, Nlobara 
and P i e r r e  Shales 

Location: Black H i  I I s  
Cond i t ion  1 :  - 
Cond i t ion  2: - 
Cond i t ion  3: - 

Proper ty /un i ts :  Densi ty  (bu lk )  (presumed 
g/crn(3) 1 

ranges from: 1.559 
t o :  2.038 
as: - 

ranges from: - to: - 
Re f erence: Ru bey ( 1 930 1 
Source: Y/OWl /SUB-7009/1 (1976), p. 14 

Proper ty  class: Densi ty  
Mater l a  I : Sha les 

Format 1 on: I r e t o n  Fm 
Location: Western Canada 

Cond i t ion  1: Devonian 
Cond i t ion  2: I I l i t e  p l u s  c h l o r i t e  
Cond i t ion  3: Some c a l c i t e  and dolomite 

Proper ty /unI ts :  Densl ty  (bu l k )  (presumd 
g/cm(3)) 

ranges frm: 2.43 
to :  2.71 
as: Depth ( f e e t )  

ranges f r o m :  2,710 to: 6,565 
Reference: Kaarsberg ( 1  959) 
Source: Y / M i  /SU5-7009/l (1976), p. 17 

Proper ty  I: lass: Dens i t y  
Mater ia l :  Shales (a) 

Formation: - 
Locat ion: - 

Condi t ion 1: - 
Cond i t ion  2: - 
Condi t ion 3: - 
ranges frm: 1.6 

t o :  2.5 
as: DepTh ( i n )  

Proper+y/units: Densi ty  (bu lk )  (g/cm(3) 

ranges f r o m :  0 t o :  6000 
Reference: Several r e f s  
Source: ORNL-6241/V2 ( i n  preparat ion)  p. 199 

Proper ty  class: Densi ty  
Mater ia l :  Shales (b) 

F o r m t i o n :  - 
Location: - 

Cond i t ion  1: Pennsylvanian 
Condi t ion 2: Three samples 
Condi t ion 3: - 

P r o p e r t y h n  I t s :  Dens Ity (bu I k 1 (presumed 
g/crn(3)) 

ranges from: 2.40 
to :  2.43 
as: Hater  content ( 5 )  

ranges f r - m i :  12 to :  1 1  
Reference: Kaarsberg (1959) 
Source: Y/OWI /SUB-7U09/1 (19761, p. 16 

Proper ty  class: Density 
Mater ia l :  Shales (c)  

Formation: - 
Location: - 

CondlPion 1 :  Mississippian-0evonlan 
Condi t ion 2: - 
Cond i t ion  3: - 

Proper ty /un i  fs: DenslPy (natura I )  (presumed 
g/cffl(3)) 

ranges f r a n :  2.43 
to :  2.65 
as: - 

ranges f r o m :  - to:  - 
Reference: - 
Source: Y/W I 4SUB-7009/1 ( 1  9761, p. 18 

Proper ty  class: Densi ty  
Mater ia  I : Smecti t e  

Fo rmt ion :  - 
Location: - 

Condi t ion 1 :  - 
Condi t ion 7: - 
CondiTion 3: - 
rangos from: 2.2-2.7 

Property/unl t s :  Densl t y  (presumed g/cm(3) 1 

to: 1.77 
as: Humidity ( I )  

ranges from: Dry to:  100 
Reference: G r i m  (0968) 
Source: Y/oQIJI /SUB-7009/1 (1976), p. 9 
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Proper ty  class: Mo is tu re  content 
Ma ts r l a l :  A r g l l l l t a  

Formation: Eleana A r g l i i i t e  
Location: Nevada 

Cond i t i on  1: Quartz and l i l l t e  dominant 
Cond i t ion 2: Lesser kao I i n I te, chamos I te, 

Cond l t lon  3: - 
ranges from: 2 

to :  4 
as: - 

etc. 

Property/un I t s :  Mo f s tu re  content ( 8 ,  

ranges from: - to :  - 
Reference: - 
Source: ORNL/Sub/84-64794/1 (19851, p. 406 

Property class:  Mol s tu re  content 
Ma t a r  la I : Rent-onl t e  and Sand 

Formatlon: - 
Locat lon:  - 

Cond l t lon  1 :  Mois t  
Condttlon 2: - 
Cond i t ion  3: - 
ranges from: 13 

t o :  22 
as: Clay content ( $ 1  

ranges from: 22 to: 100 

Proper ty /un l ts :  ~ o f s t u r e  content ($1  

Reference: - 
Source: AECL-7812 (19831, p. 31 

Proper ty  c lass:  Ma is tu re  content 
Mat-erial:  K a o l i n i t e  and Sand 

Formatlon: - 
Location: - 

Cond i t ion  1:  Mois t  
Cond i t ion  2: - 
Cond i t ion  3: - 
ranges from: 10 

t o :  30 
as: C l a y  content (%)  

ranges f r o m :  22 to: 100 

Property/un i t s :  Moisture conten t  ( $ 1  

Reference: - 
Source: AECL-7812 (1983), p. 31 

Proper ty  c lass:  Mol s tu re  content 
Ma te r ia l :  Shale 

F o r m i l o n :  Arnhelm and Waynesvl I l e  Fms 
Locat lon:  Ohlo 

Cond i t ion  1: Ordovlc lan 
ConditTon 2: I n t a c t  
Cond i t ion  3: - 

Praperty/uni ts:  tMo1stw-e content (na tu ra l )  
( % )  

ranges from: 2 
to:  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/Wl /rM36/6, p. 5-14 

Property class: Moisture content 
Ma te r ia l :  Shale 

Formation: Hsarpaw Shale 

Cond l t lon  1 :  Upper Cretaceous 
Cond i t ion  2: Depth from 180 t o  200 f e e t  
Cond i t lon  3: - 
ranges from: 15 

Location: Montana 

Property/un i t s :  Water content (average) (%)  

to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/WI AM36/6, p. 6-1 

Property class: Ma I s tu ra  content 
Mater la l :  Shale 

Formatlon: Chagrln Shale 
Location: Ohlo 

CondItIon 1: Devonian 
Cond i t ion  2: i n t a c t  
Cond i t ion  3: - 

Property/un I t s :  Molsture content (na tura l  ) 
( $ 1  

ranges from: 4 
to:  - 
as: - 

ranges f rom:  - to: - 
Raference: - 
Source: Y/GWIAM36/6, p. 4-12 

Property class: Mo ls tu re  content 
Mater ia l :  Shale 

Formatlon: Lewls Shale 
Location: New Mexlco 

Cond i t ion  1: - 
Cond i t ion  2: - 
Cond i t ion  3:  - 
ranges from: 3.7 

to: 6.2 

Property/unl ts:  Mo is tu re  content ( % I  

as: - 
ranges from: - *o: - 

Reference: - 
Source: Y/Cm I /CMJ6/6 p. 8-5 

Property c lass:  Mafsture content 
Mater ia  I : Shale 

Formation: Mancos Fm 
Locat ion: New Mexl co  

Cond l t lon  1: - 
Cond l t lon  2: - 
Cond l t lon  3: - 
ranges from: 3 

ta: 1 1  
as: - 

ranges fran: - to: - 

Proper ty lun  f t s :  Mo i s t u r e  'content (rock) ( $ 1  

Reference: - 
Source: Y/ow I /TM36/6, p. 8-3 
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Property c lass:  Moisture content 
Ma te r la l :  Shale (a) 

Formation: - 
Location: - 

Cond i t ion  1: I n t a c t  
Cond i t ion  2: - 
Cond i t ion  3: - 

?ropsrty/un i t s :  Molsfure content lnatr i ra I )  
(S) 

ranges from: 0 
to :  38 
as: - 

ranges from: - to :  - 
Reference: - 
Source: Y/WI/TM36/6, p. 2-2 

Property class: Moist irre conten 
Ma te r la l :  Shale ( b )  

Formation: - 
Locat ion:  - 

Cond i t ion  1: f tTypicaI t l  i i l i t  
Cond i t lon  2: I n t a c t  
Cond l t lon  3: - 

C 

Proper ty /un l ts :  Moisture content (na tu ra l )  
( $ 1  

rang05 froii: 1.5 
t o :  - 
as: - 

ranges from: - to :  - 
Reforence: - 
Source: Y/Wi/TM36/6, p. 7-8 

Property class: Molsture content 
Ma te r ia l :  Shale (c )  

Formation: P i e r r e  Shale 
Locat ion:  - 

Cond i t ion  1: Cretaceous 
Cond i t ion  2: I n t a c t  
Cond i t ion  3: - 

Property/unl ts:  Moisture content (natura I )  
(S) 

ranges from: 18 
to :  - 
as: - 

rangss from: - to: - 
Reference: - 
Source: Y/Wi AM36/6, p. 3-24 

Proper ty  class: Mo l s t u r e  content 
Ma te r ia l :  Shale ( d )  

Formatlon: P i e r r o  Shale 
Location: Northern Great P la lns  

Cond i t ion  1 :  - 
Cond l t ion  2:  - 
Cond i t ion  3: - 

Property/un I t s :  MOT s tu re  content (natura I ) 
( $ 1  

ranges frm: 18 
t o :  38 
as: - 

ranges from: - t o :  - 
Reference: Abo! and G a n t r y  (1975) 
Source: ORNL/Sub/84--64794/1 (19851, p. 293 

ProperTy class: kk I s t u r e  content 
Mater ia l :  Shale ( e )  

Formt ion :  P i e r r e  Shale 
Location: Wastern USA 

Condi t ion 1: Cretaceous 
Cond i t ion  2: - 
Cond i t ion  3: - 
rangas frm: 35 

to:  15 
as: Depth 

Property/un i ts:  k B sPure content (5 )  

ranges frm: Wear surfacest to:  Weeply 
bur ledt1 

Reference: - 
Source: Y/okBi/1’M36/6, p. 3-1 

Property class: Moisture content 
MaPeriai: Shales 

F o r m t i o n :  Pierre,  Bearpaw and C lagget t  
Shales 

Local-ion: - 
Cond l t io i i  1 :  P o r o s i t i e s  stab1 I i z s  a t  200 

Condll-ion 2: - 
Condlt lon 3: - 

Po 300 f e e t  depth 

Property/un i t s :  Fk, I s tu re  content (natura I )  
(%)  

ranges frm: 38 
to: 12 
as: Poros i ty  ( $ 1  

ranges from: 61 to:  26 
Reference: A b 1  and Gentry (1975) 
Scurce: Y/otdI/SU8-7009/1 (19761, p. 14 

Property class: Moisture content 
Mater ia l :  Shales (a) 

Formation: - 
Location: - 

Condit ion 1: Represents many t e s t s  
Condi t ion 2: - 
Condit ion 3: - 
ranges f run: ? .3 

Property/uni ts:  Moisturo content ( 5 )  

to:  558 
as: - 

ranges from: - to:  - 
Rsferenco: Several r e f s  
Source: Y/WlAM36/6, p. A-13, 14 d 15 

Property class: Moisture content 
Ma te r ia l :  Shales ( b )  

Formation: - 
Condit ion 1: - 
Condit ion 2: - 
Cond i f ion  3: - 
ranges from: 70 t o  90 

LOC3fiOn: - 

Proper-ly/un i t s :  Water content (vol 5) 

to: 5 t o  10 
as: Depth (rn) 

ranges from: 0 to:  1,000 
Referanco: Rucst (1969) 
Source: ORNL-6241/V2 ( i n  p repara t lon l  p. 218 
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Property class: Porost ty  
Ma te r ia l :  Argi I l l t e  

Formation: Eleana Argi  I l i t e  
Locat ion:  Nevada 

Cond l t l on  1: Quartz and I l l l t e  domlnant 
Cond i t i on  2: Lesser k a o l l n l t a ,  chamoslte, 

Condi t ion 3: - 
ranges from: 8 t o  16 

to: 6 t o  12 
as: Depth (m) 

ranges from: <500 to: 500-914 

etc. 

Proper ty /un i ts :  Po ros i t y  ($1 

Reference: - 
Source: ORNL/Sub/84-64794/1 (1985), p. 406 

P r q e r t y  class: Poros l t y  
Ma te r ia l :  Ben-tonlte and Sand 

Formation: - 
Locat ion:  - 

Condl t lon 1: Varlous benton1te:sand r a t  
Condi t ion 2: - 
Condi t ion 3: - 

Property/un i t s :  Po ros i t y  ( e f f e c t i v e )  (un 1 t 
n o t  s ta ted)  

as 

ranges frcnn: ca 0.4 

ranges from: 1.2 to :  1.8 t o  2.4 

to :  0.002 
as: QensIty (dry)  (Mg/m(3)) 

Reference: - 
Sourcs: AECL-7812 (19831, p .  32 

Property class: 
Ma te r ta l :  Clay 

F o m  t 1 on: 
Locat 1 an : 

Condl t lon 1:  
Condi t lon 2: 
Condi t ion 3: 

Property/un 1 ts:  
ranges from: 

to :  
as: 

ranqes from: 

Poros 1 ty 

B l u e  Clay 
I t a l y  - - - 
Porost ty  tl, 
25 - - - to: - 

Reference: Chapman and Gera 
Source: Rad Waste Management and Nuclear Fuel 

Cycle, V. 6 (19851, p. 54 

Proper ty  class: Poros ilty 
Mate r ia l :  Clay 

Formatlon: Boom Ciay 
Locat  ion: Be I g 1 um 

Condi t ion 1: - 
Condi t fon 2: - 
Condi t lon 3: - 
ranges from: 38.5 

Property/unIts:  PorasI ty  ( % I  

to: - 
as: - 

ranges from: - to: - 
Reference: Chapman and Gera 
Source: Rad Haste Maana erst and Nuclear Fuel 

Cycle, V. 6 ( 1  !iY 851, p. 54 

Property c lass: Poros I t y  
Ma te r ia l :  C l a y  

Formt lon :  Oxford C l a y  
Location: England 

Condl t lon 1: - 
Condi t lon 2: - 
Condi t ion 3: - 
ranges from: 30 

P r o p e r t y h n  i ts:  Poros 1 t y  ( 8  1 

t o :  - 
85: - 

ranges from: - to: - 
Reference: Chapman and Gere 
Source: Rad Waste Management and Nuclear Fuel 

Cycle, v. 6 (19851, p. 54 

Property class: Pcros l t y  
Flater laI :  I I l i t e  

Formation: - 
Location: - 

Condi t ion 1: S p e c i f i c  surface = 8 hm(2)/kg 
Condi t ion 2: - 
Condi t ion 3: - 

Property/un i t s :  Poros Ity ( e f f e c t l v e  1 (un l t s  
not  s ta ted)  

ranges from: ca. 0.5 

ranges from: 1.2 to :  2.6 
Reference: - 
Source: AECL-7812 (19831, p .  32 

Property class: Poroslty 
Mater ta l :  K a o l l n l t e  

Fo rmt ion :  - 
Locatlon: - 

Condl t lon 1: S p e c l f l c  surface = 2 hm(2)/kg 
CondIt lof i  2: - 
Condl t lon 3: - 

to: m, 0.002 
as: Densi ty (dry)  (Mg/mI3) 

Propsrty/un I t s :  Poros i t y  ( e f f e c t  1 ve) (un 1 t s  
no t  s ta ted 1 

rangas from: CB. 0,5 

ranges from: 1.2 to: 2.6 
Reference: - 
Source: AECL-7812 (1983), p. 32 

Property class: Poras i t y  
Mater ta l :  Shale 

F o r m t i o n :  - 
Locatlon: - 

Condl t lon 1: ADOPTED BASE VALUE 
Condi t ion 2: - 
Condi t ion 3: - 

to: ca. 0.002 
as: Qens 1 t y  (dry 1 (Mg/m(3) 1 

Property/uni ts:  Porosity ( e f f e c t i v e )  ( u n l t s  
n o t  s ta ted)  

ranges from: 0.05 
to: 0,005 
as: - 

ranges from: - to:  - 
Reference: - 
Source: ORNL-6241/Vl ( I n  praparat lon) p. 33 



108 

Proper ty  class: Porosity 
Mate r ia l :  Shale 

F ~ r m t l m :  - 
Locat ion:  - 

Cond i t ion  1: slTypIcsDtt I I I l t i c  
Cond i t ion  2: i n t a c t  
Cond i t ion  3:  - 
ranges from: 3.0 

ranges from: - to: - 

PropertyJuni ts:  Poros i ty  (rack mss) (%) 

to: - 
as: - 

Reference: - 
i / lM36/6 ,  p. 7-8 

Proper ty  class: Pwus,l?-y 
Mate r ia l :  Shale 

FormtDan: - 
Locaflon: - 

Candit lcm 1: ADOPTED RASE VALUE 
Cond i t ion  2: - 
Cond i t ion  3 :  - 

Proper ty /un i ts :  Porosity ( t o t a l )  (un I t s  n o t  
s ta ted)  

ranges frm: 0.1 

ranges frm: - to :  - 
to: 0.01 
as: - 

Reference: - 
Source: ORNL-6249/V1 ( i n  preparat ion) p. 33 

Property ciass: P ~ r ~ ~ i t y  
Material: Shale 

F o r m t i o n :  - 
loca t i on :  Great B r i t a l l n  

Cond i t ion  1: S I  l u r l a n  
CondJtian 2: F ive  cwrtcrop samples 
Condition 3: - 

P roperty Pun i t s :  Poros I t y  ( t o t a  I 1 (un 
s ta ted )  

ranges from: 0.020 
to: 0.101 
85: - 

ranges frm: - ta: - 
Reference: Manger (1863) 
Source: ORML-6241/V2 ( i n  p repara t ion  

Property class: Pwas I t y  
Mater ia l :  Shale 

l oca t i on :  Michigan 
Cond i t fon  !: Devsnlan 
CondlPlon 2: - 
Cond i t ion  3: - 

Fosmation: - 

ts not 

B. 52 

Property/unIts: Porosity (total) (urnlfs no? 
s tal-ed 1 

ranges from: 0.03 
?a: 0.10 
as: - 

ranges frcm: - to: - 
Reference: Gonzales (1984) 
Source: ORML-624 1 /V2 ( 1 n preparat  lion) p. 52 

Property class: ?or% I t y  
Material: Shale 

Fo rmt ion :  - 
LocaPlon: South Carol Ina 

Cond i t lon  1: T r i a s s i c  
Condl t lon 2: Dumbarton Qasfn 
Cond i t ion  3: - 

Propsrty/uni ts:  Porosity (effective) (utal9i; 
not stated) 

ranges from: 0.005 
to: - 
as: - 

ranges from: - to: - 
Rafesence: Gonza les (1984) 
Source: ORNL-6241/V2 ( I n  preparat ion) p. 52 

Property class: Poros IPy  
Material: Shale 

Formation: Arnhelm and Haynesv i l ie  Fins 
Location: Ohio 

Cond l t lon  1: Ordovician 
Condit ion 2: I n t a c t  
Condi t ion 3:  - 
ranges from: 4 

to: - 
as: - 

ranges frm: - to: - 

PropsrtyPunl ts:  i%roslty ( e f f e c t l v s )  (%I 

Reference: - 
Source: Y/CWII/lM15/5, p. 5-14 

Property class: Pwos  1ty 
Matsslal: Shale 

Fo rmt ian :  Chagrin Sha 
LQCXtion: Ohio 

Cond i t ion  1 :  nsvonlan 
Cond i t ion  2: 1n-t-act 
Condi t ion 3: - 
ranges from: 8 

to: - 
as: - 

Prop,srty/units: Poros i ty  (I- 

ranges from: - to: - 

8 

Refareice: - 
Sot~rce: Y/WI /TbI36/6, p. 4-12 

Property c lass: Poros Ity 
Material: Shale 

Formation: Chanute Shale 

Cond i t lun  1: Pennsylvanian 
Condltlan 3 :  Four samples 
Condit ion 3: 230-rn depth 

Location: Kansas 

Pr-opertyPun Its: Poros i t y  ( t o t a l )  ( u n i t s  n o t  
stated9 

ranges frcm: 0.073 
to: 0.106 
as: - 

ranges from: - to: - 
Rsfssencs: &wger 4 1963) 
Smrce: ORNL-6241/V2 ( i n  preparat ion) p. 52 
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Property class: Poros i t y  
Ma te r ia l :  Shale 

Location: Kentucky 
Cond i t ion  1: Devonian 
Cond i t ion  2: Two subsurface samples 
Cond i t ion  3:  - 

Formation: Chattanooga Shale 

Proper ty /un i ts :  Po ros i t y  ( t o t a l )  ( u n i t s  no t  
s ta ted)  

ranges from: 0.074 
to :  0.076 
as: - 

ranges from: - to:  - 
Reference: Manger (1963) 
Source: ORNL-6241/V2 ( i n  preparat ion) p. 52 

Proper ty  c lass:  Poros i ty  
Ma te r ia l :  Shale 

Formation: Conasauga Shale 
Locat ion:  Tennessee 

Cond i t ion  1 :  - 
Cond i t ion  2: - 
Cond i t lon  3: - 
ranges from: 0.5 

t o :  1.9 
as: - 

Proper ty /un i ts :  Po ros i t y  (SI 

ranges from: - to :  - 
Reference: DeLaguna (1968) 
Source: ORNL-6241/V2 ( i n  p repara t ion)  p. 219 

Property c lass:  Po ros i t y  
Ma te r ia l :  Shale 

Formation: Conasauga Shale 
Locat ion: Tennessee 

Cond i t ion  1 :  Cambrian 
Cond i t ion  2: F i ve  samples 
Cond i t ion  3: - 

Proper ty /un l ts :  Poros i ty  ( t o t a l )  ( u n i t s  no t  
s ta ted  1 

ranges from: 0.005 
t o :  0.019 
as: - 

ranges from: - to: - 
Reference: DeLaguna (1968) 
Source: ORNL-6241/V2 ( i n  p repara t ion)  p. 52 

P r o p e ~ y  class: Po ros i t y  
Ma te r ia l :  Shale 

Formation: Hami l t o n  Shale 
Locat ion:  Missour i  

Condl t l o n  1 : Mi ssissl ppian 
Condi t i o n  2: One outcrop sample 
Cond i t ion  3: - 

P roperty/un i t s :  Poros i t y  ( t o t a  I 1 (un i t s  no t  
s ta ted )  

ranges from: 0.113 

ranges from: - to:  - 
to: - 
as: - 

Reference: Manger (1963) 
Source: ORNL-6241/V2 ( I n  prepara t ion)  p. 52 

Property c lass: Poros i t y  
Ma te r ia l :  Shale 

Loca t I on: Pennsy I van i a 
Formation: Mart i nsburg Shale 

Condi t ion 1 :  Ordovician 
Condl t i o n  2: Quarry sample 
Cond i t lon  3:  - 

Property/un I ts :  Poros i t y  ( t o t a  I )  (un i t s  no t  
s ta ted)  

ranges from: 0.010 
to: - 
as: - 

ranges from: - to: - 
Reference: Manger (1963) 
Source: ORNL-6241/V2 ( i n  p repara t ion)  p. 52 

Property c lass:  Poros i ty  
Mater ia l :  Shale 

Location: Colorado 
Formation: Muddy Shale 

Condi t ion 1 :  Depth 4,900 f e e t  
Condi t ion 2: - 
Condit ion 3: - 
ranges from: 4.1 

to:  5.1 
as: - 

ranges from: - to:  - 
Reference: Handin e t  a l  (1963) 
Source: Y/OW I /SUB-7009/1 (19761, p. 14 

Property c lass:  Poros i ty  
Mater ia l :  Shale 

Property/un i ts: Poros i t y  ( $ 1  

Formation: New Albany Shale 
Location: I I  l i no i s ,  Indiana, Kentucky 

Cond i t ion  1 :  Devonian 
Condit lon 2: - 
Condit lon 3: - 

Property/un i t s :  Poros 1 t y  ( t o t a  I )  (un i t s  no t  
s ta ted  1 

ranges from: 0.009 
to: 0.046 
as: - 

ranges from: - to:  - 
Reference: Gonzales (1984) 
Source: OHNL-6241/V2 ( i n  preparat ion) p. 52 

Property c lass:  Po ros i t y  
Ma te r ia l :  Shale 

Formation: Olentangy and Huron Shale 

Condi t ion 1: Devonian and Miss lss lpp ian  
Location: Ohio 

Cond i t ion  2: I I I i t e  dominant 
Condi t ion 3: - 

Property/uni ts:  Poros i ty  (primary 
ranges from: >3 % 

ranges from: - to :  - 
to:  - 
as: - 

Reference: - 
Source: ORNL/Sub/84-64794/1 (1985 
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Property class: PorosTty 
N a t s r r a l :  Shale 

Formatron: Ophlr Shale 
Locatlon: Utah 

Cond' t lon 1 :  Cambrlan 
CondTtTofl 2: Two subsurface samples 
CondTtlon 3: - 

Proper ty /un l ts :  Poros l ty  ( t o t a l )  ( u n l t s  not 
s ta ted  1 

ranges from: 0.009 
for - 
as: - 

ranges from: - to: - 
Reference: Manger (1963) 
Source: ORNL-6211 /V2 ( l n preparat lon) p. 52 

Property c lass:  PorosTW 
Matarlal: Shale 

FormtTon: P l e r r e  Shale 
Locatlon: - 

Condl t l o n  1 : Cretaceous 
Cond l t lon  2: I n t a c t  
Cond l t lon  3: - 
ranges from: 33 

Proper ty /un l ts :  Porosrty (%I 

tor  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/Wl /TM36/6, p. 3-24 

P r o p e r t y  class: Poros l ty  
MatorTal :  Shale (a) 

Formatron: - 
Locatlon: - 

Condl-t lon 1 :  - 
condr t ron  2: - 
Condrt lon 3: - 
ranges from: 30 

ranges from: 500 to: 2,500 

P roper ty  /un r ts: ~ o r o s  1ty ( % )  

t o :  5 t o  10 
as: Depth (m)  

Referencar Conybeare (1967) 
Source: ORNL-6241/V2 (Tn prepara t lon)  p. 218 

Property class: Poros l ty  
M a t e r i a l :  Shale (a )  

F o r m t l o n :  - 
Locat lon:  - 

CondTtTon 1 :  - 
Condrt lon 2 :  - 
Cond l t lon  3: - 
ranges frm: 0.01 

Property/unl ts:  Poros l ty  ( e f f e c t l v e l  ( u n l t s  no t  

to: - 
as: - 

ranges f r o t n :  - to: - 
Reference: Loken, M. (personal commun?catIon) 

Source: ORNL-6241/V2 ( I n  preparat ion) p. 99 
(1984) 

Property class: Poros 
M a t s r l a l :  Shale (a) 

Formatlon: - 
Locatlon: - 

CondTtTon 1: - 
CondTtTon 2: - 
CondTtlon 3: - 

ProDer-tv/un T t s :  Poros 

t Y  

t v  ( t o t a l )  (unTts not . ,  
s ta ted ) '  

ranges from: 0.03 
to: - 
as: - 

ranges from: ~- to: - 
(1984) 

Reference: L&.an, M. (personal comrnunlcatlon) 

Source: ORNL-6241/V2 (Tn preparat lon) p. 99 

Property class: Poroslty 
Mate r la l :  Shale (a) 

Formatlon: Antr lm Shale 
Locatlon: MlchTgan 

Condlt lon 1 :  Devonlan 
CondTtlon 2: Depth from 350 t o  450 m 
CondTtlon 3: - 

Property/unl ts:  Poros l ty  (%I 
ranges frmr 3 

to: I O  
as: - 

ranges from: - to:  - 
Reference: Two r e f s  
Source: ORNL-5703 (19831, p. 106 

Property class: Porosl t y  
MaPsrlal:  Shale (a) 

Formatlon: Mew Albany Shale 
Locatlon: I I I lno ls ,  IndTana and 

Kentucky 
CondTtTon 1 :  DevonTan and Mlss lss lpp lan  
CondTtlon 2: Four  coreholes 
Condlt lon 3: - 
ranges frm: 0.95 

to:  4.64 
as: - 

Property/un?ts:  Porosity (average) (vol.  % )  

ranges frm: - to: - 
Reference: Several r e f s  
Source: ORNL-5703 (1983), p. 76 

ProperBy class: Poros l ty  
Material: Shale (b )  

Formatron: - 
Locatfon: - 

Condlt fon 1: I n t a c t  
Condl t lon 2 :  - 
Condlt lon 3: - 
ranges from: 0 

to: 45 
as: - 

Property/unTts: Poros l ty  ( rcck  mass) ( 8 )  

ranges from: - to:  - 
Reference: - 
Source: Y/OWI/TM36/6, p. 2-2 
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Proper ty  class: Poros l t y  
Ma te r la l :  Shale (b) 

Formation: - 
Location: - 

Cond i t ion  1: - 
Cond i t lon  2: - 
Cond i t ion  3: - 

Proper ty /un i ts :  Po ros l t y  ( t o t a l )  ( u n i t s  no t  
s ta ted )  

ranges from: 0.03 
to :  - 
as: - 

Reference: D'Appalonia (1980) 
Source: ORNL-6241/V2 (In preparat ion) p. 52 

Proper ty  class: Poros I t y  
Ma te r ia l :  Shale (b) 

Formation: Antr im Shale 
Locat i on: M i  ch 1 ga n 

Cond l t ion  1: Quartz domtnant 
Cond i t ion  2: I l l i t e  and k a o l i n i t e  
Cond i t ion  3:  - 
ranges from: 3 

t o :  10 
as:  - 

ranges from: - to: - 

Property/uni ts:  Po ros l t y  (%) 

ranges from: - io :  - 
Reference: Ywng (1978) 
Source: ORNL/Sub/84-64794/1 (1985), p. 98 

Proper ty  class: Porosi t y  
Ma te r ia l :  Shale (b )  

Formation: New Albany Shale 
Location: I I l i n o l s ,  Indiana, Kentucky 

Cond i t ion  1: Black shale 
Condi t Ion 2: Quartz dcnnl nant 
Cond i t i on  3: I I l l t e : c h l o r i t e  = 2:1 

ranges from: 0.95 
t o :  4.64 

Proper ty /un i ts :  Po ros l t y  (%)  

as: - 
ranges from: - t o :  - 

Reference: Kalyoncu e t  a i  (1979) 
Source: ORNL/Sub/84-64794/1 (19851, p. 85 

Proper ty  c lass:  Poros I t y  
Ma te r ia l :  Shale (c )  

Formation: - 
Location: - 

Cond i t ion  1 :  Two samples 
Cond i t i on  2: - 
Cond i t lon  3:  - 

Property/un i t s :  Poros i t y  ( t o t a  I )  (un I t s  n o t  
s ta ted  1 

ranges from: 0.003 
t o :  0.056 
as:  - 

ranges from: - to:  - 
Reference: Panday (1974) 
Source: ORNL-624 1/V2 ( 1  n prepara t ion)  p. 52 

Proper ty  class: Po ros i t y  
Ma te r la l :  Shale ( d )  

Formation: - 
Location: Ohio 

Cond i t ion  1: Devonian 
Cond i t ion  2: Appalachian Basin Shale 
Cond i t lon  3: - 

Property/uni ts:  Po ros i t y  ( t o t a l )  ( u n i t s  no t  
s ta ted)  

ranges from: 0.03 
to: - 
as: - 

ranges from: - to :  - 
Reference: Gonza I es ( 1  984) 
Source: ORNL-6241/V2 ( I n  p repara t lon)  p. 52  

Property c lass: Poros I t y  
Ma te r ia l :  Shale ( e )  

Formatlon: - 
Locat ion: Pennsy I vanla 

Cond i t ion  1: Oevonlan 
Cond l t ion  2: Gas shale 
Cond l t lon  3: - 

Property/un i ts:  Poros Ity ( t o t a  1 ) (un I t s  no t  
s ta ted)  

ranges from: 0.0117 
to:  - 
as: - 

ranges from: - to: - 
Reference: U. S. DOE (1981) 
Source: OHNL-6241/V2 ( I n  p repara t ion)  p. 52 

Proper ty  t lass: Poros I t y  
Mater ia l :  Shale ( f )  

Formatlon: - 
Locatlon: Scotland 

Cond i t ion  1 : Carbon1 ferous 
Cond i t ion  2: Outcrop sample 
Cond i t ion  3: - 

Property/unl  t s :  Poros i t y  ( t o t a  I ) (un I t s  not 
s ta ted)  

ranges from: 0.016 
to :  - 
as: - 

ranges from: - to: - 
Reference: Manger (1963) 
Source: ORNL-624 1 /V2 ( I n  p repara t ion)  p. 52 

Property c lass: Po ros i t y  
Ma te r ia l :  Shales 

Formation: - 
Locatlon: - 

Cond i t lon  1: - 
Cond i t lon  2: - 
Cond i t ion  3: - 
ranges from: 70 

to :  10 
as: Depth (m)  

ranges from: 0 to :  6,000 

Property/un I t s :  Po ros i t y  ( $ )  

Reference: Severa I r e f s  
Source: ORNL-6241/V2 ( I n  preparat lon) p. 199 



112 

Property class: Poros l ty  
Ma te r ia l :  Shales 

Formatlon: - 
Locatlon: Appalachfan Basln 

Condl t fon 1 : Devon lan 
CondltToti 2: - 
Cond l t lon  3: - 
ranges from: ca. 3 

Proper ty /un i ts :  Poros l ty  ( $ 1  

t o :  - 
as: - 

ranges frcm: - .to: - 
Reference: Gonzales and Johnson (1984) 
Source: ORNL-6241/V2 ( l n  preparat lon) p. 219 

Property class: PorosTty 
Ma te r la l :  Shales 

F o r m t l o n :  - 
LocatTonr I I I l n o l s  RasTn 

Cond i t  lon  1 : Devon fan 
Cond l t lon  2: - 
CondltTon 3: - 
ranges from: 0.9 

to: 4.6 
as: - 

P r operty /un 1 ts :  Poros T ty ( B  ) 

ranges from: - to:  - 
Referenco: Gonzales and Johnson (1984) 
Source: ORNL-624l/V2 ( I n  preparat lon) p. 219 

Property c lass: Poros 1 Py 
Mater l a  I : Sha I as 

F o r m t l o n :  - 
Locatlon: Kentucky (8) 

Cond l t lon  1 :  Pennsylvanlan 
CondTtlon 2: - 
Cond l t lon  3: - 
ranges frm: 3.3 

to: 10.1 

ranges from: ca. 450 to: - 

Proper ty /un l ts :  Poros l ty  (I, 

as: Depth’qm) 

Reference: Gfpson (1966) 
Source: ORNL-6241/V2 ( I n  p repara t lon)  p. 219 

Property class: Poros l ty  
Ma te r la l :  Shales 

Formatlon: - 
Locatlon: Kentucky (b1  

CondT t ton 1 : Pennsy I van Tan 
CondTtlon 2: Poros l ty  decreases w l t h  depth 
CondTtlon 3 :  Poros l ty  decreases w l th  pre- 

f e r r e d  o r l e n t a t l o n  
<Property/unTts: Poros l ty  ( $ 1  

t o :  3 
as: Depth ( fee t ) ;  Water content 

ranges frcrm: 15 

( $ 1  
ranges from: 31; 6 to :  1,484; 1 

Reference: Gipson (1966) 
Source: Y/WI /SUB-7009/1 (19761, p. 16 

Property class: Poros l t y  
Mater la l :  Shales 

Formt lon :  - 
Locatlon: Kentucky, New York, V l r g l n l a  

and West Y l r g l n l a  
Condl t lon 1: Devonlan 
CondTtlon 2: - 
Condlt lon 3: - 
rangos from: 2.86 t o  3.87 

Property/untts:  Poroslty (average) (vot. % )  

to: - 
as: - 

ranges from: - to: - 
Reference: Several r e f s  
Source: ORNL-5703 (19831, p. 37 

Property c lass:  Poras t ty  
MaterTaI: Shales 

F o r m t l o n :  - 
Location: MTchlgan BasTn 

Condlt lon 1 :  Devonlan 
Condlt lon 2: - 
Condlt lon 3: - 
ranges from: 3 

to: IO 
as: - 

Property/unl ts:  Poros l ty  (%) 

ranges from: - to: - 
Reference: Gonzales and Johnson (1984) 
Source: ORNL-5241/V2 ( I n  p repara t lon)  p. 219 

P r o p e r t y  class: Poros f ty  
MEIterlal: Shales 

Fo rmt lon :  - 
Loca t 1 on : Ok I a horn 

Cond l t lon  1:  Pennsylvanlan and Perrnlan 
Condlt lon 2: - 
Condlt lon 3: - 
ranges from: 25 

Property/un Its: i.7oros 1 f.y ( S I  

to: 2 
as: Depth ( f e e t )  

ranges from: 400 to: 5,000 
Ref erence: Athey (1930) 
source: v / o W ~ / s u B - m w i  ( i m ) ,  p. 16 

Property c lass:  Poros 
Ma fa r la \ :  Shales 

F o r m t l o n :  - 
Locatlon: Penns 

Cond l t lon  1: Devon 
CondTtlon 2: - 
CondTtlon 3: - 

Property/un Its: Poros 
ranges from: 1.17 

‘ro: - 
as: - 

ranges from: - to: 
Reference: U. S. DOE 
Source: ORNL-6241/Y2 

lvan la  
an 

t y  ( e f f e c t i v e )  ( $ 1  

- 
1981) 
l n  preparat lon) p. 219 
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ProperPy class: Poros I t y  
Materila I : Sha I e5 

F o r m t i o n :  - 
Location: South Caro l ina 

Cond i t i on  1: T r l a s s l c  
Cond l t i on  2: - 
Condl t ton 3: - 
ranges from: ca. 0.5 

ranges from: - to: - 
Reference: U. S. DDE (1961) 
Source: ORNL-6244/V2 ( i n  preparat ion)  p. 219 

Proper ty  class: Poros i ty  
Material: Shales 

Propertyt’un i t s :  Poros I t y  ( e f f e c t i v e )  (k) 
t o :  - 
as: - 

F o r m t i o n :  - 
Lcocatlan: USA and Europe 

Condi t ion 1: Outcrops, mlnes and boreholes 
Condi t lon 2: - 
Cand l t i on  3: - 
ranges from: 19 

Proper ty /un l ts :  Po ros i t y  (,%I 

t o :  11 
as: - 

ranges fram: - to: - 
Reference: a n g e r  ( 1 963) 
Source: ORNL-6241/V2 ( i n  preparat ion)  p. 219 

Property class: Poros i t y  
M a t e r i a l :  Shales (a) 

Formation: - 
Location: - 

Cond i t l an  1: - 
Condi t ion 2: - 
Cond i t i on  3: - 
ranges from: 3 

to: 15 
as: - 

ranges f rom: - to:  - 

f‘roparty/un i t s :  Po ros i t y  (2) 

Reference: - 
Source: QRNL-6241/V2 ( i n  preparat ton) p. 218 

Proper ty  c lass: Poros i t y  
Ma te r la l :  Shales (b) 

Formatton: - 
Location: - 

Condi t ion 1: - 
Condtf-ion 2: - 
Cond l t i on  3:  - 

Propertyt’un i t s :  Poros i t y  ($1  
ranges from: 15 t o  4 5  

ranges from: 600 to:  3,000 

ta: 3 t o  20 
as: Depth (m) 

Re fersncs: R I eke ( 1 974) 
S~ut-ce: ORNL-6241/V2 ( I n  preparat ion)  p. 219 

Property class: Poros 1 ty 
Materlal: S h a l e s  (c)  

Fo rmt ion :  - 
Locatlon: - 

Condi t ion 1: Miss lss lpp lan and Devonian 
Condi t ion 2: - 
Comdttlan 3: - 

ranges from: 0.4 
to :  7.2 
as: - 

ranges from: - to:  - 

Proper ty /un i ts :  Poros i ty  ( 5 )  

Reference: - 
Source: Y/CWi/SUB-7009/1 (19761, p. 18 

Property class: Po ros i t y  
Ma te r la l :  Shales (d)  

F o r m t ? o n :  - 
Locatlon: - 

Conditlon 1: Rapresents many samples 
Candl t ion 2: - 
Condi t ion 3: - 
ranges from: 0.0 

ranges from: - to: - 
Reference: Severa I r e f s  
Source: Y/WI AM36/6, p. A-12 

Property class: Poros t t y  
%tes la ! :  Shales (e )  

Property/un i t s :  Poros I t y  ($1 

to: 44,8 
as: - 

Formt ion :  - 
Locat 1 on: Germany 

Condi t ion 1: T r l a s s l c  
Condi t lon 2: - 
Condi t ion 3: - 

Property/un I t s :  Po ros i t y  t%,  
ranges from: 25 

to :  ca. 0 
as: Depth ( fee t ) ;  Water content 

(SI 
ranges from: 400; I 1  to :  4,000; ca. 0 

Reference: Mu1 l e r  (1967) 
Source: V/OWI /SUf3-7009/1 (19761, p. 15 

Property class: Speclflc g r a v i t y  
Ma te r ia l :  Ekn ton l te  (a) 

Formation: - 
Location: - 

Cond 1 ti on 1 : Avonge I 
Condl t ion 2: A i r  dry m l s t u r e  content = 

Condltlon 3: - 9.3% 

P r o p e r t y h n i t s :  S p e c l f l c  g r a v i t y  
(dimension less 1 

ranges from: 2.21 
to :  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Proc  NEB Workshop OECD (1981), p, MO 



Property class: S p e c l f i c  g r a v i t y  
Ma te r ia l :  Benton i te  ( b )  

Formation: - 
Location: Black H i  I Is 

Cond i t ion  1 :  A i r  dry m l s P u r e  content = 

Cond i t ion  2: - 
Cond i t ion  3: - 

8.3% 

Property/unl ts:  Speclf IC g r a v i t y  
(di inonsioniess) 

ranges from: 2.18 
t o :  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Proc NEA Workshop OECD (1981) p. 340 

Property class: Speci f Ic g r a v i t y  
Maaerial: Benton i te  (Na) 

Formation: - 
Locat ion: Wyoming 

Cond i t ion  1: MX-80 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/unl ts:  Speci f  fc g r a v i t y  
(d i m n s  ion less) 

ranges from: 2.66 
to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: AECL-7825 (1984), p. 12 

Proper ty  class: Spec i f i c  g r a v i t y  
Ma te r ia l :  Benton i te  (Na) and Sand 

Formation: - 
Locat ion:  Wyml ng 

Cond l t lon  1: MX-90 
Cond i t ion  2: 50% sand 
CoRditiOn 3: - 

Prapert-y/units: Specif IC g r a v i t y  
( d  1 mens 1 on I ess) 

ranges fran: 2.535 
to :  - 
as: - 

ranges from: - to:  - 
Reference: - 
Source: AECL-7825 (198.11, p. 12 

Proper ty  class: Speci f i c  g rav i  ty 
Mater ia  I : Kao I I n i t e  

Fo rmt lon :  - 
Location: - 

Cond i t ion  1 :  A i r  dry m i s t u r e  content = 

Cond i t lon  2: - 
Cond l t lan  3: - 

1 .1% 

Proper ty /un l ts :  Specif i c  g r a v i t y  
(dlrnensionless) 

ranges from: 2-60 
t o :  - 
as: - 

ranges frm: - to: - 
Ref e rewe:  - 
Source: Proc NEB Workshop O E M  (1981), p. 340 

Property class: Spec i f i c  sur face  
Mater ia l :  Benton i te  (Na) 

Formt ion :  - 
Location: - 

CondlPlon 1 :  S p e c i f i c  g r a v i t y  = 2.66 
Cond l t lon  2: Organic content ( d r y )  (5) = 

2.5 
CondltDon 3: - 
ranges from: 589 

t-0: 615 
as: - 

ranges fram: - to: - 

Prsper iy /un i ts :  Speci f  I C  surface (rn(Z!)/g) 

Reference: - 
Source: AECL-7825 (1984), p. 12 

Property class: Speclf IC surface 
MaSerIaI: Benton i te  (Na) and Sand 

Formt lon :  - 
Location: - 

Cond i t ion  1: 50% k n t o n 1 t e  
Condit ion 2: S p e c i f i c  g r a v i t y  = 2.635 
Condlt lon 3: Organlc content ( 8 )  = 0.1 

Property/uni ts:  Spec1 f I c  surface (mG!)/g) 
ranges from: 284 

ranges f r o m :  - to: - 
to: - 
as: - 

Reference: - 
Source: AECL-7825 (19841, p. 12 

Property class: Specif I c  surface 
Mater ia l :  Shale 

Formation: AnPrlm Shale 
Location: Michigan 

Cond l t lon  1: Devonian 
Candlt ion 2: Typ ica l l y  50-60% quartz, 

Cond i t ion  3: Values m y  be Inaccurate 

Property/uni ts:  Speclf i c  surface (m(2)/g) 
ranges from: 0.05 

ranges from: - to :  - 

20-358 i I I i t e  

because o f  m t h o d  used 

to: 1.2 
as: - 

Reference: - 
Source: ORNL-5703 (19831, p. 109 

Property class: Specif I c  surface 
Mater l a  I : S m c t  i t e  

Fofaat lsn:  - 
Locatlon: - 

Condit ion 1: - 
Cond i t ion  2: - 
Condit ion 3: - 
ranges from: 800 

Property/unl ts:  Speclf i c  surface (m(2)/g) 

to:  - 
as: - 

ranges frm: - to :  - 
Reference: Two r e f s  
Soui-ce: WUREG/C,P-0052 (1993) p. 182 



Property class: Void r a t i o  
Naterlal: Clays 

Formation: - 
Locatlon: - 

CondlPlon 1: - 
Cond l t l on  2: - 
Cond i t i on  3: - 

Proper ty /un i ts :  Vol'cl r a t i o  (dImenslonless) 
ranges from: ca. 1.5 t o  3,O 

to :  ca. 0.5 t o  0.6 
as: E f f e c t i v e  overburden pressure 

(kg/cm(Z) 1 
ranges f ran:  0.1 (0.01 WaB 

t o :  110 (10.8 Wa) 
Reference: Skempton (1 953) 
Source: ONHI-312 (19811, p. 21 

Proper ty  class: Vold r a t i o  
Na ts r !a l :  Kaollnlta (Ca) 

Formatlon: - 
Locat ion:  - 

Condi t ion 1:  Water saturated. 
Condi t ion 2: - 
Cond l t l on  3: - 
ranges frm: 2.5 

to :  1.0 
as: Pressure 

rangss from: 100 p s f  (0.05 W a )  to: 

Proper ty /un i ts :  Vold ra.t io (dimension less) 

100,000 psf (4.7 Wa) 
Reference: Olson and Mess! (1970) 
Source: OFsrli-486 (19831, p. 38 

Proper ty  class: Void r a t i o  
MaterIaB: K a o l i n i t e  (Na) 

Formatlon: - 
Location: - 

Condl t lon 1: Water saturated. 
Condl t ton 2: - 
Condi t ion 3: - 
ranges from: 2 , 5  

to :  1.0 
as: Pressure 

ranges from: 100 psf (0.05 Wa) to: 

Proper ty /un l ts :  Vold ratio (dimensionless) 

100,000 psf (4.7 P A )  
Reference: Olson and Mesrl (1970) 
Source: Owl-486 (1983), p. 38 

Property class: Void r a t l o  
Ma te r ia l :  Smecti te (Ca) 

Formation: - 
Location: - 

Condl t lon I :  Water saturated. 
Condl t ton 2: - 
Condi t ion 3: - 
ranges from: 7.0 

to: 1.0 
as: Pressure 

ranges from: 100 psf (0.05 W a )  t o :  

Proper ty /un i ts :  Void r a t l a  (dimensionless) 

100,000 ps f  (4.7 W a )  
Reference: Olson and Mesrl (1970) 
Source: OW!-486 t1983), p. 38 

Property class: V Q ! ~  r a t i o  
Mater fa 1 : S m c t  1 t e  (Na) 

Formt ion :  - 
Locatlon: - 

Condlt lon 1: Water saturated. 
Condt t lon 2: - 
Condi t ion 3: - 
ranges from: 30.0 

Proper ty /un i ts :  Vold r a t i o  (dImensIonfess) 

to: 1.0 
as: Pressure 

ranges frm: 100 ps f  (0.05 Wa) to: 
100,000 psf  (4.7 Wa) 

Reference: O I S Q ~  and Mesr l  (1970) 
Source: OW!-486 (19839, p. 38 

. . . . . . . . . . .__-. . ....... . 
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1 3 . 1 . 3  Appendix A . 3 .  HYDROLOGIC PROPERTIES 





1 1 9  

Property class: Hydrau 
Mater fa  I : Clay 

F o r m t i o n :  B lue C 
Locatlon: I t a l y  

Cond l t l on  1: 
Condition 2: 
CondIt!on 3: 

I C  conduct 

aY 

Property/un Its: HydrauI 1c conduc t l v l t y  (m/s) 
ranges from: 10(-10) (1  x IO(-9) m/s)  

t 0: 
as: 

ranges from: to: 
Reference: TWO r e f s  
Source: Rad Waste Managerslant and Nuclear Fuel 

Proper ty  class: Hydraul ic  conduc t l v f t y  
Ma te r la l :  Clay 

Locat 1 on: Be f g 1 urn 
Cond l t l on  1: 
Cond l t l on  2: 
Cond i t i on  3: 

ranges frm: 1 Q { - I O l  ( 1  x lo(-€!) cm/s) 

c y c l e  V. 6 (1985), p. 'ib 

Formation: Boom Clay 

Proper ty /unI ts :  Hydraul lc  conduc t i v i t y  (m/s) 

to :  10(-12) ( 1  x tO(-lO) m/s)  
as: 

ranges from: to: 
Reference: TWO r e f s  
Source: Rad Waste Management and Nuclear Fuel 

Cyc le  v. 6 (19851, F. 54 

Proper ty  class: Hydraul IC conduc t i v i t y  
Ma te r ia l :  Clay 

Formation: Oxford Clay 
Locat Ion: England 

Cond i t i on  1: 
Cond l t l on  2: 
Cond l t l on  3: 

ranges frm: ~ X ( - I Z I  Property/unIts:  H draul  I C  oonduc t l v l t y  (m/s) 
( 1  x 10(-10) m/s) 

to :  
as: 

ranges from: to: 
Reference: Two r e f s  
Source: Rad Waste Management and Nuclear Fuel 

Cyc le  v. 6 (19851, p. 54 

Proper ty  class: Hydraul I C  canduct lwl ty  
H a t e r l a l :  Clay 

Formation: Panther Creek Clay 
Locat 1 on 2 

CQfIditlQn 1: C m f l n l n g  fo rce  <lo0 Ibs  
Cond i t i on  2: Reference basa l t  ground water 
Cond i t i on  3: 

P oper iy /un l ts :  HydrauI I c  canduc t f v l t y  (cm/s) 
ranges fran: 7 x 10(-12) 

to:: 2 x 10(-12) 
as: Dens1t-y (g/cm(3)) 

ranges from: ca. 1.7 to:  ca. 2.11 
Ref eren ce : 
Source: PNL4452 E-70 (19831, p. 14 

Proper ty  class: Hydrau l i c  conduc t l v l t y  
Matertal: Clay 

Formtfon::  Porters Greek Clay 

Condl t lon 1: SmectIte dmlnant ;  p l u s  
I I I I te, kaol tnl te  and 
c h f o r i t e  

Condl t lon 2: 5 4 0 %  quartz 
Condl t lon 3: 

Property/un 1 t s :  Hydrau I i c conduct I v i  t y  km/s 1 
rangas from: IO[-8) (est) 

to: 

ranges from: to: 

Location: L w l s i a n a  

as: 

Re f eren ca: 
Source: ~ ~ ~ ~ u b ~ 4 ~ 7 9 4 ~ ~  (1985), p. 175 

Property class: Hydrau l l c  conductivity 
Mater ia I :  Clays and Shales 

F Q a t  on : 
Location: 

C o n d l t l m  1: 

Condltlon 3: 

ranges fsm:  8 x 133(-41 (7.7 x 1QI-10) 

to: 2 x lo(+) (1.9 x 10(-12) 

Condi t ion 2 :  

Proper ty /unI ts :  Permab l  1 I t y  (md) 

cm/s ) 

cm/s 
as: 

ranges f rm: to: 
Reference: Dlckey (1972) 
Source: Proc NEA Worksh 

Property class: Hydraul 
Mater la l :  Shale 

Format ion:  
Loca t I on : 

Condition 1: AOOPTED 
Condi t ion 2: 
Condi t ion 3: 

Prcqm-ty/un I ts :  Hydrau S 

p OECO (197 

c conductiv 

BASE VALUE 

c conductiv 

b), P. 69 

t Y  

Cm/s ) 
as: 

ranges frm: to:  
Reference: 
Source: ORNt-6241/V1 ( i n  preparat ion 

Pmperty  class: Hydraulfc m n d u c t I v I  
Mater la l :  Shale 

Form? !on: 
Locat Ion: 

Condi t ion 1: BJCnWED BASE VALUE 
Ccmdit lon 2: 
Condl t ion 3: 

P r o p e r t y h n l t s :  Hydrsul I C  c m d u c t i v l  
(vertHca I )  h/s 1 

p. 33 

Y 

Y 

ranges from: 1 x 101(-11) ( 1  x IO(-9) 
cm/s 1 

cm/s 1 
to: 1 x 10(-13) (1 x IO(-11) 

as: 
rangat frm: to: 

Reference: 
Source: ORML-6241flI ( I n  preparat ion)  pI 33 
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Property class: Hydrau 
Ma te r ia l :  Shale 

F o r m  t 1 on : 
Locat ion: 

Cond i t ion  1: 
Cond l t ion  2: 
Cond l t lon  3: 

Property/un its: Hydrau 

IC conduc 

I C  CondUC 

i v l t y  

i v f t y  

ranges from: 1 x 10(-12) ( 1  x 10(-10) 
cm/s 1 

to :  
as: 

ranges from: to: 
Reference: Loken, M. (personal cmnunDcaPion) 

Source: ORNl-h241/V2 ( i n  p repara t lon  p. 99 
(1984) 

Property class: I iydrauI I C  conduct lv l  
Ma te r ia l :  Shale 

F o r m t  I on: 
Locat 1 on: 

Cond i t ion  1: I n t a c t  
Cond i t ion  2: Range of propar-tles 
Cond i t ion  3: 

Y 

Property/unIts:  Permeabl l l t y  ( v e r t i c a l )  
( f a c t o r  of K ho r t zon ta l )  

ranges frm: 1/2Kh 

ranges f ran: to: 

to: 1/1OKh 
as: 

Reference: 
Source: Y/OWI/TM36/6 (19781, p. 2-2 

Property c lass:  ttydraul i c  conduc t i v i t y  
Ma te r ia l :  Shale 

Format I on : 
Location: C a l i f o r n i a  

Cond l t lon  1: Miocene 
Cond i t ion  2: 
Cond i t ion  3: 

ranges fran: 4 x lo(-4) (3.8 x 10(-10) 
Property/un I ts :  PermeabI I Ity (md) 

cm/s ) 
t 0: 
as: 

ranges from: to: 
Ref erenco: 
Source: Y/Oull/SUB-7009/1 (1976), p. 1 1  

Proper ty  class: Hydrau l i c  conduc t l v l t y  
Ma te r la l :  Shale 

F o r m  t I on : 
Location: Gulf  Coast 

Cond l t lon  1: CenozoIc 
Cond l t lon  2: 
Cond i t ion  3: 

ranges frm; 1 x tO(-B) (9.6 x 10(-15) 
Property/un i t s :  Pernab? I I t y  (md) 

crn/s) ( 7 )  
to:  2.5 x icu-9) (2.4 x 10(-15) 

G d S )  (?I 
as: 

ranges frm: to: 
Reference: 
Source: Y/OWI/SUf3-7909/1 (1975), p. 1 1  

Property class: Hydraul IC conduc t l v l t y  
Material: Shale 

Format ion: 
Location: Maryland 

Cond i t ion  1: T r i a s s i c  
Condtt lon 2: Nmark-Getfysbut-g Basin 
CondiPion 3 :  F i e l d  t e s t  

ranges frm: Q.O(?) (0.0 cm/s) ( 7 1  

Proper*y/unItsr Hydraul ic  conduc t i v i t y  
(ho r i zon ta l1  ( d s )  

to:  1 x i a ( -g )  ( 1  io(-;o) 
cmJs 1 

as: 

Ref erenco: Ganma I es ( 1  984) 
Source: ORNI-6241/V2 ( i n  p repara t ion)  p. 43 

Pr0pert.y class: Hydra41 I IC c m d u c t i v l t y  
t e r l a l l :  Shale 

Format I on: 

ranges frm: to: 

LacatBon: Michigan 
Cond i t ion  1: Devanlan 
Cond i t ion  2: Core data 
Condlt lon 3: KvKXKh 

P r o p e r t y h n l t s :  Mydraul IC conduc t l v l t y  
(hor i zon ta  I 1 (m/s ) 

ranges frm: 1 X 10(-11) ( 1  x IO(-99 
cm/s 1 

cn/s 
to: 2 x 10(-8) (2 x l O c - 5 ,  

a5: 

Reference: Gonzales (1984) 
Source: ORNL-6241/V2 ( I n  p repara t ion)  po 42 

Property c lass: Hydrau I 1 c conduct I v l  ty 
Mater ia l :  Shale 

F o r m  t I on : 
Loca t! on: Pennsy I van !a 

ranges from: ta: 

Condit ion 1: Devanlan 
Condlt lon 2 :  Core data 
Condit ion 3: 

Propesty/unIts: Hydraul IC conduc t l v l t y  
(ho r i zon ta l )  ( m / s )  

cm/s 1 
ranges from: 3 x 10(-11) (3 x IQ(-9) 

to: 
as: 

Reference: U. S. DOE (1981) 
Source: ORNL-524 1 /V2 ( 1  n prepare? Ion 1 p. 42 

Property class: Hydrau l i c  conduc t i v i t y  
Mater ia I : Sha Is 

Format 1 on : 
Locat! on: Pannsy I van t a 

ranges frm: to: 

Cond l t ion  1: Devonlan 
Cond i t ion  2: F i e l d  test 
Cond i t ion  3: 

Property/unl ts:  Hydraul I C  conductlviPy 
(hor 1 zonta I 1 (m/s 1 

ranges frm: 1 x 10(-11) ( 1  x 10(-9) 
cm/s 1 

to: 
as: 

ranges frm: to: 
Reference: U.S. DOE (1981) 
Source: o ~ N L - ~ ~ ~ : / V Z  ( I n  praparet ion) p. 4 %  



Property class: Hydraul I c  conduc t l v l t y  
Ma te r la l :  Shale 

Formatlon: 
Locat ion:  South Carol Ina 

Cond i t i on  1: T r l a s s l c  
Cond l t l on  2: Dumbarton Basln 
Cond l t i on  3: Core data 

Proper ty /un l ts :  Hydraul I c  conduc t l v l t y  
( h o r l z o n t a l )  [m/s) 

cm/5 1 

cm/s 1 

ranges from: 1 x 10(-13) ( 1  x 10(-11) 

to: 1 x 10(-10) ( 1  x IO(+) 

as: 

Reference: Gonzales (1984) 
Source: ORNL-624 0 /V2 ( 1  n preparat  ion 1 p. 42 

P r q e r t y  class: Hydraul IC conduc t l v l t y  
Ma te r ia l :  Shale 

Formtl on: 

ranges from: to :  

LocaSion: South Caro l lna 
Condl t lon 1: T r l a s s l c  
Condi t lon 2: Dumbarton Basln 
Cond l t l on  3: F l e l d  t e s t  

Propesty/unIts:  Hydraui I c  conduc t l v l t y  
( h o r l z o n t a l )  (m/s) 

cm/s ) 
ranges from: 1 x 10(-12) (1 x 10(-10) 

to :  
as: 

ranges from: to: 
Reterence: Gonzales (1984) 
Source: ORNL-624 1 /V2 ( I n preparat ion 1 p. 43 

Proper ty  class: Hydraul lc  conduc t l v l t y  
Ma te r ia l :  Shale 

Formatlon: Antr lm Shale 
Location: Michlgan 

Cond l t l on  1: Devonlan 
Cond i t i on  2: Hor l zon ta l  permeabl l l ty  

Cond i t i on  3: 

ranges from: 0.001 (1 x lo(-9) m/s) 
to:  2.0 (1.9 x 10(-6) m/s )  

h lgher  than v e r t f c a l  

Property/un Its: Permeabl I I t y  (md) 

as: 
ranges from: to:  

Reference: 
Source: ORNL-5703 (19831, p. 109 

Proper ty  class: Hydraul lc  conduct 
Ma te r la l :  Shale 

Format ion: Antr?m Shale  
Locatlon: Mlchlgan 

Condl t lon 1: 50% quartz 
Cond l t i on  2: 20-35% I l l i t e  and 

Cond l t l on  3: Bulk densi ty  = 2. 

Prooer tv /un l ts :  Permeabf I I t v  (md) 

kaol  l n l t e  

g /cm (3  1 

v i t v  

5-1 5% 

-2.8 

Tang& from: 0,001 

ranges from: to: 
Reference: Young (1978) 
Source: ORNL/Sub/84-64794/1 (1985), p. 98 

( 1  k 10t-9) cm/s) 
to :  2.0 (1.9 x 10(-6) cm/s) 
as: 

Property class: Hydraul lc  conduc t i v l t y  
Ma te r la l :  Shale 

Formatlon: Arnhelm and Waynesvl l le Fms 
Location: Oh lo 

Condl t lon 1: Ordovfclan 
Condi t ion 2: I n t a c t  
Condl t lon 3: 

Prcper ty /un?ts :  Permeabl I Ity ( f t / y r )  
(hydraulic c o n d u c t l v i t y )  

ranges from: 110(-3) (9.7 x l O ( - l O )  cm/5) 
to: 10t-4) (9.3 x 10(-111 C ~ S I  
as : 

ranges frm: to: 
Reference: 
Source: Y/oWl AM35/6 (1978), p. 5-14 

Property class: Hydrau I IC conduct lv i  t y  
M a t e r i a l :  Shale 

FormatSon: Chagrin Shale 
Location: Ohlo 

Condi t ion 1: Devonian 
Condtt lon 2: I n t a c t  
Condi t ion 3: 

Property/un 1 t s :  Permeabl I I t y  (hor lzonta I )  

ranges from: 0.1 (9.7 x 10(-8) cm/s) 

( f t / y r )  (hyd rau l i c  conduc- 
t 1 V I  t y  1 

to :  
as: 

ranges f ram: to: 
Reference: 
Source: Y/cW 1 /TM36/6 g 1978), p. 4-12 

Property class: Hydraul lc  conduc t l v t t y  
Ma te r la l :  Shale 

Formatton: Chagrln Shale 
Location: Ohlo 

Condi t ion 1: Oevonlan 
Condl t lon 2: I n t a c t  
Condi t lon 3: 

Property/un I t s :  Penneabl I t t y  (vertical) 
( f t / y r )  (hydraul I C  conduc- 
t i v l t y )  

ranges from: 0.05 (5 x IO(+) cm/s) 

ranges from: to: 

to: 
as: 

Reference: 
Source: YMWI/TM36/6 (19781, p. 4-12 

Property class: 
Material: Shale 

Locat I on : 
Condl t lon 1: 
Condl t lon 2: 
Condl t ion 3: 

P r o p e r t y h n  f ts :  
ranges from: 

to: 

FOrmatiOn: 

as: 

Hydrau I I c conduc 

Conasauga Sha I e 
Tennessee 
Cambrlan 

Hydrau I IC cwduc 
6 x 10(-10) 
3 x 10(-11) 
Dt3Dth fm)  

Y 

y (cm/s) 

ranges from: ~ ' t o :  850 
Reference: DeLaguna t 1968) 
Source: ORNL-624 1 /V2 I n preparat  I o n  1 p. 220 



1 2 2  

Property class: Hydraul I C  conduc t l v l t y  
Na-berlal: Shale 

Formtlon: Conasauga Shale 
Locatlon: Tennessee 

Cond l t lon  1:  Cambrtan 
Cond l t ton  2 :  Cora 4ata 
Cond l t lon  3: 

?roperty/untts: Hydraul I C  conduc t l v l t y  
(horTzonta I )  (rn/s) 

cmds 1 

cm/s ) 

ranges frm: 3 x 10(-13) ( 3  x l O ( - 1 1 )  

tor 2 x 10(-12) ( 2  x 10(-10) 

as: 

Reference: DeLaguna (1968) 
Source: ORNL-6241/Y2 ( I n  preparat fon) p. 42 

Proper ty  class: I-lydraul l c  conduc t l v l t y  
Mater?aQ: Shale 

rangas f rom:  to: 

Formstton: Pbquoketa Shale 
Locatlon: I I I l n o l s  

Cond l t lon  1: Ordovlc lan 
Cond l t ton  2: F l e l d  t es t  
Condf t lon  3:  

Proper-ty/unl ts:  I-iydraul l c  conduct l v l t y  
(horTzonSa I )  (m/s 1 

cm/s ) 
rangees frm: 2 x 10(-11) ( 2  x 10(-9) 

to: 
as: 

ranges from: to: 
Reference: Gonza bas (1984) 
Source: ORNL-5241/V2 btn pt-eparatfon) p. 42 

Proper ty  class: Hydraul I C  conduc t l v l t y  
Materta I : Sha !e 

F o r m t l o n :  hqiroketa Shale 
Locatton: I I l l n o l s  Sastn 

Cond l t lon  1: Ordovlctan 
Cond l t l on  2: 
CondlSfon 3: 

ranges from: 10(-8) 
Property/unl ts:  Hydrsul I C  conduc8lv l ty (c~w's) 

PO: 
as: 

Reference: Gonzales and Johnson (1984) 
Source: ORNL-6241/V2 I l n  preparat ton p. 220 

Proper ty  class: Hydraul lc conduct tv l  
Mater ln l :  Shale 
F o r m t l a n :  Muddy Shale ( a )  

L ocat 1 on : 
Condl t l o n  1 : Cretaceous 
Cood l t lon  2: 
Condt t tsn  3: 

Prooertv/unIts:  Pe rmab l  I l t v  (md) 

Y 

Property class: Hydrau l l c  conductTvl ty 
%tsr?a  I : Sha I e 

Formatton: Muddy Shale (b) 
L o a  t 1 on : Co I ora  do 

Condttlon 1: DspShr 4,900 f t  
Condl t fen 2: 
Condlt lon 3: 

Property/unl ts:  Permab? I l t y  (md) 
ranges frm: 4.05 (<4.8 x lo(-8) crn/s) 

To: 
as: 

ranges f r m :  to: 
Reference: Handln e t  a t  (1963)  
Source: Y / N I  /SLB-7009/1 (1976) ~ p. 14 

Property class: Hydraktl lc conducttvTIy 
Matar?al:  Shale 

L o m t  1 on: 
Condl t ton 1: Intact 
Condlt ton 2: 
Cand l t lon  3: 

F o m B l o n :  Plerre Shale 

Property/unl ts:  Per ab! l l t y  ( h o r l r o n t a l )  
( f t / y r )  (hydrau! l c  conduc- 

ranges ftm: 0.01 (9.7 x 10(-9) a d s )  

ranges from: to: 

t t v l t y )  

to: 
as: 

Reference: 
Source: Y/oW I fib43686 ( 1978 1, p. 3-24 

Property c lass:  Hydraul I C  conduc f l v l t y  
b t e s f a  I : Shale 

Locat 1 on : 
Condlt tsn 1: Intact 
Condltlon 2: 
CondltTon 3:  

Formafton: Pleprrs Shale 

Praperty/unl ts:  P a m a b l  I l t y  (vertical) 

t l v l t y )  
( f t / y r )  (hydraulic conduc- 

ranges from: 0.005 ( 5  x 10(-9) m / s )  

ranges from: to: 

to: 
as: 

Reference: 
Source: Y/OWIbTH36/6 (1978), p. 3-24 

Property class: Hydrauilc ConductTvTty 
Materta I : Shale 

FormTlon: P l e r r e  Shale 
Locatton: South Dakota 

Cond l t lon  1: F l e l d  t e s t  
Condlt lon 2: 
Cond l t lon  3: 

Propsrtyi'unT t s :  Hydraul T C  conduc t l v l t y  

cm/s ) 

cads 1 

(horfmonta I ) (m/s 1 
ranges from: 1 x 10(-12) ( 1  x 10(-10) 

to: 1 x 10(-11) ( 1  x 10(-9) 

as: 
ranges frm: to: 

Referance: Brace (1980) 
Source: ORNL-6241/V2 ( l n  p repata t ton)  p. 43 
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Property class: Hydrau I I c conduct I v l  ty 
Mate r ia l :  Shale (a) 

Formation: 
Loca t 1: on : 

Condt t lon 1: 
Condi t lon 2: 
Condl t lon 3: 

Proper ty /un l ts :  Hydraul ic  conductJvl ty 
(hor  tzonta I 1 (m/s 1 

ranges from: 1 x 10(-11) ( 1  x 10(-9) 
cm/s 1 

to :  
as: 

ranges from: to: 
Reference: Loken, N. (personal camrmnlcatlonl 

Source: OWL-624 1 /V2 ( I  n preparat  lon 1 p. 99 

Proper ly  class: Hydrau I IC c m d u c t l v l t y  
Ma te r la l :  Shale (a) 

Format I on: 
Locat ion:  

( 1  984) 

Condi t ion 1: sTyp tca ln  f l l l t f c  shale 
Condl t lon 2: I n t a c t  
Condt t ion 3: 

P r o p e r ~ / u n I t s :  Permeabi l l t y  ( f t / y r )  
(hyd rau l i c  c o n d u c t l v l t y )  

ranges from: 0.1 (9.7 x 10(-8) c d s )  

ranges from: to: 

to :  0.05 (4.8 x 10(-8) c m h )  
as: 

Reference: 
Source: Y/oWl/TM36/6 (19781, p. 7-8 

Proper ty  class: Hydraul I C  conductfvlt-y 
Ma te r la l :  Shale (a) 

Formatlon: P f e r r e  Shale 
Loca t i on : 

CondI t fon  1: Cretaceous 
Condt t ion  2 :  
Condf t lon 3: 

ranges from: 1.1 x I O ( 4 )  (1.1 x 10(-10) 
Property/un I t s :  Permab i  I f t y  (md) 

cm/s 1 
to: 
as: 

ranges from: to: 
Reference: Two r e f s  
Source: Y/W I /SUfl-7009/1 ( 1  9761, p. 1 1  

Proper ty  class: Hydrau I i c  conduct I v t  t y  
Mate r ia l :  Shale (b) 

Format I on: 
Locat 1 on: 

Cond i t l on  1 :  Core data 
Cond i t fon  2: 
Condl t lon 3: 

Property/unFts: Hydraul ic  canduc t l v l l y  
(ho r f zon ta l )  (m/.sI 

cm/s 1 

cmA 1 

ranges from: 1 x 10(-16) ( 1  x 10(-14) 

to: 1 x 10(-11) ( 1  x IO(-9) 

as: 
ranges from: to: 

Reference: Brace (1980) 
Source: ORNL-6241flZ ( i n  prsparatIcm) p. 42 

Property class: Hydraul ic  conduc t i v l t y  
Mater la l :  Shale (b) 

Format lon: 
Lacatlon: 

Condl t lon 1: 
Condi t ion 2 :  
Condl t ion 3: 

PropertyJunlts: Perneabf I I t y  (mlcrodarcles) 
ranges frm: 100 ( 1  x 10(-7) cm/s) 

ranges frw: 0 to: 6,000 

to: 0.01 ( 1  x 10(-9) m/s) 
as: Depth [m) 

Reference: Severali r e f s  
Source: ORNL-6241/V2 ( I n  preparat ion)  p. 199 

Property class: Hydraul t c  conduct iv l  t y  
Mater ia l :  Shale ( b )  

Formatton: P i e r r e  Shale 
Location: Great P i a l n r  

Condl t lon 1: Mixed-layer 1111te-smectIte 
dan? nant 

Gondlt fon 2: P lus smactite, i l l i t e ,  
k a a l l n i t e  and c h l o r l t e  

Cond!tlion 3: Up t o  258 quartz 

(hydrau 1 i c conduct 1vlI-y 1 
Property/un 1 ts:  P e m a b l  I I ty (cm/s) 

ranges f rom: 1 x 10(-6) 

ranges from: to: 

to: I i w - i o )  
as: 

Reference: A b e l  and Gentry (1975) 
Source: ORNL/Sub/8464794/1 (19853, p. 293 

Property class: Hydrau I 1 c conduct f v l  t y  
Waterlaf: Shale (c) 

Format fan: 
Locat I on : 

Condi t lon 1: Cora data 
Condi t lon 2: 
Condi t ion 3: 

Propartydun Its: Hydrau 4 IC conduct I v l  t y  
(har 1 zonta 1 1 (m/s 1 

ranges from 1 x 10(-11) ( 1  x 10(-9) 
cm/S 1 

cm/s 1 
to:  7 x 10(-9) (7 x 10(-7) 

as: 
ranges fran: to: 

Reference: Pandey (1974) 
Source: ORNL6241/V2 ( I n  p r e p a r a t t m )  p. 42 

Property class: HydrauI lc w n d u c t l v l t y  
Ma te r ia l :  Shale (d) 

Farimat ion : 
Lacetion: 

Condrtton 1 :  Generlc proper t i es  
Condl t ton 2: Note: K (ve r t i ca1 )  = 1/2 t o  

1/10 K.l[hwtzontaI) 
Condtt fon 3: 

Propsr ty /un i ts :  Hyd rau l l c  conduc t l v l t y  
( h o r i z o n t a l )  h / s )  

cmA 1 

cm/s B 

ranges from: 1 x l Q C - 1 1 )  ( 1  x 18(-9) 

to :  1 x 1OE-6) ( 1  x 10(-4) 

as: 
ranges frcm: to: 

Reference: D 'Appo 1 on 1 a ( 1980) 
Source: ORML-6241JV2 ( I n  preparat ion)  p. 43 



Property class: Hydraul I C  c m d u c t i v i t y  
Ma te r ia l :  Shale ( e )  

F orma t on : 
Loca t 1 on: 

Cond i t ion  1: I n t a c t  
Cond i t ion  2: Range of p roper t ies  
Condl t i o r i  3: 

Property/un i t s :  Permab l  I I t y  (hor lzon ta  I )  
( f t / y r )  (hydraui l c  conduc- 
t i v i t y )  

cm/s 1 

cm/s 1 

ranges from: 1 x 10(-4) (9.7 x 10(-11) 

to: 1 x lO(3) (9-7 x 10(-4) 

as: 
ranges from: to: 

Ref eren ce: 
Source: Y/CMI/TM36/6 (1978), p. 2-2 

Proper ty  class: Hydraul IC  conducf iv l t y  
Ma te r ia l :  Shales 

Formation: 
L w a  t i on: 

Cond i t ion  1: Paleozalc 
Cond i t ion  2: 
Cond l t lon  3: 

ranges from: 8 x lo(-4) (7.7 x 10(-10) 

to: 2 x 10(-6) (1.9 x 10(-82) 

Property/unl ts:  P e m a b i  l l t y  (md) 

cm/s 

cm/s 
as: 

ranges from: to: 
Reference: 
Source: Y/onil /SUB-7009/1 (19761, pa 1 1  

Proper ty  class: Wydraul I C  canduc t l v i t y  
Mater ia  I : Shales 

Format Ion: 
Locatlon: East C m 5 t  

Cond i t ion  1: T r l a s s l c  basins 
Cond i t ion  2: 
Condl t i o n  3: 

ranges from: 10(-7) 
P roper t y lun l  ts: HyddrauI 1 c canduct iv i  ty (cm/s) 

to :  lo( -11)  
as: 

ranges from: to: 
Reference: Gonzales and Johnson (1984) 
Source: ORNL-6241Pi2 ( I n  preparat lon) p. 220 

Proper ty  class: Hydraul ic conduc t i v i t y  
Material: Shales 

F o r m t f o n :  
Location: I I I lnois 

Cond i f lon  1: Paleozoic 
Cond l t lon  2: 
Cond i t ion  3: 

ranges from: 2 x 10(-6) (1.9 x IO(-12) 
Property/unIPs: Permab l  I Ity (md) 

c m h  ? 
t 0: 
as: 

ranges from: to :  
Reference: TWQ r e f s  
Source: Y/OWI/SIJ8-7009/1 (1976), p. 1 1  

Property class: Hydraul IC conduc t i v i t y  
Mater l a  I: Sha le5 

Formation: 
Location: Wlchlgan and Appnlachlan 

Bas ? ns 
Condi t ion 1 :  Dsvonlan 
CondlPion 2: 
Condi t lon 3: 

ranges from: lo(-6) 
to: 110(-9) 
as : 

ranges tram: Po: 

ProperfyPunl ts:  Hydraul I c  conduc f i v l t y  (cm/s) 

Reference: Gonzales and Johnson ( 1  984) 
Source: oRNL-624i/V2 (In prepara t ion)  p. 220 

P iop9rQ class: Hydraul IC conduc t i v i t y  
Mater ia I : Shales 

F o r m  t 1 on : 
Location: Montana 

Condl*ion 1: Paleozoic 
Cond i t ion  2: 
Cond i t ion  3: 

ranges from: 6 x 10(-4! (5.8 x 10(-10) 
P r o p e r t y h n i t s :  Permeabi l l t y  ( m d )  

cm/s 1 
to:  
as: 

ranges from: to: 
Reference: Two r e f s  
Source: Y/Wl/SW-7009/1 (19761, p. 1 1  

Property class: Hydraul i c  conduc t i v i t y  
Mahrlal:  Shales 

Fo rmt lon :  
Location: New Mexico 

Cond l t lon  1: Paleozoic 
Cond i t ion  2: 
Cond i t ion  3: 

ranges frm: 2 x 10(-6) (1-9 x 10(-12) 
Property/un?ts:  Permeabi I l t y  (md) 

cm/s 1 
to: 
as : 

ranges from: to:  
Reference: lwo r e f s  

i/SUB-7009/1 (19761, p. 11 

Property class: Hydraul I C  conduct'iviPy 
Materlcrl: Shales 

Format ion: 
Location: Oklahoma 

Cond i t ion  1: Paleozoic. 
Cond i t ion  2: 
Cond l t ion  3: 

ranges frm: 8 x 10(-4) (7.7 x 10(-10) 
Groperty/unlts: P o m z r b l  l 6 f y  (md) 

cm/s 1 
to: 
as: 

ranges frm: to: 
Reference: Two rets 
Source: Y/Wl/SW-7009/l (19751, p. 1 1  
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Property class: Hydrau l i c  conduct l v f t y  
Ma te r ta l :  S h a l e s  

Format I on: 
Locatton: Texas 

Cond l t l on  1: Paleozolc 
Condt t lon  2: 
Cond l t lon  3: 

ranges from: 3 x 10(-4) (2.9 x 10(-10) 
Property/unIts:  Permeabl I I t y  (md) 

cm/s 1 
to :  7 x 10(-6) (6.7 x 10(-12) 

cm/s) 
as: 

ranges fran: to: 
Reference: Two r e f s  
Source: Y/WI /SUB-7009/1 (19761, p. 

Proper ty  class: Hydrau I I c conduct l v  
Ma t e r r a  I : Sha l es  

Locatlon: Utah 
Format Ion: 

Cond l t lon  1 :  Paleozolc 
Cond l t lon  2: 
Cond l t lon  3: 

1 1  

tv 

Property/unfts:  Permeabl I l t y  (md) 
ranges from: 7 x 10(-6) (6.7 x 10(-12) 

cm/s 1 
to: 
as: 

ranges from: to: 
Reference: Two r e f s  
Source: Y/WI /SuB-7009/1 (1976), p. 1 1  

Proper ty  class: Hydraul IC  conduc t l v l t y  
Ma te r la l :  Shales 

Shales 
F o r m t l o n :  Plerre,  Bearpaw and C lagget t  

Locat (on: Northern Great P l a  1 ns 
CondI t t o n  1: Cretaceous 
Cond l t lon  2: 
Cond l t lon  3: 

ranges from: 10(-6) 
Proper ty /un I ts :  Hydraul IC conduc t l v l t y  (cm/s) 

t o :  10(-10) 
as: 

ranges f r o m :  to: 
Reference: A b e l  and Gentry (1975) 
Source: ORNL-6241/V2 ( I n  p repara t lon)  p. 220 

Proper ty  class: Hydraul I c  conduc t l v l t y  
H a t e r l a l :  Shales (c )  

Format ion: 
Locat!on: 

Cond l t fon  1: 
Cond l t ton  2: 
Condft ton 3: 

ranges from: lo(-8) 

ranges from: to: 

Property/unIts:  Hydraul I C  conduc t l v l t y  (cm/s) 

to:  10(-11) 
as: 

Re berence: 
Source: ORNL-6241/V2 (In prepara t lon)  p. 218 

Property class: Hydrau l i c  canductFv!ty 
Ma te r la l :  Shales ( d )  

Form t Ion: 
Loca t 1 on : 

Condition 1: I n  s f t u  
Condtt lon 2: 
Cond l t lon  3: 

Property/un I t 5 :  Hydrau I I c condiict I v l  t y  (cm/s 1 
ranaes from: 10(-9) " 

to: 10(-11) 
as: 

ranges from: to:  
Reference: Brace (1980) 
Source: QRNL-624 1/V2 ( 1  n preparat  

Property class: Hydrau I IC conduct 
Ms te r Ia l :  Shales (e) 

Format 1 on: 
Locat Ian: 

Condl t lon 1 : 
Cond l t lon  2: 
CondIt lon 3: 

Proper+v/unfts: Permeabl I I t v  h ( 2  

on) p. 219 

v l  t y  

to: 10(-21) (9.7 x 10(-13) 
cm/s ) 

as: Depth (m) 
ranges from: 0 t o :  6,000 

Reference: Severa I r e f s  
Source: ORNL-6241/V2 ( I n  p repara t lon)  pe I99 

Property class: Hydraul I C  conduc t l v l t y  
Ma te r la l :  Shales ( f )  

F o r m  t 1 on : 
Locatron: VarIous 

Cond l t lon  1: Varlous f o r m t l o n s ,  depths, 

CondIt lon 2: Represents mny t e s t s  
Cond l t lon  3: 

etc. 

Property/unIts:  Permeabl I 1Py ( f t / y r )  
(hyd rau l l c  conduc t I v I t y )  

cm/s 1 

cm/s 1 

ranges from: 1.0 x 1OC-4) (9.7 x 10(-11) 

to: 1.1 x lO(3) (1.1 x 10(-4) 

as: 
ranges f ran: to: 

Reference: Three r e f s  
Source: Y/OWI/TM36/6 (1978), p. A-14 

Property class: Hydraul Tc conduc t l v f t y  
Mater la  I: SI I tstone/Mudstone 

Format Ion: 
Locatton: South Caro i Ina  

CondIt lon 1: TrIasslc 
Condlt Ion 2: F i e l d  t e s t  
Cond l t lon  3: 

Property/unl ts:  Hydraul I C  conduct lv? t y  
(hor l zon ta  11 ( m / s  1 

cm/s 1 

cm/s ) 

ranges from: 1 x lo(-13) ( 1  x 10(-11) 

to:  5 x 10(-10) (5 x lo(-8) 

as: 
ranges frm: to: 

Reference: Brace (1980) 
Source: ORNL-624I/V2 ( I n  preparet ton) p. 43 
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Property class: Wydratillc conduc t i v i t y  

Ma te r ia l :  Benton l te  (Ca) 
( m i  nera Is) 

Form Pi  on: 
Locat I an : 

Cond i t ion  1 :  DensiSy 2.09 and 2.11 g/cm(3) 
Cond i t ion  2: Head 20.7 3nd 15.4 Wa 
Cond l t lon  3: Hydrau l i c  g rad ien t  2.13 x 

lO(59 and 1.59 x IO(5) 
Prclperty/unIts: Hydraul  i c  conduc t i v i t y  (cm/s) 

ranges from?: 1.3 x 10(-12) and 1.6 x 
10(-12) 

to: 
as: 

rangoc, from: to:  
Ref erence: 
Source: OFdrdI-312 (1901), p. 33 

ProperPy class: Hydratil IC conduct iv i t y  

Ma te r ia l :  Benton i te  (Ca) 
( m i  nera Is 1 

F o r m  t I on : 
Location: 

Cond i t ion  1 :  80-90% quartz powder 
Cond i t ion  7: Water content 5-15% 
Cond i t ion  3: F i e l d  compacted 

ProperSy/unlts: Permeabl I I t y  (m/s) (hydraul I c  
conduct I v i  t y  1 

c d s  ) 
ranges from: 1 x 10(-9) ( 1  x 10(-7) 

t 0: 
as: 

rangos from: to: 
Reference: Jacobsson and Pusch (1977) 
Source: KBS TEKNISK RWPORF 9 (19771, p. 4 

Property class: Hydrau I 1 c conduct1 v i t y  

M a t s r l a l :  Benfon l te  (Ca) and (Ma) 
(minera ls )  

Formt  I on: 
Loca t ion : 

Cond i t ion  1: Densi ty (d ry )  ( b u l k )  

Cond i t ion  2: Load (Wa)  = 0.1 
Cond i t lon  3: 

Proper ty /un l ts :  Parmeabli I I t y  ( m ( 2 )  1 
ranges trm: 1 x 10(-16) (9.7 x 10(-8) 

(g/cm(3)) = 

crn/s) 
to: 
as:  

ranges from: to: 
Reference: G r i m  (1962) 
Source: NtREG/CP-0052 (1903), p. 209 

Proper ty  class: Hydrau l l c  conduc t i v i t y  

Ma te r ia l :  Benton i te  (Na) 
(minera ls )  

Fo ma P i on : 
Locat ion: 

Cond i t ion  1: 75% sand 
Cond i t ion  2: Densl ty (initial) 2.1 g/cm(3) 
Cond i t ion  3: 

ProperPy/unlts: Hydrau l l c  conduc-t lvi ty tcm/s) 
ranges from: 2.7 x 10(-9) 

to: 0.7 x 10(-9) 
as: T i m  (h rs )  

ranges from: IO to: 900 
Ref ~ r e n c e :  
Source: 0bV.W--312 (1381), p. 56 

Property class: Hydrau I 1 c conduct 1 v i  t y  
( m i  nero i s )  

M a t a r i a l :  Benton i te  (Na! 
Format 1 on: 

Location: Wyomlng 
Cond l t lon  1: MX-80 
Condlt lon 2: Compacted a t  50 Wa; densi ty 

= 2.0-2.3 r/rn(31 
Condit lon 3: I O %  water by weigh? 

ranges from: Not s ta ted  
ProperPy/unlts: i lydraui  IC conduc t i v i t y  (crn/s) 

to: 10(-9) 
as: Densi ty ( t / m ( 3 )  1 

ranges from: 2.0 - 2.5  to: 1.0 
Reference: Ssvera I r e f  5 

Source: OWI-486 (19831, p. 61 

Property class: Hydraul i c  conduc t i v i t y  

Mater ia I : Bontnn I t e  (Na 1 (a) 
( m i  nern  I s  1 

For ra t !  on: 
Locat I on: 

Cond i t ion  1: Three t e s t s  
Condi t ion 2: 
Condi t lon 3: 

P r c p s r t y / u n i t ~ :  Hydraul IC c m d u c t i v l t y  (c rds  

ranges fran: (1 (<I x 10(-12) cn/s) 
to: ca, 8 (ca. 8 x 10(-12) 

as: Hydraul IC pressl ire g rad lan t  

x lO(1233 

mPs 

( p s i / f t  x 10(-8)) 
rangss f rom: 1.5 to: 7 

Reference: Kharaka and Swl ley (8976) 
1-312 (19811, p. 11  

Property class: Hydrau I i c  conduc t i v i t y  
(minera ls )  

k f e r l a l :  Benton i te  (Mal (b )  
Form? ion: 

Locat 1 on : 
Condit ion 1: Highly compacted 
Condition 2: 
Condl t ion 3: 

ranges from: ca. 1 x 10(-13) 
Properfy/unIts:  Hydrau l i c  conduct lv l  

to :  
as: 

ranges from: Po: 
Reference: Kharaka and Sma I lsy (1976 
Source: OM!-312 (1981), p. 10 

ProperPy class:  I iydraul l c  conduct iv i  

Mater ia l :  Bsntor i l t s  (Na) ( c )  
( m i  nera I s  1 

Format  ion : 
Location: 

y (cm/s) 

Y 

Condit ion I :  50% sand; densi ty 2.12 and 
2.09 g/cm(3) 

Condi t ion 2: Head 15.5 and 16.7 Wa 
Cond l t ion  3: Hydrau l i c  g rad ien t  1.62 x 

l O ( 5 )  and 1.73 x IO(5) 
Proper ty /un i ts :  I iydraul I c  conducf lv l  t y  (cm/sB 

ranges from: 4.6 x 10(-12) and 6.4 x 
10(-12) 

t o  : 
as: 

ranges from: to: 
Reference: 
Source: OM41 -312 (1981 1 ,  p. 33 



Property class: Hydraul I C  condiict 

Ma te r ia l :  Benton i te  (Na) (d)  
(minerals) 

Format ion: 
Coca t I on: 

Cond l t lon  1 :  75% sand; dens i ty  

Cond l t lon  2: Head 3.4 Wa 
g /cm( 3 1 
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v l t y  

2.10 

Cond i t ion  3: Hydrau l i c  g rad ien t  1.19 x 

Property/un I t s :  Hydrau I Ic conduct i v l  t y  (cm/s) 
ranges from: 6.6 x 10(-10) 

ranges f ram: to: 

lO(4) 

to:  
as: 

Reference: 
Source: ONMI-312 (1981), p. 33 

Proper ty  class: Hydrau l i c  conduc t i v i t y  

Ma te r la l :  Benton i te  (Na) (e )  
(mSnerals) 

Format 1 on: 
Loca t ion: 

Cond l t ion  1:  Densi ty 2.13 g/cm[3) 
Cond i t i on  2; Head 14.6 Wa 
Cond i t ion  3: Hydrau l i c  g rad len t  1.56 x 

Property/un I t s :  Hydrau I i c  conduc t i v i t y  (cm/s) 
10(5) 

ranges fran: 5.6 x 10(-13) 
to: 
as: 

ranges from: to: 
Reference: 
Source: QNWI-312 (19811, p. 33 

Proper ty  class: Hydraul I c  conduc t l v i t y  

Na te r ra l :  Ebnton i te  (Na) ( f )  
( m i  nera I s )  

F o r m  t I on: 
Lacat loo: 

Cond i t i on  1: CS-50 
Cond i t ion  2: Conf in lng  fo rce  <lo0 lbs 
Cond l t lon  3: Reference basa l t  ground water 

Proper ty /un l ts :  Hydraui IC conduct lvJ ty  (cm/s) 
ranges from: 6 x 10(-121 

t o :  6 x 10(-13) 
as: Densl ty (g/crn(3)) 

ranges from: CB. 1.7 t o :  ca. 2.2 
Reference: 
Source: PNL-4452 UC-79 (1983), p. 13 

Proper ty  class: HydrauI I C  conduc t l v l t y  

Ma te r ia l :  Benton l te  (Na) (g)  
(mlnera Is 1 

F o t m t  i on : 
Loca t 1 on: 

Cond l t lon  1: Various r a d l a t l o n  t reatments 
Cond i t ion  2: Various heat t reatments ( t o  

300 deg C )  
Cond i t ion  3: Denslty (g/cm(3)) from 

ranges f rom:  1.2 x lo(-129 
to :  8.3 x 10(-13) 
as: 

2.01-2.22 
Proper ty /un l ts :  Hydraul I C  conduc t i v i t y  (cm/s) 

ranges f rom:  to: 
Reference: 
Source: PNL-4452 uc-70 (wm, p. 27 

Property class: Hydraul IC conduc t l v l t y  

Mater ia l :  Benton i te  (Na) ( h )  
(ml nera I s 1 

Formt lon :  
Locat ion: 

Condt t i sn  1 :  Plus  quartz 
Cond i t ion  2: Hydrau l l c  g rad lon t  ca. lcHa 
Cond i t ion  3: 

ranges from: 1 K 1 O c - 1 1 )  

ranges from: 20 to: 

Property/unl  tsr Permab i  I i t y  (cm/s) 
(hyd rau l i c  conduc t i v i t y )  

to: 
as: Benton I t e  content ($1 

Reference: Pusch (1979) 
Source: ONHI-312 (1981)# p. 10 

Property c lass:  Hydraullc conduc t i v i t y  

Ma te r la l :  Benton i te  (Na) ( I )  
(rn! n0ra Is) 

Format I on: 
Locat I on : 

Cond i t ion  1 :  Plus  quartz 
CQnditrQfl 2: Hydrau l l c  grad len t  ca. 100 
Condtt lon 3: 

Property/unl  ts: Permabl  I i t y  (cm/s 1 
(hydraul Ic  conduc t i v i t y )  

ranges from: 3 x IO(-81 

ranges from: 4 to: 8 
Reference: Pusch (1979) 
Source: oNW1-312 (19811, p. 10 

Property class: Hydraul I c  conduc t l v l t y  

Matertal :  Bentonite (Na) (j) 

t o :  1.5 x 10( -9)  
as: b n t o n i t a  content ($1 

(minerals)  

Formatlonr 
Loca t I on : 

Cond l t lon  1 :  MX-00 
Cond i t ion  2: 
Cond i t ion  3: 

Prapsr ty /un i ts :  P e r w a b l  l l t y  ( d s l  (hydi-aul I C  
conduc t i v i t y  1 

ranges from: 5 x 10(-15) ( 5  x ?O(-13) 
cm/s 1 

cm/s ) 

ranges from: ca. 2.5 to :  a. 1.2 

ta: 1 x 10(-11) ( I  x lo (+)  

as: Densi ty ( t / m ( 3 ) 3  

Ref erence: 
Source: KBS I E K N I S K  RAPPORT 34 119781, p. 8 

Property class: Hydrau I lic c o n d i x t i v l t y  

Mater la l :  Benton l te  (Na) (k) 
[rnl nera 9s) 

Formation: 
Loca t I on: 

Cond i t ion  1 :  63% quartz powder 
Cond l t lon  2: 
Cond i t ion  3: 

Proparty/uni ts:  Pecmeabl l l f y  (rnt’s) (hydraulic 
conduc t i v l t y )  

ranges fran: ca. 1 x 10(-11) (cam 1 x 
10(-9) cm/%) 

to: 
as: 

ranges tram: to: 
Reference: Jacobsson and Pusch (1977) 
Source :  KBS TEKNISK RAPPORT 9 (19771, Pe 4 
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Property class: HydrauI I c  conductiviVy 

Mater-ial: Rentonl te (Na) ( 1 )  
(mi nera I s  1 

Format ion: 
Location: 

Cond l t ion  1: 80-90% quartz powder 
Cond l t ion  2: Water contant 5-15s 
Cond i t ion  3: F i e l d  compacted 

Property/uni ts:  Permab l  l i t y  h / s )  (hydraul IC 
conduct 1 v 1 ty ) 

ranges frm: ca, 3 x 10(-1 1 )  (ca. 3 x 
10(-3) cm/s) 

t o :  
as: 

ranges from: to: 
Referenca: Jacobsson and Pusch (1977) 
Source: KBS TEKNISK RAPPORT 9 (19771, p. 4 

Proper ty  class: Hydraul IC conduc t l v i t y  

Ma te r la l :  Benton i te  (Na) (m)  
( m i  nera I s  1 

F o r m t  1 on: 
Locat ion: 

Cond i t ion  1: Benfonlte >IO% 
Cond i t ion  2: Bulk densify >1.6 t/m(3) 
Cond i t ion  3: 

ProperPy/units: Permeabl I i t y  (rn/s) (hyd rau l i c  
conduc t i v i t y )  

ranges from: 1 x 10(-10) ( 1  x 10(-8) 
crn/s) (milximum) 

t o :  
a 5: 

ranges from: to: 
Reference: 
Source: KBS TEKNlSK RAPPORT 9 (1977), p. 5 

Proper ty  class: Hydraul I c  conductivity 

Mate r ia l :  98n ton l te  (Na) and (Ca) 
( m 1 ne ra I s 1 

F o r m f  1 on: 
Locaflon: Various 

Cond i t ion  1:  Sand/si I t / g ravn l  mlxtures 
Cond i t lon  2: 0 e n s i t y  = 1.8 to 2.2 g/cm(3) 
Csnd i t l on  3 :  

ranges from: 10(-4) 
Proper ty /un l fs :  Hydrau i l c  conduct 

t o :  10(-12) 
as: % Bentonite 

ranges from: < l o  to :  100 
Reference: Severa I r e f s  
SOU~CEI: OW\-486 (1953), p. 36 

ProparPy class: Hydraill I c conduct 

N a t e r l a i r  Benton l to  (Na) and Sand 
( m l  nera I s ) 

Formation: 
Locat ion: 

V I  t y  

= 2.0 - 2.2 Cond i t ion  1: Oenslty (g/cm(3)) 
Cond i t ion  2: Temperature = 25 deg C 
Cond i t ion  3: Reference basa l t  ground water  

P r g a r t y / u n l t s :  !+ydrauI i c  conduc t l v l t y  (cm/sl 
ranges frm: ca. 10(-9) 

t o :  ca. 10(-12) 
as: Banton i ta  content (%)  

ranges from: 25 Po: 75 
Ref erence: 
Source: PNL-4452 UC-70 (1983). p. 16 

Property class: Hydsaul IC csnduc t l v l t y  

Material: Benton i te  and Sand 
(minerals)  

Formation: 
L.ocat I on : 

Cond i t ion  1: Various m l x t ~ f e s  o f  bsntonlte 

Condit ion 2: l n l i - i a l  donsl ty (d ry )  = 1.1 

Cond i t ion  3: 
Property/unl ts:  Hydraul l c  conduc t i v i t y  ( m / s )  

ranges fran: co. 10(-6) (ca. 1 x lo(-%) 

and sand 

Mg/m(3) 

cm/s 1 

10(-12) cm/s) 

ranges from: ca. 5 to: 100 
Ref erence: 
Source: AECL-7812 (19831, p. 23  

Property class: Hydraul I C  conduc t i v i t y  

Matar fa l :  Benton i te  and Sand (a )  

to: ca. 10(-.14) (ca. 1 x 

as: Percent benton i te  ($1 

(rnliporaDs) 

F o r m  t I on : 
Location: Oregon 

Condlf lon 1: 10% b n t o n f t e  
Cond i t lun  2: Satura t lon  Plme (days) = 37 
Cond i t ion  3: Hydrau l i c  g rad ien t  4 

ranges frm: 9.5 x 10(-R) 

Property/un i t s :  Peomabl I 1 t y  (crn/s 1 
(hydrau I I c conduct I v i  l y  ) 

to: 
as: 

ranges from: to: 
Reference: Taylor et a l  
Source: RHO-BHI -SA-BO ( 

Pi-oper-ty class: Wydrau I 
( m i  nera 

Naterlal:  Benton i te  and 
Format 1 on: 

Locat Ion: Oragon 
Condi+ion 1: 50% ben 

( 1  980) 
9811, p. 7 

c conduc t l v i t y  
5) 
Sand ( b )  

on 1 J-e 
Cond i t ion  2: Sat i i ra t lon  t im (days) = 62 

Cond i t ion  3: Hydrau l i c  gradien? = 4 
( s t l  I I sa tu ra t l ng )  

(hyd rau l l c  conduc t i v i t y )  
Property/uni ts:  Pe rmab i  I i t y  (cm/s) 

ranges from: c9.5 x 10(-8) 
to: 
as: 

fangos f r o m :  to: 
Reference: Taylor e t  a l  (1980) 
Source: RHO-SN I -SA-130 ( 1981 ) , p. 7 

Property c lass:  Flydraul ic conduc t f v i t y  

Material: Benton i te  and Sand ( c )  
( m i  nera Is 1 

Forma t I on : 
LOCatlOfl: WyOml nCJ 

Condi-tisn 1 :  10% benfon l te  
Cond i t ion  2: Satura t ion  t ima (days) = 42 

( s t i  I I sa tu ra t i ng )  
Cond i t ion  3: WydrauI i c  g rad ien t  = 4 

(hydraul IC conduc t i v i t y )  
Froperty/uni ts:  P e m a b l  I Ity (cm/s) 

ranges from: <9.5 x 10(-8) 
tor 
as: 

ranges from: to: 
Reference: Tay lo r  e t  at  (1980) 
Soui-ce: RHQ-BWB-SA-80 (19811, p. 7 
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Property class: Hydrau l l c  conduc t l v l t y  

M a t e r l a l :  Bentonl te  and Sand (d) 
( m l  nera Is 1 

Format Ion: 
Locat ion:  Wyomlng 

Condl t lon 1: 50% bentonl te  
Cond l t l on  2: Sa tu ra t l on  t l m e  (days) = 53 

Condl t lon 3: Hydraul lc  gradlent  4 
( s t r l l  sa tu ra t l ng )  

(hydraul  l c  conduc t f v l t y )  
Property/un f ts :  Permeabl I I t y  (cm/s) 

ranges from: C 9 . 5  x 10(-8) 

ranges from: to: 

to :  
8s: 

Reference: Tay lor  et a1 (1980) 
Source: RHO-BWI-SA-80 (19811, p. 7 

Praper ty  class: Hydraul lc  conduc t l v l t y  

M a t e r l a l :  Bentonl te  and Sand (e) 
(ml nera I s  1 

Formatton: 
Location: Wyomlng 

Condl t ton 1: 752 sand 
Condl t lon 2: 20 - 80 mesh sand 
Cond l t l on  3: Densl ty (d ry )  (bulk) 

ranges from: 3 x 10(-18) (2.9 x lo(-9)  

(g/cm(3) 1 = 1.72 

cm/s 1 

Proper ty /un l ts :  Permeabl I I t y  ( m ( 2 )  1 

to: 
as: 

ranges from: to :  
Reference: G r l m  (1962) 
Source: NUREG/CP-0052 ( 1  9831, p. 220 

Property class: Hydraul f c  conduc t I v l t y  

Mater fa l :  Ben ton l te  and Sand ( f )  
(mfnerals)  

Format ion : 
Locat fon: Wyoml ng 

Condf t lon 1: 75% sand 
Condi t lon 2: 80 - 140 mesh sand 
Condl t lon 3: Oenslty (d ry )  (bulk) 

ranges from: 8 x 10(-18) (7.8 x 10(-9) 

(g/cm(3)) = 1.59 

cm/s ) 

Proper ty /unt ts :  Permeabll fty ( m ( 2 )  ) 

t o :  
as: 

ranges f ran: to:  
Ref erence: 
Source: NUREG/CP-OOSZ (1983), p. 220 

Proper ty  class: Hydraul I C  conduc t l v l t y  

Mater la l :  Clay and Sand 

Locat Ion: Hanf o rd  

( m l  nera I s  1 

F o r m t  Ion : 

Condl t lon 1: 50% Rlngold clay 
Cond l t Ion  2: Sa tu ra t i on  t lme (days) = 36 

( s t I l l  sa tu ra t l ng )  
Cond l t ton  3: Hydraul fc  gradlent  = 4 

(hydraul  I C  c o n d u c t l v l t y )  
Praparty/un?ts:  Permeabl I l t y  (cm/s) 

ranges from: ~ 9 . 5  x lo(-8) 

ranges from: to: 

to: 
as: 

Reference: Tay lor  e t  a l  (1980) 
Source: RHO-BWI-SA-80 (19811, p. 7 

Property class: Hydraul f c conduct 
(ml nera I s )  

Mater la l :  I l l l t e  C a )  
Format fon: 

Locat 1 on : 
Condl t lon 1 :  
Condl t lon 2: 
Condl t lon 3: 

Property/un I t s :  Hydrau I I C  conduct 
ranges from: 10(-10) 

ranges from: 0.7 to :  6 

to:  10(-6) 
as: Vold r a t l o  

Reference: Nesrl and Olson (1971) 
Source: M I - 4 8 6  (19831, p, 35 

v i  t y  

v l t y  (cm/s) 

Property class: Hydraul tc conduc t l v l t y  

Mater fa l :  I I l l t e  (Na) 
Format I on: 

Locat Ion: 
Condl t lon 1: 
Condf t lon 2: 
Condl t lon 3: 

ranges from: 10(-10) 

ranges from: 0.7 to:  7 

(minerals) 

Property/unTts: Hydraul I c  conduc t l v l t y  (cm/s) 

to: 10(-7) 
as: Vold r a t l o  

Reference: k s r l  and Olson (1971) 
Source: ONWI-486 (1983), p. 35 

Property class: Hydrau I1 c conduct lv l  t y  
( m l  nera Is) 

Material: K a o l l n l t e  (a) 
Format f on: 

Locat Ion: 
Condl t lon 1: Densl ty (dry)  (bu l k )  

Condl t lon 2: Load (Wa)  = 0.1 
Condl t lon 3: 

Property/un I ts :  Permeabl I I t y  ( ~ ( 2 )  ) 
ranges from: 1 x 10(-16) (9.7 x 1Q(-8) 

(g/cm(3)) = 

cm/s ) 
to:  
as: 

ranges from: to: 
Reference: G r t m  (1962) 
Source: NUREG/CP-0052 (19831, p. 209 

Property class: Hydraul l c  conduc t i v l t y  

Mater ta l :  K a o l l n l t e  (b )  
(ml nera I s 1 

Format I on: 
Locat I on: 

Condl t lon 1:  Densl ty (d ry )  (bu l k )  

Condl t lon 2: Load (Wa) = 6.4 
Condl t lon 3: 

Property/unIts:  Permeabl l l ty  (m(2)) 
ranges from: 5 x 10(-171 (4.9 x 10(-8) 

(g/cm(3)) = 

cm/s ) 
to: 
as: 

ranges from: to:  
Reference: Grlm (1962) 
Swrce: NUREG/CP-OOSZ (1983), p. 209 
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Proper‘ty class: Hydraul fc conduc t l v l t y  

Mza-Porlal: K a o l f n l t e  (Ca) 
( m t  nera I S )  

Formation: 
Loca t 1 on: 

Condtt lon 1: 
Cond l t lon  2: 
Cond l t lon  3: 

ranges from: lo(-8) 
to: 10(-5) 

Proper ty /un l ts :  Hydraer I f c  condwctlvt-iy (cm/s) 

as: Vofd r a t l o  
ranges from: 0.7 to: 2 

Reference: hsrf and O l s o n  (1971) 
Sotirce: OMI-486 (19831, p. 35 

Proper ty  class: Hgdrsec I f c conduc 
(minerals) 

Matertal: Kaol f n l t e  (Na) 
Farmatlon: 
Location: 

Condlt lon I :  
Condrt lon 2: 
Cond l t ton  3: 

ranges from: 10(-6) 

ranges from: 0.7 to: 2 

Propsr ty /un l ts :  lilydrau I IC ccanduc 

to: lo(-5) 
as: Vold ratto 

Raference: %srl and Olson (1971) 
Source: OWI-486 (1983), p. 35 

I v l  

T V l  

Property class: E-bydraul f c  conduc t l v l t y  
( m i  n w a  Is 1 

Y 

y (cm/’s) 

Matsrlal: Kaol 
Form t f on 
Lowt I on 

Cond l t lon  1 

CondI t?on 2 
Condl t fon 3 

Propesty/un I t s  

n l t e  and Sand 

DensIty (d ry )  ( b u l k )  
(g/cm(3)) (no? s ta ted)  
Load (Wa) f 6.4 
30% k a o l r n f t e  
Ferneab1 lltv (m(2) 1 

ranges from: 2 x 10(-161 (1.9 x 10(-79 
cm/s 1 

ta: 
as: 

ranges from: Po: 
Reference: Grfm (1962) 
Source: MUREG/CP-0052 (19831, p. 209 

Property class: Hydraul I c  conduc t l v l t y  

Ma te r ta l :  SIIty Clay 
Format Ian: 

Location: 
Cond l t lon  1: Kneadlng c w a c t f o n  
Cond l t lon  2: 
CondIPlon 3: 

ranges from: 5 x ?0(-6) 

ranges from: 113 ?o: 25 

(mtnerals)  

PropertyPunl ts:  t lydraul I C  conduc t l v l t y  (cm/s) 

tor a. 2 x lo(-$) 
as: Moldfng water conten$ ( w t .  %) 

Reference: M l t c h o l l  (1970) 
SotlPce: WB-486 (19831, p. 39 

ProperTy class: Hydraul I C  conduct 

k + e s l a l :  S t l t y  Clay 
Format I on I 

Lmat lon :  

(mnl nsra I s )  

Condft lon 1: S t s t l c  cmpwct?on 

CondltTon 3: 
Proper ty lun l ts :  Hydraul I C  conduct 

ranges frm: 5 x 10(-6) 
t o r  10(-7) 

condr t ion  2: 

as: MvidTng water content (ut. %) 
ranges frm: 13 tu: 23 

Reference: H l t che l  R (1976) 
Source: Owl-486 (19831, p. 39 

ProperTy class: Hydraul fc conduc t l v l t y  

i%?ertaI: S m c t l t e  (Gal l a )  
(Rlf fler.3 Is 1 

Formt  f on: 
Loca t I on : 

Condft lon 1: 
C o n d l t i m  2: 
CondftTon 3: 

ranges frm: 10(-11) 

ranges frcm: 1 to: 5 

Property/unr ts: Iiydratr I I c CMdercPf V t  t y  (cm/r 

to: 10(-6) 
as: Votd ratlo 

Reference: b s r l  and Olson (1971) 
Source: OW\-486 (19831, p. 35 

Proper ty  class: Hydraul fc conduc t l v l t y  

Material: Smecttte (Ca) ( b )  
( r n  I nera I s 

Farm t ion : 
Loca t f on: 

Condltfon 1 :  DensIty (d ry )  ( b u l k )  

Cond l t lon  2: Load (WaB = 6.4 
Condrt lon 3: 

P t - ~ p ~ t y / ~ n l t ~ :  Pemeabl I lty ( m ( 2 ) )  
ranges from: 3 x 10(-18) ( 2 , Q  x 10(-9) 

(g/cm(3) 1 (no t  stated) 

cmJs ) 
to : 
as: 

ranges frmn: 00: 
Reference: G r l m  (1962) 
Swrce: NUREG/CP-0052 ( l983), p. 209 

Propert-y class: HydrauI t c  conductTvlPy 

FAniaterIaI: S m c t I T e  (Ca) and Sand 
(mrnerats) 

Form t ton : 
Locat Ion: 

CondlPlon 1:  DsnslPy (d ry )  ( b u l k )  

Condlt fon 2: L m d  (Wail = 6.4 
CondtPlon 3: 30% sn?~ctI te  

PraperPy/unlts: P e r m a b l  I IpY (rn(2) 1 
ranges frw: 4 x 10(-17) (3.9 x lo(-€!) 

( g / m ( 3 )  1 (not s t a t a d )  

cm/s ) 
to: 
a§: 

ranges f rm: to: 
Reference: G r l m  tt962P 
Source: NWiEG/CP-0052 (1983). p. 209 
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Property class: Hydrau I l c  conduct ? v l  ty 
(mf nerd Is) 

Mate r la l :  Smecttta (Na) [a) 
Formt fon :  

Locat ? on: 
Condf t lon 1: 
C o n d t t l m  2: 
C o n d I t f m  3: 

ranges from: 10(-11) 

ranges frm: 1 to: 30 

Praperty/un1ts: Hydraul fc conduc t l v f l y  (crn/s) 

to:  10(-7) 
as: Vofd rat10 

Reference: Mesrl and O l s o n  (1971) 
Source: OW!-486 (19831, p. 35 

Proper ty  class: Hydraul f c  conduc t l v f t y  

Ma te r la l :  S m c t f t e  (Na) and Sand 
(mtneralsl 

Format [on: 
Locat Ion: 

Condttron 1: DensIty (dry)  (bu l k )  

CondTtIon 2: Load W a )  = 6.4 
Condl t ton 3: 30% smect i te 

Propsr ty /un l ts :  Permeabt l l t y  ( m ( 2 ) )  
ranges from: 5 x 10(-19) (4.9 x 10(-10) 

(g/crnf3) 1 (not  s ta ted)  

cm/s ) 
to:  
as: 

ranges from: to: 
Reference: G r l m  (1962) 
Source: NWEGfCP-0052 (1983), p. 208 

Property class: Hydraul fc conduc t t v f t y  

Matar la! :  Volclay s a l f n e  seal and Sand 
( m l  nera I s) 

Format Ion: 
Locat ton: 

Condl t fon 1: 50$ sand 
Condl t lon 2: Oensfty 2.22 g/cmU) 
Condf t ton 3: Varlous heads and hydrau l l c  

gradt ents 

ranges from: 2.9 x 10(-12) 
to :  4.1 x 10(-12) 
as: 

ranges from: to: 

Proper ty /un l ts :  Hydraul IC conduc t t v l t y  (cm/s) 

Reference: 
Source: QWI-312 (19811, p. 33 

Proper ty  class: Nfscel  laneous 
Mater ta l :  Shale 

Format ton: 
Loca t [on: 

Condf t lan  1 : Pre-emp lacement t rave  I 
Conclrtton 2: 100,000 years 
Condl t lon 3: 

Proparty/unfts:  Groundwater t r a v e l  dfstance 
(m)  

ranges from: 0.3 

ranges f ran: to: 

to:  40 
as: 

Reference: 
Source: ORNL-6241/V1 ( I n  preparat fon) p. 36 

Property class: 
Mater la I :  Shale 

Fonnat ion: 
Locat I on 2 

Condft lon 1: 
Condl t lon 2: 
Condl t fon 3: 

P r o p e r t y h  r ts:  
ranges from: 

to: 
as: 

ranges from: 
Reference: 

Ml see1 laneous 

Preclosure rntned openfngs 

In f l ow  ( r n l b l n  per m9 
10 
5 x lo(-!) 
Tlms (days) 
0.1 to: 5,000 

n preparat lon) p. 38 Source: QRNL-6241/V1 ( 

Property class: Mlscel 
Mate r la l :  Shale 

Format f on : 
Loca t f on : 

Condft lon 1: 
Condtt lon 2: 
Condft lon 3: 

Property/untts:  In f low 
ranges from: 10 

to: <1 
as: Time (days) 

ranges from: 0.1 to :  5,000 
Reference: 
Source: ORNLd241/VZ ( I n  prepsrat fon) p. 106 

Property class: Wtscellaneous 
Mater ta l :  Shale 

Format lm: 
Location: 

C m d i t i m  I :  
Condition 2: 
Condition 3: 

ranges fra: 1 x 10(-6) 

ranges from: to: 

Property/unIts: S p e c t f  IC stocage ( I /d  

to: 
as: 

Reference: Loken, M. (personal cmmunlcat ion) 

Source: ORNL-6241fl2 ( I n  preparat fon) p. 99 

Property class: HI sce I laneous 
Mater ia l :  Shale 

Form*  Ion: 
Locat I on : 

Condt t lon 1: Computed value 
Condl t fon 2: 
CondI t ton 3: 

ranges from: 4.3 x 1Q(-7) 
to: 2.8 x 1QC-6) 

ranges fran: to: 

(1984) 

Property/un?ts:  Specff f c  storage ( I / m )  

as: 

Reference: 
Source: QRNL-624 I /V2 ( I n  preparatf on 1 p. 57 
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Property c lass: MI SCQ I laneous 
Material: Shale 

F o r m  t I art: 
Locat 1 on : 

Cond i t lon  1 :  ADOPTED BASE VALUE 
Cond l t lon  2: 
Cond i t fon  3: 

P r o p e r t y h n  Its: Spec1 f 
ranges from: 5 x 10 

to: 5 x 10 
as: 

ranges from: to: 
Reference: 
Source: ORNL-6241fll ( 

c storage 
-6) 
-7 1 

n prepara ion) p. 33 

Property class: M i  SCQ I laneous 
Ma te r ia l :  Shale 

Forma t I on : 
Locat I on : 

Cond l t lon  1: Pre-emplacement t r a v e l  
Cond l t lon  2 :  10 km distance 
Cond i t ion  3: 

Property/uni ts:  Travel  t ime (years)  
ranges from: >100,000 

t o :  >100,000 
as: 

ranges from: to: 
Re f erence : 
Source: ORNL-6241/Vl ( I n  preparat ion) p. 36 
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Proper ty  class: Bu I k m d u  1 us 
M a t e r i a l :  Argl I l i t e  

Location: - 
Cond i t ion  1: - 
Cond i t ion  2: - 
Cond i t lon  3: - 
ranges f r a m :  14.0 (1.4 x 10(4) Wa) 

Formation: Eleana Argl I l l t e  

Proper ty /un l ts :  Bulk  m d u l u s  (confined) (Wa)  

to: - 
as: - 

ranges from: - ts: - 
Reference: Y/CM i /TM-36/6 ( 1  978) 
Source: Proc NEA Workshop OECO (1979b1, p. 87 

Proper ty  c lass:  Bulk  modulus 
M a t e r i a l :  S h a l e  

Formatlon: - 
Location: - 

Cond l t lon  1 :  Typ ica l  I l l i t i c  shale 
Cond i t ion  2: I n t a c t  
C o n d i t i o n  3: - 
ranges from: 7.6 x lO(5) (5.2 x lO(3) 

Proper ty /un l ts :  Bulk  modulus ( p s i )  

MPa 1 
to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/OWi/TM36/6 (1978), p. 7-8 

Proper ty  class: Bu 1 k m d u  Ius 
M a t e r l a l :  Shale 

Formatlon: Arnhelm and Waynesvi I lo FIX 
Locat ion:  Ohlo 

Cond l t lon  1: Ordovlc lan 
Cond i t ion  2: i n t a c t  
Cond l t lon  3: - 
ranges f r o m :  6.3 x lO(5) (4.3 x lO(3) 

Proper ty /un i ts :  Bulk  modulus ( p s i )  

MPa 1 
to: - 
as: - 

ranges f r o m :  - to: - 
Reference: - 
Source: Y/CWI/TM36/6 (19781, p. 5-14 

Proper ty  c lass:  Bulk  modulus 
M a t e r l a l :  Shale 

Formation: Chagrin Shale 
Location: Ohlo 

Cond i t lon  1: Devonian 
Cond l t lon  2: I n t a c t  
Cond i t lon  3: - 
ranges from: 1.1 x lO(5) (7.6 x lO(2) 

Proper ty /un i ts :  Bulk  modulus ( p s i )  

MPa) 
to: - 
as: - 

ranges from: - to:  - 
Reference: - 
Source: Y/OWI/TM3,6/6 (1978), p. 4-12 

Proper ty  class: Bu I k m d u  I us 
M a t e r l a l :  Shale 

Formatlon: P i e r r e  Shaia 
Locatlon: - 

Cond i t ion  1: I n t a c t  
Cond i t ion  2: - 
Cond i t ion  3: - 
rangas from: 77.8 x 10(5 )  (5.4 x lO(2) 

Proper ty /un i ts :  Bulk  modulus ( p s i )  

Wa) 
to: - 
as: - 

ranges f r o m :  - to:  - 
Reference: - 
Source: Y / W I  /TM36/6 (19781, p. 3-24 

Proper ty  class: R u  I k msdu 1 us 
Mater ia l :  Shales 

Formation: - 
Location: - 

Condi t ion 1: - 
Cond i t ion  2: - 
Cond i t ion  3: - 
ranges from: ca. 50 (ca. 5 x lO(5) Wa) 

Proper ty /un l ts :  Bulk  modulus (Pa x lO(10)) 

to: ca. 200 (ca. 2 x lO(5) W a )  
as: Depth ( T I )  

ranges from: 0 to :  6,000 
Reference: Three r e f s  
Source: OKNL-6241/V2 ( i n  p r e m r a t i n n )  p. 199 

Proper ty  class: Cohos 1 on 
Mater ia l :  A r j i  I l i t e  

Formatlon: Eleana Argf I I i t e  
Location: - 

Condi t ion 1: - 
Cond i t ion  2: - 
Condi t ion 3: - 
ranqes f r o m :  8 x 10(-1) 

to :  - 
as: - 

Proper ty /un l ts :  Cohesion (unconfined) ( W a )  

ranges from: - fo :  - 
Reference: Y/Wl /TM-36/6 ( 1  978) 
Source: ?roc NEA Workshop 3ECB (1979b1, p, 87 

Proper ty  c lass: Cohesion 
Mater la l :  Clay 

Formation: B luo C l a y  
Location: I t a l y  

Cond i t ion  1 :  - 
Cond i t ion  2: - 
Condi t ion 3: - 

Propnr ty /un l ts :  Cdheslon ( W a )  
ranges from: 1 x 10(-1) 

to: - 
as: - 

ranges from: - to :  - 
Reference: - 
Source: Rad Waste Managernant and Nuclear Fuel 

Cyc le v.6 (19851, p. 54 
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Property class: Cohes Ion 
Ma te r ia l :  C lay  

F o r m t l o n :  Boom Clay 
Locatlon: Belg ium 

Cond i t lon  1: - 
Cond i t ion  2 :  - 
Cond l t lan  3: - 

Property/un i t s :  Cohesion (Wa) 
ranges from: 1 x 10(-1) 

t o :  1 
as: - 

ranges from: - to: - 
Reference: - 
Source: Rod Waste Management and Nuclear Fun1 

Cycle v.6 (1985), p. 54 

Property c lass:  Cohesion 
Ma te r ia l :  Shale 

Formation: Arnhelm and Waynesvl I l e  Fm 
Locatlon: Ohlo 

Cond i t ion  1: Ordovic ian 
Cond i t ion  2: I n t a c t  
Cond l t ion  3: - 
ranges from: 5,900 (4.1 x l O ( 1 )  MPa) 

P r o p e r t y h n l t s :  Coheslon (ps i  

t o r  - 
as: - 

ranges from: - to :  - 
Reference: - 
Source: Y/oWIRM36/6 (19781, p. 5-14 

P r o p e r t y  class: Coheslon 
Ma te r ia l :  Shale 

Formation: Chagrin Shale 
Locatlon: Oh lo 

Cond i t ion  1: Devonlan 
Cond l t ion  2 :  I n t a c t  
Cond l t lon  3: - 
ranges frm: 14 ( 1  x 10(-1) Wab 

Prapsrty/unDts: Cohesion ( p s i )  

to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/OWl/T'NJ6/6 (1978), p. 4-12 

Property class: Coheslon 
Ma te r ia l :  Shale (a) 

F o r m t i o n :  - 
Location: - 

Cond l t ion  1: I n t a c t  
Cond l t lon  2: Range of proper t tes  
Cond l t lon  3: - 

1 Property/uni ts:  Coheslon ( p s  
ranges from: 0 (0 Wa) 

t o :  4,250 (3  x 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/WI/TM36/6 (19781, p. 2-2 

Property c I ass: Cohes I on 
Ma te r ia l :  Shale ( b )  

Formation: - 
Location: - 

Condit ion I :  T y p i c a l  Illltlc shale 
Condi t ion 2: I n t a c t  
Condl t lon 3: - 
ranges f r m :  6 x l O ( 3 )  (4.1 x IO(1) MPa) 

Prcper ty /un I ts :  Cohesion (PSI) 

to: - 
as: - 

ranges from: - to: - 
Roference: - 
Source: Y/WI/W36/6 (19781, p. 7-5 

Property c lass:  Coheslon 
Mater ia l :  Shale ( c )  

Formation: P l e r r e  Shale 
Locatton: - 

Cond i t lon  1: In-tact 
Condi t ion 2: - 
Cond l t lon  3: - 
ranges from: 206 (1.4 W a )  

Property/uni ts:  CohQSlOn ( p s i )  

to:  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/OWllTM36/6 (1978), p. 3-24 

Property class: Coheslon 
Mater ia l :  Shale ( d )  

F o r w t l o n :  P l e r r e  Shale 
Location: Great P la lns  

Cond i t lon  1: - 
Condit ion 2: - 
Condit ion 3: - 
ranges from: 2 (1.4 x 10(-2) W a )  

Property/unIts:  Cohesion (ps i  1 

to: 30 (2.1 x 10(-1) W a )  
as: - 

ranges from: - to: - 
Reference: Abel and Gentry (1975) 
Source: ORNL/Sub/S4-64794/1 (19851, p. 293 

Property class: Compresslve 
F Ia twIa I :  Argi I I l t e  

Fo rmt ion :  Eleana Argl  
Locatlon: - 

Condit ion 1: - 
Cond l t ion  2: - 
Cond l t lon  3: - 

strength 

1 itQ 

Prsperty/un 1 t s :  Compress I ve s t rength  
(unconfined) ( W a )  

ranges frmi 4.75 
to: - 
as: - 

ranges from: - to: - 
Reference: Y/Odl /TW-36/6 (1978) 
Source: P r w :  NEA Workshop OECD (1979b1, p. 87 
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Property class: Compressive s t rength 
Ma te r ia l :  Bentonl te  (Na) (a)  

Farmatlon: - 
Locat ion:  - 

Condi t ion 1:  - 
Condi t ion 2:  - 
Condi t ion 3: - 

Proper ty /un l ts :  Compressive s t rength 
(unconfined) (ps l  1 

ranges from: 55.5 (3.8 x 10(-1) HPa) 
.to: - 
as: - 

ranges from: - to:  - 
Reference: Mielenz and King (1955) 
Source: ONWI-312 (1981), p. 22 

Property class: Cmpresslve s t rength 
Material: Bentoni te  (Na) (b)  

Formatlon: - 
Location: - 

Condl t lon 1: A i r  dry (water ca. 10%) 
Condi t ion 2 :  Densi ty  ( b u l k )  = 2 t/m(?i) 
Condi t ion 3: - 

Property/unIts:  Compressive s t rength 
( u n l a x l a l )  (MPa) 

ranges from: 8.9 
to :  - 
as: - 

ranges from: - to :  - 
Reference: - 
Source: KBS TEKNISK RAPPORT 74 (1978), p. 14 

Proper ty  class: Compresslve s t rength 
Ma te r ia l :  Bentonl te  and Sand (a) 

Formation: - 
Cond l t l on  1: - 
Cond l t l on  2: - 
Cond i t i on  3: - 

Locat ion:  Oregon 

Proper ty /un l ts :  Compresslve s t rength 

ranges from: ca. 0 
t o :  ca. 1.8 
as: Clay content (wt .  5)  

ranges from: ca. 0 to: 50-70 
Reference: Taylor e t  a l  (1980) 
Source: RHO-BWI-SA-80 (1981), F ig .  4 

Proper ty  class: Conpresslve s t reng th  
M a t e r l a l :  Bentoni te  and Sand (b) 

(unconf Ined) (Wa)  

F o r m t i o n :  - 
Cond l t l on  1: - 
Condi t ion 2: - 
Cond l t l on  3: - 

Location:- Wyoming 

Property/un I t s :  Compress Ive s t rength 
( unconf i ned) (MPa) 

ranges from: ca. 0 
to :  ca. 3 
as: Clay content ( w t .  5)  

ranges fran: ca. 0 to: 50-60 
Reference: Tay lor  e t  a l  (1980) 
Source: RHO-BW I - S A 4 0  ( 198 1 I ,  F ig. 4 

Property class: Compressive s t rength 
Ma te r la l :  K a o l i n l i e  

Formatlon: - 
Locatlon: - 

Condi t ion 1: - 
Condl t lon 2: - 
Condi t ion 3: - 

Property/un I t s :  Compressive s t rength 
(unconfined) ( p s i )  

ranges frm: 100.3 (6.9 x 16(-1) MPa) 

ranges from: - to: - 
to: - 
as: - 

Reference: Mielenz and Klng (1955) 
Source: ONWI-312 f19811, p. 22 

Proper ty  class: Compresslve s t rength 
Mater ia l :  011 Shales 

Formation: - 
Location: - 

Condi t lon 1: High grade 
Condl t lon 2: - 
Condi t ion 3: - 
ranges from: 35 

Property/un I t s :  Compress I ve s t rength (Wa)  

to: 138 
as: - 

ranges from: - to: - 
Reference: Nether land e t  a I (1975) 
Source: ORNL/Sub/84-64794/1 (19851, p. 348 

Property class: Compress I ve s t reng th  
Ma te r ia l :  011 Shales 

Formation: - 
Location: - 

Condl t lon 1: Lar grade 
Condl t lon 2: - 
Condi t ion 3: - 
ranges from: 138 

to:  172 

ranges from: - to:  - 

Propsr ty /un l ts :  Compressive s t rength (Wa)  

as: - 
Reference: Nether land e t  a I (1975) 
Source: ORNF/Sub/84-64794/1 (19851, p. 348 

Property class: Cmpresslve s t rength 
Ma te r ia l :  Shale 

Formation: Arnhelm and Waynesvl I le Frm 
Locatlon: Ohio 

Condl t lon 1: Ordovic ian 
Condi t ion 2: I n t a c t  
Condl t lon 3: - 

Property/un i t s :  Canpress I ve s t rength 
( u n i a x i a l )  ( p s i )  

ranges from: 1 x 10(4) (6,9 x 1 O ( i )  W a )  

ranges from: - to:  - 
to :  - 
as: - 

Reference: - 
Source: Y/OWl/TM36/6 (19781, p. 5-14 
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Property class: Compressive s 
Mate r ia l :  Shale 

Formation: Chagrin Shale 
Location: Ohio 

Cond i t ion  1 : Devon ian+1 ss 
Cond i t ion  2: I n t a c t  
Cond i t ion  3: Depth = 30 m 

P r o o e r t v h n i t s :  ComDressive s 

rengt h 

ss I pplan 

renath , .  
(un ’ iax ia l )  ~ a )  .. 

ranges from: 13.8 

ranges from: - to:  - 
Po: - 
as: - 

Reference: Dames and Moore (1978) 
Source: ORNL/Sub/84-61794/1 (19851, p. 108 

Proper ty  class: Compress Ive s t rength  
Ma te r la l :  Shale 

Formation: Chagrin Shale 
Location: Oh l o  

Cond i t ion  1: Devonian 
Cond i t ion  2: I n t a c t  
Cond l t ion  3: - 

Proper ty /un i ts :  Compresslve s t rength  
( u n i a x i a l )  ( p s i )  

ranges from: 2 x lO(3) (1.4 x l O ( 1 )  MPa) 
t o :  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/CW I /TM36/6 ( 1978), p. 4-1 2 

Property c lass:  Cmpresslve s t rength  
Ma te r ia l :  Shale 

Formation: Hucknal I Shale 
Location: - 

Cond i t ion  1: I n t a c t  
Cond i t ion  2: - 
Cond i t ion  3: - 

Proper ty /un l ts :  Compressive s t rength  (ps 
ranges from: 8.5 x lO(3) (5.9 x IO( 

MPa) 
t o :  - 
as: - 

ranges from: - to: - 
Reference: Hobbs (1970) 
Source: Y/OWE /TM36/6 (19781, p. 6-3 

Property class: Compressive s t rength  
Ma te r ia l :  Shale 

Formation: L w i s  Shale 
Location: New Mexico 

Condi t i o n  1: b l s t u r - e  content 3.7 t o  6. 
Cond i t ion  2: - 
Cond i t ion  3: - 
ranges from: 1,000 (6.9 Wa)  

Proper ty /un l ts :  Comprosslve s t rength  ( p s i )  

t o :  6,000 (4.1 x lO(1) WPa) 
as: - 

ranges from: .- to:  - 
Reference: - 
Source: Y/C”dl/TM36/6 (19781, p. 8-5 

22 

Property class: Compressive s t rength  
Mater la l :  Shale 

Formation: bhncos Fm 
LocaPlon: New Mexico 

Condit ion 1: - 
Cond i t ion  2: - 
Condit ion 3: - 
ranges from: 1,000 (6.9 MPa) 

Properfy/un 1 t s :  Compressive s t rength  (ps i  1 

t o :  8,000 (5.5 x l O ( 1 )  W a )  
as: - 

ranges from: - to :  - 
Reference: - 
Source: Y/WI/TM36/6 (1978), p. 8-2 

Property class: Compressive s t rength  
Ma te r ia l :  Shale 

FormPlon: Maquoketa Group 

Condit lon 1: I l l i t e  dm lnan t  
Condi t ion 2: - 
Condit ion 3: - 

Location: Indiana 

Property/un i t s :  Compress1 ve s t rength  (Wa)  
. I  

ranges from: 1 1  
to:  115 
as: - 

Reference: Cobb Engineering ( 
Source: ORNL/S u b/84 -64794/ 1 ( 

ranges from: - to: - 

Property class: Compressive s 
Mate r ia l :  Shale (a)  

Formation: - 
Location: - 

Condit ion 1 :  I n t a c t  

975 1 
9851, p. 60 

renyth 

Condl t ion 2: Range of p roper t i es  
Condi t lon 3: - 

Property/uni  t s :  Compress 1 ve s t rength  
( u n i a x i a l )  ( p s i )  

ranges from: 70 
to: 3.7 x 

as: - 
W a )  

ranges from: - to: 
Reference: - 
Source: Y/oW i /TM36/6 1978), p. 2-2 

Property class: Cornpressi vo s t rength  
Ma te r la l :  Shala (a )  

Formation: Bearpaw Shale 

Condi t lon 1: Upper Cretaceous 
Condit ion 2: - 
Condit ion 3: - 

Location: Montana 

Property/un 1 ts: Compress 1 ve s t rength  
(kgJcm(2) 1 

ranges from: 122 (1.2 x l O ( 1 )  W a )  
to: 25 ( 2 . 5  Wa)  
as: Angle bel-wen sample a x l s  and 

hor I zonta I (de91 
ranges frorn: 0 to: 40 +/- 10 

Reference: Wright (1969) 
Source: Y/OWI/TM36/6 (19781, p. 6-13 
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Proper ty  class: Ccmpressive s t rength  
Ma te r ia l :  Shale (a) 

Formation: P i e r r e  Shale 
Locat ion:  - 

Cond i t lon  1: i n t a c t  
Cond i t ion  2: - 
Cond i t ion  3 :  - 

Property/un i t s :  Compresslve s t rength  
( u n i a x i a l )  ( p s i )  

MPa) 
ranges from: 2.1 x lO(3) (1.4 x lO(1) 

to: - 
as: - 

ranges from: - to; - 
Reference: - 
Source: Y/W I /TW36/6 ( 1  9781, p. 3-24 

Property class: Compresslve s t rength  
MaterTal: Shale (b)  

F o r m t i o n :  - 
Location: - 

Cond l t lon  1: Typ ica l  i i i i t l c  shale 
Cond i t ion  2 :  I n t a c t  
Cond i t ion  3: - 

Property/un I t s :  CcmpressIve s t rength  
(un iax la  I )  ( p s i )  

ranges frm: 1 x lO(4) (6.9 x lO(1) W a )  
to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/CW I /TM36/6 ( 1978), p. 7-8 

Proper ty  class: Compresslve s t rength  
Ma te r la l :  Shale (b)  

Format 1 on: Bearpaw Sha le 

Cond i t ion  1 :  Upper Cretaceous 
Cond i t ion  2: - 
Cond i t ion  3: - 

Proper ty /un i ts :  Compresslve s t rength  

Location: Montana 

(kg/cm(Z)) 
ranges from: 25 (2.5 MPa) 

t o :  55 (5.4 Wa)  
as: Angle between sample a x i s  and 

ho r i zon ta l  (deg) 
ranges from: 40 +/- IO to:  90 

Reference: W r  i g h t  (1969) 
Source: Y/OWi/TM36/6 (19781, p. 6-13 

Proper ty  class: Compress I ve s t rength  
Ma te r ia l :  Shale ( b )  

Formation: P i e r r e  Shale 
Location: Great P l a i n s  

Cond i t lon  1: - 
Cond i t ion  2: - 
Cond i t i on  3: - 

Proper ty /un l ts :  Compressive s t rength  ( p s i  1 
ranges from: 70 (4.8 x 10(-1) W a )  

to :  2,530 (1.7 x lO(1) Wa) 
as: - 

ranges frm: - to: - 
Reference: AbeP and Gentry (1875) 
Source: ORNL/Sub/84-64794/1 (1985) p. 293 

Property class: Compress lve  s t rength  
Mater l a  I :  Sha 10s 

Formt ion :  - 
Lomt lon :  Western Ohio 

Cond i t ion  1 :  Mean composition: i i  l i t e  

Cond i t ion  2: P l u s  other c l a y s ,  carbonates, 

Cond i t ion  5 :  - 
ranges from: 20 

to: 32 
as: - 

(47%) ,  quartz (24%) 

etc. 

Proper ty /un l ts r  Compressive s t rength  (MPa) 

ranges from: - to: - 
Reference: Cobh Engineering (19751 
Source: QRPlL/Scrb/84-64794/1 (19851, p. 71 

Proper ty  c lass:  Compressive s t rength  
Materia!: Shales (a )  

Formation: - 
Loca-t-ion: - 

Cond i t ion  1: Ter tsd  a t  room temperature 
Cond i t lon  2 :  r r O r y ~ ~  speclmeins 
Cond I t i o n  3: Forty-n Ine data po l  n t s  

Proper ty /un l ts :  Conpressivo s t rength  
(uncmf  Ined) (Wa)  

ranges from: 25.2  
to :  113.6 
as: - 

ranges from: - to: - 
Reference: - 
Source: ORNL-5241/V3 ( i n  prepara t lon)  p. 1 IO 

Property class: Cornprosslve s t rength  
Ma te r la l :  Shales ( b )  

Formatton: - 
Locatlon: Varlous 

Cond i t ion  1: Var1ms depths, cornposltfons, 

Cond i t ion  2: Represents m n y  t e s t s  
Cond i t ion  3: - 

etc. 

Property/un Its: Compress 1 ve s t rength  
(unconfined) (psi) 

ranges from: <lo0 ( <6,9 x 10(-1) m a l  
To: 3.7 x lO(4) (2.5 x lO(2) 

as: - 
MPa 1 

ranges from: - to: - 
Reference: Th i r teen r e f s  
Source: Y/OWIAM36/6 (1978), p. A-4,5,6 

Property class:  Compressive s t rength  
Materlal: S m c t l t e  (Na), Kao l i n i t e ,  Sand 

Mixtures (a3 

Location: Osage, NY 
Cond i t ion  1 :  K a o l i n i t e  frm Bath, SC 
Cond l t ian  2: Alr d r i e d  
Cond l t lon  3: - 
ranges from: 76.5 (5.3 x 10(-1) NPa) 

to:  541.9 (3.7 W a )  

Formt ion :  - 

Property/unl  ts: Compressive s t rength  (ps i  1 

as: - 
ranges from: - -to: - 

Reference: M I Q I W W  and K ing  (1955) 
SOUTCR: OW!-312 (19819, p. 24 
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Property c lass:  Compressive s t rength  
Ma te r ta l :  Sinectl te (Na), Kao l i n i t e ,  Sand 

Mix tu res  ( b )  

Location: Osage, NY 
Forrnat ion: - 

Cond i t ion  1: K a o l i n i t e  from Bath, SC 
Cond i t lon  2: Optimum moisture content 
Cond i t ion  3: - 

Proper ty /un l ts :  Compressive s t rength  ( p s i )  
ranges from: 9.1 (6.3 x 10(-2) W a )  

t o :  85.5 (5.9 x 10(-1) W a )  
as: - 

ranges from: - to:  - 
Reference: Mielenz and K ing  (1955) 
Source: OW!-312 (19811, p. 24 

Property class: F r i c t i o n  angle 
Ma te r la l :  A r g i l l i t e  

F o r m t i o n :  Eleana A r g i l l i t e  
Location: - 

Cond i t lon  1: - 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un I t s :  F r  I c t  ion ang l e  ( I nterna I ) 
(deg) 

ranges from: 35 
to :  - 
as: - 

ranges froii: - to:  - 
Reference: Y/WI /TM-36/6 (1978) 
Source: Droc NEA Workshop OECD (1979b), p. 87 

Property class: F r i c t i o n  angle 
Ma te r la l :  Clay 

For imt lon:  Blue Clay 
Locat ion:  I t a l y  

Cond i t ion  1: - 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un I t s :  F r i c t i o n  angle (ang l e  of 
shear res  I stance) (deg) 

ranges from: 25 
to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle v.6 (19851, p. 54 

Property class: F r  l c t i o n  angle 
Matarlal: Clay 

Formation: Born Clay 
Locat I on: Be I gi um 

Cond i t ion  1: - 
Cond i t ion  2:  - 
Cond i t ion  3: - 

Proper ty /un i ts :  F r i c t l o n  angle (angle o f  
shear ros ls tance)  (deg) 

ranges from: 19 
t o :  - 
as: - 

ranges from: - t o :  - 
Reference: - 
Source: Rad Waste ldanagement and Nuclear Fuel 

Cycle v.6 (19851, p. 54 

Property class: F r l c t l o n  angle 
Ma te r la l :  I I l i t e  (Na) (a )  

Formation: - 
Location: - 

Condit ion 1: 0 g N a C I / I l t e r  

Cond i t ion  3: - Condit ion 2: - 
Property/un I ts :  F r  I c t i o n  ang I e ( res  I dua I 1 

( tan)  
ranges from: 0.3 

to: 0.7 
as: Quarfz content ( %  dry wk.) 

ranges frm: 0 to: 100 
Reference: Witchel I (1976) 
Source: Owl-486 (19831, p. 47 

Property c lass: F r  i c t  i on angle 
Mater ia l :  I 1 1 t h  INa) (b )  

Formt ion :  - 
Location: - 

Condit ion 1: 30 g N a C l / l l t e r  
Condi t ion 2 :  - 
Condl ' t lon 3: - 

Property/unl ts:  F r i c t i o n  angle ( res  ldua I )  
( t a n  1 

ranges from: 0.47 
to: 0.7 
as: Quartz content ($ d r y  ut.) 

ranges from: 0 to: 100 
Reference: MI t che l  I (1976) 

31, P. 47 Source: ONWl -485 (19 

Property class: F r i c  
Mater i a  I : Kao I In 1 t e  

Formation: - 
Location: - 

Condit ion I :  - 
Condit ion 2: - 
Condit ion 3: - 

ion angle 

Proper ty /un i ts :  F r l c t i o n  angle ( res idua l )  
( t an )  

range; from: 0.27 

ranges from: 0 to :  100 

To: 0.7 
as: Quartz content (% dry w t . )  

Referenco: Mi tche l  I (1976) 
Source: ONWI-486 (1983), p. 4 7  

Property class: F r i c t i o n  angle 
Mater la l :  Shale 

Formation: Arnhelm and Waynesvl 118 Fms 
Locatlon: Ohio 

Condi t ion 1: Ordovician 
Condit ion 2: I n t a c t  
Condi f lon 3: - 
ranges frm: 23.4 

Propsrty/un I ts: F r  l c t l o n  angle (dag) 

to: - 
as: - 

ranges from: - to :  - 
Reference: - 
Source: Y/WI PTM35/6 (19781, p. 5-14 
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Proper ty  class: F r i c t i o n  angle 
N a t e r l a l :  Shale 

F o r m t l o n :  Chagrin Shale 
Location: Ohio 

Cond l t lon  1: Devonian 
Cond i t i on  2: I n t a c t  
Condlt l ion 3: - 
reng0s from: 22 

ranges from: - to: - 

Proper ty /un i ts :  F r i c t i o n  angle (deg) 

to: - 
as: - 

Reference:: - 
Source: Y/oWI /TM36/6 (1978), p. 4-12 

Proper ty  class: F r i c t i o n  angle 
Matar la ! :  Shale ( a )  

Formatlon: - 
Location: - 

Cond i t lon  1: I n t a c t  
Cond i t ion  2:  Range o f  p roper t l es  
Csnd l t l on  3: - 
ranges from: 4.2 

ranges f r o m :  - to:  - 

Property/unIts:  F r i c t i o n  angle (deg) 

to: 56 
as: - 

Reference: - 
Source: Y/OWI/TM36/6 (19781, p. 2-2 

Proper ty  class: F r i c t i o n  angle 
Ma te r ia l :  Shale (a)  

Formation: P l e r r e  Shale 
Location: - 

Cond i t ion  1: I n t a c t  
Cond l t ion  2: - 
Candt t lon  3: - 
ranges from: 5.3 

ranges f r o m :  - to :  - 

Praper ty /un l ts :  F r i c t i o n  angle (dag) 

to :  - 
as: - 

Reference: - 
Source: Y/OWI /TH36/6 (19781, p. 3-24 

Proper ty  class: F r l c t ? o n  
Ma te r ia l :  Shale (b) 

Formatlon: - 
Location: - 

Cond l t ion  1: Typ ica l  
Cond i t ion  2: I n t a c t  
Cond i t ion  3: - 

angle 

I l l t i c  shale 

Proper ty /un i ts :  F r i c t i o n  angle (deg) 
ranger from: 26 

ranges f r o m :  - to :  - 
to: - 
as: - 

Refarence: - 
Source: Y/OWl/lM36/6 (19781, p. 7-8 

Proper ty  class: F r l c t i o n  angle 
Mater ia l :  Shale (b) 

Formation: P i e r r e  Shale 
Location: Great P la lns  

Cond i t ion  1: - 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/uni ts:  F r  t c t l o n  ang I e ( 1  nterna I ) 
(dag) 

ranges from: 8 
to :  25 
as: - 

ranges f rom:  - to: - 
Reference: Abal and Gentry (1975)  
Source: ORNL/Sub/84-64794/1 (1985) p. 293 

Property c lass: F r  1 c t  1 on ang I B 
Mater fa l :  Shale ( c )  

Formation: - 
Location: - 

Cond i t ion  I :  I n t a c t  
Cond l t lon  2: Range of p roper t i es  
Cond l t lon  3: - 

Property/unOts: Friction angle (d1 l a t l o n  
angle) (deg) 

ranges from: +5 
to: -5 
as: - 

ranges from: - 10: - 
Reference: - 
Source: Y/OWl/aM36/6 X19781, p. 2-2 

Property class: F r  I c t l o n  angle 
Wter laD:  Shale (d) 

Formation: - 
Locatlon: - 

Condft lon 1: Summery 
Cond l t lon  2: 7 data po ln ts  
Cond i t ion  3: lvdry'q; tes ted  a t  ram 

Property/un I t s :  F r  I c t  Ion angle ( 1  nterna I )  
temperature 

(deg) 
ranges f r o m :  14.2 

to: 51.0 
as: - 

ranges from: - to: - 
Reference: - 
Source: ORNL-6241/VI ( I n  preparat ion) p. 47 

Proper ty  class: Fr  I c t i o n  ang l a  
Mater ia l :  S m c t l t e  (Na) (a) 

Formatlon: - 
Location: - 

Cond i t ion  1 :  0 g NaCI / I l t e r  
Cond l t ion  2: - 
Cond l t ion  3: - 

Property/unl ts:  F r i c t i o n  angle (residua 
( tan) 

ranges from: 0.09 

ranges from: 0 to:  100 

to :  0.7 
as: Quartz contsnt (b dry w 

Reference: M l t c h e l l  (1976) 
Source: ONw1-486 (1983), p. 47 
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Property c lass: F r  D c t  ion ang I e 
Ma te r ia l :  Smct i te  (Na) (b) 

Formation: - 
Location: - 

Cond i t ion  1: 30 g NaCI / I l t e r  
Cond i t ion  2: - 
Cond i t ion  3: - 

Proper ty /un i ts :  F r i c t i o n  angle ( res idua l )  
( t a n )  

ranges from: 0.18 
to: 0.7 
as:  Quartz Content (% dry w t . )  

ranges from: 0 to:  100 
Reference: M i t chs l  I (1976) 
Source: ONId1-486 (1983), p. 47 

Property class: M1 sce I laneous 
Ma te r ia l :  Benton i te  

Formation: - 
Locat ion:  - 

Cond i t ion  1: Wet 
Cond i t ion  2: 0.5-m spaces 
Cond i t ion  3: - 
ranges from: 1 

P r o p e r t y h n l t s :  Swei I ing distance (mm) 

to: 1 1  
as: Time ( h r )  

ranges from: 1 to: 100 
Reference: LePeI I (1978) 
Source: ONW1-312 (19811, p. 16 

Proper ty  class: MI  scsl laneous 
Ma te r la l :  Shale 

F o r m t i o n :  - 
Locatlon: - 

Cond l t ion  I :  C o n s t r u c t i b i l i t y  indices 
Cond i t ion  2 :  - 
Cond l t ion  3: - 

Property/unIts:  R a t i o  o f  s t rength  t o  
over bu rden s t ress  

ranges from: 1.3 
t o :  6.0 
as: - 

ranges from: - to :  - 
Reference: - 
Source: ORNL-6241/VI ( i n  preparat ion) p. 53 

Property class: P l a s t i c l t y  ( L I )  
Material: Shale 

Format ion: Bearpaw Shale 

Cond I t  ion 1 : Upper Cretacecus 
Cond i t ion  2: - 
Cond i t ion  3: - 
ranges from: -0.11 

Locatlon: Montana 

Property/un i t s :  P l a s t  iclty ( I  iqu  I d 

to :  - 
as: - 

ranges from: - to:  - 
Reference: - 
Source: Y/OWI/TM36/S (19781, p. 6- 

Prooertv class: P l a s t i c l t v  (LL) 
Ma tk ia ’ l :  Benton i te  

Fo rmt ion :  - 
Cond l t lon  1 :  - 
Cond i t ion  2: - 
Cond i t ion  3: - 
ranges from: 553.1 

Loca-Fion: Wyoming 

Property/uni ts:  P l a s t i c i t y  ( I  

to: - 
as: - 

ranges from: - to: - 
Reference: Taylor e t  a l  (1980 
Source: RHO-BW I -SA-80 ( 198 1 ) , 

quid l i m i t )  ( % )  

P. 6 

Property class: P l a s t i c i t y  (LL) 
Maa-terial: Benton i te  (a)  

Formtion: - 
Location: Oregon 

Condit lor i  1: 20 - 160 rnesh 
Condlt iori 2 :  - 
Condlt lon 3: - 
ranges from: 209.6 

Proparty/uni ts:  P l a s t i c i t y  ( l i q u l d  l i m i t )  ( a )  
to: - 
as: - 

Reference: Taylor e t  a1 (1980) 
Source: RHO-BW I -SA-80 ( 1981 ) , p. 6 

Property class: P l a s t i c i t y  ( L L )  
Ma te r ia l :  Esnton i te  (b )  

Formation: - 

ranges from: - to: - 

Locatlon: Oregon 
Cond i t ion  1: Minus 200 mesh 
Condit ion 7: - 
Condit ion 3: - 
ranges from: 712.69 

Propar ty /un l ts :  P l a s t i c i t y  ( I  i qu id  I i m l t )  ( % I  

to:  - 
as: - 

Reference: Tay lo r  e t  a l  (1980) 
Source: RHO-BWl -SA-80 ( 1  981 1, p. 6 

Property class: P l a s t i c i t y  ( L L I  
Mater ia  I : Benton 1 t e  (Na 1 

ranges from: - to :  - 

Formation: - 
Location: Wyomfng 

Condit ion 1: PU-80 
Condit ion 2 :  - 
Condit ion 3: - 
ranges from: 260 

Proporty/unl ts:  P l a s t i c l t y  ( 1  i q u l d  l i m i t )  ( 5 )  

to: - 
as: - 

ranges from: - to :  - 
Reference: - 
Source: AECL-7825 (1984), p. 12 
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Property class: P l a s t l c l t y  (LL) 
Ma te r la l :  Bgntonl te  (Na) (a )  

Formation: - 
Locatlon: - 

Condi t ion 1: MX-80 
Condt t ion  2: 50% sand 
C o n d i t l m  3: - 
ranges from: 98 

ranges from: - t o :  - 

Property/un!ts:  P ! a s t i c i t y  ( I  l q u l d  

to :  - 
as: - 

Reference: - 
Source: AECL-7825 (19843, p. 12 

Prop6st.y class: P l a s t t c l t y  (LL) 
Me te r la l :  Clay 

Formation: - 
L mat i on: Ha n f or d 

Condl t lon 1: Ringold c lay C 
Condi t ion 2: - 
Condl t ion 3: - 
ranges from: 44,6 

PropertyJunl ts:  P l a s t l c i t y  ( I l q u l d  I l m I t )  ($1 

to: - 
as: - 

ranges frm: - to: - 
Reference: Tay lor  et st (1880) 
Source: RHO-BWI-SA-80 (19811, p. 6 

Proper ty  class: P i a s t l c l t y  (LL) 
Ma te r la l :  Clay 

Formatlon: - 
Locat ion:  Hanford 

Condi t ion 1: Ringold c lay 0 
Condl t ion 2: - 
Condi t?on 3: - 
ranges frm: 63.9 

ranges from: - to:  - 

Property/unIts:  P l a s t l c f t y  ( I l q u f d  I l m t t )  ($1 

to :  - 
as: - 

Reference: Taylor e t  a l  (1980) 
Source: WO-BWI-SA-80 (1981), p. 6 

Property class: P l a s t l c l t y  (LL) 
Ma te r ta l :  Clay 

Formatlon: Blue Clay 
Lacation: I t a l y  

Cond i t l on  1: - 
Cond i t l on  2: - 
Condl t lon 3: - 
ranges from: 50 

ranges from: - to:  - 

Proper ty /un l is :  P l a s t i c i t y  t l l q u l d  I l m i t )  (5 )  
to :  - 
as: - 

Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cyc le  w.6 (19851, p. 54 

Property class: P l a s t  i c l  t y  (LL) 
Mater la I :  Clay 

Formatlon: Boom Clay 
Location: Batalum 

I 

Condlt?on I :  - 
Condl t lan 2: - 
Condl t lon 3: - 

P r o p e r t y h n  I ts: P l a s t  
ranges from: 77.5 

to: - 
as: - 

ranges from: - to: 
Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle v.6 (19853, p. 54 

Property class: P l a s t l c l t y  (LL) 
Materia!: Clay 

Formation: Oxford Clay  
Location: England 

Condi t lon 1: - 
Condi t lon 2: - 
Condl t lon 3: - 
ranges from: 55 

Proper ty /un l ts :  P l a s t i c i t y  (I  l q u l d  I l m i t )  ($1 

t o :  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle v,6 (19851, p. 54 

Property class: P l a s t  Icl t y  (LL b 
Mate r la l :  I I I I t e  (Ca) 

FormatJan: - 
Condi t lon 1: - 
CondItlon 2: - 
Condl t lon 3: - 
ranges from: 69 

ranges frm: - to:  - 

Location: Jackson County, otl 

Property/unl ts:  P l a s t i c l t y  ( I  l qu Id  l i m l t )  ( 8 ,  

to: - 
as: - 

Reference: - 
Source: ONW1-486 (19831, p. 43 

Property class: P l a s t i c i t y  (LL) 
Mater la l :  I l l i t e  (Ca) (a) 

Formt Ion :  - 
Condi t ion 1: - 
Condl t lon 2: - 
Condi t lon 3: - 
ranges from: 90 

ranges frcun: - to: - 

Locattan: F l th lan,  I L  

Property/untts:  P l a s t i c i t y  ( I  l q u l d  l i m l t )  (PI  

io: - 
as: - 

Reference: - 
Source: ONWi-486 (1983), p. 43 
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Property class: P l a s t i c i t y  (LL )  
Ma te r ia l :  I l l l t e  (Ca) (b )  

FormTion:  - 
Location: Grundy County, I L  

Condl t lon 1: 5 % smect i te layers. 
Cond i t ion  2: - 
Cond i t ion  3: - 
ranges from: 100 

Proper ty /un i ts :  P l a s t i c i t y  ( 1  i qu id  1 i m i t )  ( $ 1  

to :  - 
as: - 

ranges from: - Po: - 
Reference: - 
Source: ONWI-486 (19831, p. 43 

Proper ty  class: P l a s t i c i t y  (LL )  
Ma te r ia l :  K a o l i n i t e  (Ca) 

Location: Anna, I L  
Formation: - 

Cond i t ion  1: - 
Cond i t ion  2: - 
Cond l t lon  3: - 
ranges fran: 73 

Proper ty /un i ts :  P l a s t i c i t y  ( l i q u i d  I l m i t )  ( % )  

to: - 
as: - 

ranges from: - to:  - 
Reference: - 
Source: Owl-486 (19831, p. 43 

Proper ty  class: P l a s t i c i t y  (LL) 
Ma te r ia l :  K a o l i n i t e  (Ca) 

Formation: - 
Cond l t ion  1: - 
Cond i t ion  2: - 

Locat ion:  Dry Branch, GA 

Cond i t ion  3: - 
ranges F r o r n :  34 

Propor ty /un i ts :  P l a s t i c l t y  ( I l q u i d  l i m i t )  ( 5 )  

t o :  - 
as: - 

ranges from: - to: - 
Reforsncn: - 
Source: Owl -486 (19831, p. 43 

Property class: P l a s t i c i t y  (LL )  
Ma te r ia l :  Shale (a )  

F o r m t i o n :  P i e r r e  Shale 
Locat ion:  Great P la ins  

Cond i t ion  1 :  Mixed-layer 1 I l i t e -smec t l t e  

Cond i t ion  2: 60-805 c lays  
Cond i t ion  3: - 
ranges from: 36 

d m l  nanf 

Proper ty /un i ts :  P l a s t i c i t y  ( l i q u i d  l i m i t )  ( % )  

t o :  113 
as: - 

ranges from: - Po: - 
Reference: Tour te lo t  (1962) 
Source: ORNL/Sub/84-64794/1 ( l985),  p. 291 

Property c lass :  P l a s t i c l t y  (LL )  
Ma te r la l :  Shale (b) 

Formation: P i e r r e  Shale 
Location: Great P la ins  

Condi t ion 1 :  - 
Cond i t ion  2 :  - 
Condit ion 3: - 
ranges from: 55 

Property/unIPs: P l a s t l c l t y  ( I  i q i l i d  1 l m l t )  ( 8 )  

to: 202 
as: - 

ranges frm: - to: - 
Reference: Abel and Gentry (1975) 
Source: ORNL /Sub/84-64794/1 ( l985),  p. 293 

Property class: P l a s t i c i t y  (LL )  
Mater-lal: Shales, Mudstones, S I  l t s tones  

Fo rmt ion :  - 
Locaf-ion: Various 

Cond i t ion  1: Many d i f f e r e n t  formations, 
depths, etc. 

Condi t ion 2: Represents over 125 t e s t s  
Cond l t lon  3: - 

Proper ty /un l ts :  P l a s t ! c l t y  ( l i q u i d  l i m i t )  ( $ )  
ranges from: 17.8 

to: 224 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/CMIJTM36/6 (1976), p. 6-20 t o  6-26 

Property class: P l a s t i c i t y  (LL) 
Mater ia l :  S m c t i t e  (Ca) 

Formation: - 
Cond i t ion  1: - 
Cond i t ion  2: - 
Cond l t lon  3 :  - 
ranges from: 177 

Location: B e l l e  Fourche, SD 

Property/uni ts:  P l a s t i c i t y  ( l i q u i d  I I m l  t) ( $ 1  

to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: ONWI-486 (1983), p. 43 

Property c lass:  P l a s t i c i t y  (LL )  
Ma te r ia l :  S m c t i t e  (Ca) 

Fot”nut1on: - 
Cond i t ion  1: - 
Condit lon 2:  - 
Cond i t ion  3:  - 
ranges from: 155 

Location: Cheto, A2 

Property/uni ts:  P l a s t i c i t y  ( l i q u i d  l i m i t )  ( 5 )  

to: - 
as: - 

ranges from: - to :  - 
Reference: - 
Source: OMwl-486 (1983), p. 43 
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Property class: P l a s t i c i t y  ( P I )  
Ma te r ia l :  Clay 

Formation: - 
Location: Ha nf ord 

Cond l t ion  1: Ringo ld  c l?y  0 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un i t s :  P l a s t  Icl t y  (p  I as?  I C  Index) 
( ta l  

ranges from: 40.8 
to: - 
as: - 

ranges frm: - to :  -. 
Rnterence: Taylor e t  a l  (19801 
Source: RHO-SWI - S A 4 3 0  (1981), p. 6 

Prcper-ty class: P l a s t i c i t y  ( P I )  
Ma te r ia l :  Clay 

Formation: Por te rs  Creek Clay 
Locat I on: Lou i s f ana 

etc. 
Cond l t lon  1 :  S m c t i t o ,  kao l i n i t e ,  i l l i t e ,  

Cond i t ion  2: Quartz 5 t o  50% 
Cond i t ion  3:  - 

( % )  
Prnperty/un 1 t s :  P l a s t  icl t y  (p l a s t i c f t y  index) 

ranges from: 40 
t o :  - 
as: - 

r-ariges frcm: - t o :  - 
Rcforance: Boulwel I (personal cmrnunlcation) 

Source: ORNL/Sub/84-54794/1 (19851, p. 173 

Proporty class: P l a s t i c i t y  (PI 1 
Mate r ia l :  I I I i t e  

(1980) 

F o r m t i o n :  - 
I.ocation: - 

Cond i t ion  1 :  Mon-clay f rac t i on ,  quartz 

Cond i t ion  2: - 
Cond i t ion  3: - 

sand 

Propsrty/un 1 ts: P l a s t i c l  t y  (p I a s t  i c l t y  index) 
( % I  

rariyes frm: 0 
t o :  90 
as: Clay f r a c t i o n  (%)  

ranges from: 0 to: 100 
Reference: Lambe and Wh 1Pmn (1969) 
Source: OWB-486 (1983), p. 45 

Property class:  P l a s t i c i t y  (PI 1 
Mator  l a  I : Kaol i n  I t e  

F o r m t i o n :  - 
Locat ion:  - 

Cond i t ion  1: Non-c!ay f rac t l on ,  quartz 

Cond i t ion  2: - 
Cond i t ion  3: - 

s a n d  

Proper fy/un 1 ts: P l a s t  i c I t y  ( p I as t 1 c i t y  i ndex) 
( % )  

ranges f rmr  0 

ranges from: 0 t o :  100 

to :  35 
as: Clay f r a c t i o n  ( % )  

Reforonce: L a m b  and W h l t r i a n  (1969) 
S o s ~ r c ~ :  Oh&+! -486 (19831, p. 45 

ProperPy class:  P i a s t l c i t y  ( P I )  
W,sTnrial: Shale 

Formation: P i o r r e  Shale 
Location: Great P la ins  

Condi t ion I :  - 
Condit ion 2: - 
Condit ion 3: - 

Property /un I t s :  P l a s t  i c i t y  (p la s t  1 c I ty i ndex) 
( S )  

to: 110 
ranges from: 30 

as: - 
ranges from: - PCJ: - 

Retarancs: Abel and G e n t r y  (1975) 
Source: ORNL/Sub/84-64794/1 (1985), p. 293 

Property class: P l a s t i c i t y  ( P I  1 
Mate r ia l :  Shales, Mudstones, S i  I t s to t ies  

Locat i on : Va I- I ou s 
Condit ion 1: Many d i f f e r e n t  formations, 

depths, etc. 
Condi t ion 2: Represents over 125 t a s t s  
Condi t ion 3: - 

Proporty/un I t s :  P IasP ic l  t y  ( p  l a s t l c l t y  1 ndex) 

F o r m t i o n :  -. 

( % I  
ranges from: 1.8 

for 192 
as: - 

ranges from: - to :  - 
Reference: - 
Source: Y/Wl/TM36/6 (19781, p. 6-20 to 6-26 

Property class: P l a s t l c i t y  ( P I )  
Matst r ia l :  S m c t l t e  (Na) 

Forma?lon: - 
Location: - 

Condlt lon 1: Non-clay f rac t ion ,  quartz 

Condi t ion 2: - 
Condll-ion 3: - 

sand 

P r o p e s t y h n  i t s :  P l a s t l c l t y  I p  lasf l c l  t y  1 ndox) 
( % I  

to: 500 
as: Clay f r a c t i o n  ( $ 1  

I-anges from: 0 

ranges from: 0 to:  70 
Reference:  lamb^ and Wh I t m n  ( 1  969) 
Source: OWI-486 (19831, p. 45 

Proper-ty class: P l a s t i c i t y  (PL) 
Hater 1 a I : Penton I Pe 

Fo rmt ion :  - 
Csndf t lon  1 :  - 
Cond l t lon  2 :  - 
Cond l t lon  3:  - 

Locat:on: 'dyarni ng 

P r q e r t y / u n  ips: P l a s t i c l  t y  ( p  
(b1 

ranges frcm: 33.6 
to: - 
as: - 

Reference: Taylor e t  a l  (1980 
Source: RHO-&;W I -SA-SO ( I98 1 1 

ranges frm: - to: - 

a s t i c  I l m i f )  

P. 6 
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Property class: P i a s t t c l t y  0%) 
NatesOal: Ebntonl te  (a) 

Formation: - 
Locatlon: OrBggosl 

Condt t lon  1: 2Q - 160 mesh 
Cond l t ton  2: - 
Condf t lon  3: - 

Property/un 1 t s :  P l a s t  1 cl ty (p I a a i  i c I I rot $1 
( % I  

ranges frm: 41.0 

ranges from: - is: e 

to: - 
8s:  

Reference: T a y l w  et a !  (19803 
Source: ~ ~ ~ W I - S A - 8 ~  119811, p. 6 

Praperty class: Plasitlcfh/ Pk-1 
Matertal:  Ben tan l t s  (b) 

F o r m t i o n :  - 
Locattan: Oregon 

Cond i t i on  1: Minus 2QQ mesh 
CsndlPlsn 2: - 
Condltlen 5: - 

P r o p e r t y h  Its: P h s t t c l t y  (plasttc I I d  t) 
( % a  

ranges fram: 38.1 
Po: - 
as: - 

Reference: Taylor et at (198 
Source: RHO-BWII-SA-BQ (1981 ) 

Property class: Plast1c l i -y  FL.1 
Mate r ia l :  Bentonite Ma)  l a )  

ranges from: - to:  .. 

F o m t l o n :  - 
Coad l t i on  1: MX 
Cond l t l on  2: - 
CondJtlon 3: - 

Proper ty /un l tsr  P l a s t l c l t v  (plastic I l m l t )  
( % I  

ranges frm: 5Q 

ranges from: - $0: - 
to: - 
as: - 

Reference: - 
Property class: P i a s t l c l t y  (PL) 
Material: BenRoaite (Na) (b) 

Source: * AECL-7825 I 1  984) , pa, 12 

Formation: - 
!-@Cat !On: WyQml t?g 

C a n d t t l m  1: MX-80 
CondlTiora 2: 50% sand 
Condlt lon 3: - 

P r o p e r t y h n l t s :  P l a s t f c i t y  (plastic I l m l t )  
( % I  

ranges frm: 19 

ranges frm: - *Q: - 
to: - 
as: - 

Reference: - 
Source: AECL-7825 (19841, pB '12 

Property class: P l a s t l c l t y  (PL) 
MratisslaI: Clay 

~ Q ~ ~ ? !  On 
Locatloo: Hanford 

r&ndltl<an 1: Ringold clay C 
Condstlon 2: - 
Condftlon 3: Q 

ranges from: 25.8 

Braperty/un Its: B l a s t  1 c l  ty I p  l a s t  I C  I l m l  t 1 
(%) 

to: - 
ges frm: - to:  - 315: - 

lw aP a l  (1980) 
1-SA-BO (19811, p. 6 

Property c 1 ass: P l a s t  i c t ty (PL 1 
Mhatesfai!: Clay 

Fonnetliwt: Blue Clay 
Lscatioo: I t a l y  

Csnd l t l on  1: - 
CondItOon 2: - 
Condition 5 :  - 

Prapertyiun 1 ts: P lesti c l  t y  tp l a s t  I C  I i m l  t 
(% 1 

ranges fpgn.. 25 
to: -9 

as.. - 
rangees from: - to: - 

R6iferenCCd' - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle v.6 (19851, p. 54 

I C  l l m t  

Source: Rad Waste Managemant and Nuclear Fuel  
Cycle w.6 (1985) ,  po 54 
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Property class: P l a s t l c l t y  (PL) 
Material: Clay 

F o r m t  Jon: Oxford Clay 
Laca t I on : En g I an d 

Cond l t lon  1: - 
Cond l t lon  2: - 
Cond l t lon  3: - 

ProportyJunIts:  Plasticity ( p l a s t i c  I I r n l t )  
( % )  

ranges frm: 26 

ranges from: - to: - 
to: - 
as:  - 

Reference: - 
Source: Rad Waste Managemenf and Nuclear Fuel 

Cycle v.6 (19851, p. 54 

P r o p e r t y  class: P t a s t i c i f y  (PL) 
Material: I I llte (Ca) 

F o r m t i o n :  - 
Cond l t lon  1:  - 
Gnnd i t ion  2: - 
Cond l f lon  3: - 

Location: Jackson County, OH 

P r o p e r t y  /un 1 ts: P las? 1 c I t y  (p I a s t  1 c I i mi t) 
( % I  

ranges from: 36 
to:  - 
as: - 

ranges from: - to :  - 
Reference: - 
Source: OW1486 (1983), p. 43 

Propeirty class: P l a s t l c l t y  (PLI 
Mat'ur8al: IIIIte (Ca) ( a )  

F ~ m k i o n :  - 
Cond i t ion  1: - 
Cond i t ion  2: - 
Cond i t ion  3: - 

Locatton: Fithian, I L  

Proparty/unl ts:  P l a s t i c i t y  (plasPlc I l r n i t )  
($1  

ranges f r m r  4Q 
to :  - 
as: * 

ranges from: - to: - 
Reference: - 
Source: O M - 4 8 6  (19839, p. 43 

Matwlal:  Illite (Ca) (b )  
P r q s r t y  class: PlastlclPy (PL) 

Formtiai:  - 
Location: Grundy County, IL 

Cond i t ion  1: 5% smect i te  layers. 

Cond l t ian  3: - Condi+ion 2: - 
F'ropertybnlts: P l a s t i c i t y  (p las t fc  l i m i t )  

(%) 
ranges f i w n :  42 

ranges frm: - to: - 
to: - 
as:  - 

Rqferenca: - 
,486 (19831, p. 43 

P r o p e r t y  class: P l a s t l c l t y  (PL) 
Ma't.erBa1: Kaa! l n i t e  (Ca) 

Locatlon: Anna, I L  
Fot-nB b I on: - 

Cand i t lon  1: - 
Cond l t ion  2 :  - 
Condition 3: - 

ranges from: 36 

rangos frm: - to: - 

PrspertyPun I t s :  P t a s t  i c l t y  (plastic I I m l f )  
(%) 

tu: - 
as: - 

Refersnce: - 
Source: OWI-486 (19851, p. 41 

ProporSy class: Plasticlty ( P L i  
&Parlot: KzaoCfnlte (Ca) 

Fo rmt ion :  - 
Condition I: - 
Cond l t ian  2: - 
Candillon 3 :  - 

LoeaPfon: D r y  Branch, GA 

PrqerBy/un l ts :  Plastleity l p l a s t i c  I i m t t )  
(%) 

ranges frm: 26 
to :  - 
as: - 

ranges $ran: - to: - 
Referencn: - 
Source: QWD-486 (19831, p. 43  

Property class: F'1asticiI-y (PL) 
MaBerlal: Shale  (a) 

Formtion: P ie r re  SPieeIs 
Location: G r e a t  Plains 

Condltion 1: 60-80% clay minerals 
CondiPDon 2: Mixed layer I l l l t s - s r n s c t i t s  

Condltlon 3: Plus  macttfe and Illitei; 
d m i  nant 

mlnor kao l in i te  and zhiorite 

( $ 1  
P r q a r t y / u n l t s :  P l a s t i c i t y  ( p l a s t i c  l i m ? t )  

ranges frm: 20 
tar 62 

ranges frcars; - $-a: - 
Reference: B w r t e B s t  (1962) 

ProperPy class: PlastlcDty PI-) 
Mahwlal: Shale (b) 

as: - 
L/S~b/84-64794/1 (19851, p. 291 

Formtlon: P i e r r e  Shale 
LoC2tTlon: 6Wa4 P l a l n 5  

G ~ n d l f l o n  1 :  - 
Cond l t lon  2: - 
Cond i t ion  3: - 

Propsr ty /un l ts-  Plastiel-ty IplasTic I l m f t )  
($1 

ranges frm: 22 

ranges frm: - to: - 
33 

85: - 
Raterenee: A b !  and GenTry (1975) 
Source: ORNL/S~b/84-54794/1 (19851, p. 293 
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Property class: P l a s t l c l t y  (PL) 
Mater ia l :  Shales, Mudstones, S i l t s tones  

Formatlon: - 
Locat 1 on: Var I ous 

Cond i t lon  1: Many d l f f e r e n t  formations, 
depths, etc. 

Cond i t ion  2: Represents over 125 t e s t s  
Cond l t lon  3: - 
ranges from: 16.0 

to: 45.5 
as: - 

ranges from: - to: - 

Proper ty /unI ts :  P l a s t l c l t y  ( p l a s t  I c  limi t 1 
( % I  

Reference: - 
Source: Y/cWl/TM36/6 (19781, p. 6-20 t o  6-26 

Property class: P l a s t i c t t y  (PL) 
Mater la l :  SmectIte (Ca) 

Formation: - 
Condl t lon 1: - 
Cond i t ion  2: - 
Condl t ion 3: - 

Locatlon: B e l l e  Fourche, SD 

Property/un I t s :  P l a s t l c l t y  ( p l a s t l c  I I m l  t) 
($1  

ranges from: 63 

ranges from: - to :  - 
t o :  - 
as: - 

Reference: - 
Source: Owl-486 (1983),  p. 43 

Proper ty  class: P l a s t l c l t y  (PL) 
Mater ia l :  Smectlte (Ca) 

Formation: - 
Locatlon: Cheto, AZ 

Cond l t ion  1: - 
Cond l t lon  2: - 
Cond i t ion  3: - 

P r o p e t t y h  1 ts: P Last i c l 1 y  (pl  a s t  1 c I I m l  t 1 
(2 )  

ranges from: 65 

ranges fran: - to:  - 
to: - 
as: - 

Reference: - 
Source: OM1486 (1983), p. 43 

Proper ty  class: P l a s t i c l t y  (PL) 
Mater ia l :  Smecti te (Ca) 

Formatlon: - 
Location: Omsted, I L  

Cond i t ion  1: 25% I l l i t e  layers. 
Condl t lon 2: - 
Condlticm 3: - 

( % I  
ranges from: 79 

ranges from: - to: - 

Proper ty /un i ts :  P l a s t l c l t y  ( p l a s t i c  I l m f t )  

to: - 
as: - 

Reference: - 
Source: OW1 -486 (19831, p. 43 

Property class: P l a s t i c l t y  (PL) 
Nater la l :  Smectite (Ca) 

Formation: - 
Condlt ion 1: - 
Condi t ion 2: - 
Condi t lon 3: - 

Locat ion: Pontotcc, MS 

P r o p e r t y h n  1 ts:  P Last Ici t y  (p l a s t  IC I l m l  t 1 
( % I  

ranges from: 65 

ranges f r m :  - to:  - 
to: - 
as: - 

Reference: - 
Source: ONWI-486 (1983), p. 43 

Property class: P l a s t i c i t y  (SL) 
Mater la l :  Bentonl te  (a) 

Formation: - 
Locatton: Oregon 

Condi t ion 1: 20 - 160 mesh 
Condi t ion 2: - 
Condi t ion 3: - 

P r o p e r t y h n l t s :  P l a s t l c l t y  (shrlnkage I I m l t )  
( S )  

ranges from: 8.47 
to: - 
as: - 

Reference: Tay lor  e t  a l  (1980) 
Source: RHO-BWI -SA-80 (19811, p. 6 

ranges from: - to: - 

Property class: P l a s t i c i t y  (SL) 
Mater la l :  Bsnton l te  (b) 

Formation: - 
Location: Oregon 

Condi t lon 1: Minus 200 mesh 
Condi t lon 2: - 
Condl t lon 3: - 

Property/unlts: P l a s t l c l t y  (shrlnkage I f m l t )  
( I )  

ranges from: 8.96 

ranges from: - to: - 
to: - 
as: - 

Reference: Tay lor  e t  a l  (1980) 
Source: RHO-BWI-SA-80 (1981), p. 6 

Property class: P l a s t l c l t y  (SL) 
Mater ia l :  Clay 

Formatlon: - 
Locatlon: Hanford 

Condi t lon 1: Rlngold c lay 0 
Condl t lon 2: - 
Condl t lon 3: - 

Praperty/units: P l a s t i c i t y  (shrinkage I i m l t )  
(%) 

ranges from: 1 9.75 

ranges from: - to: - 
to: - 
as: - 

Reference: Tay lor  et a l  (1980) 
Source: RHO-BWI-SA-80 (19811, p. 6 
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Property class: Polssan's r a t i o  
Ma te r ia l :  A r g i l l l t e  

Formation: EleaFia Argi  I I It, 
L o c a t i m :  - 

Cond l t lon  1: - 
Cond l t lon  2: - 
CondlPion 3: - . 
ranges frm: 0.30 

ranges from: - to: - 

Property/un I t s :  P o l  sson 8s r a t 1  o 

to: - 
as: - 

1 /TM-36/6 (1978) 
Source: Proc NEA Workshop OECO (19791~1, p. a7 

Property class: PoIssonts r a t i o  
N a t e r l a l :  Benton i te  

Fo rmt$on :  - 
Location: Wyoml ng 

Cond l t lon  1: Densi ty = 2 t / m ( 3 )  
Cond i t ion  2: l o $  water 
Cond i t ion  3: - 
ranges frm: 0.15 

ranges f r o m :  - to :  - 

Proper ty /un l ts :  Po!ssonqs r a t i o  

tQ: - 
as: - 

Reference: - 
Source: ONwI-486 (19831, p. 63 

Proper ty  class: Poisson's r a t i o  
Ma te r ia l :  Q 1  I Shales 

Formal-ion: - 
Locatton: - 

Cond i t ion  1: Htgh grade 
Cond i t ion  2: - 
Cond l t ion  3: - 

Property/un i t s :  P o i  sson s r a t  1 o 
ranges frm- 0.2 

to: 0.3 
as: - 

ranges frm: - to: - 
Reference: Netherland et al (1975) 
Source: ORNL/Sub/84-64794/1 ( 1  9851, p. 348 

Propa6-3-y class: Palsson's r & i o  
H 3 t e r l e l :  Oil Shales 

F o m t i o n :  - 
bocafion: - 

Cond i t l on  1: LGW grade 
Cond i t ion  2: - 
Cond i t ion  3: - 

ProperPy/un i t s :  Paissonts r a t i o  
ranges from: 0.15 

to: 0.20 
as: - 

ranges from: - to: - 
Reference: Netherland e t  a l  (1975) 
Source: ORNLAub/84-54794/1 (1965), p. 348 

Property c lass:  Palsson's r a t i o  
MalaeriaI: Shale 

Form+lon: Arnhsfrn and Waynesvl I l e  Fm 
Location: Ohio 

Condit lon 1: Ordovician 
Cond i t ion  2: I n t a c t  
Cond l t lon  3: - 
ranges from: 0.1 

Prqmrty/unl l ts:  Poilssonts r a t i o  

to: - 
as: - 

ranges from: - to: - 
Wef%r9nCQ: 
Source: Y/OWB /2436/6 ( 19781, p. 5-14 

P r o p e ~ y  class: Poisson's r a t i o  
Matssial :  Shale 

Formation: Chagrin Shale 
Location: Oh i o  

Cond i t ion  1: Devonian 
Cond l t lon  2: I n t a c t  
Cond i t ion  3: - 
ranges frm: 9.25 

ranges frm: - to: - 

Property/uni ts:  Palsson's r a t i o  

to: - 
as: - 

Reference: - 
Source: Y/OW I /TN36/6 ( 1878), p. 4-1 2 

Poisson's r a t i o  

FormtBon: P i e r r e  Sha Is 
Locatlon: - 

Condit ion 1: I n t a c t  
Condi t ion 2: - 
Cond i t ion  3: - 
ranges frm: 0.2 

ranges from: - to: - 

Property/unfts:  Poissonts r a t i o  

to: - 
as: - 

Reference: - 
Source: Y/OWlAM36/6 (1878), p. 3-24 

Property class: f%i.ssonts raS io  

Cond l t lon  1: I n t a c t  
Cond i t ion  2: Range o f  p roper t i es  

Property/banIts: Polssonts r a t  i o  
rangas from: 0.03 

to: 0.50 
as: - 

ranges frm: - to: - 

Cand l t ion  3: - 

IJTMS6/6 (1978), p. 2-2 
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Property class: Polsson's r a t i o  
Ma te r ia l :  Shale (b) 

Formatlon: - 
Locat lon:  - 

Condi t ion 1: Typica l  1 1  l i t l c  shale 
Condi t ion 2: I n t a c t  
Cond l t l on  3: - 
ranges from: 0.15 

Propar ty /un l ts :  Polsson's r a t i o  

to :  - 
as: - 

ranges fran: - to: - 
Reference: - 
Source: Y/oWl/TM36/6 (19781, p. 9-8 

Proper ty  class: Poisson's r a t i o  
Mater la I : Sha les (a ) 

Formation: - 
Location: - 

Cond i t i on  1: Tested a t  room temperature 
Condi t ion 2: nDryrc specimens 
Gond i t fon  3: T h l r t y - f o u r  data points 

Proper ty /un i ts :  Poisson's r a t i o  
ranges from: 0.11 

to :  0.31 
as: - 

ranges from: - to: - 
Reference: - 
Source: ORNL-6241#3 ( I n  preparat fon)  p. 110 

ProperPy class: Poisson's r a t i o  
Mater la l :  Shales (b9 

Formation: - 
Locat ion: Various 

Condi t ion 1: Various formations, depths, 

Cond i t l on  2: Represents m n y  t e s t s  
Condition 3: - 

Property/un i t s :  Poisson's r a t 1 0  
ranges frm: 0.03 

t o :  0.77 

ranges from: - to:  - 

etc. 

as: - 
Reference: - 
Source: Y/oWI /TM36/6 (19781, p. A-1 1 

Property class: Shear 
Mater la f :  Bentonl te  (Na) (a) 

Formation: - 
LQCat!On: - 

Condl t lon 1: Water 
Condt t fon  2: Calcu 
Condi t ion 3: - 

Proper ty /unI ts :  Shear 
ranges from: 1,600 

t o :  <I5 

content ca. 10 % 
ated values 

s t rength (kPa) 
(1.6 Wa)  

( <1.5 x 10(-29 MPa) 
as: Dens1 y (bu l k )  ( t /m(3))  

ranges from: 2.2 to :  1.05 
Reference: - 
Source: KBS TEKNISK RAPPORT 74 (19781, p.16 

Property class: Shear 
Mater la l :  Bentonl te  (Ha) (b)  

Formation: - 
LocatSon: - 

Condi t lon 1: A i r  dry (water ca. 10%) 
Condl t lon 2: Oanslty (bu lk)  = 2 t/m[3) 
Condl t ion 3: - 
ranges from: 4.5 

ranges from: - to: - 

Proper ty /un l ts :  Shear s t rength @Pa) 

to: - 
as: - 

Reference: - 
Source: K B S  TEKNISK RAPPORT 74 (19781, p. 14 

Property class: Shear 
Mate r ia l :  Clay 

Location: I t a l y  
Formatlon: Blue Clay 

Condl t lon 1: - 
Condft fon 2: - 
Condi t ion 3: - 

Proper ty /un l ts :  Shear s t rength (undra lned) 
@Pa) 

ranges from: 1.5 
to: - 
85: - 

ranges from: - to: - 
Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle v.6 (1985i ,  pe 54 

Property class: Shear 
MatterIaI: Clay 

Formation: Boom Clay 
Location: Belgium 

Condl t lon 1: - 
Condtt lon 2: - 
Condl t lon 3: - 

Property/unl ts:  Shear s t rength (undralned) 
(Wa) 

ranges from: 0.6 
to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle v.6 (19851, p. 54 

Property class: Shear 
Mater ia l :  Glay 

Formation: Oxford Clay 
Location: England 

Condi t ion 1: - 
Condi t ion 2: - 
Condf t lon 3: - 

Proper ty /un i ts :  Shear s t rength (undralned) 
(Wa)  

ranges from: 1.2 
to :  - 
as: - 

ranges frm: - to: - 
Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle v.6 (19851, p. 54 
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Property class: Shear 
Material:  Shale 

Formtian: - 
bocetlon: - 

Condition 1 :  Typical illitic shale 
Condition 2: Intact 
Condition 3: - 

ranges from: 6.2 x lO(5) (4.3 x lO(3) 
Propertyiunlts: Shear” mdulus (psi 1 

MPa 1 
to: - 
as: 

ranges from: - -Po: - 
Refsrencs: - 
Source: Y/CW I /13436/6 ( 1978), p. 7-8 

Property class: Shear 
Materia!: Shale 

Formtlon: Arnhelm and Waynesvl 1 Is Fm 
LscaSlon: Oh lo 

Candltion 1: Ordovlclan 
Canditlan 2: Intact 
Condition 3: - 
ranges from: 6.8 x lO(5) (4.7 x 10(3) 

Praperty/unlPs: Shear mdulus (psi) 

MPa 1 
Po: - 
as: - 

ranges from: - to: - 
Reference: - 
SQU~CEJ: W/OWI/TM116/6 (1978), p. 5-14 

Property class: Shear 
Mater ia  I :  Shale 

Formation: Chagrin Shale 
Location: Ohia 

Condition 1: Devonlan 
Condition 2: Intact 
Condi t ion  3: - 
ranges from: 6.8 x lOC4) (4.7 x IQ(2) 

Propartyhn Its: Shear m d u  ius (ps D ) 

Wa) 
to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/WB&TM36/6 (19781, p. 4-12 

P r o p e r t y  class: Shear 
Material: Shale 

Farmtion: Plerre Shale 
Location: - 

Condition 1: Intact 
Condition 2: - 
Conditlon 3 :  - 
ranges from: 58.3 x lO(3) (4 x lO(2) 

Property/unlPs: Shear mdulus (PSI) 

MPa 1 
P a  - 
as:  - 

rangas from: - to: - 
Reference: - 
Source: YJOWS a*TM46/6 (19781, p. 3-24 

Property class: Sheas 
Psriall: Shales 4a) 

Formtlon: - 
bocatlon: - 

Condifion 1: - 
Condition 2: - 
Condition 2 :  - 
ranges fi-m: 0.1 ( 1  x 10(31 P a )  

to: 100 ( 1  x lO(6) W a )  
8.5: D ~ p t h  (m) 

ProperPyhn I t s :  Shear m d u  I us (Pa x 1 10) ) 

ranges from: 0 to: 6,800 
Reference: Three r e f s  
Source: ORNL-624 1 /V2 t i n preparat 1 on 1 p. 189 

Property e lass: Shear 
Materia(: Shales 4bl 

F a f r i t l m :  - 
Locatlon: Variou.; 

Conditlan 1: Vaticas forsnatlons, depths, 

Condition 2: Represents several tests 
Condition 3: - 
ranges from 1.7 x lO(6: (1.2 x 18(4) 

to: 3.6 x lO(6) (2.5 x lQ(4)  

as: - 

etc. 

Propertyhnlts: Shear m d u  !us (ps i  3 

Wa)  

W a )  

ranges from: - to: - 
Reference: - 
Source: Y/W!/TN36P6 [1878), p. A-10 

Property class: Shear ( 7 )  
Materia I : C lay 

Location: Louisiana 
FormaTim: Porters Creek Clay 

Cmdltlon 1 :  Smctif-e, kaolinite, Illite, 

Condition 2: QuarPz 5 to 50% 
Condition 3: - 
ranges frm: 0.19 

etc. 

Property/unl ts: Streng+h (Wa) 

so: - 
as: - 

ranges from: - to: - 
Reference: Boutwe! 1 (personal comrwnlcation) 

t 1980) 
SolJr 03: QRNL/’SU bJB4 -64?94/? 

Property class: Svsl l lng  
Material: Bentonite (a) 

Formtion: - 
Location: - 

Condition 1: Plus natural 

1985). p. 173 

sl It 
5% water) Conditlon 2: Air dry (ca. 

Candition 3: Laaerally co flned; axia l  
load, IO kPa 

Property/uni ts: Sue t t i ng (S )  
ranges from: 5 

ranges from: 10 to: 20 

to: 20 
b ? I t O n \ f e  COnb-Wlt (%) 

Referet~ce: - 
Source: KeS PEKUISK RPPORT 9 (19779, p. 5 
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Property class: Swel I i ng 
Mate r ia l :  Bentoni te  (b)  

Formation: - 
Location: - 

Condl t lon 1: P lus quartz 
Condi t ion 2: 10 t o  15% water content 
Condltl ion 3: A I  lowed t o  swel l  f r e e l y  

ranges from: 15 
to :  310 
as: - 

ranges from: - to: - 
Reference: VBA company r e p o r t  
Source: KBS TEKNISK RAPPORT 9 (19771, p. 6 

Proper ty  class: Swei I Ing 
Ma te r ia l :  Bentonl te  (c) 

Formation: - 
Locat ion:  - 

Proper ty /un i ts :  Swei I l n g  ( $ 1  

Cond l t l on  1 :  1-psl surcharge 
Condl t lon 2: Optimum water content, 

maximum densl ty  
Condi t ion 3: - 

Property/un 1 ts:  Swe i I1 ng (% 
ranges fran: 1 

to :  50 
as: I c lay size  

ranges from: 5 to:  18 
Reference: Two r e f s  
Source: Owl-486 (19831, p. 

Property class: Swe I 1 ing 
Ma te r la l :  I l l l t e  

Formatlon: - 
Location: - 

49 

Cond l t i on  1: I -ps l  surcharge 
Condl t lon 2: - 
Condt t lon 3: - 
ranges fran: <2 

to :  20 
as: d c lay size 

ranges from: QO to :  45 
Reference: Two r e f s  
Source: ONWi-486 (19831, p. 49 

Proper ty  c lass:  Swel l l n g  
M a t e r i a l :  I I l l t e  and Bentonl te  (a) 

Formation: - 
Locattan: - 

Proper ty /un i ts :  Swel l ing ( % I  

Cond l t l on  1: 1:l i l l l t e : b e n t o n i t e  r a t l o  
Cond l t l on  2: 1-psl surcharge 
Cond l t l on  3: Optlmum water content, 

maxlmum densl ty  

ranges from: 1 

ranges from: 5 t o :  27 

Property/un 1 ts: Swe f 1 1 ng (%) 

to: 54 
as: % c l a y  size  

Reference: Two r e f s  
Source: Owl-486 (19831, p. 49 

Property class: Swe I I i ng 
Mater ia l :  I i i i t e  and Bentonl te  (b) 

Formation: - 
Locatlon: - 

Condi t ion 1: 3: I i I I l t e :  bentonl te  r a t i o  
Condi t lon 2: I - p s l  surcharge 
Condi t lon 3: Optlmum water content, 

maximum densl ty  
Property/uni ts:  Swel l ing ( % I  

ranges from: <2 
to: 30 
as: % c l a y  size 

ranges from: <2Q to:  40 
Reference: Two r e f s  
Source: Owl -486 (19831, p. 49 

Property class: Swe I I 1 ng 
Mate r la l :  I I l l t e  and K a o l l n l t e  

Formation: - 
Location: - 

Condlt lon 1: 1 : 1  i l l l t e : k a o l i n l t e  r a t l o  
Condf t lon 2: I -ps l  surcharge 
Condltron 3: Optimum water content, 

maximum densl ty  

ranges from: <2 

ranges from: QO to:  55 
Reference: Two r e f s  
Source: OW!-486 (1983), p. 49 

Property class: Swe I I 1 ng 
Mater la  I : Kaol 1 n I t e  

Property/unl ts:  Swel l i n g  ( % I  

to :  <10 
as: % c lay s l r e  

Formation: - 
Location: - 

Condi t lon 1 :  I -ps l  surcharge 
Condit ion 2: Optlmum water content, 

maximum densl ty  
Condl t ion 3: - 

Property/un i t s :  Sue I I I ng ($) 
ranges from: <2 

to: 4 
as: % c lay s i ze  

ranges from: <20 to: 60 
Reference: Two r e f s  
Source: ONWI-486 (19831, p. 49 

Property class: Swe I I I ng 
Mate r?a l :  K a o l i n i t e  and Bentoni te  

Formation: - 
Location: - 

C o n d i t t m  1: 6:l  kaol1nIte:bentoni te r a t l o  
Condi t ion 2 :  I -pst  surcharge 
Condl t lon 3: Optimum water content, 

maximum densl ty  

ranges frm: 2 

ranges from: 10 to :  30 

Property/un 1 ts: Swe I I 1 ng (%) 

to: 35 
as: % c lay s tze 

Reference: Two r e f s  
Source: Owl-486 (19831, p. 49 
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Property class: Srel I Ing 
Matsr la l :  Shale 

Formation: P i e r r e  Shale 
Location: Great P l a i n s  

Cond i t ion  1: - 
Cond l t lon  2: - 
Cond i t ion  3: - 
ranges from: 3 

to: 5 
a s :  - 

Property /un i t s :  Sws I I t ng ( p a t e n t  I a I ) (5) 

ranges from: - to: - 
Reference: Ahel and Gentry (1975) 
Source: ORNL/Sub/84-64794/1 (1985), p. 29.3 

Property class: Swe I I I ng 
Mater la l :  S h a l e  

Formtion: P i e r r e  Shale (equivalent) 
Location: Canada 

Cond l t ian  1: - 
Cond l t lon  2: - 
Cond l t i vn  3: - 

Pr-oparty/units: Swei I Ing ( p c t e n t t a l )  (%) 
ranges from: 2 

to: 20 
as: - 

ranges from: - to:  - 
Reference: Abel and Gentry t 1975) 
S O I J ~ W :  CHINL/Sub/84-64794/1 (19851, p. 293 

Property class: Swe I I ing  pressure 
Mater ia l :  Benton i te  

Formation: - 
Location: Oregon 

Cond i t ion  1: Mixed w l th  sand 
Cond l t lon  2: - 
Cond i t ion  3: - 
ranges from: ca. 0 

Proper ty /un 1 ts:  Sws I I i ng pressure (Wa 3 

to:: ea. 1.8 
as: b n t o n i t e  content (Z) 

ranges from: cas 10 to: ca. 69 
Reference: Smith e t  a i  (1980) 
Source: AECL-7812 (19831, p. 34 

Proper ty  class: Swe I I i ng p r e s s u r e  
Mater I si I : Menton Ite 

Locat Ion: Wyornl ng 
Formation: - 

CondltJon 1: MOmd w l th  sand 
Cond i t ion  2: - 
Cond i t ion  3 :  - 

Property/un i t s :  Sae 
ranges from: ca. 

to: cas 
as: 5sn 

ranges from: ca. 
Reference: Srnlth et 
Source: AECL-7812 i 

I Ing pressure @@a) 
0 
2*2 
on 1 t e  content ($1  
10 Po: ca. 70 
a l  (1980) 
9831, p. 34 

Property class: Swel I i ng  pressure 
Mater ia l :  Benton l fa  (a )  

Formation: - 
Location: - 

Condit ion 1: Plus  na tura l  s i l t  
Condi t ion 2: A i r  dry  (5% water, inltlally) 
Cond i t ion  3: L a t e r a l l y  confined; a x i a l  

load, 10 kPa 
Propasty/unl ts:  Srel l l n g  pressure ( P a )  

ranges from 30 (0.05 W a )  ( ? )  

ranges frm: 10 to: 20 

to: 110 (0.11 #a1 t ? )  
as: hnton' iPe, content ($1 

Reference: - 
Source: Was TEKNISK RAPPORT 9 (1877), p. 6 

Property class: Svs I I I ng pressure 
&3terlal:  BentoniSe (b)  

Formt lon :  - 
Loeatlan: - 

Cond l t lon  1: P l u s  quartz 
Cond i t ion  2: IO t o  15% water content 
Condition 3: A t  constant volume 

ProperPy/unKts: Swai l l n g  pressure (Wa3 
ranges from: 30 (0.03 W a )  ( 7 )  

to: 200 (0.20 W a l  ( ? I  
as: - 

Reference: VBB company repor-t 
Source: WS TEKNISK RAPPORT 9 (19771, p. 6 

PraperSy class: Swe? I Ing pressure 
Material: Benton i te  ( c )  

Formtion: - 
Location: - 

ranges from: - to: - 

CondlSTon 1: b a s u r e d  a t  20 deg C 
CondlPlon 2: Usad d i s t i l l e d  water 
Conelltion 3: - 
ranges frm: 0.7 

renges from: 1.75 to: 2.2 
Ref ermce: Pusch (1980) 
Source: AECI-7812 619831, p. 33 

Propar ty  class: Swe I I I ng pressure 
MaPer1aD: Benton i te  (Ca) 

Forrm$aPlon: - 
Locat0asa: - 

Condltlon 1: = 

CondlPion 2: - 
Condltlon 3: - 
ranges frm: 31.4 

ranges fr-om: 2.1 1 to: - 

Propesty/un 1 ts: Sre 1 I i ng pressure (Wal 

to:: cas, 70 
as: Densi ty (d ry )  (Mg/rn(3)) 

Property/un i t s :  Swa D I Ing  prossure (!Fa) 

to: - 
as: D m s i f y  (g/cm) ( ? I  

Refersn~e: - 
Source: W1-312 (19811, p. 31 
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Property e lass: Swe I I l n g  pressure 
Ma te r la l :  Benton l te  (Na) ( a )  

Formatlon: - 
LocatTon: - 

CandTtlon 1: Conf lned 
Condt t lon  2: Densl ty a t  water saturatTon 
Condf t lon  3: - 
ranges from: >10 

Properw /un l t s :  Swel l l n g  pressure (Wa)  

to: - 
as: - 

ranges from: - to:  - 
Reference: Pusch (1979) 
Source: ONWI-312 (19811, p. 15 

Proper ty  class: Swef l l n g  pressure 
H a t e r l a l :  Benton l te  (Na) (b) 

Formatton: - 
Locatlan: - 

Cond l t l on  1: - 
Cond l t Ion  2: - 
Cond l t l on  3: - 
ranges from: 57.7 

Property/un I t s :  Sue 1 1  Tng pressure (MPa) 

to :  - 
as: Densl ty ( l n l t l a l )  (presumed 

g/cm) (3 )  1 
ranges from: 2.13 to:  - 

Reference: - 
Source: OWI-312'(1981), p. 31 

Proper ty  class: Swei l t n g  pressure 
Mater ta l :  Benton l te  (Na) ( e )  

F o r m t l o n :  - 
Locatton: - 

Cond l t l on  1: 50% sand 
Cond l t l on  2: - 
Cond l t lon  3: - 
ranges from: 21.7 

Propertyt'unlts: S w e l  l l n g  pressure (Wa)  

to r  - 
as: Densl ty ( l n l t f a l )  (presumed 

g/cm) (3) 1 
ranges from: 2.09 to:  - 

Reference: - 
Source: W I - 3 1 2  (19811, p. 31 

Proper ty  c lass: Swe I I 1 ng pressure 
Mater fa l :  B e n t m t t e  (Na) ( d )  

Formatlon: - 
Locatton. - 

Cond l t l on  1: Rens l t  (g/cm(3)) ca. 2.2 
Cond l t lon  2:: T h e  3T3 days 
Cond l t l on  3: - 
ranges from: ca. 72 

ranges from: - to: - 

Property/un f ts: Swe I I 1 ng pressure ( W a )  

to: " 
as: - 

Reference: T a y i w  e t  al (1980) 
Source: RHO-EIWI-SA-80 (19811, p. 6 

Property class: Swe I 1 l n g  pressure 
Ma te r la l :  Benton l te  iNa)  ( e )  

Formatlon: - 
Locatlan: Wyomlng 

Cond l t lon  1: MX-80 
Cond l t lon  2: 50% sand 
Condtt lon 3: - 
ranges from: ca. 3 

to: ca. 8 
as: Denstty &!g/m(3)) 

ranges from: 1.856 to:  2.055 
Reference: - 
Source: AECL-7825 (19841, p. 16 

Property class: Swelllng pressure 
Mater ta l :  Benton l te  (Na) ( f )  

Property/un T t s :  Swe I i 1 ng pressure (MPa 1 

Formt lon :  - 
Loca t 1 on : W yomT ng 

Condtt lon 1: MX-80 
Condtt lon 2: TTme dependent 
Cond l t lon  3 :  - 
ranges frcm: ca. 2 

Property/un?ts:  Swel l l n g  pressure (Wa) 

to: ca. 20 
as: Densl ty (d ry )  (Mg/m(3)) 

ranges from: 1.556 to: 1.774 
Reference: - 
Source: AECL-7825 (19841, p. 15 

Property class: Swel I lng  pressure 
Mater la I :  Renton l te  (Na) (g) 

Formatlon: - 
Locatton: Wyomtng 

Cond l t lon  1: Mx-80 
Condlt fon 2: Compacted a t r -d ry  

10%) 
(water ca . 

CondTtlon 3: Curve 0 

ranges from: 1 

ranges from: ca, 1.8 to: ca. 2,3 

P r o p e r t y h n t t s :  Swe I I l n g  pressure (Wa) 

as: Densfty (bu l k )  (t/rn(3)) 
to: a 

Reference: - 
Source: KBS TEKNISK RAPPORT 74 ( 1 9 7 8 ) ,  p. 6 

Property class: Swel l l n g  pressure 
Mater ta l :  Benton t te  INa) ( h )  

FsrmatTon: - 
Locatton: Wyomlng 

dens 1 t y  

Proper ty lun  f ts:  Swe I I 1  ng pressure (Wa)  

Condlt ton 1: Calculated based on d r y  

CondTtlon 2: - 
Condft lon 3: - 
ranges from: 2 

ranges from: 1.1 to :  1.7 
Reference: Pusch (1978) 
Source: OW!-486 (19831, p. 51 

to: 23 
as: Denstty (d ry )  (t/rn(3)) 
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Property class: Swe 6 I I ng pressure 
MaPsrial: Rentonl te (Na) ( 1 )  

Formation: - 
Location: Wyomlng 

Cond i t ion  1: Calculated, water  saturated 
Cond i t ion  2: - 
Cond l t lon  3: - 
rangas from: 3 

Proper ty /un l ts :  S W Q ~  l i n g  pres sur^ (Wa)  

t o :  26 
as :  Densi ty ( b u l k )  ( t / m ( 3 )  1 

ranges from: 1.7 to:  2.1 
Reference: Pusch (1978) 
Source: ON'Pbl-486 (19831, p. 51 

Proper ty  c las s :  Swe I I I ng pressure 
Material: Benton i te  4Na) (j) 

Formation: - 
Locat Jon: Wyoml ng 

Cond i t ion  1: Exposed t o  ex terna l  water a t  
constant vo l u m  

Cond i t ion  2: Measured 
Cond i t ion  3: - 
ranges from: 3 

P roperty/un 1 ts:  Swe I I I ng prsssure (MPa) 

to :  2 i  
as: Denslty ( t /m(3))  

ranges from: 1.9 to :  2.3 
Reference: Pusch (1978)  

1-486 (19831, p. 51 

Proper ty  class: Swel l ing  pressure 
Ma te r la l :  Benton i te  and Sand ( a )  

F o r m t l o n :  - 
Cond i t ion  1: - 
CondiPion 2: - 
Cond i t ion  3: - 
ranges from: M. 0 

to: ca. 1.8 
as: Clay contenf ( w t .  %) 

ranges from: ca. 10 to :  ca. 70 

Locat 1 on: Oregon 

P r o p s r t y h n i t s :  Swe I I Ing pressure (WaP 

Reference: Taylor et a l  (1980) 
Source: FUiO-BW I -SA-80 ( 198 1 ), F 19. 3 

Proper ty  class: Swal I ing pressure 
Ma te r ia l :  Benton i te  and Sand (b)  

Formation: - 
Cond l t lan  1: - 
Cond i t ion  2 :  - 
Cond i t lon  3: - 
ranges franr ca. 0 

Location: W y m l  ng 

Property/un i t s :  Sws I I I ng pressure ( W a )  

to :  ma 2.2 
as: Clay coi i tent  ( w t .  $ )  

ranges frcm: ca. 10 to: ca. 70 
Reference: Taylor e t  a l  (1980) 
Source: RHO-BWl-SA-80 (19811, Flg. 3 

Property class: Swa II t 
Matar la l :  Shale 

FormtBon: - 
Location: - 

Condit ion 1: W.D(-80 
Condit ion 2: Water 
Condi t ion 3: - 

Property/unl ts:  Swel I 
ranges from: 10 

to: 0.5 

ng pressure 

content ca. 10% 

ng pressure, (Wa) 

as: Density (bu l k )  ( l /m(3) )  
ranges from: 2.2 to: 1.2 

Reference: - 
Source: KBS TEKNISK RAPPORT 74 (19781, p. 7 

Proparty class: Tensl l e  s t rength  
Mater la i :  Argl  I I i t e  

Formation: Eleana A r g l l l l t e  
Locatlon: - 

Condit ion 1: Calculated v a l u e  
Cond i t ion  2: - 
Condlt lon 3: - 
ranges from: 3.5 

Propurty/unl ts:  Tensl Is s t rength  ( m a )  

to:  - 
as: - 

ranges from: ~' To: - 
Reference: - 
Source: Proc NEA Workshop OECO (1979b3, p. 81 

Property class: Tonsl le s t rength  
Mater ia l :  Shale 

Fo rmt lon :  Arnhelm and Waynesvl I Is FK 
Locat Ion: Oh i o  

Condl t lon 1:  Ordavlc ian 
Condit ion 2: I n t a c t  
Condl t lon 3: - 
ranges from: 200 (1.4 W a )  

Froperty/unl ts:  Tens i le  s t rength  ( p s i )  

to:  - 
as: - 

ranges from: - t o :  - 
Referencar - 
sadrce: Y / W B / ~ N J W ~  (19781, p. 5-14 

P r o p e r t y  class: Tens1 le s t rength  
% a t e r i a l :  Shale ( a )  

F o r m t i o n :  - 
Locatlon: - 

Condit lon 1 :  I n t a c t  
Cond l t ion  2: - 
Condit ion 3: - 
ranges from: 0 ( 0  Wal  ( 7 )  

Property/unl ts:  Tens! le s t rength  ( p s i )  

tu: 1,540 (1.1 x l O ( 1 )  W a )  
as: - 

ranges frm: - tor - 
Reference: - 
Source: Y/CMIffM36/6 (19781, p. 2-2 
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Proper ty  class: Tensl le s t rength  
Ma te r ia l :  Shale (b) 

Formation: - 
Location: - 

Cond l t i on  1: Typ lca l  i l l i t i c  shale 
Cond i t ion  2: I n t a c t  
Cond i t i on  3: - 
ranges from: 200 (1.4 W a )  

Property/unl ts:  Tensl le s t rength  ( p s i )  

t o :  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Y/QWI/TM36/6 (19781, p. 7-8 

Proper ty  class: Tsnsi le s t rength  
Mater ia l :  Shale (c) 

Formation: Chagrin Shale 
Loca-tion: Oh io  

Cond l t lon  1: Dsvonian-MIssissipplan 
Cond i t ion  2: I n t a c t  
Cond l t i on  3: Depth = 30 m 

ranges from: 0.34 

ranges from: - to: - 

Property/un I t s :  Tens 1 le s t rength  (Wa)  

to: 
as: - 

Reference: Dames and Moore (1978) 
Source: ORNL/Sub/84-64794/1 (19851, p. 108 

Proper ty  class: Tens 1 l e  s t rength  
Ma te r ia l :  Shale ( d )  

Formation: Chagrin Shale 
Locatton: Ohlo 

Cond i t lon  1: Devonlan 
Cond i t ion  2: I n t a c t  
Cond l t lan  3:  - 
ranges from: 50 (3.4 x 10(-1) W a )  

ranges from: - to: - 

Fropsr ty /un i ts :  Tensl le  s t rength  (PSI) 

to: - 
as: - 

Reference: - 
Source: Y/WI /TM36/6 (19781, p. 4-12 

Proper ty  class: Tensl l e  s t rength  
M a t e r i a l :  Shale (e) 

F o r m t l o n :  P i e r r e  Shale 
Location: - 

Cond i t ion  1: I n t a c t  
Cond i t ion  2: - 
Cond l t lon  3: - 
ranges from: 50 (3.4 x 10(-1) MPa) 

ranges fran: - to: - 

Proper ty /un l ts :  Tens i l e  s t rength  ( p s l )  

to: - 
as: - 

Reference: - 
Source: Y/Wl/TM36/6 (1978), p. 3-24 

Property class: Tensl le s t rength  
F4aterIaI: Shales 

Formation: - 
Location: Various 

Cond i t ion  1: Various formatlons, depths, 

Cond i t lon  2: Represents many samples 
Cond i t ion  3: - 
ranges from: *lo0 ( c6.9 x lo(-1) W a )  

etc. 

Property/unl ts:  Tens i l e  s t rength  ( p s i )  

to :  1,538 (1.1 x l O ( 1 )  W a )  
as: - 

ranges from: - to: - 
Reference: Several r e f s  
Source: Y/CWl/TM36/6 (19781, p. A-7  

Property class: Young's modulus 
Mater ia l :  Arg i  I l i t e  (a) 

Location: - 
Cond i t ion  1: Lab measurement 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/uni ts:  Young's modulus ( @ a )  
ranges from: 3.7 (3.7 x lO(3) W a )  

to: 16 (Wa)  
as: Conf ln lng  pressure (MPa) 

ranges f r o m :  Unconflned to:  20 

Fo rmt lon :  Eleana A r g i l i l t e  

Reference: - 
Source: Proc NEA Workshop OECD (1979b), p. 83 

Property class: Young's modu 
Mater ia l :  Argl  I l l t e  ( b )  

Formation: Eleana A r g i l  
Location: - 

Cond l t ion  1: - 
Cond i t ion  2: - 
Cond i t ion  3 :  - 

us 

I te 

Property/unl ts:  Young's modulus (unconfined) 

ranges from: 3.74 (3.7 x lO(3) W a )  
(GPa 1 

to: - 
as: - 

ranges from: - to: - 
Reference: Y/WI /rM-36/6 (1978) 
Source: Proc NEA Workshop OECD (1979b1, p. 87 

Proper ty  class: Young's m d u  Ius 
Mater ia l :  Benton l te  

Formation: - 
Location: - 

Cond i t lon  1: Densl ty = 2 t/m(3) 
Cond l t lon  2: 10% water 
Cond i t ion  3:  - 
ranges from: 300 

Property/uni ts:  Young's modulus (MPa) 

to: - 
as: - 

ranges from: - to: - 
Reference: - 
Source: ONWI-486 (1983), p. 63 
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Proper ty  class: Young's lmdu Ius 
Y1a:erlal: Bentonrte and Sand (a)  

F o m t f o n :  - 
Cond l t lon  1 :  - 
Condltron 2: - 
Candft[on 3: - 

Locatton: Oregon 

Propor ty /un l ts :  Young's modulus (WaJ 
ranges frm: me 55 

to :  ca. 80 
as: Clay conten? (e. 8 )  

ranges C r m :  ca, 10 to:: ca. 50 
Reference: T a y l o r  a? a l  (19801 
Source: RW-BW9-SA--BO 41981), Flg. 5 

Proper ty  class: ' foung~s m d u l u s  
Materrat: Bentonfte end Sand $ b )  

Fnr1mtlon: - 
Cond l t fon  1 :  - 
Cond l t lon  2: - 
Cond l t ion  3: - 
ranges frm: ca. 45 

Location: Wyonfnq 

P r o p s r t y h n l t s :  Young's fliadulus (Wa) 

to: 60 
as.  Clay content ( w t .  $1 

ranges frcm: 10 to: 50 
Reference: Taylor et a !  (1980) 
Source: RHO-BWI-SA-80 (1981), Flg. 5 

Proper ty  class: Young's m d u l u s  

Fo rmt lon :  Blue Clay  
Mateslsl :  Clay 

Lomt Ion :  I t a l y  
Condf t lon  1 :  - 
Cond l t ion  2: - 
Cond l f lon  3: - 

Froppsl-By/unlts: Young's m d u l u s  ( e l a s t i c  
modulus) 

ranges from. 300 

ranges from: - to:  - 
so: - 
as: - 

Re fwmce :  - 
Source: Rad WasPe Fbnagemnt and Nuclear Fuel 

Cyc le  v,6 E1985), p. w 
us Proper ty  class: Young's medu 

Mat-erlal:  Clay 
Farm* lon :  Boom Clay 

Locat  1 on: 
Cond l t fon  1 :  - 
CondTPlon 2: - 
Condf t los  3: - 

I gl lam 

Proper ty fun l ts :  Yarnq's m d u  us (elestfc 
rnoduius) (*a) 

ranges from: 170 
'rn: - 
as: - 

ranges frm: - tu: - 
Reference: - 
Source: Rad Wasfe k n a g e m r ~ t  and Nuclear Fuel 

Cyc le  v,6 (19851, p. 54 

P r o p a r t y  class: Young's modulus 
Water(al: 01 I Shales 

F o f ~ ~ l l o n :  - 
LocaPlon: - 

Cond[t lon 1 :  H l g h  grade 
Cond l t lon  2: - 
CondTtIon 3: - 

Praper:y/unlts: Yciung's modulus INFa) 
ranges from: 7,000 (7 x lO(33) 

?a: 17,500 (1.75 x lO(4)) 
as: - 

ranges from: - to: - 
Reference: MeShw-lend e t  a l  (1975) 

L/Sub/F14-64794/1 (1885), p. 348 

Proper ty  class: Young's m d u  I us 
MaterIaI: 011 Shales 

F o f ~ t I o n :  - 
Lacatton: - 

Cond l t ion  1 :  Lors grade 
Condft fon 2: - 
Condt t l sn  3: - 
ranges frm: >21,000 ( >2.1 x lO(6) )  

Prqm- ty /un l?s :  Young's m d u l u s  (Wa) 

to: - 
as: - 

ranges from: - Po: - 
Reference: Netherland et a l  11975) 
Source: ORNL/Sub/LP4-64794/1 (19851, p. 348 

Property class: Young's modu Ius  
WaPer la I : Sha I e 

Forrnatlon: Arnhelm and Weynesvl I le  Fms 
Locatton: Ohto 

C a n d t t i a n  1 :  Ordovlctan 
Cond l t lon  2: l n t a c f  
Csnd l t lon  3: - 
ranges frm: 1.5 x lO(6) ( 1  x lO(4) MPa) 

ranges from: - to: - 

Prnperty/unl ts:  Yocong's modulus ( p s 0  

to: - 
as: - 

Reference: -' 

Smrce: Y/WdB/pM36/6 (19781, p. 5-t4 

Propes6y ctass: Young's mdu lus  
MaSeslaOt Shale 

Fo rmt I sn :  Chagrln Shale 
Location: Ohlo 

G m d l t l o n  1 :  Devonfan 
Condft lon 2: I n t a c t  
Cond l t lon  3: - 
ranges from: 1.7 x lot51 (1.2 x 1 0 0 )  

Bropes-t-y/unlts: Young's m d u l u s  ( p s l )  

wa.) 
to: "' 
as: - 

ranges from: -* Pa.: - 
Raforenco: - 
Source: V/W,WflP836/6 (1978), p. 4-12 
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Property class: 
Ma te r la l :  Shale 

Form t I on : 
Locat  J on : 

Cond l t l on  1: 
Condft fon 2: 
Condf t lon  3: 

Propar ty /un i ts :  

ranges from: 

Young's modu Ius  

Huckna I I Shale 

I n t a c t  
- 

Young's modulus (elastic 
modulus) ( p s l  x lO(6)) 
1.48 ( 1  x lO(4) W a )  

t o :  - 
as: - 

ranges from: - to: - 
Reference: Hobbs ( 1  970) 
Source: Y/WI /TW36/6 (1978), 

Proper ty  class: Young's modu 
Mate r fa l :  Shale 

Formation: P f e r r e  Shale 
Locatlon: - 

Cond i t ion  1 :  I n t a c t  

Cond l t lon  3:  - 
ranges from: 1.4 x lO(5) 

t o :  - 
as: - 

Condf t ion  2: - 
Property/un 1 ts: Young's nwdu 

Wa)  

ranges from: - to :  - 
Reference: - 
Source: V/cW I /TM36/6 ( 19781, 

p. 6-3 

U S  

us (ps l )  
(9.7 x lO(2) 

p. 3-24 

Proper ty  class: Young's modulus 
Ma te r la l :  S h a l e  

Formation: P l e r r e  S h a l e  
Locatfon: Great P l a l n s  

Cond l t fon  1: - 
CondI t lon  2: - 
Condt t lon  3: - 

Propet-iy/unfts: Young's modu Ius ( e l a s t i c  

ranges from: 0.02 (1.4 x 1 0 ( 2 )  Wa)  

ranges from: - to: - 

modulus) ( p s l  x lO(6)) 

to: 0.014 (9.6 x 10(1) W a )  
as: - 

Reference: Abel and Gentry (1975) 
Source: ORNL/Sub/84-64794/1 (1985) p. 293 

P r o p e r 9  c lass:  Young's mdu  I us 
Ma te r la l :  Shale (a) 

Formt ton :  - 
Locatlon: - 

Cond l t ian  1: R m  temperature 
Cond l t fon  2: Conf ln fng  pressure = 0-20 FPa 
Cond?tfon 3: B r l t t l e - t o - d u c t l  le t r a n s I t f o n  

pressure 
Proper ty /un l ts :  Young's m d u l u s  W a )  

ranges from: 10 
to: 32 
as: - 

ranges from: - to: - 
Reference: - 
Source: oRNL-6241/V1 ( f n  p repara t ion)  p. 47 

Property class: Young's modulus 
Mater la l :  Shale (b) 

FormatTon: - 
Locatlon: - 

Cond l t fon  1: Roan temperature 
Condlt?nn 2: Conf ln lng  pressure = <loo W a  
Conditron 3: B r l t t l e - t o - d u c t r l e  t r a n s r t f o n  

pressure 
Property/unfts:  Ywng's m d u l u s  (MPa) 

ranges from: 10 
to: 32 
as: - 

ranges from: - to: - 
Reference: - 
Source: ORNL-6241/Vl ( I n  preparation) p. 47 

Property class: Young's modulus  
Mater ia l :  Shale (c)  

Formation: - 
Locatlon: - 

Cond?tIon 1: I n t a c t  
Cond l t lon  2:  - 
Condlt fon 3: - 
ranges from: 2 x 1OI3) (1.4 x lO(1) W a )  

Property/unl ts:  Young's modulus ( P S I )  

wa 1 
to: 6,4 x IO(6) (4.4 x IO(4) 

as: - 
ranges from: - to: - 

Reference: - 
Source: Y/OWIU/TM36/6 (19781, p. 2-2 

Proper ty  class: Young's modulus 
Ma te r ia l :  Shale ( d )  

Formt fon r  - 
Locatlon: - 

Condft lon 1: Typ ica l  I l l l t i c  shale 
Cond l t lon  2 :  I n t a c t  
Cond i t ion  3: - 

Property/unl ts:  Young's m d u l u s  (psf) 
ranges from: 1.6 x lO(6) (1.1 x lO(4) 

Wa)  
to:  - 
as: - 

ranges f r o m :  - to r  - 
Reference: - 
Source: Y/OWI/TM36/6 119781, p. 7-8 

Property class: Young's mdu lus  
Ma te r fa l r  Shales ( a )  

Formt ton :  - 
Locatlon: - 

CondIt lon 1:  Tested a t  r m  temperature 
Condft lon 2: fpDrryff specimens 
Cond l t lon  3: F l f t y  data po ln ts  

Property/unfts:  Young's modulus ((Pa) 
ranges fran: 9.9 (9.9 x lO(3) W a )  

ranges from: - ta: - 
to: 31.7 (3.17 x lQ(4) W a )  
as: - 

Reference: - 
Source: ORNL-6241/V3 ( i n  preparation) p. 110 
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Property class: Young's m d u l u s  
Mate r ia l :  Shales ( b )  

Formation: - 
Locat ion: '- 

Cond i t ion  1: - 
Cond i t ion  2: - 
Cond i t ion  3: .- 

ranges from: 1 ( x t O ( 4 )  MPa) 

as: Depth ( m )  

Propsrty/unl  ts:  Young s m d u  Ius (Pa x 10( IO) 

t o :  500 (5 x lO(6) MPa) 

ranges from: 0 to: 6,000 
Reference: Three r e f s  
Source: ORML-6241/V2 ( i n  p r e p a m t i a n )  p. 199 

Property class: Young's mdu lus  
Ma te r ia l :  Shalos ( c )  

Formt lon :  - 
Location: Various 

Cond i t ion  1: Various formations, depths, 

Cond i t ion  2: RepresenPs many tests 
Cond i t ion  3: - 

Propar ty /un l ts :  Young's m d u l u s  (psi) 
ranges from: 0.0020 x l O ( 6 )  (1.4 x IO(1) 

W a  1 

t P a )  

etc. 

to:  15.0 x lO(6)  ( 1  x lO(5) 

as: - 
ranges from: - to: - 

Reference: Fourteen r e f  5 

Source: Y/WI /TM36/6 (19781, p. A-8,9 
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Property class: 
MaTer t a I : C lay 

Format ion: 
Locat ion : 

Cond l t l on  1: 
Cond i t l on  2: 
Condl t i o n  3: 

Property/un i t s :  

ranges from: 
to :  
as: 

ranqes from: 

Heat capac I ty 

Blue Ciay 
I t a l y  - 
- 
S p e c l f l c  heat (J/Kg-+O 
(spec l f  I c  heat capac i ty )  
9.21 x 10(2) 

- - to: - 
Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle V. 6 (19851, p. 54 

Proper ty  class: Heat capac i ty  
Ma te r la l :  Clay 

Formatlon: b a n  Clay 
Locat lon:  &Ilg?um 

Cond i t ion  1: - 
Cond i t ion  2: - 
Cond l t i on  3: - 

Proper ty /un i ts :  Spec1 f I C  heat (J/Kg-K) 
( spec l f  i c  heat capac i ty )  

ranges from: 9.21 x lO(2) 
t o :  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cyc le  v. 6 (19851, p. 54 

Proper ty  class: Heat capaci ty 
Ma te r la l :  Shale 

Formation: - 
Location: - 

Cond l t l on  1: Typ ica l  I l l i t i c  shale 
Cond l t lon  2: I n t a c t  
Cond i t ion  3: - 
ranges from: 0.20 (8-4 x lO(2) J/Kg-K) 

ranges from: - to: - 

Property/un 1 ts: Heat capacl t y  (BTU/I b-deg F 1 

to:  - 
as: - 

Reference: - 
Source: Y/QWl/TH36/6 (19781, p. 7-3 

Proper ty  class: Heat capacfty 
Ma te r ia l :  Shale (a) 

Formation: - 
Locatlon: - 

Cond i t ion  1: - 
Cond i t lon  2: - 
Cond i t ion  3: - 
ranges from: 5.5 x 10(2) 

ta: 1.042 x lO(3) 
as: - 

ranges from: - to: - 

P r q s r t y / u n f t s :  Heat capaci ty ( J / K g i o  

Reference: - 
Source: aRNL-6241flI ( i n  p repara t ion)  p. 40 

Property c lass:  Heat capaci ty 
Ma te r ia l :  Shale (b) 

F o r m t l o n :  - 
Location: - 

Cond l t lon  1: - 
Cond l t ion  2: - 
Cond l t lon  3: - 
ranges from: 7.12 x lO(2) 

Property/unl ts:  Heat capacl ty (J/Kg-K) 

to: 1.170 x IO(3) 
as: - 

ranges from: - to :  - 
Reference: - 
Source: ORNL-6241/V3 ( i n  p repara t ion)  pI 345 

Property c lass: Heat capac 1 t y  
Mater la l :  Shale (c) 

Formation: - 
Location: - 

Cond i t ion  1 :  - 
Cond i t ion  2: - 
Cond l t lon  3: - 

Proper ty /un l ts :  Spec i f i c  heat (J/Kg-deg C) 
( s p e c l f i c  haat capac i ty )  
(J/Kg-K 1 

ranges from: 7.96 x lot23 
to:  - 
as: - 

ranges from: - to: - 
Reference: Loken, M. (personal communication) 

Source: ORNL-624 1 /V2 ( I n preparat  Ion) p. 99 

Property class: Heat capacIty 
Mater ia l :  Shales (a) 

(1984) 

Formation: - 
Location: - 

Cond i t ion  1: Two t e s t s  
Cond i t ion  2: - 
Cond l t lon  3: - 
ranges from: 0.16 (6-7 x lO(2) J/Kg-K) 

to: 0.20 (8.4 x lO(2) J/Kg-K) 

Property/un 1 ts: Heat capact t y  (BTIJ/I b-deg F) 

as: - 
ranges from: - to :  - 

Reference: Two r e f s  
Source: Y/W I /TM36/6 ( 1  978 

Proper ty  class: Heat capac 
b b t e r l a l :  Shales ( b )  

Formation: - 
Location: - 

Cond l t lon  1: - 
Cond i t ion  2: - 
Cond i t ion  3: - 

, P. A-19 

f Y  

Proper ty /un i ts :  Specif IC heat (J/Kg-K) 
( s p e c i f l c  heat capac l ty )  

ranges from: 5.50 x lO(2) 
to: 1.042 x lO(3) 
as:  - 

ranges from: - to :  - 
Reference: - 
Source: ORNL-6241/V3 ( I n  p repara t ion)  p. 115 



1 6 4  

Property class: L I  near expans Ion 
Materlal: A r g i l  i t e  

Formation: Eleana Argi I l i t e  
Locatfon: - 

Cond l t lon  1: Natural state 
Cond l t lon  2: Contracts up t o  ca. 100 deg C 
Cond l t ian  3: Expands frm 100 t o  500 deg C 

Property/unl ts:  C o e f f l c l e n t  of l i nea r  expan- 
s ion  (dcg C ( - 1 ) )  ( K ( - l ) )  

ranges frm: 8 x 10(-61 
to:  15 x 10(-6) 
as: - 

ranqes frm: - to:  - 
Reference: - 
Source: Pruc NEA Workshop OECD ( l979b), p. 77 

P r o p w t y  class: L inear expanslon 
Mafeerlal: Shale (a) 

Formation: - 
Lacatian: - 

Cond l t ion  1: IntacP 
Cond l t lan  2: - 
Condlt fon 3: - 

Praparty/un its: Caef f Ic I en? of. I I near thsrrna I 
expansion (deg FI-1) 1 

K ( - l l )  
ranges frm: 4 x 10(-6B (2.2 Y IO(+) 

to :  - 
as: Q 

ranges frm: - to :  - 
Reference: - 
Source: Y/WDflM36/6 (19781, p. 2-2 

Property class: L I near expans !on 
Mate r ia l :  Shale (b) 

Formal-lm: - 
LacaPlsn: - 

Cond l t lon  1: Typ lca l  i l l i t l c  shale 
Cond!t lon 2: i n t a c t  
Cond l t lon  3: - 

Propsrty/units: C o e f f l c l e n t  of I inear t h e r m  I 
expans ion (hor lsan ta  I )  (dsg 
F (-1 ) ) 

K(-l)) 
ranges frm: 4.5 x 10(-6) ( 2 , 5  x 10(-6) 

to: - 
as: - 

ranges frm: - to: - 
Reference: - 
Source: Y / W I  /TH36/6 (19781, p. 7-8 

Property class: b l  near expans ion 
Material: Shale (c) 

FormaftSon: - 
Locatlon: - 

Cand l t ion  1: Typ lca l  I l l i f - I C  shale 
Cond i t ion  2: I n t a c t  
Cond i t lon  3: - 

Property/unIts:  C c e f f l c i e n t  of llnear therm! 
expansion (vertlca I (dag 
F ( - ? ) )  

ranges frm: 9 x 106-6) (5 x 10(-6) 
K ( - l l  1 

To: - 
as: - 

ranges frm: - to: - 
Reference: - 
Source: U/Mi/TM36/6 (19781, pe 7-8 

Property class: L lnnar expans 
MaPerlal:  Shales (a) 

Fonmtlon: - 
Location: - 

Cand l t ion  1: E l g h t  samples 
Cond i t ion  2: - 
Cond l t lan  3: - 

Property/unlts: C o e f f l c l e n t  of 
expans 1 on (K ( -  

ranges f rom:  2,5 x 10(-6) 
to: 15.8 x 10(-6) 
551 - 

ranges trtm: - to: - 
Reference:: - 
Source: OWL-624 1 /V3 ( 1  n prepa 

I i near t h o r m  I 
) )  

a f l o n )  p. 345 

Property class: Linear expmslon 
Material: Shales (b) 

Formation: - 
Locab-Ion: - 

Condlt lon 9 :  E i g h t  data po in ts  
Condi$lon 2: - 
Cond i t ion  3: - 

Property/un I I s :  Coef f lc l  e n t  of t h e r m  B 
expansion ( K ( - l )  1 

rdngQ5 frm: 2.9 X 10(-6) 
to: 12.9 x 10(-6) 
as:  - 

ranges from: - to: - 
Reference: - 
Source: OWL-6241/Vl ( i n  praparat lan) p. 47 

Proper ty  class: Thermal conduct lv l  t y  
Fbte r l a i :  Argl  I l i t e  (a) 

Location: - Formation: E leana 

CondltDun 1: A t  or above 100 deg C 
Condl t lon 2: Parallel t o  layer ing  
Cond i t lon  3: - 

P r o p ~ r t y / u n l t s :  Therm1 conduc t i v i t y  ( m t r ' f x )  
(W/m-dsg C )  ( W / r n - K )  

ranges from: ca, 1.80 
to: - 
as: - 

ranges fr-can: - to: - 
Refsrenca: C l a r k  (1966) 
Source: P ~ O C  NEB WOoi-kshop OFCD (1979b1, p. 87 

Property class: Therm I conducS ivlty 
taslal: A r g l l l l t a  ( b )  

Formation: E leana 
Lacatlon: - 

Condlt lon 1: A t  or above 100 dsg C 
Cond l t ion  2: Perpendlcular Po l ayer ing  
CondlPion 3: - 

PraperPy/units: Thermal conduc t i v i t y  Imat r i x )  
(W/m-deg C) (W/m-K) 

ranges frm: ca. 1.48 

ranges frm: -. to: - 
to: - 
as: - 

Reference: McVey e t  a l  (1979: 
Source: Prac NEA W~l-kshop OECD (1979b1, p. 87 
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Property c lass:  Therm I conduct i v l  t y  
Ma te r f s l :  Arg l  I I I t e  (c) 

Formation: Eleana Arg l  I l l t e  

deg C 

Locat ion:  Nevada 
Cand i t i on  1: Temperature from 25 t o  400 

Condi t ion 2: Many t e s t s  
Condi t lon 3: - 
ranges frm: 1.28 

ranges fran: - t o :  - 

Proper ty /unI ts :  Thermal conduc t i v i t y  (W/m-K) 

t o :  2.7 
as: - 

Reference: Two r e f s  
Source: ORNL-6241/V3 ( I n  preparat lon)  p. 341, 

342 

Proper ty  class: Therm I conduct I v l  t y  
Ma te r ia l :  Bentoni te  (a) 

Formatlon: - 
Location: - 

Condi t ion 1: 90% quartz 
Cond l t l on  2: - 
Condi t ion 3: - 

Proper ty /un l ts :  Heat conduc t l v l t y  (W/m-deg C )  
( thermal conduc t l v l t y )  
( W / n r K )  

ranges from: 0.5 
t o :  2.0 
as: Water content (b) 

ranges from: 4 to:  20-30 
Reference: - 
Source: KBS TEKNlSK RAPPORT 9 (1977), p. 8 

Proper ty  class: Thermal conduc t i v i t y  
Ma te r ia l :  Bentoni te  (b) 

F o r m t l m :  - 
Location: - 

Condi t ion 1: Pressed a t  50 t o  100 W a  
Condi t ion 2: Water content ca. 10% 
Cond l t i on  3: Densi ty (bulk) = 2.1 t/m(3) 

ranges from: ca. 0.75 

ranges from: - to: - 

Property/un I t s :  Therm I conduct I v l  t y  
(W/m-deg C) (W/m+O 

t o :  - 
as: - 

Reference: - 
Source: Proc NEA Workshop OECD (1979b1, 

P. 148 

Proper ty  class: Therm I conduc t l v l t y  
M a t e r l a l :  Bentonl te  (c) 

Formation: - 
Location: - 

Cond l t i on  1: Avongel or  Wyomlng 
Condi t ion 2: MIxed w i t h  vary ing amounts o f  

Cond i t i on  3: Ten t e s t s  under m l s t  
sand, crushed grani fe,  etc. 

condi t f o n s  

(W/m-deg C)  ( W / m i O  
Proper ty /unI ts :  Thermal ccmduct lv i ty  

ranges from: 0.7 
to :  3.0 
as: - 

ranges from: - tor  - 
Reference: - 
Source: Proc NEA Workshop OECD (19811, p. 342 

Property class: Thermai conduc t i v i t y  
Mater ia l :  Bentonl te  (Ca) 

Formatlon: - 
Location: - 

Condi t ion I :  Various pressing forces 
(21-138 W a )  

Condi t ion 2: A i r  saturated 
Condl t ion 3: Temperature ca. 25 deg C 

(W/m-deg C) (W/nrX1 
Property/unl ts:  Thermal conduc t l v l t y  

ranges from: 0.71 
to: 1.10 
as: Densl ty (g/cm(3) 1 

ranges from: 1.60 to:  2.13 
Reference: - 
Source: PNL-4452 E - 7 0  (1983), p. 20 

Property class: Thermal conduc t l v i t y  
MaterIaI :  Bentonl te  (d) 

Formation: - 
Location: .. 

Condi t ion 1: Avongel or Wyomlng 
Condi t ion 2: Mixed w i t h  vary ing amounts o f  

sand, crushed gran i ta ,  etc. 
Condi t ion 3: Ten t e s t s  under dry 

cond i t i ons  

tW/m-deg C )  fW/m-K) 
Property/unl ts:  Therm1 conduc t i v i t y  

ranges from: 0.5 
to: 1.0 
as: - 

ranges from: - to:  - 
Reference: - 
Source: Proc NEA Workshop OECO (1981 1, p. 542 

Proper ty  class: Thermal conduc t l v l t y  
Ma te r ia l :  Bentoni te  (e) 

Formatlon: - 
Location: - 

Condi t ion 1: 1005 water saturated 
Condi t ion 2: 'Compacted" 
Condi t lon 3: - 

Property/unl ts:  Thermal conduc t i v i t y  
(W/m-deg C )  (W/m-K) 

ranges fran: 0.9 
to :  1.3 
as: Temperature (deg C) 

ranges from: "slightly >73" to: - 
Reference: Knutssan (1977) 
Saurce: ONw1-486 (1983); p. 63 

Property class: Thermal conduc t i v l t y  
Ma te r ia l :  Bentonl te  ( f )  

Formation: - 
Location: - 

Condi t ion 1: Densl ty 1.6-2.0 t/m(3) 
Condi t ion 2: Water content 5-16 5 
Condi t lon 3: - 

Proper ty /un l ts :  Thermal conduc t l v l t y  
(W/m-deg C) (W/m-K) 

ranges from: 1 
to :  3.5 
as: - 

ranges from: - to: - 
Reference: Roy ( 1982 1 
Source: ONW1-486 (19831, p. 63 
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Property class: Therm I conduct Svi t y  
Mator la I : Benton i t e  [ g  1 

Formation: - 
Location: Wymlng 

Condi t ion 1: Constant densl ty 
Condl t ion 2: - 
Condl t lon 3: - 

Propsr9y/units: Therm I conduc t i v i t y  

reanpas from: ca. 0.0 
to: ca. 1.2 
as: Moisture content ($1  

ranges from: ca. 0 to :  ca. 20 

(W/m-deg C )  (W/m-K) 

Reference: - 
Source: Proc NEA Workshop OECD (I981 1, p. 334 

Property class: Therm I conduct I vl ty 
Mate r ta l :  Bentoni te  (h)  

Fo rmt fon :  - 
Locat lon: Wyomi ng 

Condl t ion 1: Densi ty = 2.0 t/rn(3) 
Condi t ion 2: 66% water m t u r a t i o n  
Candl t ion 3: A t  73 deg C 

P r o p e r t y h n  I t s :  Therm I conduct Ivl t y  
(W/m-deg C)  (W/m-K) 

ranges from: 0.78 

ranges from: - to:  - 
to :  - 
as: - 

Reference: - 
Source: oNwI-486 (1983), p. 61 

Property c lass:  Therm I conduc t i v i t y  
Ma te r ia l :  Bentoni te  (Na) 

Formartion: - 
Location: - 

Condi t ion 1: Various pressing forces 
(21-90 Wa) 

Condi t ion 2: A l r  saturated 
Condi t ion 3: Temperature a. 25 deg C 

ranges from: 0.52 
t o :  0.96 
as: Oms I t y  (g/cm(3) 1 

ranges from: 1.70 to: 2.25 

P roperty/u n 1 ts :  Therm I conduct I v i  ty 
(W/rn-deg C) (W/m-K) 

Reference: - 
Saurce: BNL4452 UC-70 (19831, p. 20 

Property c lass:  Thermal conduc t l v l t y  
Wa+erlaI: 8en ton l te  and Crushed Grani te  ( a )  

Formation: - 
Condi t ion 1: - 
Cond i t l on  2: - 
Condl t ion 3: - 

Location: Wyml ng 

Proper ty /un l ts :  Therm!  c m d u c t l v i t y  
(W/m-deg C )  ( W / R K )  

ranges frm: 2,7 
t o :  0.8 
as: Clay content  ( % I  

ranges from: ca. 20 to:  1QO 
Reference: - 
Source: Proc NEA Workshop OECD I19811, p. 334 

Property class: Thermal conduc t i v i t y  
Ma te r ia l :  Bentoni te  and Crushed Grenl ta  (b)  

Formt ion :  - 
Location: Wyoming 

Condi t ion 1: 50% bentonl te  
Candl t ion 2: Constant densl ty 

Froperty/uniSs: Thermal conduc t i v i t y  

ranges from: ca. 0.6 
to :  ca. !.5 
as: Moisture content ( $ 1  

rangas from: ca. 0 to :  ca. 16 

Condi t ion 3: - 
(Wh-deg C) (W/m-K) 

Reference: - 
Source: PrQc NEA Workshop OECQ ( I981 1, p. 334 

Property class: Therm I conduc t i v i t y  
Mater ia l :  Bentonl te  and S a l t  (a )  

Formt Ion :  - 
Location: - 

Condi t ion 1: 30:7Q benton1te:sal't 
Condl t ian 2: 10 Wa a x i a l  s t ress 
Condlt lon 3: Qenslty (dry)  = 1.67-1.71 

t/m(3) 
P r o p e r t y h n  I t s :  Therm I conduc t l v l t y  (W/m-K) 

ranges from: 1.12 
to: 0.99 
as: Temperature (deg C) 

ranges from: 89 to :  250 
Reference: k i e c k e  (1982) 
Source: OM!-486 (19831, p. 53 

Property class: Thermal conduc t i v i t y  
Mater Ia I :  Bentonl te  and S a l t  ( b )  

Formt ion :  - 
Locat ion: - 

Condl t ion 1: 3Q:70 b n t o n I t e : s a i t  
Condi t ion 2: IO Wa a x l a l  st ress 
Condl t ion 3: Oenslty (d ry )  = 1.67-1.71 

t /n(3) 
Proper fy /un i ts :  Therm I conduc t l v l t y  ( W / m s < )  

ranges from: 1.01 
Po: 1.12 
as: Temperature (deg 6 )  

ranges from: 21 to :  89 

Property class: Thermal conduc t i v i t y  

Locatton: - 
Condl t ion 1: B e n t o n h x s a n d  frm 10:90 t o  

20: 80 
Condi t ion 2: Water content 5-30% 
Condl t lon 3: - 

Property/un I t s :  Therm I conduct I v i  t y  
(W/m-deg C )  (W/ rn -K)  

ranges from: 0.5 
to: 2.0 

ranges from: - to:  - as: - 
Reference: F a g e r s t r m  and Lundahle (1977) 
Source: OEM!-486 (1983), p. 63 
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Proper ty  class: Therm I conduc t i v i t y  
Ma te r ia l :  BentonSte and Sand (b) 

formation: - 
Locat lon:  - 

Cond i t i on  I :  D r y  rnlKfures w l t h  sand 
Cond l t l on  2: Densl ty (dry)  = 1.98-2.12 

t / rn(3)  
Cond i t i on  3: Temperature range 25 t o  300 

deg C 
Proper ty /unI ts :  Thermal conduc t i v i t y  (W/rnX) 

ranges from: 0.58-0.80 
t o :  1.06-1.17 
as: W t  $ sand 

ranges from: 0 to:  50 
Reference: MoIecke (1982) 
Source: ONWi-486 (19831, p. 53 

Proper ty  cfass: 
Mater ia! :  Clay 

F o r m  t i on : 
L o c a t  I on: 

Condl t ion 1: 
Condi t ion 2: 
Cond i t i on  3: 

Property/un I t s :  

ranges from: 
to: 

Thermal conduc t l v l t y  

- 
S. Paolo mlne 
Cublc block, 80-cm edge 
P I  lo+ le  I stocene 
D m l n a n t l y  i l l i t e  p lus less 
s m c t l t e ,  kaol  l n l t e  and 
ch l o r 1  t e  
Therm I conduc t l v l t y  
(W/m-deg C) (W/m-K) 
0.014 (1.4 W/rn-K) 
0.016 (1.6 W/m-io 

Reference: - 
Source: ORNL-tr-5110 ( 

Proper ty  class: Therma 
Mate r la l :  Clay 

F o r m t i o n :  B lue C 
Location: I t a l y  

Condi t ion 1: - 
Cond i t i on  2: - 
Cond i t i on  3: - 

as: - 
ranges from: - to: - 

9811, P. 

con duct 

aY 

12 

v i  tv 

;er 

Property/un I t s :  Therm I conduct lv l  t y  (W/m-K) 
ranges from: 1.5 

ranges from: - t o :  - 
t o :  - 
as: - 

Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle v. 6 (19851, p. 54 

Proper ty  class: Therm I conduc t i v i t y  
Matertal: Clay 

Formatlon: Oxford Clay 
Locat ion:  England 

Cond i t i on  1: - 
Condt t lon 2: - 
Cond i t i on  3: - 
ranges from: 1.56 

Proper ty /unI ts :  Thermal conduc t i v i t y  (W/m-+O 

to: .. 
as: - 

ranges frm: - to: - 
Reference: - 
Source: Rad Waste Management and Nuclear Fuel 

Cycle 7. 6 (t985), p. 54 

Property class: Therm I conduct i v ?  t y  
Ma te r la i :  Clay (a) 

Condl t ion 1: A t  of above 100 dag 6 
Condi t ion 2: - 
Condi t ion 3: - 

Formation: Boom Clay 
Location: Beiglum 

Proper ty /un l ts :  Thermal conducdlv l ty (ma t r l x )  
(W/m-deg C) (W/m-Kl 

ranges from: ca. 0.3  

ranges from: - to: - 
to:  - 
as: - 

Reference: - 
Source: Proc NEA Warkshop BECQ (1979b1, p. 87 

Property class: Therm I canduc t l v l t y  
Ma te r ia l :  Clay (b) 

Locat ion : Be l g  I urn 
Condit ion 1: - 
Condl t lon 2: - 
Condi t ion 3: - 
ranges from: 1.5 

ranges from: - to: - 

Formatton: Boom Clay 

Property/un 1 t s :  Therm 1 conduct 1 v I t y  (W/m-K 1 

to:  - 
as: - 

Reference: Two r e f s  
Source: Rad Waste Ftanagement and Nuclear Fuel 

cycle V. 6 ( iges) ,  p. 54 

Property class: Thermal m n d u c t i v l t y  
W t e r l a l :  Clayey Sandstones 

Formation: - 
Location: - 

Condl t lon 1: 40 t o  57 $ c lay by valuma 
Condi t ion 2: 15 t o  20% porosity 
Condl t lon 3: - 

( m i  I I Ical/cm-s-deg C)  
( t h e m l  c a n d u c t l v l t y )  

Proper ty /un i ts :  Heat conduc t i v i t y  

ranges from: 2,5 (1,05 W/m-K) 
to: - 
as: - 

ranges from: - to: - 
Reference: Z le r fuss  (19691 
Source: Y/2kll/SUB-7OQP/I (19761, p, 23 

Property class: Thermal osnduc t l v l t y  
MBter la l :  H e c t o r l t e  

Formad-Ion: - 
Location: - 

Condlt fon 1: 90% quar tz  
Candi t lan 2: - 
Condi t ion 3: - 

P r o p e r t y h n  1 ts :  Therm I conduct 1 v i  t y  
(W/wdeg C) r (W/m-K)  

ranges from: 0.5 
to:  2 t o  3 
as: Water content 

ranges from: Dry to: FuS ly  saturated 
Reference: - 
Source: OF#!-312 (19811, 9. lie 
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Property class: Therm I conduc t i v i t y  
Mater ia l :  I I I lte (a) 

F o r m t l o n :  - 
Loca-tisn: - 

Cond i t ion  1 :  Sealbond 
Cond i t lon  2: Constant densi ty 
Condi t i o n  3: - 

Proper ty /un i ts :  Thermal conduc t i v i t y  

ranges from: ca. 0.6 
Po: a. 1.6 
as: Moisture content ( $ 1  

ranges froni: a. 0 to: ea. 10 

(W/m-deg C )  ( W 1 m - K )  

Reference: - 
Source: Proc NEA Workshop OECD (1981 p. 336 

Property class: Therm I conduct lv l  t y  
Ma te r l s l :  I I l i t e  (b)  

F o r m t l o n :  - 
Loca-tion: - 

Cond l t ion  1: Sealbond 
CondI t ion  2: Mixed w i th  varying amounts o f  

sand, crushed gran I te, etc. 
Cond i t ion  3: Four t e s t s  under m i s t  

cond i t i ons  

(W/rn-"deg 6 )  ( W / r n - l o  
Property/uni ts:  Therrna I conduc t i v i t y  

ranges from: 1.4 
t o :  4.0 
as: - 

ranges frm: - to :  - 
Raference: - 
Scurcs: Proc NEA Workshop OECD 

Proper ty  c lass: Therm I conduct 
Ma te r ia l :  I I l i t e  (c )  

Formation: - 
Location: - 

Cond i t ion  1: Sealbond 
Cond i t ion  2: Mixed w l t h  vary 

sand. crushed q 

19811, p. 342 

v i t y  

ng amounts o f  
ani te.  etr. 

Cond i t ion  3: f ou r  t e s t s  under dry 

P r q e r t y / u n ? t s :  Therma I conduct i v l t y  
cond i t I ons 

(W/m-&g 6 )  (W4rn-K) 
ranges frm: 0.8 

to: 1.8 
as: - 

ranges from: - to :  - 
Reference: .. 
Source: Proc NEA Workshop OECD (19811, p. 342 

Propsr fy  class: Thermal conduc t i v i t y  
Materlal: I I I i t e  and Crushsd GranlPe 

Formatlon: - 
Location: - 

Cond i t lon  1: Sealbond 
Cond i t ion  2: 50% I l l i t e  
Cond i t i on  3: Constant densi ty 

Property/uni ts:  Thermai conduc t i v i t y  
(W/m-deg C )  (W1rn-40 

ranges frm: c a s  0.9 
tu: ca. 1.9 
as: Moisture c o n h n t  ( 8 )  

ranges from: a. 0 to:  ca. 10 
Reference: - 
Source: Proc MEA Workshop OECD (1981), p. 336 

Property class: Thermal conduc t i v i t y  
h t e r j a t :  K n o l l n l t e  (a) 

FormTlon: - 
Location: - 

Condit ion 1: Nixed wi th  m r y l n g  amsunts of 
sand, crushed grani te,  etc. 

Condi t ion 2: Four t e s t s  under moist  
cond l t lons  

Condlt lon 3: - 
Property/unl ts:  Therm I conducP1vity 

(W/m-dsa C )  (HJm-40 - 
ranges f roonr  1.7 

to: 3.5 
as: - 

ranges frm: - to: - 
Refsrence: - 
Source: P r m  NEA Workshop OECO 

ProperPy class: Therm 1 conduct 
Mater la l :  Kaolinite (b) 

Formation: - 
Location: - 

Condi-tlon 1: Mixed w i t h  vary 

19811, p. 342 

V i l y  

ng amounts of 
sand, crushed bra6 I te,  etc, 

Cond i t ion  2: Four t e s t s  under dry 
cond i t ions  

Condit ion 3: - 
Property/un i t s :  Therm I conduct lv l  t y  

(W/rn-deg C )  (W/m-KC) 
ranges from: 0.9 

to:  2.0 
as: - 

ranges frm: - to: - 
Reference: - 
Source: Proc NEA Workshop OECD (1981) 

Property class: Therm I conduc t i v i t y  
Mater ia l :  Kaolinlte and Crushed Grani 

F o r m t i o n :  - 
Location: - 

Cond l t ion  1: - 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/unl ts:  Thermal conduct lv i  t y  
(W/m-deg C )  (W/rn-K) 

ranges from: 3.4 
to: 2.3 
as: Clay content ( k )  

ranges bran: ca. 20 to: ca. 50 
Reference: - 

P. 342 

e 

Source: Proc NEA otkshop OECD (19811, p. 334 

Prwerd-y c lass:  T h e m !  conduc t i v i t y  
Mater la l :  Shale 

Fo rmt ion :  - 
Locatlon: Kansas 

Condit ion 1: Core 1 and 2 
Condif-ion 2: Tamperaturo 20 dqj C 
Condit ion 3: - 
ranges frm: 0.7 

to: 4.3 
as: - 

Property/un Its: Therm I conducS'Ivlty (WPm-K 1 

ranges frm: - to: - 
Refsrancs: Z ie r fuss  (1969) 
Source: ORNL-6241/V3 ( i n  preparat ion) p. 343 
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P r w s r t y  class: Thermal conduc t l v l t y  
Ma te r ia l :  Shale 

Formatlon: - 
Location: South A f r l c a  

Cond l t ion  1 :  Temperature 25 deg C 
Cond i t ion  2: - 
Cond l t ion  3: - 
ranges from: 2.76 

Proper ty /un I ts :  Thermal conduc t l v l t y  (W/m-K) 

to :  - 
as: - 

ranges from: - to: - 
Reference: C l a rk  (I941 1 
Source: ORNL-6241/V3 ( I n  p repara t ion)  p. 343 

Proper ty  c lass:  Therm I conduc t i v l t y  
Ma te r ia l :  Shale 

F o r m t i o n :  Karoo Shale 
Locat lon:  Qrange Free S ta te  

Cond l t ion  1 :  Temperature 35 deg C 
Cond l t lon  2: - 
Cond i t i on  3: - 
ranges f r o m :  1.97 

Proper ty /un l ts :  Therma I conduc t i v i t y  (W/m-K) 

to:  2.89 
as: - 

ranges fran: - t o :  - 
Reference: Boch 197 1 ) 
Source: ORNL-6241/V3 ( i n  p repara t ion)  p. 341 

Property class: Therm I conduc t i v i t y  
Ma ta r?a l :  Shale 

Formation: Nonesuch Shale 
Locatlon: Michigan 

Cond i t lon  1 :  Temperature 30 deg C 
Cond l t l on  2: - 
Cond i t i on  3: - 
ranges from: 2.64 

Proper iy /un l ts :  Thermal conduc t l v l t y  (W/m-K) 

t o :  - 
as: - 

ranges from: - to:  - 
Reference: K re lg  (1983) 
Source: ORNL-624l/V3 ( I n  p repara t lon)  p. 341 

Proper ty  class: Thermal conduc t i v i t y  
Ma te r ia l :  Shale 

F o r m t i o n :  P i e r r e  Shale 
Locatlon: - 

Condltioo 1: Temperature 0 deg C 
Cond i t ion  2: Two t e s t s  
Cond i t ion  3: - 
ranges from: 1.42 

to: 1.94 
as: - 

ranges from: - to: - 
Reference: Woodslde (1961) 
Source: ORNL-6241/V3 ( i n  preparat lon) p. 341 

Property/un5ts: Therm f conduct iv? t y  (W/m-K) 

Proper ty  class: Thermal conduc t i v l t y  
Mater ia l :  Shale (a) 

Formation: - 
Location: England 

Cond l t lon  1: T r i a s s l c  
Cond i t ion  2: F i v e  tests 
Cond l t ion  3: - 

Property/unl ts:  Thermal conduc t l v l t y  
( m i  I I Ical/cm-s-deg C )  

ranges from: 2.2 (9.2 x IO(-1) W/m-K) 
to: 5.3 (2.22 W l r n - 4 0  
as: - 

ranges from: - to: - 
Reference: SUI l a r d  and N i  b l e t t  11951) 
Source: Y/OW I /SUB-7009/l ( l 976) ,  p. 26 

Property c lass:  
Na te r la l :  Shale 

F o m t  ion: 
Location: 

Cond i t ion  1 :  
Cond i t ion  2: 
Cond l t lon  3: 

Property/un i ts:  

conduc t i v i t y  

illitic shale 

co 
n ta  

ranges from: 1 . 1  (1.9 
i o :  - 
as: - 

ranges from: - io: - 
Reference: - 
Source: Y/W I /TM36/6 ( 1  978 

d u c t i v l  t y  
) (BTUlhr-f t-deg 

W/mf<) 

, p. 7-8 

Property class: Therm I conduc t i v i t y  
H a t e r l a l r  Shale ( c )  

Formation: - 
Location: - 

Cond l t ion  1: - 
Cond i t ion  2: - 
Cond l t lon  3: - 

Property/unl ts:  Therma I conduc t i v i t y  
(ho r l zon ta l )  (J/s m-deg C )  
( W  /m-K 1 

ranges from: 1.89 

ranges from: - to: - 
to: - 
as: - 

Reference: Loken, M. (personal communication) 

Source: ORNL-6241/V2 ( i n  praparat ton) p. 99 

Property class: Therm 1 conduct i vl  by 
Mater ia l :  Shale ( d )  

(19849 

Formatlon: - 
Locatlon: - 

Cond i t ion  1 :  - 
Cond l t ion  2: - 
Cond l t ion  3: - 

Proparty/unIts:  Therm I eonductIv1l-y 
( h o r l z o n t a l l  (W/mf<) 

ranges from 1.52 
to: 2.26 
as: - 

ranges from: - to: - 
Reference: - 
Source: ORNk-6241/V1 (In prepara t ion)  p. 40 
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11-operty class: Therm!  conductEvIty 
Matorlal: Shale (e) 

F o r m t i o n :  - 
Locaf-ion: - 

Cond i t ion  1: Typ lca l  IIlitlc shale 
Condltion 2 :  i n t a c t  
Cond l t lon  3: - . 

Proposty/unl ts:  Therm! cmduct  I v l t y  

ranges from: 0.8 (1.4 #/m-fo 
( v e r t i c a l )  (BTUhr-Ct-deg F )  

to: - 
as: - 

ranges from - to: - 
Refsrervce: - 

IAM36i6 (19781, p. 9-43 

Property class: Therm B conducP.1vlty 
Natsrlal: Shale ( f )  

FormtSanr - 
Location: - 

Condition 1: - 
Cand i t lon  2: - 
Cond i t ion  3: - 

P r o p ~ t y / u n ! t s :  Therm B condwtlv1T-y 
(vertical) ( # / m a )  

ranges frm: 1.21 
to: 1.57 
ips: - 

rangrPS frm: - PO: ... 
%f 980WC.8: - 
Source: ORNL-624 1 /V 1 ( I n preparat ion) p. 40 

Proper ty  class: Therma B conduc t i v i t y  
Mafer la l :  Shale (g)  

F c ~ r i ~ a t l a n :  - 
LoGaPIon: - 

CondlPlon 1: - 
Cond i t ion  2: - 
Condltian 3: - 

Prspsrty/unIPs: Therm1 conduc t i v i t y  ra t lo  
(voktical/horizonPaO3 

ranges frm: 0-76 
to: - 
as: - 

ranges ftm: - So: - 
Reference: Loken, K. (persona I c m u n  i c a t i n n )  

Source: CRNL-6241/V2 ( I n  preparat ion)  p. 99 

Proporty class: TharrrJI I c m d u c t i v l t y  
Msterlnl: Shale (h) 

(1984) 

FQITEI?BWi: - 
L m t l o n :  Engjand 

Cond i t ion  1: Carboniferous 
Condi t ion 2: Eleven t e s t s  
C o n d l t l m  3: - 

Prqsrd-y/unIts:  Therm B conduc t i v l t y  
(ml s Ical/cm-s-deg C) 

ranges f rml: 3.0 ( 1.26 #/m-K) 
to: 4.3 (1.80 W/rn+) 
as: - 

ranges fi-m: - to: - 
Reference: Rut  l a rd  and H l b l o P I  (119519 
Source: Y/CWB /SUB-7009/1 ( 1  9761, p. 26 

Property c lass: Therm D conduc 
MaPsriaI: Shale ( 1 )  

Form? B on : 
Locat-lon: 

CondiPion 1: 
CsndOPlon 2: 
Condl t i a n  3: 

Propartylunlts: 
ranges frm: 

*a: 
as: 

ranges frm: 
Reference: Fhch 

- 
England 
Carbon i ferous 
f m g e r a t u r e  20 

Therm D conduc 
1.26 
1.80 

- to: - 
C1979) 

- 

- 

i v l t y  

Source: QRNL-624I/V3 ( i n  prepara t ion)  p. MI 

Proper ty  class: Therm I conduc t i v i t y  
Matarlal: Shale ( J )  

L o ~ & l ~ n :  Massachuset-ts 
For31\21tlan: - 

Cond i t ion  1: Temperature 4 5  drig C 
Cond i t ion  2 :  - 
Cond i t ion  3: - 

PropertyJunIts:  T h e r m 1  eonduct lv i t y  tW/ 
ranges frm: 1.62 

t-angss from: - ta r  - 
Reference: Eckert (19599 
Source: ORNL--624l/V3 ( I n  preparat ion) p. 341 

Prloperty class: Therm I conduc t i v i t y  
M a t e r i a l :  Shale f k )  

to: - 
as: - 

Formation: - 
Locat-ion: Sunderland, let4 

Condil-ion 1: DenaSty (bu lk)  = 2.67 
CxsndIBion 2 :  - 
Condition 3: - 

PropertyJun i t s :  Therm I conduct i v l  t y  
(mf I I lcal/crn-s-deg C )  

ranges frm: 3.87 (1.62 W/m-K) 
to: 4.25 (1.78 W/m-K) 
as: Waft ing and cmpress lon  

ranges from: Dry,  uncmpressed to: Wet, 
cmpr as sed 

Reference: C lark  (1941) 
SOUSCS: V/cntl B /5UB-7005/1 ( 1  9761, p. 28 

Property class: Therm I conduct 1 v I -fy 
Material: Shale ( 1 )  

FormtDon: Conasairga Shale 
Lmatlon: - 

Condi-l-ion 1: A t  or above 100 deg I: 
Csnd l t lon  2 :  Calcareous 
Cond i t ion  3: - 

Prqwrty/unA+pl: Thermal conduc t i v i t y  h a h - 1 ~ )  
(W/m-deg C)  (W/m-iO 

ranges frm: 0.7 t o  2,l 

ranges: from: - to: ~” 

TO: 
as: - 

Referonce: Two r e f s  
Swrca: Prac NEB Workshop OECE (1978b), p. 07 
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Property class: Therm I conduct l v l  ty 
Water la l :  Shale (m) 

Fonnatton: Conasauga Shale 
Location: - 

CondBtion 1: Temperature from 66 t o  326 

Cand l t fon  2: Several t e s t s  
Condt t lon  3: - 
ranges fran: 0.715 

ranges from: - to:  - 
Refermce: Robertson (1979) 
Source: ORNL-6241/V3 ( I n  preparat lon)  po  340 

Praperty class: Therm I conduc t l v l t y  
Mater ta l :  Shale (sn) 

deg c 

Property/un I ts:  Therm I conduct fvf ty (W/m+.) 

to :  2.20 
as: - 

Fonnatlon: - 
Locatlon: - 

Condl t ion 1: Typlca l  llllta shale 
Csnd l t l on  2: Temperature 25 deg C 
Cond!t!on 3: - 

PrcJaertv/unlts: Therm I conduc t l v l t y  (W/m-K) 
ranges from: 1.38 

ranges from: - to: - 
Reference: Zerby (1977) 
Source: ORNL-624 1 /V3 ( 1  n preparat  

Property class: Therm I ccmductlv 
Matertal: Shales 

t o :  1.9 
as: - 

Formatlon: ... 
Locatlm: - 

Cond?tfon 1: - 
CondIt?on 2: - 
Condition 3: - 

Property/unfts:  Therm I conduct l r  

ranges frorn: 1.21 
to :  1.57 
as: - 

ranges frm: - io: - 

(W/m-K) 

Refersnee: - 

on) p. 341 

h/ 

Property class: Therm I conduct?vf  ty 
H a t e r l a l :  Shales 

Formt!on: - 
Locatlon: C a I I f o r n t a  

Condl t?on 1: F o r t y - f l r e  t e s t s  
CandI t lan 2: - 
C o n d ? t l m  3: - 
ranges from: 0.95) 4/- 0,3 

to: 1.53 4/- 0.3 

ranges from: - to:  - 
Reference: Thomas 61974) 
Source: ORNL-6241/Vli (ln prsparatton) p. 3411 

Property/untts:  Therm I conduc t l v l t y  (W/m-K) 

as: - 

Property e lass: Therm I conduct I v l  t y  
Mater ta l :  Shales (a )  

F o r m t l o n :  - 
Locatton' - 

Candl t ion 1: - 
CQnd!tlon 2: - 
Candl t lan 3: - 

Propperty/unfts: T h e m  I conductlvIPy 
(bar l t o n t a  I1 ( W / m X  1 

ranges from: 1.60 
to: &a* 2.20 
as: - 

ranges from: - to: - 
Reference: - 
Source: ORNL-6241/V3 ( f  n preparat ton) p. 117 

Property class: Thermal m d u c t f v t t y  
Mater ta l :  Shales (b) 

Formt lon :  - 
Locatfon: Varlous 

Condl t lon 1: Varfau.5 fwmatlons, depths, 

Condl t lon 2: Reoresents m n v  t e s t s  
etc. 

Source: ORNL-624 I /V3 C 1 n preparat ion 1 p. 1 15 

Proper ty  class: T h e m  I conduc t f v l t y  
Hater fa 1 : Sha 18s 

F o r m t l o n :  - 
Locatlon: - 

Condtt?on 1: Temperature from I) t o  304 

Candlt fon 2: - 
Condf t fon  3:  - 
ranges from: 1.47 

deg C 

Proparty/un I ts:  Therm I canduct lv l  ty 0Vjm-K) 

to: 2,00 
as: - 

ranges from: - to:  - 
Ref8r8flCe: Moss (1981) 
Source: ORNl--S241fl3 ( I n  preparat fon l  pe 340 

Proper ty /un l ts :  Therm I conduc t l v l t y  
WW'f t -hr -deg F) 

ranges from: 0,34 (5.9 x 110(-1) W / m X )  

ranges f rm:  - to: - 
Reference: Several r e f s  
Source: Y/WIbTM36/6 (19781, p. A-18 

tQ: 1.77 (3.1 w/tl l*l 
as: - 

Praperty class: T h e m  I conducP r v ?  t y  
Ma te r fa l :  S I  It/@la.j Sol I [a) 

Formatlon: - 
Locatlon: - 

Condl t lon 1: Dens1ty (bulk) = 1.74 t / d 3 )  
Condl t?on 2 :  - 
Condl t lon 3: - 

PrcQerty/unftsr  Therm I conduc t l v l t y  
(Wh-deg C l  (W/m-K) 

ranges from: 0.8 
to:  2,o 
as: Mater conten? ( % I  

ranges frm: 4 to: 15 
Reference: Wftchald (19768 
Source: OWI-486 (1983), p. 54 



17 2 

Property class: Therm E conduc 
Mater ia l :  S I  I t /C lay  So i l  (b)  

Formation: - 
Locat lon:  - 

Cond i t ion  1: Densi ty (bu l k )  
Cond i t ion  2: - 
Condit ior i  3: - 

Proper ty /un I ts :  Therm I conduc 

i v i t y  

= 1.02 t/m(3) 

i u i t v  
(W/n-dsg C )  ( W / m - i I  

ranges from: 0.4 
to:  0.85 
as: Water content ( $ 1  

ranges from: 8 to :  35 
Ref erence: Mi Pcho I I ( 1976) 
Source: Owl-486 (19831, p. 54 

Proper ty  class: Thermal conduc t i v l t y  
Ma te r ia l :  SI I t /C iay  Soi I ( c )  

Formation: - 
Location: - 

Cond i t ion  1: Densl ty (bulk) = 1.16 t / m ( S )  
Cond i t ion  2: - 
Cond l t lon  3: - 

Property/uni  ts: Therm I conduct 1 v i  t y  
(W/rn-dag C)  ( W / w K )  

ranges from: 0.5 
to :  1.1 
as: Water content ($1 

ranges from: 7 to: 40 
Reference: Mitchdrl I (1976) 
Source: QWI-486 (19831, p. 54 

Proper ty  class: Therm I 
Mater ia l :  S i  It/Clay Sol 

Formt ion :  - 
Loca-tlon: - 

Cond i t lon  1: Denslty 
Cond i t ion  2: - 
Cond i t ion  3: - 

Property/un I t s :  Therm I 

conduct I v l  t y  
( d )  

(bu lk )  = 1.31 t/n13) 

conducl-lvi t v  
(W/m-deg C 1  ( W / r n - k )  

ranges from: 0.6 
to :  1.3 
as: Water content ($)  

ranges from: 6 to: 32 
Reference: Ml tche l  I (1976) 
Source: Owl-486 (19831, p. 54 

Proper ty  class: Thermal oonduc-tlvity 
Ma te r ia l :  S i l t /C lay  So i l  ( e )  

Formation: - 
Location: - 

Cond i t ion  2: - 
Cond i t lon  1: Dsnsl ty (bu lk )  = 1.45 t/m(3) 

Cond l t lon  3: - 
Property/unl ts:  'Therm I c m d u c f l v i t y  

(W/rn-deg C )  (W/m+.) 
r a n p s  from: 0.7 

to :  1.5 
as: Water content 

ranges from: 6 to: 25 
Reference: N i t cho l  I (1976) 
Source: OWL-486 (19831, p. 54 

P r o p e r t y  class: 'Therm! conduc t i v i t y  
Mater ia l :  S l I t /C lay  S o l i  ( f )  

F o r m t l o n r  - 
Location: - 

Condit ion 1: Densi ty (bu lk )  = 1.60 t/m13) 
Condi t ion 2: - 
Condlt lon 3: - 

P r o p e r t y h n I t s :  Thermal conduc t i v i t y  
(W/m-deg 6 )  (W/m-K) 

ranges. from: 0.75 
to :  1.75 
as: Water content ( $ )  

ranges from: 5 tu: 20 
Reference: M I  t chs l  i (1976) 
Source: OFM1.-486 (1983), p. 54 

Property class: 
P a t e r i a l :  Sol Is 

Format ion: 
Locat I on: 

Condi t ion 1: 
Condit ion 2: 
Condi t ion 3: 

Property/un i t s :  

ranges from: 
to: 
as: 

ranaes from: 

Therm I conduct 

- 
- 
Dv - - 
Therm 1 conduct 
lO(4)) ( ? )  
3 
5 

- tor - 
- 

v i  t y  

v i t y  (k x 

- 
Ref erencs: Sml t h  and Byers (1938) 
Source: Y /OW t /SUB-7009/ 1 ( 1 976 1, p. 1 9 

Property class: Thermal conduc t l v l t y  
Mater ia l :  Sol i s  

FormaSion: - 
Location: - 

Cond i t ion  1: Wetted 
Condit ion 2: - 
Cond l t lon  3: - 

Property/unIts:  Thermal conduc t i v i t y  (k x 
10(41) ( ? )  

ranges from: 3-4 
to:  8-12 
as: Moisture content 

ranges from: q%-y" to: 100% moisture 
equ iva len t  

Reference: Sml t h  ( 1  939) 
Source: Y/WI /SUB-7009/1 (19761, p. 19 

Property c lass: Therm i conducl 1 VI t y  
Material: Sol Is 

F o r m t i o n :  - 
Locatlon: R r i s t o l ,  VA 

Cond i t ion  1: LL x PL = 2180 
Condit ion 2: - 
Cond i t lon  3: - 

P r o p e r t y h n i t s :  T h e r m  ii conduct lv i  ty (B tu  psr 
hr-sq f t )  (dsg F per f t )  ( ? )  

ranges ti-mi: 0.14 
to:  0.50 
as: Moisture content (% 

ranges fsm: 0 -to: 30 
Refesance: Car te r  11951) 
Source: Y/W I /SUB-7009/1 ( 1  976), p. 20 
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Property class: Thermal conduc t l v l t y  
Ma te r ia l :  S o i l s  

Formation: - 
Location: Columbus, MS 

Condi t ion 1: LL x PL = 0 
Condl t lon 2: - 
Condi t ion 3: - 

Property/un 1 t s :  Therm I conduct I v i  t y  (Btu per 
h r  sq f t )  (deg F per f t )  ( ? I  

ranges from: 0.28 
to :  2.28 
as: Mois ture content  ($1 

ranges from: 0 to :  30 
Reference: Car ter  (1951 1 
Source: Y/OWI /SU3-7009/1 (19761, p. 20 

Proper ty  class: Thermal conduc t i v i t y  
Ma te r ia l :  Solls (a) 

Location: Cleveland, TN 
Cond l t l on  1: LL x PL = 669 
Condi t ion 2: - 
Condl t lon 3: - 

Formstion: - 

Property/un I t s :  Therm I conduct i VI ty (Btu per 
h r  sq f t )  (deg F par f t )  ( 7 )  

ranges from: 0.15 
to: 0.94 
as: k i s t u r e  content ( I )  

ranges from: 0 to :  30 
Reference: Car te r  (1951) 
Source: Y/WI /SUB-7009/1 (19761, p. 20 

Property class: Therm I conduc t l v l t y  
Ma te r la l :  Soi ls  (b)  

Formatlon: - 
Locat ion: Murf reesbora, TN 

Condt t lon 1: LL x PL = 1210 
Cond l t l on  2: - 
Cond l t l on  3: - 

Property/un I t s :  Therm I conduct I v i  t y  (Btu per 
h r  sq f t )  (deg F per f t )  ( 1 )  

ranges from: 0.21 
t a :  0.84 
as: Mot s t u r e  content ($1 

ranges from: 0 to: 30 
Reference: Car ter  (1951) 
Source: Y/OW I /SuB-7Q09/1 ( 1  9761, p. 20 

Property c lass:  Thermal d l f f u s i v i t y  
M a t e r l a l :  Bentoni te  (Na) 

Formatlon: - 
Locatlon: - 

Condl t lon 1: Dry ,  compacted 
Cond i t i on  2: Densi ty (g/cm(3)) = 2.1 
Condl t ton 3: Average va lue between 25 and 

600 des C 
Property/un 1 ts :  Thermar d i  f f  uslvi ty (cm(2)/s 

x lO(3) )  
ranges from: 3.03 (3.03 x 10(-7) m(2)/s) 

t o :  3.47 (3.47 x lo( -7)  m(2)/s) 
as: - 

ranges from: - to:  - 
Reference: - 
Source: PNL-4452 UC-70 (19831, p. 18, 19 

Property class: Thermal d i f f u s l v i t y  
Ma te r ia l :  Clay 

Locatlon: S. Paolo mine 
Condi t lon 1: Cubic block, 80 cm edge 
Condl t ion 2: PI lo-PleIs tocene 
Condi t ion 3: Dominantly I l l i t e  p lus  

smectlte, kaol t n l t e  and 
ch l o r l t e  

Formatlon: - 

Property/un 1 t s: Therm I d l  f f us 1 v I t y  (rm(2 1 AI 1 
ranges from: 20 (5.56 x 10(-7) m(21/sl 

to :  - 
as: - 

ranges from: - to: - 
Reference: - 
Source: ORNL-tr-5010 (19811, p. 12 

Property class: Thermal d l f f u s i v i t y  
Mater fa I : Clay 

Formatton: B lue Clay 
Location: I t a l y  

Condi t ion 1: - 
Condl t lon 2: - 
Condl t lon 3: - 
ranges from: 7.8 x IO(-7) 

ranges from: - to:  - 

Proper ty /un l ts :  Thermal d i f f u s i v l t y  (m(2)/s) 

to: - 
as: - 

Reference: - 
Source: Rad Waste Panagement and Nuclear Fuel 

Cycle Y. 6 (19851, p. 54 

Property class: Thermal d i f f u s  
Mater la I :  Clay 

Format ion: Boom C lay 
Locatlon: BelgIum 

Condl t ion 1: - 
Condl t ion 2: - 
Condi t ion 3: - 

Property/unl ts:  Thermal d i f f u s  
ranges from: 8.1 x lo(-7) 

to: - 
as: - 

ranges from: - to:  - 
Reference: Two r e f s  

v l t y  

v l t y  [m(2)/s) 

Source: Rad Waste Management and Nuclear Fuel 
Cyc le  v. 6 (19851, p. 54 

Property class: Thermal d i f f u s l v l t y  
Mater ta l :  Sol Is 

Formation: - 
Locatlon: B r t s t o l ,  VA 

Condl t ion 1: LL x PL * 2180 
Condi t ion 2: - 
Condi t ion 3: - 

Property/un 1 ts :  The rm I d l  f f us 1 v i  ty ( f  t ( 2 )  
per h r )  

m(2)/s) 

m( 2 1 /s ) 

ranges from: 0.0090 (2.3 x lo(-7) 

to: 0.016 (4.13 x lo(-7) 

as: Moisture content (5) 
ranges from: 0 to: 30 

Reference: Car ter  (1951)  
Swrce:  Y/CMl/SUS-7QO9Pl (19761, p. 21 
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Property class: Thermal d i f f u s l v i t y  
Mater la  1 :  Soi I s  

Formt ion:  - 
Location: Columbus, MS 

Condi t-ion 1: LL x PL = 0 
Cond l t ion  2 :  - 
CondlPlon 3: - 

Property/uni ts:  Thermal d i f f u s l v  
par h r )  

m (2 ) /s 1 

rn(2)/s) 

ranges from: 0.016 (4.13 x 

to: 0.044 (1.19 x 

as: Moisture content 
ranges from: 0 to :  30 

Referenca: Cartes (1951) 
Source: Y/OWI /SUB-7009/1 ( 1  9761, p. 21 

Proper ty  class: Thermal d i  f f u s l v l t y  
M B t e z r i a l :  S o l l s  (a)  

F o r m t i o n :  - 
Locatlon: C lave land, TN 

Cond i t ion  1: LL x PL = 669 
Cond i t ion  2: - 
Cond i t ion  3: - 

P operty/uni ts:  The rm!  d l f f u s  v l t y  ( f t ( 2 )  

ranges from: 0.0115 (2.97 x 10(-7) 
per h r )  

rn (2 1 /s 1 

m(2)/s) 
to :  0.022 (5.68 x 10(-7) 

as: Moisture content (%) 
ranges frm: 0 to: 30 

Reference: Car te r  (1951) 
Source: Y/OWl /§ut3-7009/1 (1976), p. 21 

Property class: Thermal d i f f u s i v l t y  
Mater ia l :  S a l  I s  (b) 

Formt ion :  - 
Location: Murfreesboro, TN 

Cond l t lon  1: LL x PL = 1210 
CondlPion 2: - 
Cond i t ion  3: - 

Praperty/uni ts:  Therm I dt f f u s l v i t y  ( f t ( 2 )  

ranges from: 0.0145 (3.74 x 10(-7) 
per h r )  

m ( 2  ) /5 1 

iTlr()/S) 
to: 0.9235 (6.06 x 10(-7) 

as: m l s t u r e  content (%) 
ranges from: 0 to :  u) 

Reference: C a r f w  (1951 1 
Source: Y A X I  /SUB-7008/1 (19761, p. 21 



175 

13.2 Appendix B. PROPERTIES 





1.77 

Batch d i s t r l b u t i o n  r a t i o  (Rd) (ml/gP) 
Kaol l n l t e  (a) 
Georgia 

Source: PNL-4452 E - 7 0  (19831, p. 18 

K a o l l n l t e  (b) 
Georgla 

Source: PNL-4452 Uc-70 (1983), p, 18 

ranges from: 1.28 x lO(2) 
t o :  9.22 x lO(2) 

Batch d l s t r l b u t l o n  r a t l o  (Rd) (mJ/g?) 

ranges from: 1.88 x lO(2) 
to: 9.0 x lO(3) 

Ratch d ? s t r i b u t l o n  r a t i o  (Rd) (ml/g?) 

ranges from: 8.15 x lot21 

S m c t  I t e  
A r  lzona 

to: 2.7 X t O ( 3 )  
Source: PNL-4452 E - 7 0  (1983), p. 18 

Ratch dlstrlbutlon r a t l o  (Rd) (mi/g?) 

ranges from: 1.4 x lO(3) 
to: 1.9 x lO(3) 

Smect 1 te 
Texas 

Source: PNL-4452 UC-70 (1983), p. 18 

Batch d i s t r l h t l o n  r a t i o  (Rd) (ml/g?) 
Smct  1 t e  
Wyornl ng 

Source: PNL-4452 K-70  (1983), p. 18 

Benton I t e  

to: - 

ranges from: 1.0 x lO(3) 
to: 2.0 x lO(3) 

D I f fus l v l  t y  (m(2)/s) 

ranges from: 1.3 x 10(-10) 

Source: ONWI-312 (1981), p. 14 

A I lophane 

to :  - 
Scarce: ORNL-6241/V2 ( I n  preparation) 

Ion exchange capacl ty (meq/lOO g )  

ranges from: 70 

P. 152 

I o n  exchange capaci ty (meq/lOO g) 
Benton i te  (Na) (a) 
Wyoming 

ranges from: 68.6 

Source: AECL-7825 (1984), p. 12 

I o n  exchange capaclty (meq/lOO g) 
Benton i te  (Na) (b) 
W yoml ng 

ranges from: 34.3 

Source: AECL-7825 (1984), p. 12 

C h l o r i t e  (a) 

to: - 

t o r  - 

Ion exchange capacl ty (nWq/lOO g) 

ranges from: 10-40 
to:  - 

Source: OWI-486 (19851, p. 67 

Ion exchange capaci ty (meq/lOO g )  
C h l o r i t e  (b) 

Source: ORNL-6241/V2 ( i n  praparat lon) 
to: 40 

p. 152 

Ion exchange capacl ty (meq/100 g) 

ranges from: ca. 20 

Clay 
Be I g l  urn 

Source: Proc NEA Workshop QECO (197%). 
to: - 

p. 88 

Ion exchange capacl ty (meq/100 9) 
G laucon l t e  

ranges from: 1 1  
to: 10 

Source: ORNL-624!/V2 (In preperat lnn) 
P. 152 

Ion exchange capaci ty (meq/lQO g )  

ranges from: 5 
Hal IoysI te  

to: 10 
Source: ORNL-6241/VZ ( I n  preparat lon)  

p. 152 

Ion exchange capacity (meq/100 g) 
I l l l t e  ( a )  

ranges from: 10 
to: 40 

Source: ONHI-486 (19831, p. 67 

Ion exchange capaci ty (meqdl00 g )  
I l l i t e  (b )  

ranges from: 16 
to: 50 

Source: ORNL-6241/VZ ( I n  preparation) 
p. 152 

Ion exchange capacity (meq/IOO g) 

ranges from: 3 
Kaol l n l t e  (a) 

to: 15 
Source: OWI-486 (1983), p. 67 

K a o l l n l t e  (b )  
ion QxchangQ capaclty (meq/lOO 9 )  

ranges from: 2 
to: 15 

Source: ORNL-6241/V2 ( i n  preparat ion) 
p. 152 

Ion exchange capaci ty (meq/100 g) 

ranges from: 20 
to :  30 

Pa lygorsk 1 te 

Source: ORNL-6241/V2 ( i n  preparat ion) 
P. 152 

Ian exchange capaci ty (nrsg/lOO y)  

ranges from: 80 
Smect I t s  

to: 150 
Source: Owl-486 (198~1 ,  p. 67 
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Ion exchange capacl ty (mcp'100 g) 

ranges from: 80 
S m c t f t a  (Cb) 

to :  150 
Source: 0RNL-624t/V2 ( I n  preparaPlm) 

P. 152 

Ion exchange capacl ty (my/lOQ g) 

ranges from: 100 
to: 150 

S m c t f t s  (Mal 

Source: ORNi-6241/'V2 ( l n  preparat ion)  
P. 152 

Ion exchange capacf-ty (mrsq/IOO 9) 
V e r m l  cu I t te Ba ) 

railges from: 100 
Po: 150 

Source: OWI-486 (19831, p. 67 

Ion exchange capacl ty (mq/IOO g) 

ranges from: 100 
vermiculite w 

to: 15w 
Source: ORNL--6241/V2 ( I n  prepasatlon) 

P. 152 

Ion exchange capacl ty ( 

ranges frm: 0.1 
Po: 100 

Ben ton 1 te 

Source: NUREG/W-0052 ( 1  983), p. 181 

I Q R  exchange capacIPy (meq/g) ( 1 )  
Smctlte (Ca) 

Po: 12 
1-312 (1988), p. 24 

Ion exchange capacrty 
SmcOtte ( h l )  

ranges from: 56 
to :  20 

Source: ONMI-312 (198l1, p. 24 

Ion exchange capacl ty ( m g J g )  ( ? I  
S m e t I t e  (Ha) 

ranges from: 95 
to: 68 

Source: OM1-312 (1981), p. 24 

s o r p t r a  c-ff1cisn-t ( ~ d )  ( c m a j / g )  (mi/g) 
Smect I P% 

ranges from: ca. 188 
to: ca. 200 

Source: NUREG/CP-O052 (19831, p. 186 

Sorption c o s f f l c l e n t  (Kd) (Log) (n lJg?) 

ranges f r o m :  2.3 
to: ca. 1.5 

K a o l l n l t a  E a )  

Source: Proc NEA Workshop OECD 11979a3, 
P. 282 

Sorptfun cce f f  1cfenS (Kd) ( L a g )  (mB/g?9 

ranges from: CB. 1.3 
Kaollnfts Ea)  

Po: cw. ( - 1 )  
Source: Proc NEA Workshop OECD (1979a1, 

p. 282 

Sorpt len cceff1clsn-b (Kd) (Log) (rnlbg?) 

ranges from: ca. 2.3 
Po: ca. 1.3 

K a o l l n f t e  [Na) 

Sorptfun cos f f  IclenS (Kd) (Log3 (mlPy?) 

ranges. f r m :  >2 
Kaollnlte (NaB 

to: <o 
Source: Proc NEA Workshop QE6a (1979a1, 

p. a 2  

Sorptfon c o s f f f c l e n t  (Kd) (ml3)/kg) ( ? I  
I I l f te  

ranges frmr 0.9 
40: - 

Source: AECL-7812 (19831, p. 25 

Sorptlsn c m f f  lclent (Kd) (m(3)/kg) ( ? I  

ranges frm: 0.005 
IllIte 

to: 0.02 
Sou~ctl: AECL-7812 (19831, p. 25 

I I l l t e  
Sorpt lon c o s f f l c l e n t  (Kd) (rnU)/kg) (? )  

ranges from: 0.045 
t s  0.090 

Source: AECL-7825 (19841, p. 25 

Sorgt fon c a e f f f c l a n t  (Kd) (m(3)/kg) ( 7 )  
Kaol f n l t e  

ranges frm: 0.003 
t o :  0,006 

Source: AECL-7812 419839, p. 25 

Sorpt lan c m f f  l c l e n t  (Kd) hr[3) /kg)  ( 7 1  
Kaol I n l t e  

ranges frm: 0.002 
to: 0.04 

S W ~ C S :  AECL-7812 (19831, p. 25 

Sorptlon c o e f f l c l e n t  (Kd) (m13l/kg) ( ? I  

ranges frm: 0.02 
Kaol l n l t e  

to: - 
 SOLS^^^: AECL-78812 (198.31, p. 25 

Sorpt lon c m f f  IcIfsnt (Kd) (m(3)/kg) ( 7 )  
Smct 1 fe 

ranges frm: 0.06 
ta: 0.7 

Source: AECL-7812 (19831, p. 25 
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Sorp t fon  coefflclent (Kd) (m(3)/kg) ( ? )  
S m c t  1 t e  

ranges t r a m :  0.034 

Source: AECL-7812 (19831, p. 25 
to: 0.65 

Sorptaon cuef f  IcIen? (Kd) (m(3)/kg) I?) 
S m c t l t e  

ranges Frm: 0.030 
to: 0.0 

Source: AECL-7E12 ( l 9 8 3 ) ,  p. 25 

Sorp t lon  coef f  1cleia-S (Kd) (ml/g) 
Arg? 1 1 I t e  

ranges from: 0 
to: 1 x lO(5) 

Source: QNWI-486 (1983), p. 75 

Sarp t lon  coef f f c f e n t  (Kd) (ml/g) 

ranges from: 1 x 101-2) 
A t  t a p u  I g 1 te 

Source: OWI-486 (1983), p. 73 

Sorptron c o e f f l c l o n t  ( K d )  (ml/g) 
Renton Its (Ca 1 

ranges from: 2.5 x lO(4) 
to:  1.1 x lO(5) 

t o r  2 x lO(4) 

Source: Owl-312 (1981), p. 35 

Sorp t fon  c c e f f f c f e n t  (Kd) (ml /g)  
Bentcln 1 t e  (Ca) 

ranges from: 2.5 
to: 3.2 

Source: owl-312 (1981), p. 35 

Sarp t?on s o e f f f c f e n t  (Kd) (ml/g) 
BenTon I t e  (Ca 

ranges from: 1,2 x 10U) 
to: 865 

SOlIrc61: oNw1-312 (1981) ,  p. 35 

Sorp t lon  coeff Fcrent (Kd) h l / g )  
Ben tan l te  (Na) 

ranges from: 5.0 x lO(3) 
to: 6.8 x l O ( 3 )  

Source: OWI-312 (1981), p. 35 

Sorp t lon  c a e f f l c f a n t  (Kd) (ml/g) 

ranges from: 0,4 
to: 8-6 

Benton 1 t e  (Ha) 

Source: GWl-312 (1981), p. 35 

Sarp t lon  c o e f f l c l e n t  (Kd)  [ml/g) 
Bantan 1 te (Na 1 

fangos from: 1 . 1  x lO(3) 
to :  1.0 x lO(3) 

source: 0~11-312 ( i g a i ) ,  p. 35 

SQrpt!On cce f f  l c f a n t  (Kd) h l / g )  

ranges from: tr 
Bentan I te INa 1 

to: 4 x lO(4.1 
Source: OW!-486 (19831, p. 73 

Sorp t lon  coef f  fc rent  ( K d )  ( m l / g )  

ranges from: 1,3 x lO(3) 
to :  1.1 x lO(3) 

Sorptlon coeff r c ren t  (Kd) (ml/g) 

ranges from: 1.2 

Ronton l te  INa) (Accof loc-359) 

Source: ONWI-312 (19811, p. 35 

Benton l te  (Nal  (Accoflac-350) 

to: 0.1 
Source: OW!-312 (19811, p. 35 

S o r p t l o n  coeff1clen.t (Kd) (ml /g)  

ranges frm: 1.5 2: lO(3) 
to :  1.5 x lO(3) 

Benton ? te ( N A )  (Accof I oc-350) 

Source: O W I - 3 1 2  (1981), p. 35 

Sorptlon c m f f l c l e n t  (Kd) (ml/g) 

ranges from: 2.6 x lO(3) 
to: 3.8 x I O ( 3 )  

Bentont te  (Na) ( S a l i n e  Seal-100) 

Source: OWI-312 (19811, p. 35 

Benton l te  (Na) (Saltne Seal-100) 
Sorptfon coe f f  l c l e n t  (Kd) (ml /g)  

ranges from: 2.8 
to: 3.6 

Source: ONHI-312 (198?) ,  p. 35 

Bentonrte (Na) (Sal fne Seal-100) 

Source: Owl-312 (19811), p. 35 

Benton Ite and Quar tz  

to: 1 x lO(4) 
Source: Owl-486 (1983), p. 73 

Bentonf te  and Sand  

Sorp t lon  c o e f f l c t s n t  (Kd) (ml /g i )  

ranges from: 1.2 x 10(3) 
to:  1.5 x lO(3) 

Sorptfon c o e f f l c l e n t  (Kd) (ml/g) 

ranges from: < l  

Sorp t lon  c a e f f l c l e n t  (Kd) (ml/g) 

ranges from: 490 
to: 9.5 x lO(3) 

Source: OFIWI-486 (19833, p. 73 

Sorp t lon  coe f f  l c l a n t  (Kd) h l / g )  

ranges f r o m :  5.6 

C l a y  (Na) 
Belle Fourch 

to: 5.7 x IO(3) 
Source: OWI-486 (19831, p. 73 

Sarp t lon  c c e f f f c l e n t  (Kd) h l / g )  

ranges from: 0.4 
Hector 1 te 

to: 7.2 x lO(3) 
Source: Owl -486 (1983), p. 73 

SorptTon coefflclent (Kd) (ml/g) 

ranges from: 400 
Wector l te and Sand 

to: 1300 
Source: OMl-486 (19831, p. 73 
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Sorpt ion c o e f f i c i e n t  (Kd) (rnl/g) 

ranges frm: 0 
I I l l t e  

to:  3 x lO(5) 
Source: ORNL-624 1/V2 ( i n  preparat ion) 

p. 132-133 

Sorp t ion  c o e f f i c l o n t  (Kd) (ml/g) 

ranges from: 0.1 
K a o l l n i t e  

t o :  1.6 x lO(3) 
Source: ONWI-486 (19831, p. 73 

Sorp t ion  c c e f f  i c l o n t  (Kd) (rnl/g) 
K a o l i n i t e  

ranges from: 0 
to: 3 x 10(5) 

Source: ORNL-624li/V2 ( i  n preparat ion) 
p. 132-133 

Sorp t lon  c c e f f i c l e n t  (Kd) (ml/g) 

ranges from: 0 
Non t ron l te  

to :  2.25 x lO(5) 
Source: ONWI-486 (1983), p. 73 

Sorp t ion  c o e f f i c i e n t  (Kd) (ml /g )  
Sha le 

ranges frm: 57 
t o :  100 

Source: OW!-486 (19831, p. 73 

Sorp t ion  coef f  i c l e n t  (Kd) (mi/g) 
Shale 

ranges from: 200 
to :  1.4 x lO(4) 

Source: OWI-486 (19831, p. 74 

Sorp t lon  c o e f f l c l e n t  (Kd) (ml/g) 

ranges from: 0 
S m c t i t e  

to :  4 x l O ( 5 )  
Source: ORNL-6241/V2 ( I n  preparat ion) 

p. 132-133 

Sorp t ion  c o e f f i c i e n t  (Kd) (ml/g) 
S m c t i t e  
A r  I zona 

ranges from: 260 
to :  750 

Source: ONWI-486 (19831, p. 73 

Sorp t lon  c o e f f l c l e n t  (Kd) (rnl/g) 
Smc t  1 t e  
Texas 

ranges from: 310 
to :  685 

Source: Scl B a s i s  f o r  Waste Management - 
V (19821, p. 638 

Sorp t ion  c o e f f i c i e n t  (Kd) (mi/g) 
S m c t  1 t e  
Texas 

ranges from: 410 
to!, 400 

Source: Sci  Basis for Waste Managemen? - 
V (19821, p. 638 

Sorpt ion c o e f f l c i e n t  (Kd) (ml/g) 
smect. i t e  
Texas 

ranges from: 310 
to :  370 

Source: Sci B a s i s  f o r  Waste Management - 
V (19821, p. 638 

Sorpt  1 on c m f  f 1 c i  en t  (Kd) (m I bg 1 
S m c t  1 t e  
Wyornl ng 

ranges from: 170 
50: 200 

Source: Sc l  B a s i s  f o r  Waste Managenen? - 
V (19821, p. 638 

Sorpt ion c o e f f i c i e n t  (Kd) (rnl/g) 

ranges from: 0.4 
to: 1.1 x lO(4) 

Smectl te K a )  

Source: OFaWi-486 (1983), p. 73 

Sorp t ion  c o e f f l c i e n t  (Kd) (rnl/g) 

ranges from: 0.2 
Smflct i te (Na) 

to: 1 x lO(5) 
Source: ONWI-486 (19831, p. 73 

Sorpt lon c o e f f i c i e n t  (Kd) (rnl/g) 

ranges from: 47 
to: 1.5 x lO(3) 

Vermicu i i te  

Source: Owl-486 (1983), p. 73 

Vermlcul i t e  
South Caro l ina  

ranges from: 8.9 x lO(2) 

Sorp t ion  c o e f f i c i e n t  (Kd) (rnl/g) 

to: 1.01 x lO(4) 
Source: Scl Basis  f o r  Waste Management - 

V (1982), p. 633 

Sorp t ion  c o e f f l c l e n t  (Kd) (rni/g) 
Verml cu I i te 
South Carol ina 

ranges from: 2 x lO(31 
to: 9.8 x IO(2) 

Source: Sci Bssls f o r  Waste Management - 
V (19821, p. 638 

Ver rn lcu l l te  and GEbbslte 
Sorpt ion cos f f  i c l e n t  (Kd) (ml/g) 

ranges from: 77 
to: 1520 

Source: ONWI-486 (19831, p. 73 

Sorpt ion c o e f f l c l e n t  (Kd) (ml/g) 
‘formi cu I i t e  and Sha Ita 

ranges from: 41 
to: 1340 

Source: OW!-486 (19831, p. 73 

Sorption c c e f f i c l e n t  (Kd) (ml/g) 

ranges frm: 192 
Vermicu l i te  and S m c t i t e  

to; 3800 
Source: OW!-486 (1983), p. 73 
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Sorptfsn caefflc?ent (Kd) (ml/g) 

ranges f r m :  130 
Vsrrntcul Ite and Zeolfte (warlous) 

to: 5.92 x lO(5) 
Source: QMJ1-486 (19831, p. 73 

SarptIon ccmfllcfant (Kd) (rnl/g?) 
Bentan 1 t a  

ranges arm: 1 
to: 2 x lO(59 

P. 304 
Source: Proc NEA Workshop OECD 11979a), 

Sorptlcm coefflctent (Kd) (ml/g?) 
C lay  
Belgfum 

ranges fran: 0.87 
to: 6.12 

Saurca: PrOc NEA Workshap OEW (1979a), 
p. 97 

Sorptlon coeff lcfent (Kd) (ml/g?) 

ranges from: 1 
I I llte 

to: 5 x 1016) 
Saurce: Proc NEA Workshop OECD f 1979a) 

P. 304 

Sarptlon coefflclent (Kd) (ml/g?) 
Kaol1nl)e 

ranges from: 1 

Source: Proc NEA Workshop OECD (1979a1, 
to: 2 x lot41 

p. 304 

Sorptlon coefflcrent (Kd) (ml/g?) 

ranges from: ca, 40 
vemrcui rte 

to: 4 x lO(4) 
source: Proc NEA Workshop OECO (19?9), 

p. 3rr5 

Sorptton coefflclent (Kd) (rnl/g?l 

ranges from: 3Q 
Werrntcul lte 

Source: Proc NEA Workshop OECO (1979a1, 
tor 4 x lO(6) 

p8 NO4 

Sarptlon coefflclent (ml/g) 

ranges from: 200 
to: 2,000 

Smectllte 

Source: OWI-312 (19811, p. 13 
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Densi ty (bulk)  (average) (g/cm(3)) 

ranges from: 2-36 
to: 2-53 

Shale 
I I I lno ls ,  lndlana and Kentucky 

Source: QRNL-5703 (1983), p. 76 

Shales 
Naw Vork, Kentucky, V i rg In Ia  and West 
V i r g t  n la  

ranges from: 2.61 

Densi ty (bu lk )  (average) (g/cm(J)) 

2.68 
Source: ORNL-5703 (19831, p. 37 

Densl ty [bu lk )  (g/cm(3))  
Arg l  I l l t e  
Nem da 

r a n w s  from: 2.44 
1 

to :  2.71 
Source: ORNL/Sub/84-64?94/1 (1985), 

p. 406 

Densi ty (bu l k )  (g/cm(3)) 
Shale 
Michigan 

ranges frcnn: 2.2 
so: 2.8 

Source: ORNL/Sub/84-64794/1 (1985), 
P. 96 

Dens l ty  (bu lk )  (g/cm(3)) 

ranges frm: 2.65 

Shale 
Ohio 

to :  - 
Source: ORNL/Sub/84-64794/1 (198W, 

P. 108 

Dens I t y  (bu 1 k 1 (g/cm(3) 1 

ranges from: 1-6 
to :  2.5 

S h a l e s  (a) 

Source: ORNL-6241/V2 ( I n  preparat lon) 
P. 199 

Oensi iy (bulk) (kg/m(3) 1 

ranges from: 2010 (2.010 g/cm(3)) 

Clay 
Belgium 

Source: Rad Waste Management and Nuclear 
Fuel Cycle, v. 6 (19851, p. 54 

to: .. 

Densi ty (bulk)  (kg/m(3)) 

ranges from: 2210 (2.210 g/cm(3)) 

Clay 
England 

Source:: Rad Waste Management and Nuclear 
Fuel Cycle, v. 6 (19851, p. 54 

so: - 

Dens Ity (bu I k )  (kg/m(3) 1 

ranges from: 2100 (2.100 g/cm(3)) 

Clay 
I t a l y  

to: - 
Source: Rad Waste knagement and Nuclear 

Fuel  Cycle, v. 6 (19851, p. 54 

Densl ty (bu lk )  (presumed g/cm(3)) 

ranges from: 1.506 
O i l  Shales 

to: 2.37 
Source: Y/oWI /SU6-7009/1 (19761, p. 13 

Denslty (bu lk )  (presumed g/cm(3)) 

ranges from: 2.1 
to: 2.5 

Shale (a) 

Source: Y/WI /SUB-7009/1 (1976), p. 12 

Denslty (bulk)  (presumed g/cm(3)) 

ranges from: 1.559 
to: 2.038 

Shales 
Black H I I I s  

Source: Y/OWI /SUB-7009/1 (1976), p. 14 

Density (bu lk )  (presumed g/cm(3) 1 
Sha les 
Eastern Canada 

ranges from: 2.07 
to: 2.68 

Source: Y/WI /SUB-7O09/1 (19761, p. 15 

Denslty (bu I k )  (presumed g/cm(3) 1 
Sha I e5 
Oh I ahma 

ranges f r o m :  2.1 
to :  2.62 

Source: Y/WI/SUB-7009/1 (1976), p. 16 

Shales 
Western Canada 

ranges from: 2.43 

Densl iy (bu lk )  (presumed g/cm(3) 

to:  2.71 
Source: Y/OwI /SUB-7009/1 (19761, p. 17 

Shales (b) 
Density (bu l k )  (presumed g/cm(3)) 

ranges from: 2.40 
to: 2.43 

Source: Y/CWI/SuB-7009/1 (1976), p. 16 

Densl ty (bu lk )  ( rho  x t/m(3) 1 (g/cm(3) 1 
Benton l te  (Na) (c )  
Wyoml ng 

ranges from: 2.54 
to: 1.08 

Source: KBS TEKNISK RAPPORT 74 (19789, 
P. 4 

Denslty (bu l k )  ( t /m(3))  (g/cm(3)) 

ranges from: ca. 2.1 
Renton I t e  (a 1 

to: - 
Source: Proc NEA Workshop OECD ( 1  979b), 

P. 148 

Denslty (bu lk )  ( t / m ( 3 ) 1  (g/cm(3)) 

ranges from: 1.8 
to: 2.0 

Denton l te  (Na) ( a )  

Source: K 8 S  TEKNISK RAPPORT 9 (1977), 
P. 4 
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Density (bu lk )  ( t /m(3)1 (g/cml3)) 

ranges from: 1.4 
to: 1.7 

Benton i te  (Na) (b) 

Source: KBS TEKNISK RAPFORT 9 ( 1  9771, 
P. 4 

Density (dry1 (average) ( I b s / f t ( 3 ) )  

ranges from: 118 (1.890 g/cm(3)) 

Sha l e  
Montan a 

to :  - 
Source: Y/OWI/TN3h/h, p. 6-1 

Denslty (dry)  (kg/rng(3)) ( 1 )  (g/cm(3)) ( 7 )  

ranges from: ca, 1.6 
to:  ca. 2.2 

Clay  and Sand 

Source: wo-Bw!-sA-eo (1981), p. s 
Density (d ry )  ( Ib/cu f t )  

Shale 
Northern Great P la1 ns 

ranges from: 95 (1.522 g/cm(3)) 

P. 293 

t o :  110 (1.762 g/cm(3)) 
Source: ORNL/Sub/84-64794/1 (1985), 

Dens I t y  (dry 1 (Ng/m(3) 1 (g/cm(3) 

ranges frm: 1-81 
Bentonl te  and Sand 

to :  1.4 
Source: AECL-78112 (1983), p. 31 

Dens Ity (dry 1 (Mg/m(3) 1 (g/cm(3) ) 
K a o l i n i t e  

ranqes frm: cas 1.2 - 
to:  cae 1.5 

Source: AECL-7812 (19831, p. 35 

Density (dry)  (Mg/m(3) 1 (g/cm(3)) 

ranges from 2.05 
to:  1.45 

K a a l l n l t e  and Sand 

Source: AECL-7812 (1983), p. 31 

Ch 1 or I t e  
Density (dry)  (presumed g/cm(3)) 

ranges from: 2.6 
to: 2.96 

Source: Y/OWI /SUR-7OO9/1 (19761, p. 9 

Density (dry)  (presumed g/cm(3)) 
Shales 

ranges from: 1.55 
to: 2.55 

Source: Y/oWI/SUB-7OO9/1 (19761, Fig. 1 

Benton i te (Ca 
Density (g/cm(3) 

ranges f r o m :  c1.7 
t o :  ca. 2.14 

Source: PNL-4452 (C-70 (199J), p. 24 

Bentoni te  (Na) ( a )  
Denslty (g/cm(3) 1 

ranges fran: x1.8 
to: 2.28 

Source: ONw1-312 (19811, p. 32 

Density (y/cm(3) 1 

ranges from: ~ 1 . 8  
Bentonite (Na) (b)  

to: ca. 2.5 
Source: PNL-4452 UO-IO (19831, p. 21 

Density (g/cm(3) ) 

ranges frotn: ~ 1 . 9  
Eentonlte (Ma) and Sand (a) 

to: ca. 2.8 
Sourco: PNL-4452 UC-70 (19831, p. 22 

Density (g/ccn(3)) 

ranaes frm: <1.9 
Bontonltca (Na) and Sand (b )  

- 
Po: ca. 2.7 

Scnri-ce: PNL-4452 IC-70 (19831, p. 23 

Denslty (g/cmnl3) 1 
Shale (j) 
Gulf  Coast 

ranges from: 2.1 
to: 2.3 

Source: Y/ml /SUB-7009/1 (19761, p. 121 

Density (gt-aln) (average) (presuplxrd g/cm(4! 1 
Clays and Shales 
Eastern US 

ranges from: 2.69 
to: - 

Source: Y/OWI /SUB-7009/1 (19761, p. 10 

Denslty ( g r a l n )  (average) (presumed g/cm(J)) 

ranges from: 2.71 
Shale (k )  

Po: - 
I/SUB-7009/1 (19761, p. 10 

Density (g ra ln )  (average) (presumed g/cm(39 ) 
Shales 
Black H i l l s  

ranges from: 2,66 
Po: - 

Source: Y/OWI/SUB-7009/1 (19761, p. 10 

Darsslty (gra in)  (average) (presumed g/cm(3)) 
Sha !as 
Kansas 

ranges from: 2.72 

i/SlB-i009/1 (19761, p. 10 

Dens 1 t y  (gra I nZ (average) (presumed gbm63) 1 
Sha Iss 
Venezuela 

ranges from: 2.68 
Pa: - 

Source: Y/oWIPSUB-7009/1 (19751, p. 10 

Density (kg/rni(3) 1 

ranges frcm: 1,954 (1.954 g/cm(3)) 

C l a y  
LOG ls !ana 

to: - 
Salrcs: ORNL/Sub/84--64794Jl ( 1  985?, 

P. 173 
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Dens1ty (kg/m(3)) 

ranges from: 2,123 (2.123 g/cm(3)) 
to: 3,003 (3.003 g/cm(3)) 

Shale (a) 

Source: ORNL-6241fll ( I n  preparat lon) 
P. 40 

Densl ty (kg/m(3)) 

ranges from: 2,563 (2.563 g/cm(3)) 
Shale (b) 

to: - 
Source: oRNL-624l/V2 ( I n  preparat lon) 

p. 99 

Denstty ( I  bs / f t (3 )1  

ranges fran: 117 (1,874 g/cm(3)) 
to :  188 (3.011 g/cm(3)) 

Shales 

Source: Y/OWI/IM36/6, p. A-2, 3 h 4 

Densi ty (na tura l  1 (presumed g/cm(3) 1 

ranges from: 2.43 
Shales (c )  

to :  2.65 
Source: Y/OWI/SUB-7009/1 (1976), p. 18 

Densl ty (presumed g/cm(3) 1 
I I l i t e  

ranges from: 2.65 
tor 2.13 

Source: Y/WI/SUB-7009/1 (19761, p. 9 

Denslty (presumed g/cm(3) 1 

ranges from: 2.64 
ta: 1.48 

I l l i t e  and Smecti te 

Source: Y/WI /SuB-7009/1 (1976), p. 9 

Kaol lnlte 
Oenslty (presumed g/cm(3) 1 

ranges from: 2.60 - 2.68 
to :  2.43 

Source: Y/OWI /SUB-7009/1 (1976) p. 9 

Densl ty (presumed g/cm(3)) 
Shale 
C a f l f w n l a  

ranges from: 2.5 

Source: Y/WI /SUB-7009/1 (1976), p. 12 

Shale (c1 

t o :  - 

to:  - 

Densi ty (presumed g/cm(3) 1 

ranges from: 2.4 

Source: Y/CUI/SUB-7009/1 (19761, p. 8 

Shale (d)  

to: - 
Dens 1 t y  (presumed g/cm(3) 1 

ranges from: 2.65 

Source: Y/W I /SuS-7009/1 ( 1  9763, p. 8 

Shale (e) 

to: - 
Densi ty (presumed g/cm(3) 1 

ranges from: 2.2 

Source: Y/oWl /SUB-7009/1 ( 1  9761, p. 8 

Density (presumed g/cm(J)) 

ranges from: 2.3 
Shale ( f )  

to :  - 
Source: Y/OHI/SUB-7Q09/1 (1976), p. 8 

Dens1 t y  (presumed g/cm(3) ) 

ranges fran: 2.2 
Shale  (g) 

to: - 
Source: Y/CWl /SuB-7009/l (19761, p. 8 

Density (presumed g/cm(3) 1 

ranges from: 2.5 
Shale (h) 

to: - 
Source: Y/WI /SUB-7QO9/1 (19761, p. 8 

Denslty (presumed g/cm(3) 1 

ranges f rom:  2.0 
Shale ( 1 )  

to: - 
Source: Y/OWI/SUB-7009/1 (1976). p. 8 

Oenslty (presumed g/cm(3) 1 

ranges from: 2.58 

Shale (k )  
Gulf  Coast 

to :  - 
Source: Y/Wl/SUB-7009/1 (19761, p. 12 

Oenslty (presumed glcm(3)) 

ranges from: 2.2-2.7 
to: 1.77 

Smect I t e  

Source: Y/Wl /SUB-7009/1 (19761, p. 9 

Dens I t y  (spec1 f IC) ( t / m ( 3 )  ) (g/cm(3) 1 
Bentonl te (Na) 
Wyoml ng 

ranges from: 2.7 

Source: KBS TEKNISK RAPPORT 74 (1978), 
to: - 

P *  3 

Densi ty (wet) (average) (pounds/ft(3) 1 
Shale 
Montana 

ranges from: 135 (2.162 g/cm(3)1 
to: - 

Source: Y/WI/TM36/6, p. 6-1 

Oenslty (wet) (presumed g/cm(3)) 
Shales 

ranges fran: 1.98 
to: 2.67 

Source: Y/OWI /SUB-7OO9/1 (19761, Flg. 1 

Moisture content (%I 
Argl  I I l t e  
Nevada 

ranges frm: 2 
to: 4 

Source: ORNL/Sub/8464794/1 (1985), 
p. 406 



b l s t u r e  contnnt ($1  

ranges from: 1 3  
to:  22 

Benton i te  and Sand 

Source: AECL-7812 (19831, p. 31 

Wois-ture content ( I )  

ranges from: 10 
to: 30 

K a o l i n i t e  and Sand 

Source: AECL-7812 (1983), p. 31 

Moisture content ( $ 1  
Shale 
Nw Mexico 

ranges from: 3.7 
to :  6.2 

Source: Y/OW I AM36/6, 

Moisture content ($1 
Shale (e) 
Western USA 

ranges frm: 45 
to :  15 

Source: Y/oWl/TM36/6, 

Mois ture content. ($1 
Shales (a1 

ranges from: 1.3 
to: 38 

Source: Y/WI /TM36/6, 

Moisture content (natura I )  
Shale 
Ohio 

ranges from: 2 
to: - 

Source: Y/W! /rM36/6, 

Moisture content (na tura l )  
Shale 
Oh i o  

ranges from: 4 
to: - 

Source: Y/Gd I /TM36/6, 

Moisture content (na tura l )  
Shale (a) 

ranges from: 0 
to :  38 

Source: Y/WI /TM36/6, 

Mol s ture  content (natura I )  

r a n 9 5  frm: 1.5 
Shale (b) 

to: - 
Source: Y/W1 /TM36/6, 

Molstufe content (natural) 
Shale (c) 

ranges from: 18 
to: - 

Source: Y/WI AM36/5,  

p. 8-5 

P. 3-1 

p. A-13, 14 6 15 

(I 9 

p. 5-14 

( $ 1  

p. 4-12 

( $ 1  

p. 2-2 

( I  J 

p. 3-24 

Moisture content (na tura l )  ( % I  
Shale (d) 
Northern Great P la  ins 

ranges from: 16 
to: 3R 

Source: ORNL/Sub/84-64794/1 ( 1  9851, 
P. 293 

Moisture content (natura I 1 ( $ 1  
Shales 

ranger; from: 38 
to :  12 

I/SUR-7009/1 (19761, p. 14 

Molsture content (rock1 ( % I  
Sha Is 
Nm F9~4xIco 

ranges frcan: 3 
to: 11 

Source: Y/& \  /TM36/6, p. 8-3 

Perrosity ($1 
Ars i  I 1  l?o 
t&ada 

ranges from: 
to :  

Source: 

Poros i ty  ( I )  
Clay 
Be I g I urn 

ranges frm: 
to: 

Source: 

Poros i ty  ( 5 )  
Clay  
England 

ranges frm: 
to: 

Source: 

Porcs l ty  ($1 
Clay 
I t a l y  

ranges from: 
to: 

Source: 

Poros i ty  (%, 
Shale 

ranges from: 
to: 

Source: 

Poros i ty  ($9 
Shale 

8 t o  16 
6 t o  12 
ORNL/Sub/84-64794/1 ( 1  9851, 
P. 406 

38.5 

Rad Waste Management and Nuclear 
Fuel Cycle, V. 6 (19851, p. 54 

- 

30 

Rad Waste Management and Nuclear 
Fuel Cycle, v. 6 (19851, p. 54 

- 

25 

Rad Waste h n a g e m n t  and Nuclear 
- 
Fuel Cycle,  V. 6 (19851, p. 54. 

C o  I orado 
ranges f r o m :  4.1 

to:  5.0 
Sourct3: Y/oWI /SUe-7009/1 (19761, p. 14 
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Poros l ty  ($1 
Sha la 
Tennessee 

ranges frm: 9.5 
to: 1.9 

Source: ORNL-b241/V2 (fn preparatton) 
P. 219 

Poroslfy ( % I  
Shale (a)  

ranges from: 30 
to: 5 to 10 

Source: ORNC-:-6241/V2 ( I n  preparat lon)  
P. 218 

Poros l ty  (%I 
Shale (a)  
M 1 ch ! gan 

ranges from: 3 

Source: ORNL-5703 (1983), p. 106 

Shale (b)  
I Illnols, Indfana, Kentucky 

Source: ORNL/Sub/84-64794/1 (1  9851, 

to: 10 

Porosllty (%) 

ranges from: 0.95 
to :  4.64 

p *  85 

Porosfty (%I 
Shale ( b )  
M I  ch lgan 

ranges from: 3 

Source: ORNL/Sub/84-64794/1 ( 1  9851, 
to :  10 

p. 98 

Poros l ty  ( $ 1  

ranges from: 0.7 (70% ? )  
t o :  0.1 (10% 11 

Shales 

Saurcs: ORNL-6241/V2 ( I n  preparatfon) 
p .  199 

Paras f ty  (%) 

ranges from: ca. 3 

Sha I es 
Appalachfan Ebsln 

Source :  ORNL-6241/V2 (In preparat lon) 
to:  - 

p. 219 

Poras l ty  r % )  
Shales 
I I l fnofs  Basfn 

ranges from: 0.9 
to: 4.6 

Source: ORNL-6241/V2 ( I n  preparatfon) 
p. 219 

Porosfty ($1  

ranges from: 13.3 

Shales ( a )  
Kentucky 

Source: 8RNL-6241flZ ( f n  preparatfon) 
to:  1Q.t 

P. 2’19 

Poros i ty  ($1 
Shales ( b )  
Kentucky 

ranges from: 15 

Source: Y/Owl/SUB-7009/1 (19761, p. 16 
to: 3 

Poros l ty  (%) 
Shales 
Mlchlgan Basln 

to:  10 
Source: ORNL-6241/V2 ( i n  preparat lon)  

ranges from: 3 

P. 219 

Poros l ty  ( 5 )  
Shales 
Ok I ahom 

ranges from: 25 
to: 2 

Source: Y/Owl/SW-7009/1 (1976), p. 16 

Porosr ty  ( % I  
Shales 
USA and Europe 

ranges from: 19 
to: 1 

Source: ORNL-6241/V2 
P. 219 

Porosfty ($1  

ranges frm: 3 
Shales (a) 

to: 15 
Source: ORNL-6241/V2 

P. 218 

Poros l ty  ( % I  
Shales (b) 

ranges from: 15 to 45 
tQ:  3 t o  20 

I n  preparat  

I n  preparat  

on 1 

on 1 

Source: ORNL-6241/V2 ( f n  preparat lon)  
p. 219 

Poros l ty  ($1 
Shales ( c )  

Source: Y/OWI/SuB-7009/1 (19761, p. 18 

ranges from: 0.4 
to: 7.2 

Poros l ty  ( % I  

ranges from: 0.0 
Shales ( d )  

Source: Y/Wl/TM36/6, p. A - I 2  
to: 44.8 

Poroet ty  (%) 
Shales (e1 
Germ ny 

ranges fran: 25 
to: ca. 0 

Source: Y/rDWI/SUB-7009/1 (19761, p. 15 

Poros1l-y (average) (vel. $1 

ranges fran: 0.95 
tor 4.64 

Shale (a) 
I l l l n o l r ,  lndlana and Kentucky 

Source: ORNL-5703 (19831, p. 76 
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Poros!ty (average) (vot. 59 
Shales 
Kentucky, New York, V i r g i n l a  and West 
V l r g l n i a  

Source: ORNL-5703 119831, p. 37 

Shale 
Oh l o  

ranges frcm: 4 
to:  - 

ranges from: 2.86 t o  3.87 
to :  - 

Por-osity ( e f f e c t i v e )  ($1  

Source: Y/Owl/TM36/6, p. 5-14 

Poros l t y  ( e f f e c t i v e )  ($1 
Shales 
Pennsyivanla 

ranges from; 1.17 
to: - 

Source: ORNL-624 
P. 219 

Poros i t y  ( e f f e c t  i ve) 

ranges from: ca- 0.5 

Shales 
South Carol  Ina 

to: - 

/V2 ( I n  preparat ion) 

%)  

Sour& ORNL-624 1 /V2 ( i n preparat ion) 
P. 219 

Poros i t y  ( e f f e c t i v e )  ( u n l t s  no t  s ta ted)  

ranges from: ca 0.4 
Benton i te  and Sand 

to :  0.002 
Source: AECL-7812 (19831, p. 32 

Poros i t y  ( e f f e c t i v e )  ( u n l t s  no t  s ta ted)  

ranges from: ca. 0.5 
I I l i t e  

to: Cae 0.002 
Source: AECL-7812 (19831, p. 32 

Poros l t y  ( e f f e c t i v e )  ( u n i t s  not s?ated) 
Kaoi i n l t e  

ranges fran: ca. 0.5 
to: CB. 0.002 

Source: AECL-7812 (19831, p. 32 

Porc~s I t y  (effeccPSue) ( u n i t s  n o t  s ta ted)  
Shale 

ranges from: 0.05 
to:  0.005 

Saurce: QWL-6241/V ' p. 33 

Paros i t y  ( e f f e c t l v e )  tun 
Shale 
South Caro I i na 

to :  - ranges from: 0.005 

( I n preparat  ion 1 

t s  no t  s ta ted)  

Source: ORNL-S241/V, ( i n  preparation) 
p. 52 

Poros i t y  ( e f f e c t i v e )  ( u n i t s  n o t  s ta ted)  

ranges from: 0.01 
Shale (a )  

to :  - 
Source: QRNL-6241/V2 ( I n  p repara t ion)  

p. 99 

Poros i t y  (prlmis?-y) (%I 
Shale 
Oh io 

ranges f rmr >3 % 
to: - 

Source: WNL/Sub/84-64794/1 (1985), 
p. 108 

Porosif-y (rock m s s )  ( $ 1  
Shale 

ranges from: 3.0 
to: - 

Source: Y /'aW 1 AM36/6, p. 7-8 

Poros i t y  (rock m s s )  ( % I  
Shale 
Ohlo 

ranges from: 8 
To: - 

Source: Y/OddI/TM36/6, p. 4-12 

P w o s i t y  (rock mass) (%)  
Shale (b) 

ranges from: 0 
to: 45 

Source: Y/OWI AM36/6 ,  p. 2-2 

Poros i ty  ( t o t a l )  ( u n i t s  no t  s ta ted)  
Shale 

ranges frcxn: 0.1 
to: 0.01 

Source: ORNL-6?41/V1 ( i n  preparat ion) 
p. 33 

Poros i ty  ( t o t a l )  ( u n i t s  no t  stad-ed) 
Shale 
Great B r i t a i n  

ranges from: 0.020 
to: 0.101 

P. 52 
Source: ORNL-624t/V2 ( 1  n prepara t ion)  

Poroslty ( t o t a l )  ( u n i t s  no t  s ta tad)  
Shale 
I l l i n o i s ,  Indiana, Kentucky 

Source: CRNL-6241/V2 ( i n  preDaaatlon) 

ranges from: 0.009 
to :  0.046 

P. 52 

Poroslty ( t o t a l )  ( u n i t s  n o t  s ta ted)  

ranges frm: 0.073 
to: 0.106 

P. 52 

Shale 
Kansas 

Source: CNNL-6241/V2 ( i n  preparat ion 

P o r o s i t y  ( t o t a l )  ( u n l f s  no t  s ta ted)  
Shale 
Kentucky 

ranges from: 0,074 
to: 0,076 

Source: ORNL-6241/V? ( i n  prapara?lon) 
p. 52 
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Poros i ty  ( t o t a l )  ( u n i t s  n o t  s ta ted)  
Shale 
M 1 ch i gan 

ranges from: 0.03 
to: 0.10 

Source: ORNL-6241/V2 ( i n  p repara t ion)  
P. 52 

Poros i t y  ( t o t a l )  ( u n i t s  no t  s ta ted)  
Shale 
M i  ssour i 

ranges Iran: 0,113 

p. 52 

t o :  - 
Source: ORNL-6241/V2 ( I n  preparat ion) 

Po ros i t y  ( t o t a l )  ( u n l t s  no t  s ta ted)  
Sha le  
Pennsylvania 

ranges from: 0.010 

p.  52 

t o :  - 
Source: ORNL-6241/V2 ( I n  preparat ion) 

Po ros l t y  ( t o t a l )  ( u n i t s  no t  s ta ted)  
Shale 
Tennessee 

ranges from: 0.005 
t o :  0.019 

p. 52 
Source: ORNL-624 1 /V2 ( I n preparat  I on) 

P o r o s i t y  ( t o t a l )  ( u n i t s  n o t  s ta ted)  

ranges from: 0.009 

P .  52 

Shale 
Utah 

to: - 
Source: ORNL-6241/V2 ( I n  p repara t lon)  

PorosIty ( t o t a l )  ( u n i t s  no t  stated) 

ranges from: 0.03 
Shale (a) 

t a :  - 
Source: ORNL-6241/V2 ( I n  preparat ion) 

p. 99 

Poros i t y  ( t o t a l )  ( u n l t s  n o t  s ta ted)  

ranges from: 0.03 
Shale (b)  

to: - 
Source: ORNL-6241/V2 ( i n  p repara t lon)  

P. 52 

Poros i t y  ( t o t a l )  ( u n i t s  no t  s ta ted)  
Shale (c) 

ranges fran: 0.003 
to: 0.056 

Source: ORNL-6241/V2 ( I n  p repara t ion)  
P. 52 

Poros i t y  ( t o t a l )  ( u n l t s  no t  stated) 

ranges from: 0.03 

Shale (d) 
Oh lo 

to :  - 
Source: ORNL-6241/V2 ( I n  p repara t ion)  

P. 52 

Poras l t y  ( t o t a l )  ( u n l t s  no t  s ta ted)  
Shale (e) 
Pennsy I van i a 

ranges from: 0.0117 
to: - 

Source: ORNL-6241/V2 ( I n  p repara t ion)  
P. 52 

Poros 1 t y  ( t o t a  I ) (un 1 t s  no t  s ta ted)  
Shale ( f )  
Scot land 

ranges from: 0.016 
to: - 

Source: Of?NL-6241/V2 ( i n  p repara t lon)  
P. 52 

Specl f I c  g rav l  t y  (dimension less)  

ranges from: 2.21 
Benton i te  (a) 

to: - 
Source: Proc NEA Workshop OECD (1981), 

P. 340 

S p e c l f l c  g r a v l t y  (dlmenslonless) 

ranges from: 2.18 

Benton i te  (b) 
Black HI l i s  

to: - 
Source: Proc NEA Workshop OECD (19811, 

p. 340 

Specif IC g r a v i t y  (dimensionless) 
Benton I te (Na) 
Wyoml ng 

ranges from: 2.66 

Source: AECL-7825 (1984), p. 12 

Speclf l c  g r a v l t y  (dimensionless) 
Benton l te  (Na) and Sand 
Wyoml ng 

ranges from: 2.635 

Source: AECL-7625 (19641, p. 12 

K a o l i n i t e  

to: - 

to :  - 

to: - 

S p e c l f l c  g rav i t y  (dlmensfonless) 

ranges from: 2.60 

Source: Proc NEA Workshop QECD (1989), 
p. 340 

S p e c l f l c  g r a v i t y  (g/cm(3)) 
Ben ton i te  (a) 
Oregon 

ranges from: 2.73 

Source: RHO-BW! -SA40 ( 1981 ) , p. 6 

Speci f i c  g r a v i t y  (g/cmf3) 1 
Ben ton i te  (b)  
Oregon 

ranges from: 2.85 

to: - 

to:  - 
Source: RHO-8WD-SA-80 (198?) ,  p. 6 
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Speci f I C  gravl  ty (gIcrn(3)  1 
Bsntonite IC) 
W yml ng 

ranges from: 2.77 
to:  - 

Source: RHO-6WI-SA-80 (19811, p. 6 

Speci f IC g r a v i t y  (g/cm(J) 1 

Ha n f o r d  
ranges from: 2.71 

C l a y  

To: - 
Source: RHO-OWI-SA-80 (19911, p. 6 

Speci f IC surface (rnb%)/g) 
6en-t-on E t e  (Na 1 

ranges frm: 519 
tu: 615 

Source: AECL-7825 (19841, p. 12 

Specif i c  surface (rn(Z)/g) 

ranges from: 284 
Bentoni te  (Na) and Sand 

to :  - 
Source: AECL-7825 (19841, p. 12 

Spec! f i c  surface (rn(2)/g1 
Shale 
Fa I ch i ga n 

ranges from: 0.05 
to:  1.2 

Spocl f  i c  surface (rnQ)/g) 

Source: ORNL-5703 (198.31, p. 109 

S m c t  I t e  
ranges from: 800 

to r  - 
Source: NUREG/CP-O052 ( 19831, p. 182 

Void r a t i o  (d i twnsion iess)  

ranqes from: ca. 1.5 t o  3.0 
Clays 

to:  ca. 0.5 
Source: OWl-3I2 

Void r a t l a  (dimension 
Kaol inlts (Ca) 

ranges from: 2.5 
to: 1.0 

Vclld r a t i o  (dimension 
K a o l i n i t e  (Ma) 

ranges From: 2.5 
to:  1.0 

Source: QNW S -486 

Vol d rat lo  (d  irnans ion 

ranges frcm: 7.0 
-to: 1.0 

source: ob#4s -486 

S m c t i t e  (Ca) 

o 0.6 
(19811, p. 21 

ess 1 

( l983) ,  p. 38 

ess 1 

(19831, p. 38 

esfi 1 

Water content (average) ( % I  
Shale 
Montana 

ranges from: 15 
to: - 

Source: Y/Wl/TM36/6, p. 6-1 

Water content (voi $1 
Shalas ( b )  

ranges from: 70 t o  90 
to: 5 t o  10 

Source: QRNL-6241/V2 ( i n  preparat ion) 
p. 218 
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Groundwater t r a v e  I ellstance (m) 
Shale 

ranges frm: 6 
to :  40 

Source: ORNL-5241/V1 ( I n  preparat fon)  
P. 36 

Hydraarlfc conduc t t v l t y  (cm/s x lO(12)) 

ranges frm: <l ( < l  x 104-12) crn/s) 
Ben ton l te  (Na) (a) 

to: cam 8 I (ca, 8 x 10(-12) cm/s) 
Source: OW!-312 (19811, p. 11 

Benton f te  BCa) 
Hydrau l fc  conduc t f v l t y  (cm/s) 

ranges frm: 1.3 x 10(-12) and 1.6 x 10(-12) 
to: 

S O U F ~ ~ :  OW1-3112 (1981), p. 33 

Hydraul IC conduc t rv l t y  km/s) 
B e n t m  Ite (Na) 

ranges from: 2-7 x 10(-9) 
to: 0.7 x 10(-9) 

Source: QNJI-312 (19811, p. 34 

Hydraul lc conduc t f v t t y  (cm/s) 
Bentsn f t a  (Na) 
W yomf ng 

ranges from: Not s ta ted  

Source: Owl-486 (19831, p. 61 

Hydraul lc csnduc t f v f t y  (cm/s) 
Ben.tonfte (Na) Cb) 

ranges from: ca. 1 x lOI-13) 

to:  1OI-9) 

to :  
Source: OWd-312 (198111, p. 10 

Hydraul I c  conduct ivf  t y  (cm/s) 
Bentonf ta  (Na) (c) 

ranges from: 4.6 x lo(-12) and 6,4 x 10(-12) 

Source: M f - 3 1 2  (1981), p. 33 

Senton l te  (Na) (d)  

Source: ONHI-312 I198%), p. 33 

Hydraul lc conduct1vI ty (cm/s) 
Ben ton l te  (Na3 la) 

ranges frmm: 5.6 x 10(-135 

Source: OW!-312 (19811, po 33 

Hydraarl lc conduc t l v l t y  (cm/s) 
Ben ton l te  (Na) ( f )  

ranges front: 6 x 10(-12) 

t 0: 

Hydrau I 1 c conduct 1 v l  ty (cm/s ) 

ranges from: 6.6 x lo(-10) 
to: 

t 0: 

to: 6 x 10(-13) 
Source: PNL-4452 Uc-70 (19831, p. 13 

Hydravl  IC conduc t f v f t y  (crn/s) 
Ben ton l te  (Na) (g) 

ranges frm: 1-2 x 10(-12) 
to :  8,3 K 10(-13) 

S O U ~ C ~ :  RdL-4452 UC-70 (19831, p. 27 

Hydraul Ic  conduc t l v f t y  (crn/s) 

ranges from: 10[-4) 

Bentonf te  (Na) and (Ca) 
Va r f ous 

to:  10(-12) 
Source: ONw1-486 (19831, p. 36 

Hydraul fc  conduc t l v l t y  (cm/s) 

ranges from: ca. 10(-8) 
Bentanl te  (Na) and Sand 

to :  ca. 10(-12) 
Source: PNL-4452 Uc-70 (1983), p. 16 

Clay 

Source: PNL-4452 E - 7 0  (19831, p. 14 

Clay 
Lou ls fana 

Hydraul f c  conduct tv t ty  (cm/s) 

ranges f r m :  7 x 10(-12) 
to:  2 x 10(-12) 

Hydraul I c  conduc t f v l t y  (cm/s) 

ranges tram: 10(-8) ( e s t )  
to: 

Source: ORNL/S~b/84-64794/1 (19851, 
P. 175 

Hydraul I c  conduct fv f ty  (cm/s) 
I l l f t a  E a )  

ranges from: 10(-10) 
to: 10(-6) 

Source: Ohlwi-485 (1983), p. 35 

Hydraul Ic  conduc t l v l t y  (cm/s) 
I I l l t e  (Ha) 

ranges from: lo(-10) 
to:  10(-7) 

Scurce: OWI-486 (1983), p. 35 

Hydraul Ic  conduc t f v f t y  
K a o l f n l t e  (Ca) 

ranges from: 10(-8) 
to: 10(-5) 

Source: OW 1-486 

Hydraul fc  conduct tv f ty  
K a o l f n f t e  (Na) 

ranges from: lo ( -8 )  
to: 10(-5) 

Source: ONW1-486 

Hydraul tc  conduc t f v l t y  
Shale 
I I I fnols Basfn 

ranges from: lO(-9) 
to: 

19831, p. 35 

(cm/s ) 

SWF& Of?NL-6241/V2 ( I n  preparat lon)  
P. 220 

Hydraul t c  conduc t f v l t y  (cm/s) 

ranges from: 6 x 10(-10) 
to :  3 x 10(-11) 

p. 2-20 

Shale 
Tennessee 

Source: ORNL-6241/V2 ( I n  preparat lon) 
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Hydraul Ic conduct lv l t y  (cm/s) 
Shales 
East  Coast 

ranges from: 10(-7) 
t o :  10(-11) 

Source: ORNL-6241/V2 ( i n  preparat ion) 
p. 220 

Hydraul I C  conduct iv i t y  (cm/s) 

ranges froon: 10(-6) 
to: lo ( -9)  

Shales 
Michigan and Appalachian Baslns 

_ _  ~. 

Source: ORNL-h24t/V2 ( I n  preparat lon) 
p. 220 

Wydraullc conduct iv i t y  (cm/s) 
Shales 
Northern Great Plains 

ranges fran: 10(-6) 
to :  10(-10) 

Source: ClRNL-624li/V2 ( I n  preparat lon) 
p. 220 

Hydrau I I c conduct l v l  ty (cm/s) 
Shales (c) 

ranges from: 10(-8) 

P. 218 

to :  10(-11) 
Source: ORNL-6241/V2 ( 1  n preparat ion)  

Hydraul  I c  conduct iv i t y  (cm/s) 
Shales ( d )  

ranges from: 10(-9) 
t o :  10(-?1) 

P. 219 
Swrcs:  ORNL-6241/V2 ( I n  preparat ion) 

Hydraul i c  conductIvlPy (crn/s) 

ranges frm: 5 x 10(-6) 
s1 I t y  Clay 

to: a. 2 x lo(-8) 
Source: OW!-486 (1983), p. 39 

Hydraui I C  conduct iv i t y  (cm/s) 

ranges from: 5 x 10(-6) 
S I  I t y  Clay 

to: 10(-7) 
Source: OM!-485 (19831, p. 39 

Hydraul ic  m n d u c t l v l t y  (cm/s) 

ranges from: 10(-11) 
Smactfte (Ca) ( a )  

t o :  10(-6) 
Sourcer Owl -485 (1983) p. 35 

Hydrau I I C  conduct i v l  t y  (cm/s) 
S m c t i t e  (Na) ( a )  

ranges frcm: 10(-11) 
to :  lo(-7) 

Source: OW!-486 (19831, p. 35 

Voiclay sa l  Ine sea I and Sand 
Hydraul IC conduct I v i  ty (cm/s) 

ranges frm: 2.9 x 10(-12) 
to :  4.1 x 10(-12) 

Source: ONw:-3s2 (19811, p. 33 

Hydraul I c  conduct iv l t y  (hortzonPal) ( m / s )  

ranges from: 1 x 10(-10) ( 1  x 10(-8) cm/s) 
Sha I @  

Po: 1 x 10(-12) ( 1  x 10(-10) cm/s) 
Source: ORNL-6241/V1 ( I n  preparat ion)  

P. 33 

Hydraul ic  conduct lv l t y  ( h o r i z o n h i )  (m/s) 

ranges frm: 2 x 10(-11) (2 x 10(-9) cm/s) 

Shale 
I I I i n o i s  

Po: 
Source: ORNL-6241/V2 ( I n  preparat lon)  

P. 42 

flydraul I C  conduct lv l ty  ( h o r l r o n t a l )  (m/s) 

ranges frm: O.O(?) (0.0 crn/s) ( 7 )  

Sha l e  
Maryland 

Source: NRML-6241/Y2 ( 1  n preparat ion) 
to: 1 x 10(-9) (1  x 10(-7) cm/s) 

p. 4 3  

Hydraul Ic conduct lv l  t y  (hor izon ta l )  (m/s) 

ranges P r o m :  1 X 10(-11) ( 1  x lo( -9)  cm/s) 

Shale 
Mlchlgan 

to: 2 x 10(-81 (2 x 10(-6) cm/s)  
Source: ORNL-6241/V2 ( I n  preparat ion)  

P. 42 

Hydraisllc conduct lv l t y  (horlzon-tal) ( i d s )  

ranges fran: 3 x 10(-11) (3 x 10(-9) c d s )  

Shale 
Pennsy Ivan !a 

Source: ORNL-6241/V2 ( I n  preparat ion)  
to :  

p. 42 

Hydraul I c  conduct lv l t y  (hor izon ta l )  (m/s) 

ranges fram: 1 x 10(-11) ( 1  x 10(-9) cm/d 

Shale 
Pennsy I van la 

Source: ORNL-6241$/2 ( I n  preparat ion)  
t o :  

p. 43  

HydrsuI IC conduct iv i t y  [hor izon ta l )  (m/s) 

ranges frm: 1 x 10(-13) ( 1  x 10(-11) cm/s) 

Sha I e 
South Carol I na 

Source: ORNL-S241/V2 ( i n  prepara-tlmn) 
to: 1 x 10(-10) ( 1  x lO(-BE cm/s) 

P. 42 

Hydraul I c  conduct iv i t y  (hor izon ta l )  ( m / r )  
Sha Is 
S o u t h  Carol ina 

ranges frm: 1 x lo(-12) ( 1  x 10(-10) cm/sl 
to: 

Saurce: aRNL-6241/V2 Eln praparat lon)  
P. 45 

Hydrau I I c canducfi v i  t y  (hor i zonta I 1 ( m / s  1 
Shale 
South DakoSa 

ranges frm: 1 x 10(-12) ( 1  x 10(-10) m / s )  
to: 1 x 101-11) ( 1  x 10(-9) crn/s) 

Source: m~h-6241.n2 (in preporat ton) 
p. 43 
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Hydraul I C  conduct lv i t y  (hor fzonta l )  ( m / s )  

ranges from: 3 x 10(-13) (3 x 10(-11) cm/s) 
t o :  2 x lo(-12) (2 x 10(-10) crn/s) 

Shale 
Tennessee 

Source: ORNL-6241/V2 t i n  preparation) 
P. 42 

Hydraul IC conduct iv l t y  (hor izon ta l )  (m/s) 

ranges from: 1 x 10(-?1) ( 1  x lo(-9) cm/s) 
Shale (a )  

to :  
Source: ORNL-6241/V2 ( I n  preparat ion)  

P. 99 

Hydrau l l c  conductivity (hor lzon ta l )  ( m / s )  

ranges from: 1 x 10(-16) (1 x 10(-14) m/s)  
Shale ( b )  

to: 1 x 10(-11) ( 1  x 10(-9) c m h )  
Source: ORNL-624 1 /V2 ( 1  n preparat ion) 

P. 42 

Hydraul I c  conduct iv l t y  (hor lzon ta l )  (m/s) 
Shale ( c )  

Source: ORNL-6241/V2 ( i n  preparat ion)  

ranges from: 1 x 10(-11) ( 1  x 10(-9) cm/s) 
t o :  7 x 10(-9) (7 x lo(-7) cin/s) 

P. 42 

Hydrau l i c  conduc t i v l t y  (hor lzon ta l )  (m/s) 

ranges from: 1 x 10(-11) (1 x 10(-9) cm/s) 
Shale (d) 

t o :  1 x 10(-6) ( 1  x IO(-4) c ~ / s )  
Source: ORNL-624!/V2 ( I n  preparatfon) 

p. 43 

Hydraul i c  conduc t i v l t y  (hor izon ta l )  (m/s) 

ranges from: II x 10(-13) (1 x 10(-11) cm/s) 

S I  Itstone/Mudstone 
South Carol Ina 

Source: ORNL-6241/V2 ( I n  preparation) 
to :  5 x 10(-101 (5 x 10(-81 c d s )  

p. 43 

Hydraul IC conduct lv l t y  (m/s) 
Benton i te  and Sand 

ranges from: ca. 10(-6) (ea.  1 x 10(-4) 
cm/s 1 

cm/s 1 
to:  ca. 10(-14) (ca. 1 x 10(-12) 

Source: AECL-7812 (19831, p. 29 

Clay 
Be I gl um 

Source: Rad Waste Nanagement and Nuclear 
Fuel Cycle v. 6 (1985), p. 54 

Hydraul IC conduct lv l t y  (m/s) 

ranges from: 10(-10) ( 1  x 10(-8) cm/s) 
to: 10(-12) ( 1  x 10(-10) cm/s) 

Hydraul I C  conduct lv l t y  ( m / s )  

ranges from: 10(-12) ( 1  x 10(-10) cm/s) 

Clay 
England 

to:  
Source: Rad Waste Mnagement and Nuclear 

Fuel Cycle V. 6 (19851, p. 54 

Hydraul IC conduct iv i t y  (m/s) 

ranges from: lo(-11) ( 1  x 16(-9) cm/s) 

Clay 
I t a l y  

to: 
Source: Rad Waste Management and Nuclear 

Fuel Cycle v. 6 (19851, p. 54 

Hydraul ic  conduct iv i t y  ( v e r t i c a l )  h / s )  

ranges from: 1 x 10(-11) (1  x lo(-9) cm/s) 
Shale 

Source: ORNL-6241/VI (In preparet ian)  
to:  1 x 10(-13) (1 x I O ( - l l )  cm/s) 

p. 33 

Hydrau I I c  conduct1 v i  t y  ( v e r t  lea I )  (m/s 1 

ranges from: 1 x 10(-12) ( 1  x 10(-108 cm/s) 
Shale 

to :  
Source: ORNL-6241/V2 ( i n  praparatlon) 

P. 99 

l n f l a r  ( m l h l n  per m) 
Shale 

Source: ORNL-6241/Vl ( i n  p r e p a r a t l m )  

ranges from: 1 x lo(-!) 
to: 5 x lo(-!) 

p. 38 

In f low (ml/min per m) 
Shale 

ranges from: 10 
to: <I 

Source: ORNL-6241/'42 ( I n  prsparat fon)  
p. 1% 

Permeabi I l t y  (cm/s) (hydraul I c  conduct lv l t y )  

ranges fran: 1 x 10(-11) 
Bentonl te  (Na) ( h )  

to: 
Source: Owl-312 (19811, p. 10 

P e m a b l  I t t y  (cm/s) (hydraul tc conduc t i v i t y )  

ranges from: 3 x lo(-8) 
Bentonite (&) ( 1 )  

to: 1.5 x IO(-9) 
Source: OWI-312 (19811, p. 10 

Permabl  l I j V  (m/s)  (hydrau l i c  conduct lv l t y )  
Bentoni te  and Sand (a) 
Oregon 

Source: RHO-BWI -SA-BQ 

ranges from: 9.5 x lo(-8) 
to: 

Permeabl I I ty (cm/s) (hydrau 
Bentonite and Sand (b) 
Oregon 

ranges from: ~ 9 . 5  x 10(-8) 
to: 

19811, p. 

I C  conduc 

7 

i v l t y )  

Source: RHO-Blrll-SA-80 (19811, p. 7 

Permeabll IpY (cm/s) (hydraul i c  conduc t i v i t y )  

ranges from: 63.5 x lO(-8) 

Benton i te  and Sand (c) 
Wyami ng 

to: 
Source: RHO-BWI-SA-BO (1981). p. 7 
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Permabf l l t y  ( m ( 2 8 )  

ranges from: 5 x 10(-19) (4.9 x 10(-10) 

Source: NUREG/FP-Q052 (1 9831, p. 209 

Ssnoctfte (Na) and Sand 

cm/s ) 
to: 

Permab! I l t y  (m/s) (hydraul Ic conduct lv f ty )  

ranges from: 1 x 10[-9) ( 1  x 10(-7) cm/s) 
Bentosl l te (Ca) 

to:  
Source: KBS TEKMISK RAPPORT 9 (19771, 

P -  4 

Permeabl l i f t y  (m/s) (hydraul fc  conduct lv I ty )  

ranges frm: 5 x 106-15) (5 x 10(-13) m / s )  
Rentonf te  (Hal Cj) 

.to: 1 x IO(-11) (1 x 10(-9) W/S)  
Source: KBS TEKNISK RAPPORT 74 (1978), 

P. 8 

Permeab! I f t y  ( m / s )  (hydrau l l c  c m d u c t l v l t y )  

ranges frm: ca, 1 x 10(-11) (ca, 1 x 
10(-9) cm/s) 

P. 4 

Bsmtsnrta ( k i  

to: 
Source: )cBS TEKNISK RAPPORT 9 (1977), 

PermabI llty h / s )  [hydraul lc canduct fv f ty )  

ranges from: CB. 3 x 10(-11) (ca. 3 x 
10(-9) cm/s) 

P a  4 

Benton l ts  (Na) ( 1 )  

to:: 
Source: KBS TEKNISK RPPPORT 9 (19771, 

Permeabf I f t y  (m/s) (hydraul tc  conduct fv l t y )  

ranges from: 1 x 10(-10) (1 x 10(-8) cmh)  
Bentonf te  (Ma9 (m) 

(maxfmum) 

Source: KBS TEKNfyC MPWRT 9 (?977),  
P. 5 

Penneab? I I t y  (md) 

ranges from: 8 x lo(-4) (7,7 x 10(-10) 

to: 2 x 10(-6) (1.9 x 10(-12) 

to :  

Clays and Shales 

cm/s 1 

emf% 1 

* B. €39 
Source: Prac NEA Workshop QECQ (1979b1, 

Permaabl I f t y  (md) 

ranges from: 5 x IO(-2) (4.9 x 10(-7)cm/s1 
Shale 

t o :  
Source: Y/OH1/SUR-70Q961 (19761, p. 11 

§ha 124 
Ca ! I f a rn  li a 

Penneabf I fply (md) 

ranger frm: 4 x 106-4) (3.8 x IO(-IOI 
en/s 1 

to: 
Source: Y/W I /SUB-7009/1 ( 1  9761, p. 11 

Permeabf I f t y  ( m d )  
Shale 
Go 1 orado 

ranges from: <O.05 (t4.9 x 10(-7)cm/s) 
to: 

Source: Y/OW! /SU5-70O9/1 (19761, p. 14 

Permeabl I l t y  (md) 

ranges from: 1 x lo(-8)  (9.6 x 10(-15) 

Sha 18 
Gulf Coast 

cm/s1 ( ? I  

cm/s) ( ? I  
to: 2.5 x 10(-9) (2.4 x 10(-15) 

Source: Y/OWI/SUB-7009/1 (19761, p. 11 

Permeab! I Ity Imd) 
S h a l e  
~ r c h  rgan 

ranges from: 0.001 ( 1  x 10(-9) cm/s) 
to: 2.0 (1.9 x 10(-6) cm/s) 

Source: ORNL/5703 (19831, p. 109 

Permeabl I I t y  (md) 
Shale 
Nlch fgan 

ranges from: 0.001 ( 1  x lo ( -9 )  cm/s) 
to: 2.0 (1.9 x 10(-6) crn/s) 

Source: ORNL/Sub/8464794/1 ( 1  985) ,  
P. 5% 

Permeabf l l t y  (md) 

ranges from: 1.1 x 10(-1?) (1.1 x 10(-10) 
Shale (a) 

cm/s 1 
to: 

Source: Y/OWI/S!J3-7009/1 (1976), p. 11 

Permeabl I I t y  (md) 
Shales 

ranges from: 8 x lo(-4) (7.7 x 10(-10) 
cm/s 1 

cm/s ) 
to: 2 x 10(-6) (1.9 x 10(-12) 

Source: Y/CwI/SuB-7009/1 (1976), p. 11 

Permeabf 1 Ity (mdl 
Shales 
I I I lno ts  

ranges from: 2 x 10(-6) (1.9 x 10(-12) 
cm/s ) 

to: 
Source: Y/OH I /SuR-7009/? (I 976) , p. 11 

Permeabl ! l t y  (md) 
Shales 
Montana 

ranges from: 6 x lo ( -4 )  (5.8 x 10(-10) 
cm/s 1 

to :  
Source: Y/OWI/SlJf3-7009/1 (19761, p. 11 

Rermeabf I f t y  [md)  
Shw les 
Nsw Mexfco 

ranges fran: 2 x lO( -6 )  (1.9 x 10(-12) 
m / s  1 

to: 
Source: Y/OWI/SUB-7009/1 (1976), p. 11 
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%mnw~bi 1 i t y  (md) 
Sha les  
Q k I a horn 

ranges frm: 8 x 10(-4) (7.7 x 10(-10) 
cm/s 1 

to: 
Source: Y/CW W /SUB-7009/1 ( 19769, p. 11  

P e r m a b l  I i t y  (wd) 
Sha las 
Texas 

ranges from: 3 x 10(-4) (2.9 x l O ! - l O a  cnA)  
to: 7 x IO(-6) (6.7 x 1Q(-12) cirals) 

S W ~ C ~ :  ~ / ~ ! ~ S U B - 7 0 0 9 / 1  (1978), p. 11 

Permabt i i ty (mdl 
She les 
Utah 

ranges f r m r  7 x 10(-6) ( 6 - 7  x lo(-121 cm/s) 
to: 

Source: Y / M l  /SUB-?009/1 (19763, pe 1 1  

PerwabI I i P y  (mlcmdarcles) 

ranges f r m :  100 ( 1  x 10(-7) cm/s) 
S h a l e  (b) 

to: Q.01 ( 1  x 10(-9) C ~ S )  

Source: ORNL.-6241/V2 ( I n  preparation) 
p. 199 

Permabl  I1ty (vartlca I )  ( factor  of K 
h w l z o n t a  1 ) 

rangees f r m :  1 / X h  
S h a l e  

tor  1/1OKh 
!/rW36/6 (19781, p. 2-2 

ParmabllI3-y (vertical) ( f t / y r )  ( h y d r a u l i c  
conduct  1 v I ?y 1 

rangas from: 0.005 ( 5  x 10(-9) cm/s) 
S h a l e  

to: 
Saurce: Y/Wl flW3SJ6 ( 19781, p. 3-24 

P e m a b l  l l t y  (verd-lcall) ( f t / y r )  ( h y d r a u l l c  
conductlvlty) 

S h a l e  
Oh io 

ranges frm: 3.05 ( 5  x 10(-8) cm/s) 
to: 

Source: V/CMB AW36/5 (19781, p. 4-12 

Sha Be 
Spec D f 1 c $tot-age c I /m) 
ranges  f r m :  1 x 10(-6) 

to: 
Source: ORNL-6241/V2 ( i n  prepara9ian) 

P. 99 

S p s c l f i c  starage ( ih l  
Shale 

ranges from: 4.3 x 10(-7) 
to: 2.8 x lo(-6) 

Source: ORNL-6241./V2 ( I n  prepraratImK1) 
p. 57 

Speelflc storage ( m ( - l ) )  ( 7 )  

ranges f r w :  5 x IO(-6) 
to: 5 x lo(-7) 

p. 33 

Sha le  

Source: CRNL-6249PVI ( I n  prsparatson) 

Travel time (years) 

ranges frcm: >100,0@0 
to: >100,000 

p. 36 

Shale 

Source: QWL-6243dVl ( i n  preparation) 
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Bulk m d u l u s  (confined) ((%‘a) 

ranges from: 14.0 (1.4 x lO(4) Wa) 
h r g l  I l l t e  

t o :  - 
Source: Proc NEA Workshop OECD (1979b3, 

P. 87 

B u l k  modulus (Pa x lO(10)) 
Shales 

ranges from: ea. 50 (ca. 5 x lOf5) MPa) 
to :  ca. 200 (ca. 2 x lO(6) MPa) 

Source: ORNL-6241/V2 ( 1  n preparat lon)  
P. 199 

Bulk modulus (PSI )  

ranges from: 7.6 x lO(5) (5.2 x lO(3) MPa) 
Shale 

Source: Y/eWi/TM36/6 (1978), p. 7-8 

Shale 

to:  - 
Bu lk  modulus (PSI) 

ranges from: 77.8 x lO(3) (5.4 x lO(2) Wa) 

Source: Y/Wl /TH36/6 (1 9781, p. 3-24 

Shale 
Oh lo 

to: - 
Bu lk  modulus (PSI) 

ranges from: 6.3 x lO(5) (4.3 x lO(3) Wa) 
t o :  - 

Source: Y/WI/TM36/6 (19781, p. 5-14 

Shale 
Ohio 

Bulk modulus ( p s l )  

ranges from: 1.1 x lO(5) (7.6 x lO(2) MPa) 
to:  - 

Source: Y/WI /TM36/6 (19781, p. 4-12 

Cohesion (Wa) 
Clay 
Be l g l  um 

Source: Rad Waste Management and Nuclear 

ranges from: 1 x 10(-1) 
t o :  1 

Fuel Cycle v.6 (19851, p. 54 

Coheslon (Wa) 
Clay 
I t a l y  

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v.6 (19851, p. 54 

ranges from: 1 x 10(-1) 
t o :  - 

Cohesion (ps 1 )  
Shale 
Oh lo  

ranges frm: 5,900 (4.1 x lO(1) *a) 
to :  - 

Saurce: Y/oWI/TM36/6 (19781, p. 5-14 

Cohes ion (ps 1 )  
Shale 
Oh i o  

ranges from: 14 ( 1  x 10(-1) MPa) 
to: - 

Source: Y/CWI/TH36/6 (19781, p. 4-12 

Cohesion (psi) 
Shale (a) 

ranges from: 0 (0 Wa) 
to: 4,250 ( 3  x 10(1) Wa) 

Source: Y/Owl/TM56/6 (1978), p. 2-2 

Cohesion (PSI 1 
Shale (b) 

ranges from: 6 x lO(3) (4.1 x lO(1) W a )  
to:  - 

Source: Y/OWI/TM36/6 (19781, p. 7-8 

Coheslon (psi) 
Shale (c)  

ranges from: 206 (1.4 W a )  
to: - 

Source: Y/OWI/TM36/6 (19781, p. 3-24 

Cohesion (PSI) 
Shale ( d )  
Great P la ins  

ranges from: 2 (1.4 x 10(-2) Wa) 
to:  30 (2.1 x 10(-1) MPa) 

Source: ORNL/S~b/84-64794/1 (19851, 
P. 293 

Coheslon (unconf Ined) (Wa) 
Argl I I I t e  

ranges from: 8 x lo{-1) 
to:  - 

Source: Proc NEA Workshop OECD (1979b1, 
p. 87 

Compresslve s t rength  (kg/cm(2) 1 

ranges from: 122 (1.2 x IO(!) Wa) 
to :  25 (2.5 W a )  

Shale (a) 
Montana 

Source: Y/OWIflM36/6 (1978), p. 6-13 

Shale (b) 
Montana 

Conyn-esslve s t rength (kg/cm(2) 1 

ranges from: 25 (2.5 Wa) 
to: 55 (5.4 W a )  

Source: Y/CWIM36/6 (19781, p. 6-13 

Compress 1 ve  sfrength (MPa 1 
01 I Shales 

ranges from: 35 
to: 138 

Source: ORNL/Sub/84-64794/1 (1985), 
P. 348 

Compressive s t rength (Wa) 

ranges from: 138 
to :  172 

011 Shales 

Source: ORNL/Sub/84-64794/1 (1985), 
p. 348 

Compressive st rength (Wa) 
Shale 
Indiana 

ranges from: 1 1  
to: ,115 

Source: ORNL/Sub/84-64794/1 (19851, 
p. 60 
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Compressive strenf lh ( W a )  
Shales 
Wesf-ern Oh i s  

ranges frmr 20 
to :  32 

Source: ORNL/Sub/84-64794/1 ( 19851, 
p. 71 

Compressive streng-?h ( p s i )  

ranges from: 8.5 x lO(3) (5.9 Y IO(1) S a 3  
Shale 

to :  - 
Source: Y/WBflM36/6 (19781, p. 6-3 

Shale 
New Mexico 

Compressive st rength ( p s i  1 

ranges frmx 1,000 (6.9 W a )  
.to: 6,000 (4.1 x lO(1) P a )  

46/6 (?978), p. 8-5 

Compressive st rength ( P S I )  

ranges frow: 1,000 (6.9 W a )  

Sha la 
New Mexico 

to: 8,000 (5.5 x 10(1) W a )  
Source: Y/CWIfl#36B6 (1978), p. 8-2 

Compressive strengtb ( p s i  1 

ranges from 70 (4.8 x 10(-1) W a )  

Shale Cbl 
Great Pla ins  

Po: 2,530 (1.7 x l O ( 1 )  Wsl) 
Source: C%NL/Sub/84-64794/1 (15O85), 

P. 293 

Compress 1 vo st rength ( p s l  1 
Smcti3.e (Na), Kaal ln i te ,  Sand Mixtures 
(a 
Osage, NY 

ranges frcm: 36.5 (5.9 x IO(-;) W a )  
to: 541.0 (3.7 W a )  

Source: ObM!-4!2 (1981), p. 24 

@omprssslve sitrarlgth ( P S I )  
Smc3-ite (Ma), Kaol ln l ts ,  Sand Mixtures 
(b)  
Osage, NY 

ranges frm: 9.1 (6.3 x 10(-2) Wa3 
Po: 85.5 (5.9 x lo(-!) W a )  

S O U ~ C O :  OM!-312 (19811, p. 24 

ress lve sTrength (unconfined) (Wa)  
A r g i l l i t e  

to: - ranges Prm: 4-75 

S O U ~ C ~ ~  P P ~  MEA t#t>rkshw OTCD (1979b1, 
P. 87 

C C X O ~ ~ - Q S S $ W  st rength (unconfined) ( W a )  
Ren+onite and Sand (a) 
Oregon 

Source: RHO-EWB-SA-80 (1981), Fig, 4 

ranges from CB, 0 
to: c9. 1.8 

Compsesslve st rength (unconfined) (Wa> 
Renfonlte and Sand (b) 
Wyoml ng 

ranges Frm: ca. 0 
to: ca, 3 

Source: RHQ-Wf-SA-80 (19eS3, Fig. 4 

Cornpress1ve st rength (unconf !nerd) (Wa) 

ranges f rmr  25,2 
Shales (a) 

to: 113.6 
Source: ORM1-6241fl3 ( i n  preparat ion) 

p. 110 

Cmpsssslve s t rength (unconfined) (PSI 1 

ranges frm: 55.5 (3.8 x 10t-1) W F ~ )  
RenGonlfe bNa) ;a) 

to: - 
8-3'82 (19811, p. 22 

Compressive s t rength (unconfined) ( p s i )  

ranges frm: 100.3 (6.9 x 10(-1) Wa) 
Knot lnite 

Po: - 
Source: OW!-312 (19811, p. 22 

@ornpt--rss;sIve s t reogth (unconfined) (psi) 

ranges frm: <100 ( c6.9 x 10(-8) Wa) 

Shales bb) 
Var 4 ous 

to: 3.7 x lO(4) ( 2 - 5  x lO(2) W a )  
Source: Y/W8 AM3646 (1678), p. A-4, 

Con~rsss Ive  s t rength luntaxlal) ( W a $  

ranges frm: 8.9 
BsnPonlPe (Ma) ( b )  

to: - 
Source: KBS TEKNlSK RAPPORT ?4 (8978 

P. 14 

C o ~ r m s I w  st rength funlaxla\) (WaS 
Sha !e 
Oh io 

ranges frm: 13.8 
to: - 

S Q U T C ~ :  WNLPSub/84--647SA/l (1985). 
p. 108 

Com@rressIvs s t rength  (uniaxlrrll) ( p s i )  

ranges frm; 1 x 10(4! (6.9 x l O ( 1 )  Wa) 

Shale3 
Oh lo 

to: - 
Swrco: YJC$:I/TM36/6 (1978), p. 5-14 

Compressive s t rength s(uninxia1) (psi  1 

ranges from: 2 x lO(3) (1.4 x I O ( 1 )  !Pa? 

Shale 
Oh la 

to: - 
Source: Y/Wi/T#46/6 (19781, p. 4-12 
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Compresslve s t rength  tun lax la ! )  ( p s l )  

ranges from: 2.1 x 10(3) (1.4 x lO(1) Wa) 
Shale (a) 

to:  - 
Source: Y/OWI /TM36/6 (1978) , p. 3-24 

Shale (b) 

to:  - 
Source: Y/OWIfTM36/6 (19781, p. 7-8 

Compresslve st rength (un lax la l )  (PSI) 

ranges from: 1 x lO(4) (6.9 x lO(1) Wa)  

F r l c t l o n  angle (angle o f  shear res ls tance)  
(deg) 

Clay 
Belglum 

ranges from: 19 

Source: Rad Waste Managemnt and Nuclear 
Fuel Cycle v.6 (1985), p. 54 

F r l c t i o n  angle (angle o f  shear res ls tance)  
(deg ) 

Clay 

rangss from: 25 

to :  - 

I t a l y  

to :  - 
Source: Rad Waste Management and Nuclear 

Fuel Cycle v.6 (19851, p. 54 

F r l c t l o n  angle (deg) 

ranges from: 23.4 

Shale 
Oh io  

to: - 
Source: Y/W I fTM36/6 ( 1  978) , p. 5-14 

Fr lc tBon angle (deg) 
Shale 
Oh lo 

ranges from: 22 
to :  - 

e Source: Y/CWl/TM36/6 (1978), p. 4-12 

F r l c t i o n  angle (deg) 
Shale (a )  

ranges from: 4.2 
to:  56 

Source: Y/OWI/TM36/6 (19781, p. 2-2 

F r i c t i o n  angle (deg) 
Shale (a) 

ranges from: 5.3 
to :  - 

Source: Y/QWI/TM36/6 (1978), p. 3-24 

F r  I c t  Ion angle (deg) 
Shale  (b? 

ranges from: 26 
to: - 

Source: Y/ml/TM36/6 (19781, p. 7-8 

Shale (c) 
F r l c t l o n  angle ( d l  l a t i o n  angle) (deg) 

ranges from: +5 
to:  -5 

Source: Y/r)wllTM36/6 (19781, p. 2-2 

F r l c t l o n  angle ( In te rna l )  (deg) 

ranges from: 35 
Argl I l l t e  

to: - 
Source: Proc NEA Workshop OECD (1979b) 

P. 87 

F r l c t l o n  angle ( In te rna l )  (deg) 
Shale (b) 
Greet P la fns  

ranges from: 8 
to:  25 

Source: ORNL/Sub/84-64794/11 (1985) 
P. 293 

F r l c t i o n  angle ( In te rna l )  (deg) 

ranaes from: 14.2 
Shale (d)  

I 

to:  51.0 
Source: ORNL-624t/Vl ( I n  preparat ion)  

pa 47 

F r i c t i o n  angle CresIduaI) ( tan) 
I 1  I lte (Na) (a) 

ranges frcm: 0.3 
to :  0.7 

Source: OW1-486 (19831, p. 47 

I I l l t e  (Na) (b) 

to:  9.7 

F r i c t i o n  angle ( res ldua l )  ( tan) 

ranges from: 0.47 

Source: OWI-486 (19831), p. 47 

K a o l i n l t e  
F r i c t l o n  angle ( res ldua l )  ( tan) 

ranges from: 0.27 
to: 0.7 

Source: ONWI-486 (19831, p. 47 

S m c t I t e  (Na) (a) 

Swrce: Owl-486 (19831, p. 47 

Snact l te  (Na) ( b )  

F r i c t i o n  angle ( res ldua l )  ( tan) 

ranges from: 0.09 
t o :  0.7 

F r l c t l o n  angle ( res ldua l )  ( tan) 

ranaes frm: 0.18 
I 

t o :  0.7 
Source: Owl-486 (19831, p. 47 

P l a s t i c i t y  ( I l q u t d  I l m t t )  ( % I  
Benton I t e  
W yom 1 ng 

ranges from: 553.1 

Source: RHO-BWI-SA-80 (1981), p. 6 

P l a s t l c l t y  ( I l q u l d  I l m l t )  (%I 
Bentoni te  (a) 
0 r egon 

ranges from: 209.6 

Source: RHO-BWI-SA40 (1981), p. 6 

to: - 

to:  - 
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P l a s t i c l t y  ( I  l q u l d  I I m i t )  ( % I  

ranges from: 123 

Smectite (Ca) 
Omsted, I L  

to :  - 
Source: ONWI-486 (1983), p. 43 

P l a s t i c i t y  ( I l q u l d  l i m i t )  ( % I  

ranges from: 166 

Smectl te (Ca) 
Pontotoc, MS 

to :  - 
Source: 3NWI-486 (1983), p. 4 3  

P l a s t l c l t y  ( I  l q u l d l t y  index) 
Shale 
Montana 

ranges from: -0 .1  1 
to: - 

Source: Y/OWI/TM36/6 (19781, p. 6-1 

P l a s t i c l t y  ( p l a s t i c  Index) ( $ 1  
Benton i te  
W yoml ng 

ranges from: 519.5 

Source: RHO-BWI-SA-80 (1981), p. 6 
to :  - 

P l a s t l c l t y  ( p l a s t i c  Index) ( $ 1  
Benton I t e  (a 1 
0 r egon 

ranges from: 168.58 
t o :  - 

Source: RHO-BWI-SA-80 (1981), p. 6 

P l a s t l c i t y  ( p l a s t i c  index) ( % )  
Bentoni te  ( b )  
Oregon 

ranges from: 174.6 
to: - 

Source: RHO-BWI -SA-80 (1981 1 ,  p. 6 

P l a s t l c l t y  ( p l a s t i c  Index) ( % )  
Clay 
Hanford 

ranges from: 18.8 
to: - 

Source: RHO-BWI-SA-80 (19811, p. 6 

P l a s t i c i t y  ( p l a s t i c  Index) ( $ 1  
Clay 
Ha nf ord 

ranges from: 40.8 
to: - 

Sourcb: RHO-BWI-SA-80 (19811, p. 6 

P l a s t i c i t y  ( p l a s t i c  l i m i t )  ( I )  
Benton i t e  
W yoml ng 

ranges from: 33.6 
to :  - 

Source: RHO-BWI -SA-80 (1981 ), p. 6 

P l a s t i c i t y  ( p l a s t i c  l i m i t )  ( $ 1  
Benton I t e  (a)  
Oregon 

ranges from: 41.0 

Source: RHO-EWI-SA-80 (1981), p. 6 
to:  - 

P i a s t i c l t y  ( p l a s t i c  I l m i t )  ($1  
Benton I t e  (b) 
Oregon 

ranges from: 38.1 
to: - 

Source: RHO-BWI-SA-80 (1981), p. 6 

P l a s t i c i t y  ( p l a s t i c  l i m i t )  ( % )  
Bentoni te  (Na) (a) 
Wyomtng 

ranges from: 50 
to: - 

Source: AECL-7825 (19841, p. 12 

P i a s t l c i t y  ( p i a s t i c  limit) ( $ 1  
Bentonl te  (Na) (b )  
Wyoml ng 

ranges from: 19 
to :  - 

Source: AECL-7825 (19841, p. 12 

P i a s t i c l t y  ( p l a s t l s  I l m l t )  (%I 
Clay 
Be l g I  urn 

ranges from: 26.5 

Source: Rad Waste Management and Nuclear 
Fuel  Cyc le  v.6 (19851, p. 54 

to:  - 

P l a s t l c i t y  ( p l a s t i c  i l m i t )  ($1 

ranges from: 26 

Clay 
Eng I and 

to: - 
Source: Rad Waste Management and Nuclear 

Fuel Cycle v.6 (1985), p. 54 

P l a s t i c i t y  ( p l a s t i c  l i m i t )  (%)  
C l a y  
Hanf ord 

ranges from: 25.8 
to: - 

Source: RHO-BWI-SA-80 (19811, p. 6 

P l a s t l c l t y  ( p l a s t i c  l i m i t 1  ( $ 1  
Clay 
Ha n f  o r  d 

ranges from: 23.1 
to: - 

Source: RHO-BWI-SA-80 (19819, p. 6 

P I a s t I c I t y  ( p l a s t i c  l i m i t )  ( 5 )  
C l a y  
I t a l y  

ranges from: 25 
to: - 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v.6 (19851, p. 54 

P i a s t l c l t y  ( p l a s t i c  l i m i t )  ( $ 1  

ranges from: 36 

I l l i t e  (Ca) 
Jackson County, OH 

Source: OW! -486 ( 19831, p. 43 
to :  - 
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P l a s t i c i t y  ( p l a s t i c  l i m i t )  ( % )  
I I l l t e  (Ca) ( a )  
F i  Pitian, I I  

ranges from: 40 
.to: - 

Source: ONWI-486 (19831, p. 53 

I I l l t o  (Ca) (b) 
Grundy County, I L  

Plasticity (p las? ic  I f m i t )  (%I 

ranges from: 42 
t o :  - 

Source: OWI -456 (19831, p. 43 

P l a s f i c t t y  ( p l a s t i c  l i m i t )  ( % )  
Kaoi  i n l t e  (Ca)  
Anna, IL 

ranges from: 36 
t o :  - 

Sout ce: OW! -486 (19831, p. 53 

P i a s t l c i t y  ( p l a s t i c  i ini-f) ( % )  
K a o l l n l t e  (Ca) 
Dry Branch, GA 

to :  - 
Source: 0W1-486 (1983), p. 43 

Shala (a )  
Great  P l a i n s  

ranqes fram: 26 

P l a s t l c l t y  ( p l a s t i c  l i r n l t )  (%I 

ranges fmm: 20 
to: 62 

Source: ORNL/Su b/84-64?94/1 (19851, 
p. 291 

P l a s t l c i t y  ( p i a s t i c  I i m i t )  ( I )  
Shale ( b )  
Groat  P l a l n s  

ranges from: 22 
t o :  39 

Source: OWL/Sub/84-54794/1 (19851, 
P. 293 

P i a s t i c i t y  ( p l a s t i c  i l m i t )  ( $ 1  
Shales, Mudstones, S i  l t s tonss  
Var lous 

ranges frmn: 15.0 
tor 45.5 

6 -26 
Source: Y/C%41/n936/5 (19781, p. 6-20 t o  

P l a s t i c 1  ty ( p l a s t i c  l i m i t )  ( I )  

ranges frm: 63 

S m c t l t o  (Ca) 
Re! la Fourche, SO 

to: - 
So~rrcs:  OW1-486 (1983), p. 4 3  

F' l a s i - i c i t y  ( p l a s t i c  l i m i t )  ($1  
S m c t i t e  (Ca) 
Sheto, hZ 

t o :  - 
rong-5 from. 65 

SOUSCS: OMI-486 (19531, p. 43  

P l a s t i c i t y  ( p l a s t i c  I i m i f )  ( % )  
S w c t i t e  (Ca) 
Omted, I L  

ranges from: 79 
to: - 

S O I . I ~ C ~ :  ONWI-485 (19831, p. 43 

P l a s t i c i t y  ( p l a s t i c  I i m i t )  (%I 

ranges from: 6 5  

Sm3cf i tc  (Ca9 
Pont&sc, MS 

to: - 
Sntrrce: ONWl1-486 (19831, p.  43 

P lastlclky ( p l a s t i c i t y  Index) (E) 
BentoniTe (Na) (a )  
Wyornl ng 

ranges f r a n :  210 
to:  - 

Source: AECL-7825 (19841, p. 12 

P l a s t l i c i t y  ( p l a s f l c l t y  index) ( $ 1  
Ben ton i te  (Na) (b) 
#yomi ng 

ranges frcxn: 79 
so: - 

Source. AECL-7825 (1904), p. 12 

P l a s t i c i t y  ( p l a s t i c i t y  index) ($)  
Clay 
Lou1 s lnna 

rangps frm: 40 
to: - 

Soirrce: ORNL/Sub/84+4794/1 ( l 9 8 5 ) ,  
P. I73  

P l a s t l c l t y  ( p l a s t l c l t y  lndexa ($1  

ranger frcm: 0 
I I l i t e  

to:  90 
1-486 (1983), p. 45 

P l a s P i c l t y  ( p l a s t j c l t y  Index) ( I ,  
Kaol i n l t e  

Sseirce: OMdl-485 (19831, p. 45 

P l a s t l c l t y  ( p l a s t l c l t y  Index) ( $ 1  
Shale 
Great P l a  1 ns 

ranaes from: 30 
d 

to: 110 
Source: ORNLPSub/84-64794/1 (19851, 

P. 293 

P i a s t i s l t y  ( p l a s t i c i t y  Index) ($1 
Shales, Mudstones, S I  Itst-ones 
V a r l w s  

ranges from: 1.8 
to :  192 

Source: W/CWIflP436/6 (19781, p. 6-20 tu 
6-26 

P l a s t i c i t y  ( p l a s t i c i t y  index) ( 8 ,  

ranges frm: 0 
SrrraLt i te (Na ! 

to: 500 
Source: OW.!-486 (1983). p. 45 
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Plasticity (shrlnkage I In i t )  ($1 
Benton i t e  (a 1 
Oregon 

ranges from: 8.47 

Source: RHO-BWI -SA-80 (19811, p. 6 
to:  - 

P l a s t i c i t y  (shrinkage I l m l t )  ($)  
Benton I t e  (b 1 
0 r egon 

ranges from: 8.96 
to: - 

Source: RHO-HI-SA-80 (1981), p. 6 

p l a s t l c l t y  (shrlnkage I I r n T t )  ( k t  
Clay 
Ha n fo rd  

ranges from: 19.75 
tQ: .- 

Source: RHO-BWI - S A 4 0  ( 198 1 1,  p. 6 

Argl  I I i t e  

to:  - 
Polsson's r a t j o  

ranges from: 0.30 

Source: Proc NEB Workshop OECD (1979b1, 
p.  87 

Polsson~s r a t i o  
Benton 1 t a  
W yomi ng 

ranges from: 0.15 

Source: Owl-486 (19831, p. 63 

Poisson's r a t i o  
011 Shales 

ranges from: 0.2 
to :  0.3 

to :  - 

Source: QRNL/Sub/84-64794/1 (19851, 
P. 348 

Poisson's r a t i o  
011 Shales 

ranges from: 0.15 
to: 0.20 

Source: CRNL/Sub/84-64794/1 (1985), 
P.  348 

Poisson's r a t i o  
Shale 

ranges from: 0.2 
to: - 

Source: Y / W I  A M 3 6 / 6  (19781, p. 3-24 

Po lsson ls  r a t l o  
Shale 
Oh 10 

ranges f r o m :  0.1 
to: - 

Source: Y/OWI/TM36/6 (19781, p. 5-14 

Shale 
Oh i o  

~ O l S S C X l ' S  r a t [ D  

ranges from: 0,25 
to: - 

Source: Y/Oldl/TM36/6 (19781, p. 4-12 

Poisson's r a t i o  

ranges from: 0.03 
to: 0.50 

Shale (a) 

Source: Y/Olrl/TM36/6 (1978), p. 2-2 

Shale (b )  

to:  - 
Poisson's r a t i o  

ranges from: 0.15 

Source: Y/OW I /TM36/6 ( 19781, p. 7-8 

Poisson's r a t i o  
Shales ( a )  

ranges frm: 0.11 
to: 0.31 

Source: ORNL-6241IV3 ( i n  p repara t ion)  
p. 110 

Poisson's r a t i o  
Shales (b) 
Various 

ranges from: 0.03 
to: 0.77 

Source: Y/CWI/TN36/6 (19781, p. A-11 

R a t i o  of s t rength  t o  overburden s t ress  
Shale 

ranges from: 1.3 
to: 6.0 

Source: ORNL-6241/V1 (In prepara t lon)  
P. 53 

Shear modulus (Pa x lO(10))  

ranges from: 0.1 ( 1  x 10(3) MPa) 
to: 100 ( 1  x lO(6) W a )  

Shales (a) 

Source: ORNL-624 1/V2 ( I n  preparat  I o n )  
P. 199 

Shear modulus ( p s i )  

ranges from: 6.2 x lO(5) (4.3 x l O ( 3 )  MPa) 

Source: Y/CWI/TM36/6 (19781, p. 7-8 

Shale 

Shale 

to: - 

Shear m d u l u s  (PSI) 

ranges from: 58.3 x lO(3) (4 x lO(2) W a )  
to: - 

Source: Y/CMI/TN36/6 (1978), p. 3-24 

Shale 
Oh io  

Shear m d u l u s  (psi) 

ranges from: 6.8 x 10(5) (4.7 x lO(3) MPa) 
to: - 

Source: Y/Owl/TM36/6 (19781, p. 5-14 

Shale 
Oh lo 

Shear modulus ( p s i )  

ranges from: 6.8 x l O ( 4 )  (4.7 x lO(2) Wa)  
to :  - 

Source: Y/OWI/TM36/6 (1978). p. 4-12 
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Shear t ~ d u l u s  ( P S I )  
Shales (b) 
Var lous 

range5 from: 1.7 x IO(6) (1.2 x I O ( 4 )  W a )  
to: 3.6 x lO(6) ( 2 - 5  x l O ( 4 )  W a )  

B,fTM36/6 (1978), p. A-10 

Shear sBrengPh (kPa) 

ranges frm: 8,600 (1.6 W a l  
Benton i te  (No) ( a )  

t o :  < 1 5  ( (1.5 x 10(-2) 
Source: KES TEKNISK RPPPMir 74 (19781, 

p.  16 

Shear s t rength (Wa) 

r n n p s  from: 4.5 
Bentonite ( N A )  ( b )  

to: - 
Source: KBEns I E K N P S K  RAPPORT 74 (1978), 

p. 14 

Shear s t rength (undralned) (Wa) 
Clay 
Re l g l  urn 

ranges frm: Q.6 

Source: Rad #aste MBnagsmnt and Nuclear 
Fuel  Cycle v.6 (19851, p. 54 

to: - 

Shear s t rength (undralned) (Wa) 

England 
ranges from: 1.2 

Source: Rad Waste b n a g e m n t  and Nuclear 
Fuel  Cycle w.6 (19851, p. 54 

c lay 

to: - 

Shear st rength hodra lned)  (Wa) 
Clay 
I t a l y  

ranges from: 1.5 

Source: Rad Waste ManagsmnP and Nuclear 
Fuel  Cycle y.6 (1985), p. 54 

to: - 

Strength (Wa) 
c say 
Lou i s  l a m  

ranges frm: 0.19 
to: - 

Source: ORML/Sob/84-64794/1 (1985), 
p. 173 

Swef l lng LS) 
ranges from: 5 

Benton 1 te (a ) 

tu: 20 
Sourca: KBS TEKNISK RAPPORT 9 (197?), 

P* 5 

Swelllng ( X I  
BQntonlt0 ( b )  

ranges from: 15 
to: 30 

Source: KBS TEKNlSK WPPORT 9 (19771, 
P *  6 

Swelling (%)  

ranges from: 1 
Bsrrtonl te (c) 

to: 50 
Source: OWI-486 (1983), pa 

Swatl lng (b )  

ranaes from: -2 
I l l i t e  

I 

to: 20 
Source: OWI-586 (19839, p. 

Swelllng (b) 
I Iilte and h n t o n l t e ,  (a )  

ranges frm: 1 
to: 54 

1-496 (19831, p. 

Swal l f n g  ( 5 )  
ranges from: <2 

to: 30 

I I llte and Bentoni te  ( b )  

Source: OhtWJ-486 (1983), p. 

Illite and K n o l l n l t e  
Swel l ing (%)  

ranges frm: <2 
to: <lo 

Source: QW1-486 (1983), p. 

Swelling ( $ 1  

ranges from: <2 
Kaol i n  Ite 

to: 5 
SOU~CO: ONrlll-486 ( 1983), p. 

Swet l i n g  ( % I  

ranges frm: 2 
to: 35 

Source: OW!-486 (19831, p. 

Swel l ing ( p o t e n t i a l )  ($1 
Shale 
Canada 

ranges frm: 2 
to: 20 

SOU P C ~ :  ORNL6Su b9R4-54794 / 1 
p. 293 

Swel I Ing ( p o t e n t i a l )  ($1  
Shale 
Great P la1 ns 

rangos from: 3 
to: 5 

SOU T C ~ :  ORNL/Su b/84)4-dBJ9rl/l 
P. 293 

Swel l ing dlstance (mm) 
B e n t o n  I te 

ranges from: 1 

1-312 (19811, pB 

49 

49 

49 

49 

49 

49 

49  

(19851, 

(1985), 

16 
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Swe I I1 ng pressure (kPa1 
R e n t o n  i t e  (a) 

ranges from: 30 (0.03 W a )  ( ? I  
to: 110 (0.11 W a )  ( 7 )  

Source: KBS TEKNISK RAPPORT 9 (19771, 
P -  6 

Swel l l n g  pressure (k.Pa) 
Benton I t e  (b )  

ranges from: 30 (0.03 W a )  (7) 
to: 200 (0.20 Wa)  ( ? )  

Source: KBS TEKNISK RAPPORT 9 (19771, 
P9 6 

Swe I I I ng pressure (Wa)  
Ben ton l te  
Oregon 

ranges from: CB. 0 
to: ca. 1.8 

Source: AECL-7912 (19831, p. 34 

Swe I I I ng pressure (Wa)  
Ben ton l te  
Wyoml ng 

ranges from: ca. 0 

Source: AECL-7812 (19831, p. 34 
t o :  ca. 2.2 

Swelling pressure (Wa) 
Benton i t e  (c 1 

ranges from: 0.7 
t o :  ca. 70 

Source: AECL-7812 (19831, p. 33 

Swe I I1  ng pressure & f a )  
Benton 1 t e  (Ca 1 

ranges from: 31.4 
t o :  - 

Source: ONWI-312 (19811, p. 31 

Swel I l ng  pressure (Wa)  
Ben ton i te  (Na) ( a )  

ranges from: >lo 
to: - 

Source: ONWI-312 (19811, p. 15 

Swel I Ing  pressure (Wa) 
Ben ton i te  (Na) ( b )  

ranges from: 57.7 
ta: - 

Source: OW!-312 (19811, p. 31 

Swelllng pressure (Wa)  
Ren ton l te  (Na) ( c )  

ranges from: 21.7 
to: - 

Source: Owl-312 (19811, p. 31 

Swe I I I ng pressure (Wa) 
Ben ton i te  (Na) (d) 

ranges from: ca. 72 
to: - 

Source: RMO-BWI-SA-80 (19811, pI 6 

Swel l l n g  pressure ( W a )  
Ben ton l te  (Na) ( e )  
Wyoml ng 

ranges from: ca. 3 
to: ca. 8 

Source: AECL-7825 (19841, p. 16 

Sue I I I ng pressure ( W a )  
Benton l te  (Na) ( f )  
Wyoml ng 

ranges from: ca. 2 

Source: AECL-7825 (19841, p. 16 

S w s  I I I ng pressure (Wa)  
Benton i te  (Na) (9) 
Wyoml ng 

ranges from: 1 
to: 8 

Source: rcBS TEKNISK RAPPORT 74 (19781, 

to: ca. 20 

P. 6 

Swe I I I ng pressure (Wa)  
Ben tan l t s  (Na) (h )  
Wyoml ng 

ranges from: 2 

Source: ONWl -486 ( 

Sue I I i ng pressure (Wa)  
Benton l te  (Na) ( I )  
Wyoml ng 

ranges from: 3 

Source: ONWI-486 ( 

to: 23 

to: 26 

Swel l lng  pressure (Wa)  
Benton l te  (Na) (j) 
Wyoml ng 

Source: ONWI-486 (19831, p. 51 

Swe I 1 1  ng pressure I W a )  
Benton l te  and Sand ( a )  
0 r egon 

ranges from: ca. 0 

ranges from: 3 
to: 27 

- 
to: ca. 1.8 

Source: RHO-BWI-SA-80 (19811, Fig. 3 

Swe I I I ng pressure (Wa) 
Ben ton l te  and Sand (b)  
wyomr ng 

ranges from: ca. 0 

Source: RHO-BWI-SA-80 (1981), Flg. 3 

Swe I I 1  ng pressure (MPa 1 
Shale 

ranges f r o m :  10 

to: ca. 2.2 

to: 0.5 
Source: KBS TEKNl SK RAPPORT 74 ( 1978), 

P a  7 

Tens1 l e  s t rength  ( P a )  

ranges from: 3.5 
A r g l l l l t e  

to: - 
Source: Proc NEA Workshop OECD (1979b1, 

P. a i  



Tens! l e  s t rength (MPs) 
Shaln (c )  
Oh lo 

ranges from: 0.34 
to: - 

Source: ORI?L/Sub/84.-64794/1 ( 1  9851, 
P.  108 

Tensf le s f f e t i g t h  (psf 1 
Shale 
Oh to 

ranges from: 200 (1.4 W a )  
to: - 

Source: Y/&l/TM36/6 (19181, p. 5-44 

Tens! 10 st rength (PSI 1 

ranges from: 0 ( 0  W a )  (7 
to: 1,540 (1.1 x 

Source: Y/oW I flM36/6 ( 

Shale !a! 

Tens l l e  s t rength (psi) 

ranges from: 200 (1.4 Wa 

Source: Y/oY, I /TM36/6 ( 

Shale (b )  

to: - 

Tsnsfl~ streng-th ( p s f )  
Sha le  (d)  
Oh lo 

978), p. 7-8 

ranges f r o m :  50 (3.4 x 10(-1) MPa) 
Po: - 

Source: Y/OWI/TWfb/6 (1978), p. 4-12 

Tens l l e  s t rength ( p s i )  

ranges frm: 50 (3.4 x 10(-1) MPal 
S h a l e  ( 8 )  

Po: - 
Source: Y/O# I /Tla!36/6 i 19781, p. 3-24 

Tensf l e  s t rength ( P S I )  
Sha 18s 
Var fous 

ranges from: <lo0 ( 6.9 x 10(-1) WaS 

S O U ~ C Q :  Y/CWI AM36/5 (1978), p. A-7 
to: 1,538 (1.1 i o ( i )  wai 

Young's mdu lus  (elastlc mdulus)  (MPa) 
Clay 
SelglMll 

t-angos f r o m :  170 
Po: - 

Source: Rad Wasta Managerent a n d  Nuclear 
Fuel C y c l e  v.6 (1985),  p. 54 

Young's m d u l u s  ( e l a s t l c  m d u l u s )  ( W a )  
C l a y  
I t a l y  

ranges from: 300 

Source: Rad Wasto Managemnt and Nuclear 
Fuel C y e i o  v.6 (1985), p. 54 

to: - 

y ' 3 J n q ' S  IWdUlUS ( e l a 5 t r C  mdUlUS) ( P S I  X 
I O ( 5 ) )  

ranges f r o m :  1.48 ( 1  x l o ( .? )  MPa) 
Shale 

To: - 
Source: Y/W 1 iT?436/5 ( 1  978), p. 6-3 

Young's m d u l u s  (elasSlc rod?, l i~s)  ( p s l  x 
l O ( 6 )  1 

Shale 
Great P l a f n s  

rangos from: 0.02 0.4 x lO(2) %Pa) 
to: 0.014 (9.6 x l O ( 1 )  MPo4 

Sourcs: ORNL/Sub/84-64794/1 (1985!, 
p. 293 

Young's modulus (GPa) 

ranges from: 3.7 (3.7 x lO(3) W a )  
Argl  I I I t s  (a) 

to: 16 (Wa) 

P. 83 
Source: P r o c  NEA Workshop OECD (1979b1, 

Young's nwdulus (GPa) 
Shales ( a )  

ranges from: 9.9 (9.9 x lO(3) MPa) 
to: 31.7 (3.17 x lO(4) MPa 

Source: WNk-624 1 /V3 ( 1  n prepara 
p. 110 

Young's m d u l u s  (ir?Pa) 

ranges from: 300 
B e n t m i t e  

.to: '- 

Source: OW1-485 (19831, p. 63 

Young's m d u  I us (MPa3 

ranges from: ca. 55 
t o :  c3. 80 

Bentonlts and Sand (a)  
Oregon 

Soiirce: RHO-Bd I -SA-80 ( 198 11 ,  Ff g. 5 

Young's m d n  Ius (!Pa) 
Bentonfte a n d  Sand  ( b )  
%"yomf ng 

ranges from: cam 45 
to :  60 

Source: Rim-BWI-SA-80 (19811, Flg.  5 

Young's m d u l u s  ( W a )  
011 Shales 

ranges from: 7,000 (7 x lO (3 ) )  
to :  17.500 (1.75 x 10(4!) 

Source: MahL/Sub/84-64794/1 (1985), 
p. 3 8  

Young's inoduius ( W a )  
01 I Shales 

ranges f r o m :  >21,000 ( >2.1 x l O ( 9 ) )  
to: - 

Sourco: ORNL/Sub/84-64794/1 ( 1  985). 
p. 548 

Young's modtiltis (WJ) 

rangos fromi: 10 
90: 32 

Shale ( a )  

Source: 04NL-6241/Vl ( I n  preparat ion 
P. 47 

Ycung's r i d u  I u s  ( , T a l  

ranges frcn: 10 
to :  32 

Shalc (b) 

Source: OUNL-6241/V1 ( f n  praparot lon 
P. 4 7  
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Young's modulus (Pa x IO(10)) 

ranges from: 1 ( 1  x IO(4) W a )  
Shales (b) 

Source: ORNL-624 1/V2 ( I  n preparat  I o n  1 
to: 500 (5  x lO(6) MPa) 

p. 199 

Young's modulus ( p s i )  

ranges from: 1.4 x IO(5) (9.7 x IO(2) W a )  
Shale 

to: - 
Source: Y/OWI AM36/6 (1978), p. 3-24 

Shale 
Oh lo 

Young's modulus (PSI) 

ranges from: 1.5 x lO(6) ( 1  x lO(4) MPa) 
to: - 

Source: Y/OWI/FM36/6 (1978), p. 5-14 

Shale 
Ohlo 

Young's modulus ( P S I )  

ranges from: 1.7 x lO(5) (1.2 x lO(3) MPa) 
to: - 

Source: Y/WI /TM36/6 (19781, p. 4-12 

Shale (c)  
Young's modulus (PSI) 

ranges from: 2 x lO(3) (1.4 x lO(1) W a )  
to: 6.4 x lO(6) (4.4 x lO(4) W a )  

Source: Y/OWl/TM36/6 (19781, p. 2-2 

Shale (d) 

to: - 
Young's modulus (PSI) 

ranges from: 1.6 x IO(6) (1.1 x IO(4) MPe) 

Source: Y/OWIAM36/6 (19781, p. 7-8 

Young's modulus ( P S I )  
Shales (c)  
Varlous 

ranges fran: 0.0020 x IO(6) (1.4 x 10(1) 

Source: Y/awI/TM36/6 (1978), p. A-8,9 

Argl  I I I t e  (b) 

to :  - 
Source: Proc NEA Workshop OECD (1979b), 

MPa 1 
to: 15.0 x IO(6) ( 1  x IO(5) Wa) 

Young's modulus (unconflned) (GPa) 

ranges from: 3.74 (3.7 x IO(3) MPa) 

P. 87 
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C o e f f i c i e n t  o f  l lnear  expanslon (deg C ( - l ) )  
( K ( - l ) )  

Arg l  I I I t e  

Source: Proc NEA Workshop OECO (1979b1, 

C o e f f i c l e n t  of l inear  thermal expanslon (deg 

ranges from: 8 x 10(-6) 
to: 15 x 10(-6) 

p. 77 

F ( - l ) )  

ranges from: 4 x 10(-6) (2.2 x 10(-6) 
Shale (a)  

K ( - l ) )  
t o :  - 

Source: Y/OW I /TM36/6 ( 19781, p. 2-2 

C o e f f i c i e n t  o f  l lnear  thermal expanslon 
(hor izon ta l )  (deg F t - 1 ) )  

ranges from: 4.5 x 10(-6) (2.5 x 10(-6) 
Shale ( b )  

K ( - l )  1 
t o :  - 

Source: Y / W I  AM36/6 (19781, p. 7-8 

Coef f i c l e n t  of I lnear t h e r m  I expans ton 
( K ( - ? ) )  

ranges from: 2.5 x 10(-6) 
Shales (a) 

t o :  15.8 x 10(-6) 
Source: ORNL-6241/V3 ( i n  preparat lon)  

P. 345 

Coef f l c l e n t  of I I near t h e r m  I expans Ion 
(vertical) (deg F ( - l ) )  

ranges from: 9 x 10(-6) (5 x 10(-6) K ( - 1 ) )  

Source: Y/CWI/TM36/6 (19781, p. 7-8 

Shale ( c )  

to :  - 

Coef f i c l e n t  of t h e r m  I expans 

ranges from: 2.9 x 10(-6) 
Shales (b) 

t o :  12.9 x 10(-6) 
Source: CRNL-6241/V1 ( i n  

p. 4 7  

Heat capac I t y  (BTU/i b-deg F 1 
Sha le  

on (KC-1)) 

preparat ion)  

ranges from: 0.20 (8.4 x l O ( 2 )  J/Kg-K) 

Source: Y/OWI /TM36/6 (19781, p. 7-8 

Shales ( a )  

t o :  - 

Heat capacl ty (BTU/I b-deg F )  

ranges fro@: 0.16 (6.7 x lO(2) J/Kg-K) 
to:  0.20 (8.4 x IO(2) J/Kg-K) 

Source: Y/OWI/TM36/6 (19781, p. A-19 

Heat capacl t y  (J/Kg-K 

ranges frm: 5.5 x lO(2) 
Shale (a)  

to :  1.042 x lO(3) 
Source: ORNL-6241/V1 ( I n  preparat ion)  

p. 40 

Heat capacl t y  (J/Kg-K) 

ranges from: 7.12 x lO(2) 
Shale ( b )  

to: 1.170 x 10(3) 
Source: ORNL-6241/V3 ( I n  preparat ion) 

p. 345 

Heat conduct lv l t y  ( m i  I I lca l /cm s deg C )  
( t he rm1 conduct iv l t y )  

Clayey Sandstones 
ranges from: 2.5 (1.05 W/m-K) 

to: - 
Source: Y/OW I /SUB-7OO9/1 (1976) p. 23 

Heat conduct 
conduct i VI t y  

Benton ? 
ranges from: 

to :  
Source: 

VI t y  (W/rn-deg C )  ( t h e r m  I 

e (a) 
0.5 
2.0 
KBS TEKNISK RAPPORT 9 (19771, 
P. 8 

(W /m-K 

Speclf IC heat (J/Kg-deg C )  (spec i f  IC heat 
capac i t y  ) (J/KgX ) 

ranges from: 7.96 x lO(2)  
Shale ( c )  

to:  - 
Source: ORNL-6241/V2 ( I n  preparat ion)  

P. 57 

Spec i f i c  heat (J/Kg-K) ( s p e c i f i c  heat 
capaci t y  1 

Clay 
Belgium 

ranges from: 9.21 x lO(2) 
to:  - 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v. 6 (19851, p. 54 

Spec i f i c  hea 
capac I t y  1 

Clay 
I t a l y  

ranges from: 
to :  

Source: 

(J/Kg-K) (spec1 f I C  heat 

9.21 x lO(2) 

Had Waste Management and Nuclear 
Fuel Cycle v. 6 (19851, p. 54 

.. 

Spec i f i c  heat (J/Kg-iO ( s p e c l f l c  heat 
capacl t y  1 

ranges from: 5.50 x lO(2) 
Shales ( b )  

to:  1.042 x 10(3) 
Source: ORNL-6241/V3 ( i n  preparat ion)  

P. 115 

Thermal conduct iv i t y  (Rtu per h r  sq f t )  (deg 
F per ft) ( ? I  

Sol Is 
B r l s t o l ,  VA 

ranges from: 0.14 
to: 0.60 

Source: Y/WI/SUB-7009/1 (19761, p. 20 



210 

Thermal c o n d u c t i v i t y  (B tu  par h r  sq f t )  (deg 
F per f t )  ( ? )  

Sol I s  
Columbug, MS 

ranges f r o m :  0.28 
t o :  2 -28  

Source: Y/OWI/SUB-7009/1 (19761, p. 20 

TharmaI COfldiJctlVlty (BPu per h r  sq f t )  (deg 
F per  f t )  ( ? I  

Sol I s  (a) 
Cleveland, TN 

ranges frm: 0.15 
t o :  0.94 

Source: Y/OwI/SUB-7009/1 (1976), p. 20 

T h e r m 1  c o n d u c t i v i t y  (B tu  per h r  sq f t )  (deg 
F per  f-i.1 (7) 

S o i l s  (b )  
Mu< freesboro, TN 

ranges from: 0.21 
to :  0.84 

SOUf-Ce. Y/m1 /SUB-7009/1 (197b3, p. 39 

T h e r m !  c o n d u c t i v i t y  (RTU/ft-hr dsg F )  
Shales (b) 
Vat- ious 

ranges fran: 0.34 (5.9 x 10(-1) W / r n + )  
to. 1.77 (3.1 W/m-+O 

S O U ~ C O :  Y/W I /TM36/6 (19781, p. A - 1 6  

Therm1 c o n d u c t i v i t y  ( h o r i z o n t a l )  
(BTU/hr-f t-deg F )  

Shale ( b )  

for - rango., fi-un. 1.1 (1.9 W / m - K )  

Source: Y/OWI /TM36/6 (19781, p. 7-8 

r h e r m l  c o n d u c t i v i t y  ( h o r i z o n t a l )  ( J / s  rn-dog 
C )  (W/m-K) 

ranges from: 1.89 
Shale ( c )  

to: - 
Source: OXNl-5241/V2 ( I n  p repara t l un )  

p. 99 

T h e r m  1 c o n d d c t i v l t v  ( h o r i z o n t a l  1 (W/in-K) 
Shale ( d )  

ranges from: 1.52 
t o :  2 -26  

Source: ORNL-624 1 / V l  
P. Q0 

Thermal c o n d u c t i v i t y  (hor 

ranges frorn: ca. 1.60 
t o :  ca. 2.20 

Shales ( a )  

Source: ORNL-6241 /Y3 
P. 117 

Thermai c o n d u c t i v i t y  (k  x 
Sol I s  

ranges from: 3 
t o :  5 

( i n  

zon 

p repara t i on )  

soorec: Y/OWI /SUB-7009/1 (1976), p. 19 

Therm1 c o n d u c t i v i t y  ( k  x lO(4)) ( ? I  
Sol Is 

ranges from: 3-4 
To: 8-12 

Source: Y/Ok4!/SUB-7009/1 (19761, p. 19 

Therm I c o n d u c t i v i t y  ( i iwtt lx)  (Wlrn-deg C )  
( W / r n - K )  

ranges frm: ca, 1.80 
Arg i  I I i t s  (a )  

to: - 
Swrce :  Froc NEB Workshop OECD (1979b3, 

P. 87 

lhernw I c o n d u c t i v i t y  ( i ~ t f ' l x )  (W/m-dog C )  
( W / m X )  

ranges from: ca. 1.48 
Arg i  I I 1  Pe (b )  

To: - 
Source: Proc NEA Warkshop OECD ( 1 3 7 9 h ) ,  

P. 87 

Therm1 c o n d u c t i v i t y  (ma t r i x )  (W/rn-dog C i  
(W/n-K 1 

Clay ( a )  
89 lgiurn 

ranges frm: ca, 0.3 
to :  - 

Source: Froc NEA Workshop OECD (1979b1, 
P. 87 

T h e r m  I c o n d u c t i v i t y  ( m a t r i x )  (W/rn-deg C )  
(W/tn.K) 

Shale ( I )  
ranges from: 0.7 t o  2.1 

to :  - 
Source: Proc NEA Workshop OECO (t979b1, 

P. 87 

Therm! c n n d u c t l v l t y  (ml P !  Ical /cm s dog C )  
Shale ( a )  
Eng iand 

ranges from: 2.2 (9.2 x 10(-1) W/m-K) 
to: 5.3 (2.22 W/m-K) 

Source: Y/WI /SUB-7009/1 (1976), p. 25 

Thermal c o n d u c t i v i t y  ( m i  I l i c a l / c m  s deg 6 )  
Shale ( h )  
England 

ranges from: 3.0 (1.26 W/rn-K) 
to :  4.3 (1.80 W/m-K) 

Source: Y/OH I /SUB-7009/1 ( 1  9761, p. 26 

Therm!  c o n d u c t i v i t y  (m I I I l ca I / cm s dsg C )  

ranges from: 3.67 (1.62 'idBti1-K: 
to: 4.25 (1.78 W i m - t o  

Shale ( k )  
Sunderland, MA 

Source: Y/CW I /SU9-3009/1 ( 1  9769, p. 28 

T h e r m !  c o n d u c t i v i t y  ( v e r t i c a l )  
(Bru/hr-f t--d6g F )  

ranges frm: 0.8 (1.4 W/m-K) 
Sha?e ( e )  

t o :  - 
Soirrco: Y/&I/TM36/6 (19781. p. 7-4 
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Therm I conduct lv l t y  ( v e r t f c a l )  ( W / m d )  

ranges from: 1.21 
to :  1.57 

Shale ( f )  

Source: ORNL-624 1 /Y 1 ( I  n preparat  ?on 1 
P. 40 

Thermal conduct lv l t y  (vertical) (W/m-K) 
Shales 

ranges from: 1.21 
to: 1.57 

Source: ORNL-6241/V3 ( I n  preparat fon) 

Tharma 1 conduct lv l t y  (W/m-deg C )  (W/m-K) 

ranges from: ca. 0.75 

p. 115 

Benton l te  ( b )  

t o :  - 
Source: Proc NEA Workshop OECD (1979b1, 

pa 148 

Therm I conduct lv l  t y  (W/m-deg C) (W/m-K) 

ranges from: 0.7 
to: 3.0 

OQfltOn I te (C )  

Source: Proc NEA Workshop OECD (1981 ) I  

p .  342 

Benton I t e  (Ca 1 
Therma I conduct fv l ty  (W/m-deg C )  (W/m-K) 

ranges from: 0.71 
to :  1.10 

Source: PNL-4452 Uc-70 (19831, p, 20 

Therim I conduct f v f t y  (W/m-deg C )  (W/m-tO 

ranges from: 0.5 
to :  1.0 

3entonI te  (d) 

Source: Proc NEA Workshop OECD (1981), 
p. 342 

Thermal conduct fvr ty  (W/m-deg C )  (W/m-Io 

ranges from: 0.9 
to :  1.3 

Benton I t e  ( A )  

Source: OMJ1-486 (19831, p. 63 

Therm I conduct lv l t y  (W/rn-deg C )  (W/rn-K) 

ranges from: 1 
Bentonf te  ( f )  

to: 3.5 
Source: ONWl 4 8 6  (1983), p. 63 

Therm I conduct lv l  t y  (W/m-deg C )  (W/m-K) 

ranges from: ca. 0.0 
to :  ca. 1.2 

SentonI te  (g )  
W yom? ng 

Source: Proc NEA Workshop OECD ( I981 1 ,  
p .  334 

Thermal conduct lv l t y  (W/m-deg C )  (W/m- lo  

ranges from: 0.78 

Bentonf te  ( h )  
WyOM! ng 

t o :  - 
Source: ONWI-486 (19831, p. 61 

Therm I ConduCt?V!ty (W/rn-deg C )  (W/m-K) 

ranges from: 0.52 
to: 0.96 

Benton f t e  (Na) 

Source: PNL-4452 UC-70 (1983), pa 20 

Therma I conduct l v l t y  (W/m-deg C)  (W/mX 1 
Bentonl te  and Crushed Granl te  (a) 
Wyoml ng 

ranges from: 2.7 
t o :  0.8 

Source: P r m  NEA Workshop OECO (19811, 
p. 334 

Therm I conduct lv l t y  (W/m-deg C )  (W/m-K) 
Bantonl te  and Crushed Gran l te  (b)  
Wyoml ng 

ranges from: ca. 0.6 
to: ca. 1.5 

Source: Proc NEA Workshop OECD (19811, 
p. 334 

Therm I conduct fv l t y  (W/m-deg C )  (W/m-K) 

ranges from: 0.5 
to: 2.0 

Bentonl te  and Sand (a) 

Source: Owl-486 (19831, p. 63 

Therm I conduct lv l t y  (W/m-dsg C) (W/m-K) 

ranges from: 0.014 (1.4 W / r n - K )  
to: 0.016 (1.6 W/m-K) 

Clay 
5. Paolo mlne 

Source: ORNL-tr-5110 (19811, p. 12 

Therm I conduct lv l t y  (W/m-deg C )  ( W / m X )  

ranges from: 0.5 
Hector I t e  

to: 2 t o  3 
Source: OW!-312 (19811, p. 18 

Therm I conduct lv l  t y  (W/m-deg C )  (W/m-K) 
I I l l t e  (a )  

ranges fcam: a. 0.6 
to: ca. 1.6 

Source: Proc NEA Workshop OECD (19811, 
P. 336 

Thermal conduct lv l t y  (W/m-deg C )  (W/m-K) 

ranges from: 1.4 
to :  4.0 

I I l l t e  (b)  

Source: Proc M A  Workshop OECD (1981), 
p. 342 

Thermal conduct lv l t y  (W/m-deg C) (W/m-K) 

ranges frcm: 0.8 
I l l l t e  (c)  

to: 1.8 
Source: Proc N E A  Workshop OECD (1981), 

p.  342 

Thermal conduct lv l t y  (W/m-dag C )  (W/m-K) 

ranges from: ca. 0.9 
to: ca. 1.9 

I l l l t e  and Crushed Granl te  

Source: Proc NEA Workshop OECD (1981), 
p.  336 
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Thermal c o n d u c t i v i t y  (W/m-deg C )  (W/m-K) 

ranges from: 1.7 
to :  3.5 

K a o l i n i t e  (a )  

Source: Proc NEB Workshop OECD (19811, 
p. 342 

Therm1 conduct iv i t y  (WJro-deg C 1  (W/m-KP 

ranges from: 0.9 
to :  2.0 

Kaoi i n i t e  ( b )  

Source: Proc NEA Workshop OECD (1981 
p. 342 

Thermal conduct iv i t y  (W/rn-deg C )  (# /m- iO 

ranges from: 3.4 
to: 2.3 

K a o l i n i t e  and Crushed Gran i te  

Source: Proc NEA Workshop OECI) ( I981 ) ,  
P. 334 

T h e r m  I conduct iv i  t y  (W/m-deg C )  ( W / r n - K \ )  

ranges frotn: 0.8 
t o :  2.0 

S i  I t /C lay Sol I (a)  

Source: 0NWl-486 (19831, p. 54 

Therm I conduct l v i t y  (W/m-deg C )  (W/m-K) 

ranges frm: 0.4 
S l l t / C l a y  S o i l  (b )  

to: 0.85 
Source: OW! -486 (1983). p. 54 

Therm I conduct iv i  t y  (W/m-deg C )  (W/m-K) 

ranges frcm: 0.5 
to: 1.1 

S i I t /C lay  Soi I ( c )  

Source: ONWI-486 (19831, p. 54 

s i  I t /C lay Sol I (d)  
Thermal c o n d u c t i v i t y  (W/m-deg C) (W/m-K) 

ranges frm: 0.6 
t o :  1.3 

Source: OWI-486 (1983), p. 54 

Therm I con 'duct iv l ty  (W/m-deg C) ( W J r n - K )  

ranges from: 0.7 
to :  1.5 

S i I t / C l a y  Sol i  ( e )  

Source: Owl-486 (19831, p. 54 

Therma I conduct Iv l  t y  (W/m-dog C )  ( W / r n - K )  

ranges from: 0.75 
t o r  1.75 

S i l t X : l a y  Soil ( f )  

Source: OW 1-486 (19831, p. 54 

Therm I c o n d u c t i v i t y  (W/m-lo 
A r g i  I I I tQ (c)  
Nevada 

ranges from: 1.28 
to: 2.7 

Source: ORNL-624?/V3 ( i n  preparat ion)  
p. 341, 342 

Thermal conduct iv i t y  (W/m-K) 

ranges from: 1.12 
to:  0.99 

Bon?cmitte and S a l t  (a)  

Source: ONW1-486 (19831, p. 53 

Therina I c o n d u c t i v i t y  (W/m--K) 

ranges from: 1.01 
to :  1.12 

Benton i ts  and S a l t  ( b )  

Source: ONWI-486 (19831, p. 53 

Thermal c o n d u c t i v i t y  (W/m-K) 
Benton i te  and Sand ( b )  

ranges f r o m :  0.58-0.80 
to :  1.06-1.17 

SOUI-C~: OW1-486 (1983). p. 53 

Therm I conduct I v l  t y  W/rn-K) 
Clay 
England 

ranges from: 1.56 

Source: Rad Waste Management and Nuclear 
Fuel Cyc le v. 6 (19851, p. 54 

to:  - 

Thermal conduct iv l  t y  (W/m-K) 
Clay 
I t a l y  

ranges frm: 1.5 

Source: Rad Waste bnagermnt and Nuclear 
Fuel Cyc le v. 6 (1985), p. 54 

to :  - 

Therm I conduct I v i  t y  ( W / m X )  
Clay ( b )  
ee I g i  urn 

ranges from: 1.5 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v. 6 (19851, p. 54 

to:  - 

Therm 1 conduct iv i t y  (W/m-K) 

ranges from: 1.42 
to: 1.94 

Shale 

Source: ORNL-6241/V3 ( i n  preparat lon)  
p. 341 

Therma I conduct i v i  t y  (W/M-K)  
Shale 
Kansas 

ranges from: 0.7 
to: 4.3 

Source: ORNL-6241/V3 ( I n  preparat ion)  
D. 343 

Therm I conducTiv i ty  (W/m-K 
Shale 
M1 ch igan 

ranges from: 2.64 

Source: ORNL-6241/V3 ( 
P. 341 

to :  - 
n preparat ion)  
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Therm I conduct iv l  t y  (W/m-K) 
Shale 
Orange Free State 

ranges from: 1.97 
to :  2.89 

Source: ORNL-6241D3 ( I n  preparat ion)  
P. 341 

Therma I conduct I v l  t y  (W/m-K 
Shale 
South A f r i c a  

ranges from: 2.76 
to :  - 

Source: ORNL-6241/V3 ( 
p. 343 

Therma I conduct iv i t y  (W/m-K 
Shale ( I )  
England 

ranges from: 1.26 
to :  1.80 

Source: ORNL-6241/V3 ( 
P. 341 

Therm I conduct I v l  t y  (w/m-K 

ranges from: 1.62 

Shale C J )  
Massachusetts 

to :  - 

n preparat I on 1 

n preparat ion) 

Source: ORNL-6241/V3 ( I n  preparat ion)  
p. 341 

Therma I conduct i v i  t v  (W/m-K 1 
Shale (m) 

ranges from: 0.715 
t o :  2.20 

Source: ORNL-624 1 /V3 ( 
p. 340 

Therm I conduct iv i t y  (W/m-K 

ranges from: 1.38 
Shale (n)  

to :  1.9 

n preparat ion)  

Source: &NL-6241/V3 ( I n  preparat ion)  
p. 341 

Thermal conduct iv i t y  (W/m-K) 
Shales 

ranges from: 1.47 
to :  2.00 

Source: ORNL-6241/V3 ( i n  preparat ion)  
p. 340 

Therm1 conduct iv i t y  (W/m-K) 

ranges from: 0.99 +/- 0.3 

Shales 
Ca I i f  orn i a  

to :  1.63 +/- 0.3 
Source: ORNL-624i/V3 ( I n  preparat ion) 

P. 341 

Thermal conduct lv i t y  r a t i o  ( v e r t i c a l /  
hor lzonta I )  

ranges from: 0.76 
Shale (g) 

to :  - 
Source: ORNL-6241/V2 ( i n  preparat ion)  

p. 99 

Thermal d i f f u s l v l t y  (cm(Z)/h) 

ranges from: 20 (5.56 x 10(-7) rn(Z)/s) 

Clay 
S. Paolo mine 

to:  - 
Source: ORNL-tr-5110 (1981), p. 12 

Thermal d i f f u s l v i t y  (cm(2)/s x lO(3))  

ranges from: 3.03 (3.03 x 10(-7) m(2) /s)  
to: 3.47 (3.47 x 10(-7) m(2)/s)  

Source: PNL-4452 UC-70 (19831, p. 18, 19 

Benton 1 t e  (Na) 

Thermal d i f f u s l v i t y  ( f t ( 2 )  per h r )  
S o l  Is 
B r i s t o l ,  VA 

ranges from: 0.0090 (2.3 x 10(-7) m(2)/s) 
t o :  0.016 (4.13 x 10(-7) m(2)/s) 

Source: Y/WI /SUB-7009/1 (19761, p. 21 

Thermal d i f f u s l v l t y  ( f t ( 2 )  per h r )  
Sol I s  
Columbus, MS 

ranges from: 0.016 (4.13 x 10(-7) m ( 2 ) / 5 )  
to:  0.046 (1.19 x 10(-7) m(2) /s )  

Source: Y/oWI/SUB-7009/1 (19761, p. 21 

Soi Is (a)  
Cleveland, TN 

to:  0.022 (5.68 x 10(-7) m(2)/s) 
Source: Y/OWI /SUB-7009/1 (19761, p. 21 

S o i l s  (b )  
Murfreesboro, TN 

Source: Y/OWI /SuB-70Q9/1 (1976), p. 21 

Clay 
Be i g i  um 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v. 6 (19851, p. 54 

Thermal d i f f u s l v l t y  ( f t ( 2 )  per h r )  

ranges f r o m :  0.0115 (2.97 x 10(-7) m(21/s) 

Thermat d l f f u s i v l t y  ( f t ( 2 )  per h r )  

ranges from: 0.0145 (3.74 x 10(-7) m ( Z ) / s )  
t o :  0.0235 (6.06 x 10(-7) m(2)/s) 

Therma I d i  f fus I v l  t y  (m(2)/s ) 

ranges from: 8.1 x 10(-9) 
to:  - 

Thermal d i f f u s l v l t y  (m(2) /s )  

ranges from: 7.8 x lo( -7)  

Clay 
I t a l y  

Source: Rad Waste Management and Nuclear 
Fuel Cycle v. 6 (19851, p. 54 

to: - 
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13.3 Appendix C. MATERIALS 
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A I  lophane 
Ion  exchange capacl ty (meq/l00 g) 

to :  - 
p. 152 

Arg l  I I l t e  
Sorpt lon c m f f l c l e n t  (Kd) (ml/g) 

ranges from: 70 

Source: ORNL-6241/V2 ( I n  preparation) 

ranges from: 0 
t o :  1 x lO(5) 

Source: ONWI-486 (1983), p. 73 

A t  tapu I g I te 
Sorp t l on  c o e f f l c l e n t  (Kd) (ml/g) 

ranges from: 1 x 1Q(-2) 
t o :  2 x lO(4) 

Source: M I - 4 8 6  (19831, p. 73 

Ben ton l te  
D 1 f f u s l v l  t y  (m(2) /s 1 

t o :  - ranges from: 1.3 x 10(-10) 

Source: Owl-312 (1981), p. 14 

5enton r t e  
Ion exchange capacfty (meq/100 g) 

ranges from: 0.1 
to :  100 

Source: NUREG/CP-0052 (19831, p. 181 

Ben ton l te  
Sorp t l on  c o e f f f c l e n t  (Kdl (ml/g?) 

ranges from: 1 

Source: P r o c  NEA Workshop OECD (1979a), 
P. 304 

Benton 1 t e  (Ca ) 
Sorpt lon c o e f f l c l e n t  (Kd) (ml/g) 

t o :  2 x lO(5) 

ranges from: 2.5 x lO(4 )  
t o :  1.1 x lO(5) 

Source: Owi-312 (19811, p. 35 

Ben ton l te  (Ca) 
Sorptton coe f f  l c l e n t  ( K d )  (rnl/g) 

ranges from: 2.5 
t o :  3.2 

Source: W I - 3 1 2  (19811, p. 35 

Benton 1 t e  (Ca) 
Sarptlon coef f  l c l e n t  (Kd) (ml/g) 

ranges from: 1.2 x l O ( 3 )  
t o :  865 

Source: ONWI-312 (19811, p. 35 

Benton 1 t e  (Na) 
Sorpt lon c o e f f l c l e n t  (Kd) (ml/g) 

ranges from: 5.0 x IO(3) 
t o :  6.8 x l O ( 3 )  

Source: ONWI-312 (1981), p. 35 

Bentonf to  (Na) 
Sarpt lon c o e f f l c I e n t  (Kd) (m l /g )  

ranges from: 0.4 
t o :  8.6 

Source: OW1-312 (19811, p. 35 

Bentontte (Na) 
Sorpt lon coef f l c l e n t  (Kd) (ml/g) 

ranges from: 1.1 x lot31 
to :  1.0 x 10(3) 

Source: ONWI-312 (19811, p. 35 

Bentonl te  (Na) 
Sorpt lon coef f  I c l e n t  (Kd) h l / g )  

ranges from: 0 
to:  4 x lO(4) 

Source: Owl-486 (19831, p. 73 

Bentonrte (Na) (a) 
Wyom? ng 

Ion exchange capacfty (meq/lOO g) 
ranges from: 68.6 

to :  - 
Source: AECL-7825 (19841, p. 12 

Rentonl te (Na) (Accof IQC-350) 
Sorpt lon coef f  l c l e n t  (Kd) (rnl/g) 

ranges from: 1,3 x lo ($)  
to:  1.1 x I O ( 3 )  

Source: Owl-312 [1981), p. 35 

Benton 1 t e  (Na) (Accof I oc-350) 
Sorpt lon c o e f f l c l e n t  (Kd) (ml/g) 

ranges from: 1.2 
to :  0.1 

Source: ONWI-312 (19811, p. 35 

Bentoni te  (Na) (Accof loc-350) 
Sorpt lon coef f f c f e n t  ( K d )  (ml/g) 

ranges from: 1.5 x lO(3) 
to: 1.5 x lQ(31  

Source: Owl-312 (19811, p. 35 

Bentonl te  (Na) (b )  
WyomI ng 

Ion exchange capaci ty (meq/100 g) 
ranges from: 34.3 

to :  - 
Source: AECL-7825 (19841, p. 12 

Bentoni te  (Na) (Sa l l ne  Seal-100) 
Sorpt lon coef f  l c l e n t  (Kd) lml/g) 

ranges from: 2.6 x IO(3) 
to :  3.8 x 10(3) 

Source: ONWI-312 (19811, p. 35 

Bentonl te  (Na) (Sal lne Seal-100) 
Sorpt lon c o e f f l c l e n t  (Kd) (mD/g) 

ranges from: 2.8 
to:  3.6 

Source: Owl-312 (1981), p. 35 

Bentonl te  (Na) (Sal lne Seal-100) 
Sorpt lon c o e f f l c l e n t  (Kd) ( m l / g )  

ranges f r o m  1.2 x IO(3) 
to: 1.5 x I O ( 3 )  

Source: OWI-312 (19811, p. 35 

Bentoni te  and Quar tz  
Sorpt lon c o e f f l c l e n t  (Kd) (ml /g l  

ranges from: <1 
to: 1 x 10(4) 

Source: ONW1-486 (19831, p. 73 
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Kaoi i n  1 t e  
Sorpt ion c o e f f i c i e n t  (Kd) (mi/g) 

ranges from: 0 

Source: ORNL-6241/V2 ( i n  preparat fon) 
to :  3 x l O ( S )  

p. 132-133 

K a o l i n i t e  
Sorpt ion c o e f f i c l e n t  (Kd) [ml/g?) 

ranges from: 1 

Source: Proc NEA Workshop OECQ (1979211, 
p .  3Q4 

to:  2 x 10(4) 

K a o l i n i t e  (a) 

Batch d i s t r i b u t i o n  r a t i o  (Rd) (ml/g?) 
Georg i a 

ranges from: 1.28 x IO(2) 
tor 9.22 x lO(2) 

Source: PNL-4452 Uc-70 (19831, p. 18 

K a o i I n i t e  (a) 
I o n  exchange capaci ty (meq/100 g)  

to :  15 
ranges from: 3 

Source: GNWI-486 (19831, p. 67 

K a o l l n i t e  (b) 

Batch d l s t r i b u t i o n  r a t i o  (Rd) (ml/g?) 
Geargi a 

ranges from: 1.88 x lO(2) 

Source: PNL-4452 E - 7 0  (19831, p. 18 
to :  9.0 x IO(3) 

Kaol l l n i t e  (b )  
I o n  exchange capaci ty (meq/100 g) 

t o :  15 
ranges from: 2 

Source: ORNL-624 1/V2 ( I n  preparat  ton 1 
P. 152 

K a o l i n i t e  (Ca) 
Sorpt lon c o e f f i c i e n t  (Kd) (Log) ( m f / g ? )  

ranges from: ea. 2.3 
to :  ca. 1.5 

Source: Proc NEA Workshop OECD (1979a1, 
p. 282 

Kaol i n i t e  E a )  
Sorpt ion c o e f f i c i e n t  (Kd) (Log) ( m i / g ? )  

t o :  ca. (-1) 
ranges fran: ca. 1.3 

Source: Proc NEA Workshop OECO (1979a), 
p. 282 

K a o l i n i t e  (Na) 
Sorpt ion c o e f f i c i e n t  (Kd) (Log) (mi/g?) 

ranges from: ca. 2,3 
to: ca. 1.3 

Source: Prac NEA Workshop OECO (1979a), 
p. 282 

K a o l l n l t e  (Na) 
Sorpt ion c o s f f  l c i a n t  (Kd) (Log) h i / g ? )  

ranges from: >2 
to:  <o 

Source: Proc NEA Workshop OEeD (1979a), 
p. 282 

Nontron I t e  
Sorpt ion c o e f f i c i e n t  (Kd) (ml/g) 

ranges f rom:  0 

Source: ONWI-486 (19831, p. 73 
to :  2.25 x lO(4) 

Paiygorsk i te  
Ion  exchange capaclty (msq/100 g) 

ranges from: 20 
to: 30 

Source: ORNL-6241/V2 ( i n  preparat ion)  
D. 152 

Shale 
Sorpt ion c o e f f i c i e n t  (Kd) (ml/y) 

ranges from: 57 

Source: Owl-486 (19831, p. 73 
to: 100 

Shale 
Sorp t lon  coef f  l c l e n t  (Kd) ( m l / g )  

ranges frm: 200 

Source: ONWI-486 (19831, pe 73 
to: 1.4 x lO(4) 

sm c t  I t e  

Batch d i s t r i b u t i o n  r a t i o  (Rd) (ml/o?) 
A r  izona 

i 

ranges frm: 8.15 x lO(2) 

Source: We-4452 UC-70 (19831, 
to: 2.7 x lO(3) 

Smct i t e  
Texas 

Batch d l s f r l b u t i a n  r a t i o  (Rd) (mt/y 
ranges from: 1.4 x lot31 

to :  1.9 x lO(3)  
Source: PNL-4452 UC-70 (19831, 

Smect 1 t e  
W yomi ng 

Batch d i s t r i b u t i o n  r a t i o  ( R d )  tml/g 
ranges from: 1.0 x 10(3) 

to: 2.0 x 10(3) 
Source: PNL-4452 UC-70 (19831, 

S m c t  i t e  
Ion  exchange capacl ty (meq/IOG g )  

ranges from: 80 

Source: ONWI-486 (19831, p. 67 
to: 150 

Srnect I t e  
Sorpt 1 on coef f I c 1 en t  (Kd 1 !cm 3 1 /q 1 

ranqes from: ca. 188 - 
to: ca. 200 

Source: NUREG/CP-0052 (1983) ~ p. 186 

Smct I t e  
Sorpt lon c o e f f i c i e n t  !Kd) Irn(3)/kg) (7) 

ranges from: 0.06 

Source: AECL-7812 (198.31, p. 25 
to: 0.7 

Smect I t s  
Sorpt ion coef f  l c l e n t  (Kd) (m(3) /kg)  ( ? I  

ranaes from: 0.034 " 
to: 0.65 

Source: AECL-7812 (19831, p. 25  
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i-anger frcn: 0.4 
to: 1 . 1  

(1981), p. 24 

/V2 l i n  preparatfon 

p. 73 

Source: Scl Basls for Waste mnagnmsnt - 
V (1932), p. 633 
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Vermlcullte 
Sorptfon coefflclent (Kd) (ml/g?) 

ranges from: 30 

Source: Proc  NEA Workshop OECC) (1979a), 
to: 4 x lO(6) 

p. 304 

Veml cu I 1 te (a 1 
Ion exchange capacfty (meq/100 g) 

ranges frm: 100 
to: 150 

Source: OW1486 (19831, pe 67 

Vermtcul lte (b) 
Ian exchange capaclty (meq/100 g)  

ranges from: 100 

Source: ORNL-6241/V2 (In preparatlonl 
to: 150+ 

p. 152 

Vsnntcullte and Gtbbslte 
Sorptfon ccefftclent (Kd) (rnl/g) 

ranges from: 77 

Source: Owl-486 (1983), p. 73 
to: 1520 

YennlcuI1te and Shale 
Sorptlon coeff lclent (Kd)  (rnl/g) 

ranges from: 41 

Source: M I - 4 8 6  (19831, p. 73 
to: 1340 

Vefm?Cuf and Si7EiCtf te 

Sorptlon coeff lclent (Kd) (tnl/g) 
ranges from: 192 

Source: Owl-486 (19831, p. 73 
to: 3800 

VenlcuIIte and Zeollte (varlous) 
Sorptlon coefflclent (Kd) (rnl/g) 

ranges from: 130 
to: 5.92 x lO(5) 

Source: OMWi-486 119831, p. 73 





223 

Arg l  I I I t e  

Densl ty  (bulk) (g/cm(3)) 
Nevada 

ranges from: 2.44 
to: 2.71 

Source: ORNL/Sub/84-64794/1 (19851, 
P. 406 

Arg l  I I I t e  

Mol s tu re  content (I) 
Nevada 

ranges frm: 2 
to: 4 

Source: ORNL/Sub/84-64794/1 (1985) , 
p. 406 

A r g i l l l t a  
Nevada 

ranges from: 8 t o  16 
to :  6 t o  12 

Source: ORNL/Sub/84-64794/1 (1985), 

P o r o s i t y  ( I ,  

p. 406 

Benton I t e  (a 1 
Dens1f-y (bulk) (t/m(9)) (g/cm(3)1 

ranges from: M. 2.1 
Source: Proc NEA Workshop OEW (1979b1, 

t o :  - 
p.  148 

Benton l te  (a) 
Speclf I C  grav l t y  (d1msns Ion Jess) 

ranges from: 2.21 

Source: P r w  NEA Workshop OECD (19811, 
to :  - 

p. N O  

Benton l te  (a) 
Oregon 

S p e c l f l c  g r s v l t y  (g/cm(3) 1 
ranges from: 2.73 

Source: RHO-BW 1 -SA-80 { 198 
t o :  - 

Benton l te  (b) 

Specfflc g r a v l t y  (dirnensIon1ess 
Black H l l l s  

ranges from: 2.18 
to: - 

Source: Pr& NEA Workshop BECD (1981), 
p. 340 

Benton l te  (b) 
Oregon 

Spec1 f I c  gravl  t y  (g/cm(J) ) 
ranges from: 2.85 

Source: RHO-BWI-SA-80 (19811, p. 6 

Benton1Pe (c) 
Wyoml ng 

Speci f I C  grav l t y  (g/cm(3) ) 
ranges trom: 2.77 

Source: RHQ-BWI-SA-80 (19811, p. 6 

to: - 

to: - 

Bentonl te  (Ca) 
Denslty (g/cm(3) 1 

ranges from: ct.7 

Source: PNL-4452 UC-70 (1983), p. 24 
to: ca. 2.14 

Bentonite (Na) 

Dens lty (spec1 f I C )  (t/m(3) 1 (g/cm(3) 1 
Wyoml ng 

ranges from: 2.7 

Source: KBS TEKNISK RAPPORT 74 (19781, 
to: - 

P= 3 

Bentonite (Na) 

Speclf I C  grav l t y  (dimenslonlsss) 
Wyoml ng 

ranges from: 2.66 

Source: AECL-7825 (19841, p. 12 
to: - 

Bentonll-e (Na) 
Speclftc sur face (mC2)/g) 

ranges from: 519 
to: 615 

Source: AECC-7825 (19841, p. 12 

BentonI te  (Ne) (a1 
Density ( b u l k )  ( t /n (3) )  (g/cm(3)) 

ranges from: 1.8 
to: 2.0 

Source: KBS TEKNISK RAPPORT 9 (19771, 
P. 4 

Bentoni te  (Na) (a )  
Denslty (g/cm(3)) 

ranges from: <1.8 
to :  2.28 

Source: OMWI-312 (1981), p. 32 

Bentoni te  (Na) (b) 
Density (bulk) ( t / m ( 3 )  1 (g/cm(3)) 

ranqes from: l , 4  , .  - 
to: 1.7 

Source: KBS TEKNISK RAPPORT 9 (19771, 
P. 4 

to: a: 2.5 
Source: PNL-4452 UC-70 (19831, p. 2 

Bantonl te  (Na) (c) 
Wyoming 

Density (bulk) (rho x t/m(3)) (g/cm(3) 
ranges from: 2.54 

to: 1.08 
Source: KBS TEKNISK RAPPORT 74 (19781, 

P. 4 

Bentoni te  Mal and Sand 

Specif Dc grav f t y  (diwnsfonless) 
ranges from: 2.635 

Source: AECL-7825 (19841, p. 12 

Wyoml ng 

to: - 
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Bentoni te  (Ida) and Sand 
S p e c l f l c  surface (m(2)/g) 

ranges frm: 284 

Source: AECL-7825 (1984), p. 12 
to: - 

Bentoni te  Ma) and Sand (a) 

ranges ?rm: ~ 1 . 9  

Source: PNL-4452 UC-70 

B s n b . o n i t e  (Na) and Sand I b )  
DensBty (y/cm(3)) 

ranges frm: (1.9 

Source: PHh-4452 a-70 

Dsnsil?y (g/cm(3)) 

tar CB. 2.8 

to: CB. 2.7 

Benton i te  and Sand 

619839, p. 22 

(19831, p. 23 

Density (dry)  (Hg/rn(3) 1 (g/cnn(31) 

to: 1.4 
ranges f r o m :  1.81 

Source: AECL-7812 (19831, p. 31 

Bentan i ts  and Sand 
Wolsture content 1%) 

ranges from: 13 
to: 22 

Source: AECL-7812 (19831, p. 31 

Bsnton l te  and Sand 
Porosity ( e f f s e t l v e )  buni ts no t  stated) 

ranges frm: ca 0.4 

S~urce:  WECL-7812 (1983), p. 32 
to:  0.002 

C h l o r l t e  
Dens I t y  (d ry )  (presumed g/cmIJ) 1 

ranges frm: 2,6 

Source: Y/W I /SUB-7008/1 ( 1W6), p. 9 
Pa: 2.96 

C Isy 
Bs I gl  urn 

ranges from: 2010 (2.010 g/cmBJ)) 

Source: Rad Waste ~ n a g ~ n ~  and Nuclear 
Fuel Cycle, v. 6 (1985), p. 54 

Density (bu lk)  (kg/rn(3) 1 

to: - 

C l a y  
Eng sand 

Densi ty  (bu lk )  (kg/rn(3)) 
ranges frm: 2210 (2.219 g/cm%3)) 

Source: Rad Waste, nag%mnt and ?#UC!QTiF 
to: - 

Fuel Cycle, v. 6 (1885), p. 54 

Clay 

Density (bulk) (kg/m139) 
I t a l y  

ranges frmr 2100 (2.100 g/ca(3)1 

Source: Rad Waste ~ ~ ~ ~ ~ ~ ~ f l ~  and Nuclear 
Fuel Cycle, v. 6 (19851, p. 54 

to: - 

C l a y  
L w l s i a n a  

ranges Qrcm: 1,954 (1.954 gPcm43)) 
to: - 

Source: OGiNkPSub/84-64'?9 
p. 173 

Density (kg/m(3))  

C l a y  
Be lgl aQw 

Porosity i % 1  
ranges frm: 38.5 

Source: Wad Waste Vanagerent and 
Fuel Cycle, v. 6 (19851, 

to: - 

Clay 
Eny land 

ranges frm: 30 
PorosIBy (I1 

to: - 
Source: Rad Waste bhnagemi-tnt and 

Fuel Cycle,  v. 6 (19859, 

c lay 

Porosity ( % I  
iPaly 

ranges frm: 25 

Source: Rad Waste ~ ~ ~ ~ % r ~ ~ ~  and 
to: - 

f M e !  C y C l a ,  M. 6 118851, 

Clay 
Ha i l fwd  

ranges frm: 2,79 

Source: RHO-MI -%?-a0 1981 ) , p. 

Specif ic gsawlty (g/ca(3) 

To: - 
Clay and Sand 
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Illlte and Smectlte 
Dens I t y  (presumed g/cm(3) ) 

ranges from: 2.64 
to :  1.48 

Source: Y/Wl /SUB-7009/1 (19761, p. 9 

Kaol l n l t e  
Denslty (d ry )  (Mg/rtl(3) ) (g/cm(3) 

ranges from: ca. 1.2 
to:  ca. 1.5 

Source: AECL-7812 (1983), p. 35 

Kao I I n l  t e  
Densl ty  (presumed g/cm(3) 1 

ranges from: 2.60 - 2.68 

Source: Y / o n l  /SUB-70O9/1 (1976) , p. 9 
to :  2.43 

Kaol l n l t e  
Pwmtty ( e f f e c t i v e )  ( u n l t s  no t  s ta ted)  

ranges from: ca. 0.5 
to:  ca. 0.002 

Source: AECL-7812 (1983), p. 32 

Kaol I n l  t e  
S p e c i f i c  g r a v i t y  (dlmenslonless) 

ranges from: 2.60 

Source: Proc NEA Workshop OECD (19811, 
to: - 

p. 540 

K a o l l n l t e  (Ca) 
Votd r a t l o  (d lmenslmless)  

ranges from: 2.5 
to:  1.0 

Source: ONWI-486 (19831, p. 38 

K a o l l n l t e  (Na) 
Vold r a t i o  (dlmenslonless) 

ranges from: 2.5 
to: 1.0 

Source: oNw1-1186 (19831, p. 38 

K a o l i n i t e  and Sand 
Density (d ry )  (Mg/m(3) 1 (g/cm(3) 1 

ranges from: 2.05 
to :  1.45 

S o u r c e :  AECL-7812 (19831, p. 31 

K a o l l n l t e  and Sand 
Mois ture content ($1 

ranges from: 10 
to :  30 

Source: AECL-7812 (1983), p. 31 

O i l  Shales 
Densi ty  (bulk)  (presumed g/cm(3)) 

ranges from: 1.506 

Source: Y/oWI/SUB-7009/1 (19761, p. 13 

I I I i w l s ,  I ndlana and Kentucky 

ranges from: 2.36 
to:  2.53 

Source: ORNL-5703 (19831, p. 76 

to:  2.37 

Shale 

Denslty (bulk) (average) (g/cn(3)) 

Shale 

Dens1 t y  (bu I k 1 (g/cm(3) 
M I  ch 1 gan 

ranges from: 2.2 
to: 2.8 

Source: ORNL/Sub/8444794/1 (1985), 
P. 96 

Shale 

Denslty (bu lk )  (g/cm(3) 1 
Oh i o  

ranges from: 2.65 
to: - 

Source: iL /Sub/84-64794/1 ( 19851, 
p. 108 

Shale 

Density (d ry  1 (average) ( I bs/f t ( 3 )  1 
Montana 

ranges from: 118 (1.890 g/cm(3)) 

Source: Y/owIAM36/6, p. 6-1 

Northern Great P I  a I ns 

ranges from: 95 (1.522 g/cm(3) 

Source: ORNL/Sub/84-64794/1 (1985), 

to: " 

Sha le 

Dansfty (dry) (Ib/cu f t )  

to: 110 (1.762 g/cm(3) 

p. 293 

Shale 
Ca I i f w n  l a  

Density (presumed g/cm(3) 1 
ranges from: 2.5 

Source: Y ~ I / s I B - 7 0 0 9 / 1  (19761, p. 12 

Shale 
Montana 

Denslty (wet) (average) (pounds/ft(3) 1 
ranges from: 135 (2.162 g/cm(3) ) 

Source: Y/OWl/TM36/6, p. 6-1 

Shale 
Ne* Mexlco 

Mols ture content (5) 
ranges from: 3.7 

to: 6.2 
Source: Y/CUIAM36/6, p. 8-5 

oh i o  

ranges from: 2 
to: .. 

Source: Y/cWl/r).u6/6, p. 5-14 

Oh l o  

ranges from: 4 
to: - 

Source: Y,'UUI/TM36/6, p. 4-12 

to: - 

to: - 

Shale 

Mols tu re  content (natura 1 9  ($1 

Shale 

Mols ture content (na tura l )  ($1 
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Sha I e 

Mois tu re  content ( rock)  ( $ 1  
N e r  Mexico 

ranges from: 3 
t o :  1 1  

S O U I - C ~ :  Y/OWi /TM36/6, p. 8-3 

Shale 
P o r o s i t y  ( I )  

rangos from: 33 

Source: Y/OWI /7M36/6,  p. 3-24 
To: - 

Shale 

P o r o s i t y  ( I )  
Colorado 

ranges from: 4.1 
So: 5.1 

Source: Y/WI /SUB-7009/1 ( 1 9 7 6 )  , p. 14 

Shale 
Tennessee 

ranges from: 0.5 
t o :  1.9 

Source: ORNL-6241/V2 ( i n  preparat ion)  

P o r o s i t y  ( k )  

p. 2 1 9  

Shale 
Ohio 

P o r o s i t y  ( a f f e c t i v e )  ( $ 1  
ranges from: 4 

t o :  - 
Source: Y / o d I  AW36/6 ,  p. 5-14 

Shale 
P o r o s i t y  ( e f f e c t i v e )  ( u n i t s  no4 s ta ted)  

ranges from: 0.05 

Source: ORNL-6241/Vl  ( i n  preparat lon)  
t o :  0.005 

p. 33 

Sha 10 
South Carol i na 

ranges from: 0.005 

Source: ORNL-6241/V2 ( i n  preparat ion)  

P o r o s i f y  ( e f f e c t i v e )  ( u n i t s  not s ta tcd)  

to :  - 
p. 5 2  

Shale 
Oh i o  

P o r o s i t y  (pr imdry)  (S) 
ranges frm: >3 % 

Source: ORNL/Sub/84--64794/S ( 1985)  , 
t o :  - 

P. 108 

Shale 
Poros i ty  (rock m s s )  ( % )  

rangos from: 3.0 
t o :  - 

Source: Y / o r i l  /TM36/6, p. 7-8 

Shale 
Ohio 

Poros l ty  (rock mess) ( 5 )  
ranges from 8 

to: - 
Source: Y/OWi/TM36/6, p. 4 - 1 2  

Shale 
Poros i ty  ( t o t a l )  ( u n i t s  not s ta ted)  

to :  0.01 
ranges from: 0.1 

Source: ORNL-6241/Vl  ( i n  p repara t ion)  
p. 33 

Groa t 91- i t a  1 n 

ranges from: 0.020 
t o :  0.101 

Source: ORNL-6241/V2 ( i n  preparat ion)  

Shale 

Poros i ty  ( t o t a l )  ( u n i t s  no t  s ta ted)  

P. 52 

Shale 

Poros i ty  ( t o t a t )  ( u n i t s  no t  s ta ted)  
I l l i n o i s ,  Indiana, Kentucky 

ranges from; 0.009 
t o :  0.046 

Source: ORNL-6241/V2 ( i n  p repara t ion)  
p. 52 

Shale 

Poros i ty  ( t o t a l )  ( u n i t s  no t  s ta ted)  
Kansas 

ranges f r o m :  0.073 
40: 0.106 

SOLI~CQ: ORNL-6241/V2 ( 1  n preparat ion)  
P. 52 

Shale 

Poros i ty  ( t o t a l )  ( u n i t s  no t  s ta ted)  
Kent u c k y 

ranges frm: 0.074 
to :  0.076 

Source: ORNL-6241/V2 ( I n  p repsra t ion)  
p. 52 

Shale 
Michigan 

Poros i ty  ( t o t a l )  ( u n i t s  not s ta ted)  
ranges f ro tn :  0.03 

t o :  0.10 
Source: ORNL-6241/V2 ( i n  preparat ion)  

D. 57 

Shale 

Poros i ty  ( t o t a l )  ( u n i t s  no t  s td ted)  
M i  %out- i 

ranges from: 0.113 

Sour-co: ORNL-624 1/V2 ( I  n preparat ion 1 
to: - 

P. 52 

Shale 

P o r o s i t y  ( t o t a l )  ( i r n i t s  not  b tnted)  
Pennsy I van i a 

ranges from: 0.010 

Source: ORNL-0241/V2 ( i n  preparat ion)  
t o .  - 

p. 52 
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Shale 

Poros i t y  ( t o t a l )  ( u n i t s  no t  s ta ted)  
Tennessee 

ranges from: 0.005 
to:  0.019 

Source: ORNL-6241/V2 ( i n  p repara t ion)  
P. 52 

Shale 

Poros i t y  ( t o t a l )  ( u n l t s  not s ta ted)  
Utah 

ranges from: 0.009 

Source: ORNL-6241/V2 ( I n  prepara t lon)  
to :  - 

P. 52 

Sha I e 

Speci f l c  surface (m(2) /g 
M I ch i ga n 

ranges from: 0.05 

Source: ORNL-5703 ( 
t o :  1.2 

Shale 

Water content (average) 
Montana 

ranges from: 15 
to:  - 

983), p. 109 

%) 

Source: Y/CWI/TM36/6, p. 6-1 

Shale ( a )  
Densl ty (bu l k )  (presumed g/cm(3)) 

ranges from: 2.1 
to :  2.5 

Source: Y/WI /SuB-7009/1 (19761, p. 

Shale (a) 
Dens l ty  (kg/rn(3) 1 

ranges from: 2,123 (2.123 g/crn(3)) 
to :  3,003 (3.003 g/cm(3))  

Saurce: ORNL-624 1/V 1 ( I  n prepara t ion  
p. 40 

Shale (a )  
Mo is tu re  content (natura I )  (%)  

ranges from: 0 

Source: Y/CWI/TM36/6, p. 2-2 
to :  38 

Shale (a) 
P o r o s l t y  (%)  

ranges from: 30 
to :  5 t o  IO 

2 

Source: ORNL-6241/V2 ( i n  p repara t ion)  
P. 218 

Shale ( a )  
M I ch I gan 

ranges from: 3 

Source: ORNL-5703 (19831, p. 106 

Poros l t y  ( % )  

t o :  10 

Shale ( a )  
I I l l n o l s ,  Indiana and Kentucky 

Poros l t y  (average) (vol .  8 )  
ranges from: 0.95 

to :  4.64 
Source: ORNL-5703 (19831, p. 76 

Shale (a )  
Po ros i t y  ( e f f e c t i v e )  (Un i ts  not s ta ted)  

ranges from: 0.01 

Source: ORNC-6241/V2 ( i n  p repara t lon)  
to:  - 

p. 99 

Shale (a) 
Po ros l t y  ( t o t a l )  ( u n l t s  not s ta ted)  

ranges from: 0.03 

Source: ORNL-6241/V2 ( I n  preparat ion) 
to:  - 

p. 99 

Shale (b) 
Dens I t y  (gra 1 n 1 (average) (presumed g/crn(3) ) 

ranges from: 2.71 

Source: Y/OWI/SUB-7009/1 (19761, p. IO 
to: - 

Shale (b)  
Densi ty (kg/rn(3)) 

ranges from: 2,563 (2.563 g/crn(3)) 

Source: ORNL-6241/V2 ( i n  p repara t ion)  
to :  - 

p. 99 

Shale (b) 
Mol s t u r e  content (natura I )  (5)  

ranges from: 1.5 

Source: Y/WI/TM36/6, p. 7-8 

I l l l n o l s ,  Indiana, Kentucky 

renaes frcm: 0.95 

t o :  - 

Shale ( b )  

Poros l t y  ( % I  
I 

to:  4.64 
Source: ORNL/Sub/84-64794/1 (19851, 

p. 85 

Shale (b) 

Poros i t y  (%) 
Michlgan 

ranges from: 3 

Source: ORNL/Sub/84-64794/1 (1985) , 
to: 10 

P. 98 

Shale (b) 
Po ros i t y  (rack mass) 

to :  4 5  
ranges from: 0 

Source: Y/WI /TM36/6, p. 2-2 

Shale (b) 
Poros i t y  ( t o t a  I )  (un i t s  not s ta ted)  

ranges from: 0.03 

Source: ORNL-6241/V2 ( I n  p repara t ion)  
to: - 

P. 52 

Shale ( c )  
Oenslty (presumed g/crn(3) 1 

ranges from: 2.4 

Source: Y/WI /SUB-7O09/1 (19761, p. 8 
to :  - 



Shale ( c )  
Mois ture content (na tu ra l )  ( 5 )  

ranges from: 18 

Source: Y/WI AM36/6, p. 3-24 
to: - 

Shale ( c )  
Po ros i t y  ( t o t a l )  ( u n i t s  no t  s ta ted)  

ranges f r o m :  0.003 
to: 0.056 

Source: ORNL-6241/V2 ( i n  preparat ion)  
P. 52 

Shale (d) 
Densi t y  (presumed g/cm(3) ) 

ranges From: 7,h5  
t o :  - 

Source: Y/OWI /SUB-7009/1 (1976), p. 8 

Shale (d) 

Mois ture content (natura! )  ( $ 1  
Northern Great P la  Ins 

ranges frm: 18 
t o :  38 

Source: ORNL/Sub/84-64794/1 (1985), 
P. 293 

Shale ( d )  
Oh l o  

Po ros i t y  ( t o t a l )  ( u n i t s  no? s tated)  
ranges from: 0.03 

Source: ORNL-6241/V2 ( I n  preparat ion)  
to :  - 

P. 52 

Shale (0) 
Densi ty (presumed g/cm(3) 

ranges from: 2.2 

Source: Y/Od I /SUB-7009/1 ( 1976) p. 8 
t o r  - 

Shale (e )  
Wsstsrn USA 

Mois turo content ( $ 1  
ranges from: 35 

t o :  15 
Source: Y/WI/TMJ6/6, p. 3-1 

P en ns y I van 1 a 

ranges from: 0.0117 

Source: WNL-624 11'42 ( 1  n proparat  ion) 

Shale (e) 

Poros i t y  ( t o f a l l  ( u n i t s  no t  s ta ted)  

to :  - 
P. 52 

S h a l e  ( f )  
Dens 1 t y  (prssumd g/cm(3) ) 

ranges from: 2.3 

Source: Y/Wi /SUR-7009/1 (19761, p. 8 
to :  - 

Shale ( f  1 

Po ros i t y  (Pota 1 )  (un I t s  no t  s ta ted)  
Scot land 

ranges fr-m: 0.016 

Source: WNL-6241/V2 ( i n  preparat ion)  
to :  - 

P. 52 

Shale (g )  
Dens 1 t y  (presumed g/cm(3) 

ranges from: 2.2 

Source: Y/OW!/SUB-7009/1 (19761, p. 8 
to: - 

Shale ( h )  
Densi ty (presumed g/cm(3) ) 

ranges f r o m :  2.5 

Source: Y/OWl /SUB-?OQ9/1 (19761, p. 8 
to: - 

Shale ( 0  
Dens I t y  (prosurnsd g/cm(3) ) 

ranges from: 2,O 

Source: Y/OW1/SUB-l009/1 (1976), p. 8 
-to: - 

Shalo (j) 

Densi ty (g/crn(3) 1 
Gulf  Coasf 

ranges f r m :  2.1 
to:  2.3 

Source: Y/Wl /SUB-7009/1 (197b), p. 121 

Shale ( k )  
Gu 1 f C o a s t  

Dons i t y  (presumed g/cm(3) 1 
ranges frm: 2.58 

Sourcs: Y/WI /SUU-7009/1 (19761, p. 12 
to: - 

Sha I er, 
N w  York, Kentucky, V i r g i n i a  and West 
V I r g l  n l a  

ranqes from: 2.61 
Donsl ty (bu l k )  (average) (g/cm(3) 

to :  2.68 
Source: ORNL-5703 (1983). p. 37 

Shales 

Densi fy ( b u l k )  (presumed g/cm(3) 
Black H i l l s  

ranges from: 1.559 
so: 2.038 

Source: Y/CWdl/SUB-7009/1 (19761, p. 14  

Sha las 

Densi ty ( b u l k )  (prosurnod g/cm(3)) 
Eastern Canada 

ranges from: 2.07 
to :  2.68 

Source: Y/OWI /SUB-7009/1 (1976), p. 15 

Shales 

Densi ty (bu l k )  (prest~med g/cmi39 
Oklahom 

ranges frcm: 2.1 

Sourco: Y/oWI/SUB-7009/1 (1976), p. 16 
to:  2.62 

Shales 

Densi ty (bu lk )  (presutmd g/cn(3; 
Western Canada 

ranqoc, f r o m :  2.43 - 
to :  2.71 

Source: Y/OWl/SU8-7009/1 (19761, p. 17 
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Shales 
Densfty (d ry )  (presumed g/cm(3) 1 

ranges from: 1.55 
to: 2.55 

Source: Y/WI/SuB-7009/1 (19761, Flg. 1 

Black Hf I I s  

ranges frcnn: 2.66 

source: ~/ow1/su~-7009/1 (1976), p. i o  

Kansas 

ranges from: 2.72 

Source: Y/oW1/SuB-7009/1 (19761, p. 10 

Sha Ies 

Densfty (g ra ln )  (average) (presumed gJcrn(3) 1 

to:  - 
Shales 

DensIty (g ra ln )  (average) (presumed g/crn(3) 1 

t o :  - 
Shales 

Densl ty  (grain) (average) (presumed g/crn(3)) 
Venezuela 

ranges from: 2.69 

Source: Y/WI/SUI3-7009/1 (19761, p. 10 
to:  - 

Sha I es 
Denslty ( I b s / f t ( 3 ) 1  

ranges from: 117 (1.874 g/cm(3)) 
t o :  188 (3.011 g/cm(3)) 

Source: Y/OWl/TM36/6, p. A-2, 3 6. 4 

Shales 
Densl ty  (net)  (presumed g/cm(3) ) 

ranges from: 1.98 
to :  2.67 

Source: Y/Wl /SUB-7009/1 (19761, Ffg. 1 

Shales 
Mols ture content (na tura l )  ($1 

ranges from: 38 
to: 12 

Source: Y/OW I /SUB-7009/1 (1 9761, pa 14 

Shales 
Poros f ty  t % )  

ranges frcnn: 0.7 (70% 7 )  
to :  0.1 (10% 7)  

Source: oRNL-6241/V2 ( I n  preparat lon)  
p. 199 

Shales 
AppalachYan Basfn 

ranges from: ca. 3 

Source: ORNL-624 1 /V2 ( 1 n preparat  Ion 1 

Poros f ty  ($1 

to :  - 
P. 219 

Shales 
I I I l n o l s  Basln 

ranges from: 0.9 
to: 4.6 

Source: ORNL-6241/V2 ( f n  preparatfon) 

Poros f ty  ($1  

P. 219 

Shales (a) 

Poros l ty  ($1  
Kentucky 

ranges from: 3.3 
to: 10.1 

Source: OWL-624 1 /V2 ( f n 
p. 219 

Shales (b) 

Porosf ty  ( X )  
Kentucky 

ranges fran: 15 
to: 3 

Source: YK#J I /SM3-7009/1 

Mlchfgan Basln 

ranges from: 3 
to: 10 

Source: ORNL-624 1 /V2 ( f n 
P. 219 

Shales 

Poros l ty  ( % I  

Shales 

Porosf ty  (I) 
Oklahoma 

ranges from: 25 
to: 2 

Source: Y/Wr /SUB-7009/1 

USA and Europe 

ranges from: 19 
to: 1 

Source: ORNL-6241/V2 ( I n  

Shales 

Poros f ty  ( % I  

P. 219 

Shales 

preparat 1 on 1 

(19761, pa 16 

prepara t I on 1 

(19769, p. 16 

preparet ?on 

Kentucky, New York, V l rg  nfa and Wes 
V f rg l  n la  

ranges from: 2.86 t o  3,87 
Poros f ty  (average) (vol. $1 

to: - 
Source: ORNL-5703 (19831, p. 37 

Pennsy I van t a 

ranges fran: 1.17 

Source: ORNL-624 1 /V2 ( In prepara 

Shales 

Poros f ty  ( e f f e c t l v e l  ($1  

to: - 
p. 219 

Sha les 
South Carol lna 

Porosf ty  (e f fec t f ve )  (I)  
ranges from: ca. 0.5 

to: - 

1 on 

Source: ORNL-6241/V2 ( f n  preparat lon 
p. 219 

Shales (a) 
Densrty (bulk)  (g/cm(3)) 

ranaes frm: 1.6 - 
to: 2.5 

Source: ORNL-6241N2 ( I n  preparat lon 
P. 199 
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Shales (a3 
Mot stlare content (5) 

so: 38 
rang-as Prm: 1.3 

Source: Y/WlfTM3646, p. A-13, 14 b- 15 

Shales tal  
Porosity (%, 

r a n 9 5  f r m :  3 

Source: OWEQL-6241N2 (In preparation) 
p. 218 

to: 15 

Shales (b) 
Density (bulk) Cpresumd g/crn(3)) 

ranges from: 2.40 
to: 2.43 

S ~ u r c s :  Y/Wl JSU3-7009/1 (19769, p. 16 

Shales (b) 
Porosity (%I  

ranges frons: 15 ?a 45 

Source: OWML-6241/V2 ( I n  preparation) 
p. 219 

tor 3 Po 20 

Shales (b) 
Water ccmtent (vol 5) 

ranges f r m :  70 t o  90 

Source: ORF(L-6241/VZ: ( I n  p r e p a r a t i o n )  
to: 5 to IO 

p. 218 

Shales (c) 
Density (natura l )  (presumed g/cm63)) 

ranges from: 2.43 
Po: 2.65 

I ~ S U B - ~ O O ~ / I  ( i g m ,  p. 18 

Shales (c) 
PokOSltY 

ranges f r m :  0.4 

-7009/1 (19761, p. 18 

Shales (d)  
Poros3Py ($1 

ranges f r m :  0.8 

Shales (e) 
Germany 

ranges from. 25 
BQroSioy ( % I  

to: al. Q 
Source: Y/W9 /SUB-7009/1 (1976), p. 15 

Smetlte 
Oe~sIty (presermsd g/em83)) 

ranges fronnr 2.2-2.7 
J .77 

DpsUB-7009/1 (1975), p. 9 

SmcB A *e 
Speclfle surface (i?l(2)/gl 

ranges f r m :  900 
to: - 

SOMrCe: NUREGAY-0052 (19831, p. 382 

S m c t i t e  (Cs) 
Vold r a t i o  (dimnsionless) 

SmetIte (Na) 

to: 1.0 
Swree: OW!-486 (19831, p. 33 
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Bentonrte (Ca) 
Hydraulic conductrvlty (cm/s) 

ranges frm: 1.3 x 10(-12) and 1.6 x 
1 0(-12) 

to: 
Source: OW!-312 (19811, p. 33 

Benton lte (Ca 1 
Hydraul I C  conductlvlty (cm/s) 

ranges from: 7 x 10(-12) 

Source: PNL-4452 UC-70 (19831, p. 14 
to: 2 X 10t-12) 

Bentonlte (Ca) and (Na) 
Permeabl I 1 t y  (m(2)) 

ranges from: 1 x lo(-16) (9.7 x 10(-8) 

Source: NUREG/CP-O052 (1983), p. 209 

cm/s ) 
to: 

Benton lte (Na 1 
Hydraul I C  ConductTvtty (cm/s) 

ranges frm: 2.7 x 10(-9) 

Source: ONW1-312 (19811, p. 34 
to: 0.7 x 10(-9) 

BentonIte (Naf 

Hydraul fc conductIvlty (cm/sl 
Wyomlng 

ranges from: Not stated 

Source: Owl-486 (19831, p. 61 
to: 10(-9) 

Bentonlte (Na) (a) 
Hydraullc conductlvlty (cm/s x lO(12)) 

ranges from: < 1  ( < 1  x 10(-12) cm/s) 
to: ca. 8 (ca. 8 x 10(-12) 

cm/s 1 
Source: QNWJ-312 (1981), p. 1 1  

Bentonlte (Na) (b) 
Hydraullc conductlvlty (cm/s) 

ranges from: ca. 1 x 10(-13) 

Source: M i - 3 1 2  (1981), p. 10 
t 0: 

Bentonlte (Na) (c) 
Hydraul Ic conductlvlty (cm/s) 

ranges from: 4.6 x 101-12) and 6.4 x 

Source: OWI-312 (1981), p. 33 

10(-12) 
to: 

Bentonlte (Na) (d) 
Hydraul lc conductlvIty (crn/s) 

ranges from: 6.6 x 10 ( -?0 )  

Source: Ohkll-312 (19811, p. 33 
to: 

Bentonlte (Na) (e )  
Hydraulic conductlvlty (cm/s) 

ranges from: 5.6 x 10( -?3)  

Source: OWI-312 (1981), p. 33 
to: 

Bentonlte (Na) (f) 
Hydraullc conduct?v?ty ~cm/s) 

ranges from: 6 x ?0( -12 )  

Source: PNL-4452 K-71) (19831, p. 53 
to: 6 x 10(-13) 

Bentonlte (Na) (g) 
Hydrau I Ic conduct l v l  ty (cmP5) 

ranges from: 1.2 x 10(-121 

Source: PNL-4452 E - 7 0  (19831, p. 27 
to: 8.3 X IO(-13) 

Bentonlte (Na) ( h l  
Permeabl I Ity (cm/s) (hydraul I C  conducttvl ty)  

ranges from: 1 x l Q ( - l l )  

Source: Owl-312 (19819, p. 10 
to: 

Bentonlte (Na) ( 1 )  
Permeabl I Ity (cm/s) (hydraul lc conductlvlPyP 

ranges from: 3 x lo(-$) 

Source: Owl-312 (1981), p. 10 
to: 1.5 x 10(-9) 

BentonIte (Na) C J )  
Permeablllty ( m / s )  (hydraulic conductlv1"ry) 

ranges from: 5 x 10(-15) (5 x 90(-13) 
cm/s 1 

cm/s 1 
to: 1 x l O ( - I l 1  ( 1  x 10(-8) 

Source: KBS TEKNISK RAPPORT 74 (1918),  
P a  8 

Bentonlte (Na) (k)  
Permeabl l l t y  (m/s) (hydraul I C  conduc?lv!ty) 

ranges from: a. 1 x 1 Q ( - l 1 )  (car, 1 x 
lot-9) cm/s) 

Swrce: KBS TEKNlSK RAPPORT 9 (1977), 
to: 

P. 4 

Bentonlte (Na) ( 1 )  
Fermeabl I ity (m/s) (hydraul I C  conduet?vfty) 

ranges frm: ca. 3 x 10(-11) Ica, 3 x 
lo(-9)  cm/s) 

Source: M3S TEKNISK W M R T  9 (1977), 
to: 

PI 4 

Bentonlte (Na) ( m )  
Permeabl I I t y  (m/s) (hvdrau! 1c conductiv?ty) 

ranges'trom: I X'IOC-IOI ( 1  x 
cm/s) (max!mum) 

3-0: 
Source: KBS TEKNISK RAPPORT 9 B 

P* 

Bentonlte bNa) and (Gal 
Varlous 

Hydraullc conductlvlty (cm/s) 
ranges from: 10(-4) 

to: tot -?21 
Source: OW!-486 (1983), p. 36 

Bentonlte (Na) and Sand 
Hydraullc conduct?vlty (cm8s) 

to: ca. 18(-122 
ranges from: ca. IO(-9) 

Source: PNL-4452 E-70 (19831, p. 16 
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bnPon1te  and Sand 
Hydraul I C  conduc t l v l t y  (m/s) 

ranges from: ca. l O ( 4 1  (ca. 1 x 
10(-4) m/s) 

10(-12) crnbs) 
to: ca. lo(-14) (ca. 1 x 

S O W C ~ :  AECL-7812 (19831, p. 28 

Bentonl te  and Sand (a) 

Perrrrsglbl I l t y  k m b s )  (hydraul l i t  concluctlv7ty) 
Oregon 

ranges frm: 9.5 x 10(-8) 

Source: RW-WI-SA-80 (1981), p. 7 
to: 

Rentonlte and Sand (b) 

PtPrmabII l l -y (cmbs) (hydraulic cmducPIv l t y )  
0 r sgon 

ranges from: <9.5 x 10(-8) 
to: 

Source: RHO-BWI-SA-80 (19811, p. 7 

Ben ton l te  and Sand ( c )  

Pernab!  I I t y  (cm/s) (hydrau 
rangas from: ~ 9 . 5  x 10 

w ymt ng 

to :  

Bentonl te  and Sand ( d l  
Wysrnfng 
ab? I I t y  (cmbs) (hydrau 
ranges frm: <9.5 x 10 

Po: 
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K a o l t n l t e  (Ca) 
Hydrau l l c  conduc t l v l t y  (cm/s) 

ranges from: 10(-8) 
t o :  10(-5) 

Source: Owl-486 (9983), p. 35 

K a o l l n l t e  (Na) 
Hydraul l c  conduct!vtty (cm/sl 

ranges from: 11#(-8) 
to :  10(-5) 

Source: W I - 4 8 6  (1983), p. 35 

K a o l r n t t e  and Sand 
P e m a b f I I t y  M 2 ) )  

ranges from: 2 x 10(-16) 

Source: NUREG/CP-O052 (19831, p. 209 

(1.9 x 1M-7) 
cm/s 1 

t o :  

Sha l e  
Groundwater Trave I d l  stance (m) 

ranges from: 6 

Source: ORNL-6241fil ( I n  preparat lon) 
to :  40 

P I  36 

Shale 
I I i lnols B s s f n  

Hydraul I C  conduc t t v l t y  (cm/s) 
ranges from: 10(-9) 

Source: ORNL-6241fl2 ( I n  preparatTon) 
to: 

p. 220 

Shale 
Tennessee 

Hydraul fc  conduc t l v l t y  (cm/s) 
ranges fran: 6 x 10(-10) 

to :  3 x !0(-11) 
Source: oRptL-6241/V2 ( I n  preparat lon)  

p. 220 

Shale 
Hydraul f c  conduc t I v l t y  (har fzontat )  ( m / s )  

C d S )  
ranges from: 1 x 10(-10) (1 x 10(-86 

to :  1 x 10(-12) ( 1  x 10(-10) 
cm/s 1 

Source: ORNL-6241/Vl ( I n  preparat lon) 
p. 33 

Shale 

Hydraulic car tduct lv t ty  ( h o r f r o n t a l )  ( m / s )  

cm/s 1 

I I l l n o l s  

ranges from: 2 x 10(-11) (2 x 10(-9) 

Source: ORNL-6241fl2 ( I n  preparat fon) 
to: 

P. 42 

Shale 
Maryland 

Hydrau l l c  conduc t l v l t y  (ho r t zon ta l )  tm/sl 
ranges from: 0.0(9) (0.0 c d s )  ( ? I  

t o :  1 x IO(-9) (1  x 10t-7) 
cm/s 1 

Source: ORNL-6241/V2 ( I n  preparat ion)  
p. 43 

Shale 

HydrauIIc conduc t l v f t y  (ho r f zon ta l )  (m/s) 

cm/s 1 

c d s  1 

Wlchlgan 

ranges from: 1 X ?0(-11) (1 x lo(-9) 

to:  2 x 10(-8f (2 x 10(-6) 

Source: ORNL-6241/V2 ( I n  preparat lon)  
p. 42 

Shale 

Hydraul rc  conduc t t v l t y  ( h o r l r o n t a l )  (m/s) 

cm/s 1 

Pennsylvanla 

ranges from: 3 x 10(-11) ( 3  x lo(-9) 

Source: ORNL-6241fi2 ( I n  p r a p a r a t l m l  
io: 

p. 42 

Shale 

Hydraul l c  conduc t l v t t y  (ho r t zon ta l )  (m/s) 

C m A  1 

Pennsy 1 van la 

ranges from: 1 x 1 M - 1 1 )  (1 x IO(-9) 

Source: ORNL-6241Pf2 ( I n  preparat ton) 
to :  

p. 43 

Shale 

Hydraul l c  conduc t f v f t y  (ho r l zon ta l )  (mi’s) 

cm/S 1 

cm/s 1 

South Carol fna 

ranges from: 1 x 10(-13) (1 x l O ( - l l )  

to: 1 x 10(-10) ( 1  x IO(-8) 

Source: ORNL-6241iV2 (In preparat lon)  
P. 42 

Shale 

Hydraul I c  conduc t l v f t y  f ho r l zon ta l )  ( m / s )  

cm/s 1 

South Caro l lna 

ranges from: 1 x lot-12) (1  x 10(-1O) 

Source: oRML-6241/V2 (In preparat lon)  
to: 

P. 43 

Sha I e 

Hydrau I f c  conduct l lv f ty (ho r f ron ta  I )  fm/s)  

an/s 1 

d s  1 

South Dakota 

ranges frun: 1 x 10(-12) (1  x lot-10) 

to: 1 x 10(-11) (1 x 1#(-8) 

Source: ORNL-624t/V2 ( t n  psaparat lon) 
P. 43 

Sha le 

Hydraul I c  conduc t l v t l y  (hw!zonta I )  (mi’s) 

cm/s 1 

cm/s 1 

Tennessee 

ranges from: 3 x 10(-13) (3 x io ( -??)  
to: 2 x P0(-12) (2 x fO(-IO) 

Source: aWL-624 1 i V Z  t t n preparat  ton 1 
P. 42 



2 34 

Sha oe 
co losado 

Permabl I 1 ty (md) 
ranges frm: <0.05 (<4.9 x 191-7) 

Source: Y/WI /SM3-7009/11 (19761, p. 14 

G ~ l f  Coast 

ranges frm: 1 x 10(-8) (9.6 x 10(-15) 

cm/s ) 
to: 

Shn Be 

P s r m b ?  I lty (md) 

cm/s) ( 7 )  
to: 2.5 x to(-9) (2.4 x 

10(-159 cm/s) ( ? i n )  
Source: Y,KM I /$UB-7009/J ( 1  9769, p. 11 

M ?  ch Igan 

ranges frm: 0.001 ( 1  x 10(-9) crn/s) 
to: 2.0 (1.9 x 10(-6) m / s I  

$ha Is 

Permabf I f?y (md) 

Swrce: m e / s s o a  (1983), p. 109 

Shale 
Mtehlgan 

ranges frm: 0.001 ( 1  Y 10(-9) em/$) 
toe 2.0 (1.9 x 10(-Q) cm/s) 

kwrce: ~ ~ L / S u b / 8 ~ ~ 7 ~ / 1  (19851, 
P. 98 

Shale 
(vei-tImI) (factor 

ranges frm: l R K h  

of K 

, p. 2-2 
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Shales 

Permeabl I t t y  (md) 
New Hsxlco 

ranges from: 2 x lo(-6) (1.9 x 10(-12) 
cm/s) 

to: 
Source: Y/OW B /SU8-7009/1 (1976), pa 11 

Sha-les 

Permsa b l  I 1 t y  (md) 
Ok I a h a  

ranges from: 8 x 10(-4) (7.7 x 10<-10) 

Source: V/GW I /SUB-7009/1 (19761, p. 11 

cm/s 1 
to: 

Sha las 

Permabf I f t y  (md) 
Texas 

ranges from: 3 x 10(-4) (2.9 x 10(-10) 
cm/s ) 

cm/s) 
to :  9 x lo(-6) (6.7 x 10(-12) 

Source: Y / W l  /SM-7009/1 (1976), p. 1 1  

Utah 

ranges from: 7 x 10(-6) (6.7 x 10(-12) 

Shales 

P s r m a b l  I l t y  h d )  

cmh 1 
t o :  

I/SUB-7009/1 (19761, p. 11 

Shales ( c )  
Hydraul f c  conduc t l v l t y  ( c d s )  

ranges frcm: 10(-8) 

Sou rce: QRNL-624 1 /V2 ( 1 n prepasa t lon 
to: 10(-11) 

p .  218 

Shales (d) 
Hydraul tc conducrtvf ry (cm/sl 

ranges frm: 10(-91 

Source: ORNL-6241/V2 ( I n  preparat fon) 
t o :  10(-11) 

P. 219 

Shales (e3 
Permab l  l 7 t y  (m12)  ) 

ranges from: 10(-17) (9.7 x 10(-9) 
c d s )  

cm/s 1 
Po: 10(-21% (9.7 x 10(-13) 

Source: QRNb-6241/V2 ( I n  p repara t lon)  
p. 199 

Shales ( f )  
Var lous 

P e r m a b l l l t y  ( fP /y r )  (hydraulic conduc t l v t t y )  
ranges fro,,: 1.0 x 10(-4) (9.7 x 

10(-11) cm/s) 

cmss 1 
to: 1.1 i a (3 )  (1.1 x io(-43 

lAH36/6 (1978), p. A-16 

S l l t s tonehuds tone  

t i ydrau l l c  conduc t l v l t y  (horlzontaJE (m/s) 

cm/s 

cm/s 1 

South Caro l lna  

ranges from: 1 x 10(-13) ( 1  x 10(-11) 

to:  5 x i o ( - i o )  ( 5  x io(-e) 
Source: ORNL-6241/V2 ( l n  proparat ton) 

p. 43 

S f  I t y  C lay  
Hydraul IC conduc t l v l t y  (crn/s) 

ranges frm: 5 x 10(-6) 
to: ca. 2 x io ( -e )  

8-486 (1983), p. 39 

St I t y  C lay  
 hydra^ I 1 c conduct lvf ty (cm/s ) 

ranges from: 5 x 10(-6) 

Source: OW1-486 (19831, p. 39 
Po: 10(-7) 

Smsctf ts (Ca) (a )  
Hydrau l tc  conduct lwl ty (crn/s) 

ranqes f r o m :  10(-11) 
to :  10(-6) 

1-486 (19831, p. 35 

Smecttte (Ca) (b)  
Permab! I f  t y  h ( 2 )  ) 

ranges from: 3 x 10(-189 (2.9 x 1 0 ( - 9 )  

Source: NUREGAY-0052 (19831, p. 209 

em/s 1 
t o :  

Smec?lte (Ca) and Sand 
Fermeabl I f t y  (rn(2) 1 

ranges f r o m :  4 x 10(-?7) (3.9 x IO(-$) 

Source: NUREG/CP-R052 (19831, p. 209 

cm/sl 
t o :  

SislecTlte (Naa l a )  
t4ydraulI e csnductTvf ty (cm/s 

ranges from: 10(-11) 

Source: ONW1-485 (19831, p. 35 
Po: lo(-?) 

Srnect?te (Na) and Sand 
Psrmabf I t t y  ( m ( 2 )  1 

ranges from: 5 x 10(-19) (4.9 x 10(-10) 

Source: NURECSCP-0052 (1983), p. 209 

cmss 1 
to: 

Volc lay s a l l n s  seal and Sand 
Hydrau I 1 c conduct l v l  t y  (cm/s 1 

ranges from: 2.9 x 10(-02) 
to: 4.1 x 10(-12) 

9-712 (l9$1), p. 33 
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A r g l l l l t e  
Bulk  modulus (confined) ( p a )  

ranges from: 14.0 (1.4 x lO(4) W a )  

Source: Proc NEA Workshop OECD (1979b), 
to: - 

p. 87 

Arg l  I I i t 8  
Cohesion (unconfined) (Wa) 

ranges from: 8 x 10(-1) 
to :  - 

Source: Proc NEA Workshop OECD (1979b) , 
P. 87 

Arg l  I l i t e  
Conpresslve s t rength (unconf lned) ( P a )  

ranges from: 4.75 

Source: Proc NEA Workshop OECO (1979b3, 
to :  - 

p* 87 

Arg l  I I I t e  
F r i c t i o n  angle ( In te rna l )  (deg) 

ranges irom: 35 

Source: Proc NEA Workshop 
to: - 

P. 87 

Arg l  I I I t e  
Potsson's r a t i o  

ranges from: 0.30 
to: - 

Source: Pr& NEA Workshop 
p. 87 

Arg? I I I t e  
Tens1 l e  s t rength  (Wa) 

ranges from: 3.5 

Source: Proc NEA Workshop 
to:  - 

P. 81 

Arg!  I I i t e  ( a )  
Young's modulus (GPa) 

ranges from: 3.7 (3.7 x 

Source: Proc NEA Workshop 
to:  16 (MPa) 

P. 85 

OECO (1979b), 

OECD (1979b1, 

OECD (1979b), 

Arg l  I I I t e  (b) 
Young's modulus (unconfined) (GPa) 

to:  - ranges from: 3.74 (3.7 x lO(3) Wa)  

Source: Proc NEA Workshop OECO (1979b3, 
P. 87 

Benton l ta  

P l a s t l c l t y  ( I  l q u l d  l i m i t )  ($1 
ranges from: 553.1 

Source: RHO-BWI-SA40 (1981), p. 6 

Wyomlng 

to :  - 
8enton I t e  

P l a s t l c l t y  (plastic Index) ( % I  
w yoml ng 
ranges from: 519.5 

Source: RHO-BWI-SA-80 (1981), p. 6 
to: - 

Bent on 1 t e  

P l a s t t c t t y  ( p l a s t i c  limit) ($1 
Wyom? ng 

ranges from: 33.6 

Source: RHCI-BWI-SA-80 (19811, p. 6 
to :  - 

Benton 1 t e  

Potsson's r a t i o  
Wyoml ng 

ranges from: 0.15 

Source: Owl-486 (19831, p. 63 
to: - 

Bentonl t e  
Sue I I 1 ng d l  stance (mm) 

ranges from: 1 

Source: ONWI-312 (1981), p. 16 

Benton 1 t e  
Oregon 

Sue! I 1 ng pressure ( W a )  
ranges from: ca. 0 

Source: AECL-7812 (19831, p. 34 

Benton 1 t e  
Wyoml ng 

Sue I I i ng pressure (Wa) 
ranges from: ca. 0 

to: 11  

to: a. 1.8 

1 

to: ca. 2.2 
Source: AECL-7812 (19831, p. 34 

Bentoni te  
Young's m d u l u s  (Wa) 

ranges from: 300 

Source: OWl-486 (19831, p. 63 

Oregon 

to: - 
Bentoni te  (a) 

P l a s t l c l t v  (I i au td  I t m l t )  ( I )  
rang& fr&: 209.6 

Saurce: RHO-BWI -SA40 
to: - 

Benton i te  (a) 
Oregon 

P l a s t l c l t y  ( p l a s t i c  Index) 
ranges frm: 168.58 

Source:. RHO-BWI -SA40 

Bentonite ( a )  
Oregon 

P l a s t l c l t y  ( p l a s t i c  Iimlt) 
ranges from: 41.0 

Source: RHO-BWI S A - 8 0  

Oregon 

to: - 

to: - 
Bentont te  (a) 

P l a s t f c l i y  (shrlnkage I l m l  t) ( I )  
ranges frm: 8.47 

Source: RHO-BWI-SA-80 (19811, p. 6 
to: - 
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Banton 1 te (a 1 
Swei l ing  ($1 

ranges from: 5 

Source: KBS TEKNIW RPPPWT 9 (19771, 
P. 5 

Bsnton 1 te ,  la 1 
Swe I I 1 rig pressure ( W a )  

ranges from: 30 (0.03 Wa) ( ? I  

Source: KE)S TEKNISK RAPPORT 9 (19771, 
P. 6 

to :  20 

to :  110 (0.11 ).Pa) ( ? )  

BsnPonTts bb) 
Oregon 

P l a s t i c i t y  ( l i q u i d  l i m 9 t )  ($9 
ranges f r o m :  212.69 

Source: RH0-10-BWI -SA-80 (1981 1 ,  p. 6 

Oregon 

ranges from: 174.6 

Source: RHO-BWI-SA-SO (19811, p. 6 

Oregon 

ranges from: 38.1 

Source: RHO-BWI-SA-80 (19811, p. 6 

to: - 
Bentonlte (b )  

P I a s t i c I t y  ( p l a s t i c  Index) ( $ 1  

to :  - 
Benton i te  ( b )  

P l a s t i c i t y  ( p l a s t i c  l i m i t )  ( 8 )  

to:  - 

BenPonite ( b )  

Plastl lclty (shrinkage I i m l t )  ( 5 )  
Oregon 

ranges from: 8.95 

Source: RHO-BWI-SA-80 (19811, p. 6 
to: - 

Ben.f.ori9 Pa ( b )  
Swal l l n g  ($1 

ranges from: 
to :  

Source: KBS 
P. 6 

Bonton i t e  bb) 

15 
30 
M N  

Swel i lng  pressure ( F a 1  
ranges frm: 30 (0.03 W a )  ( 

to: 200 (0.20 W a )  
Source: KBS TEKNlSK RAFDPORT 9 

P. 6 

Benton! t e  ( c )  
Swe l l i ng  ( $ 1  

ranges f r o m :  1 

Source: OW1 -486 (1983), p. 49 
to: 50 

Bsntonlte ( c )  
swe I I 1  ng pressure Wea) 

ranges frm: 0.7 

Source: AECL-7812 (19831, p. 33 
to: ca. 70 

Benton l ta  (Ca) 
Swe I I 1  ng pressure (Wa’a) 

ranges Srm: 31.4 

Sourcs: OMI-312 (19811, p. 31 

Hyomi ng 

rangas from: 260 

to:  - 

Bsnbonite (Na) 

P l a s t f c l t y  ( I l q u l d  O i m i l t )  ( $ 1  

to: - 
Source: AECL-7825 (1984), p. 12 

Benton l te  /Na) (a) 
Compressive s t rength  (unconf ined) ( p s l l  

ranges from: 55.5 (3.8 x 10(-1) W a f  

Source: OWi-312 (19811, p. 22 
to: - 

Rantonlte M a )  (a )  
PsaSt lC l ty  ( I  l qu ld  I i m l t )  ( % I  

ranges from: 98 
to: - 

SOU~CX: AECL-7825 (198.11, p. 12 

B s n t m l t e  (Na) (a) 
HyomB ng 

ranges frm: 50 
p l 8 S t l C l f y  (pl8Sf I C  I ItTllt) ($1 

to: - 
Source: AECL-7825 (19841, p. 12 

Benton i te  (Na) (a)  
Wyoml rig 

P l a s t l c l t y  (plastlclty Index) (%)  
ranges frm: 210 

to: - 
Source: AECL-7825 (19841, p. 12 

Benton l te  6Na) (a) 
Shear s t rength  (kPa) 

ranges from: 1,600 (1.6 W a )  

Source: KBS TEKNiSK W P O R T  74 (19781, 
fa:  (15 ( <1.5 x 10(-2) W a )  

P. 16 

Ben 
Swe 

onlte mi) ( a )  
I1 ng presswe (Wa)  
ranges frm: >10 

Source: OW!-312 (19811, p. 15 
to: - 

Benton i te  (Ha) (b)  
Csmpresslvs s t rength  ( u n l a x l a l )  (Wa) 

ranges frm: 8.9 

Source: KBS TEKNISK RAPPORT 74 (19781, 
ta: - 

p. 14 

Benton i te  INa) (b )  

P l a s t i c i t y  (plasPic I I m i t )  ( % I  
Wyomlng 

ranges Srm: 19 
to: - 

S O P J T C ~ :  AECL-3825 (19843, p. 12 
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Bentonl te  (Na) (b)  
W yoml ng 

P l a s t t c i t y  ( p l a s t l c l t y  Index) Cx) 
ranges from: 79 

to :  - 
Source: AECL-7825 (19841, p. 12 

Benton i te  fNa) ( b )  
Shear s t rength (Wa)  

ranges from: 4.5 

Source: KBS TEKNISK RAPPORT 74 (19781, 
t o :  - 

P. 14 

Bentont te  (Na) (b)  
Swel l ing  pressure (Wa) 

ranges frcm: 57.7 

Source: OW!-312 (19819, p. 31 

Benton i te  (Na) ( c )  
Sue I I i ng pressure (Wa)  

to :  - 

ranges frm: 21.7 

Source: OW!-312 (19811, p. 31 
to:  - 

Benton i te  (Na) (d )  
Swe I I 1 ng pressure (Wa 1 

ranges from: ca. 72 

Source: RHO-BWI-SA-80 (19811, p. 6 

Benton i te  (Na) ( e )  
Wyoming 

Sue I I I ng pressure (Wa)  
ranges from: ca. 3 

to:  ca. 8 
Source: AECL-7825 (19841, p. 16 

Benton l te  (Na) ( f l  
Wyomlng 

Swel l lng  pressure (?@a) 
ranges from: ca. 2 

Source: AECL-7825 (19841, p. 16 

Benton l te  (Na) (g1 
Wyml ng 

Swe I I I ng presswe (Wa) 
ranges from: 1 

to :  8 
Source: KSS TEKNISK WPORT 74 (19781, 

to: - 

to: a. 20 

P *  6 

Benton l te  (Na) (h f  
W y m l  ng 

Sue I I 1 na Dressure W a )  
raggas from: 2 

Source: OW I -486 
to: 23 

Benton i te  (Na) ( 1 )  
Wyoming 

Sue I I I ng pressure ( W a  
ranges from: 3 

Source: OW! -486 
to:  26 

19831, p. 51 

19831, p. 51 

Bentoni te  (Na) ( J )  
Wyomlng 

Swe I I I ng pressure IMPa) 
ranges from: 3 

Source: ONW1-486 (19831, p. 51 
to :  27 

B e n t m l t e  and Sand ( a )  

Compressive s t rength (unconfined) (*a) 

to: ca. 1.8 

Oregon 

ranges from: ca. 0 

Source: RHO-BWI-SA-80 (1981), Fig, 4 

Bentonl te  and Sand (a)  
Oregon 

Sue I I Ing pressure (Mea) 
ranges frm: ca. 0 

Source: RW-BWI -5iA-80 d 198 1 1 ,  FI g. 3 

Oregon 

ranges from: ca. 55 
to :  ca. 80 

Source: RHO-BWI-SA-80 (19811, Fig. 5 

Wyomi ng 

ranges from: a, 0 
to: CB. 3 

Source: RHO-BWI-SA40 (1981), Fig, 4 

to: ca. 1.8 

Bentonl te  and Sand (a) 

Young’s nodulus (Wa)  

Bentonl te  and Sand (b) 

Compresslve s t rength (unconfined) (Wa)  

Ben 

Sw e 

o n l t e  and Sand (b) 
Wyoml ng 

I Ing pressure @Pa) 
ranges frm: ca. 0 

to: ca. 2.2 
Source: RHO-BW I -SA-80 < 1981 1, F I  CJ. 3 

Bentoni te  and Sand (b)  

Young’s modulus W a )  
Wyoml ng 

ranges frm: m. 45 

Source: RHO-BWI-SA-BO (19BJ),  FIg. 5 

Be I g I urn 

ranges from: 1 x lo(-1) 
io :  1 

Source: Rad Waste Management and Nuclear 
Fue l  Cycle v.6 (19851, p. 54 

tQ:  60 

Clay 

Cohes 1 on @Pa) 

Clay 

Coheslon (Wa1 
I t a l y  

ranges from: 1 x 10(-li) 
to :  - 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v.6 (19851, p. 54 
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Clay Clay 

F r i c t i o n  angle (angle o f  shear res is tance)  Plasticity ( p i a s t l c  l i m i t 9  ( X I  
(deg) ranges frm: 26.5 

Belgium Be lg!  urn 

ranges from: 19 to:  - 
to: - Source: Rad Waste Management and Nuclear 

Source: Rad Wasfe Management and Nuclear Fuel Cycle v.6 (19853, p. 54 
Fuel Cycle v.6 (1985), p. 54 

Clay 
Clay England 

F r i c t i o n  angle (angle of shear res ls tance)  (degf ranges frm: 26 
I t a l y  P l a s t i c i t y  ( p l a s t i c  i i r n ! t )  ( 2 ,  
ranges frm: 25 

to :  - 
Source: Rad Waste Management and Nuclear 

Fuel  Cycle v.6 (19851, p. 54 

Clay 

P l a s t i c i t y  ( 1  i q u i d  I i m l f )  ( S )  
Bas lgi urn 

ranges from: 77.5 
to: - 

nagement and Nuclear 
.6 (19851, p. 54 

C lay  

P l a s t l c l t y  ( l i q u i d  I I m l t )  ( $ 1  
England 

ranges from: 55 

Source: Rad Waste ~nnegement and Nuclear 
Fuel  Cycle v.6 (19851, p. 54 

to:  - 

Clay 

P l a s t l c t t y  ( l l q u l d  l i m i t )  (%) 
Man ford 

ranwes frm: 44.6 

Source: RIiQ-BW!-SA-SO (19811, p. 6 
to: - 

Clay 

P l a s t l c l t y  ( I l q u l d  I i m t t )  (I) 
Hanford 

ranges from: 63.9 

I-SA-80 (19811, p. 6 

Clay 
I t a l y  

ranges frm: 50 

Source: Rad Waste ~ ~ ~ e ~ ~ t  and Nuc Imr 

P l a s t l c l t y  ( I l q u i d  l i m 0 t )  ($1 

to :  - 
Fuel Cycle v.6 (1985), p. 54 

Clay 

P l a s t i c l t y  ( p l a s t i c  Index) (5) 
Wanford 

ranges frma: 18.8 

Source: RHO"BWI-SA-88 (19811, p. 6 
to:: - 

Clay 

PDastOclty ( p l a s t i c  Index) ($1 
Hanford 

ranges from: 40.8 

Source: WHO-BW1-SA-80 [1983), p. 6 
to: - 

to: - 
Source: Rad Waste k n a g s m n t  and Nuclear 

Fuel Cycle v.6 (1985), p. 54 

Clay 

P l a s t l c l t y  ( p l a s t l c  I l r n l t )  (I) 
nanford 

ranges frm: 25.8 

Source: RHO-BWI-SA-80 (19811, p. 6 
to: - 

Clay 
Han f a rd  

P las 

Clay 

P las 

Clay 

i c i t y  ( p l a s t i c  l i m i t )  ( X )  
ranges fran: 29.1 

to: - 
Source: RW-BW I -SA-80 ( 1  981 1 ,  p. 6 

Italy 
lclty ( p l a s t i c  l i m i t )  ($1  
ranges frm: 25 

Source: Rad Waste Management and N u c l m r  
Fuel Cycle v.6 (19851, p. 5-4 

Sa: - 

Lou 1s I ana 
Plastlclty ( p l a s t i c i t y  Index) ( % I  

to :  - 
P. 173 

ranges from: 40 

Source: Oi?NL/Sub/8444794/1 (1985), 

Clay  
Ha n4 ard  

ranges frm: 19.75 

Source: RHO-5Wl-SA-80 (198?), p. 6 

P l a s t l c l t y  (shrinkage I l m l  t) (%, 

to:  - 

Clay 
5e I 9  I urn 

ranges from: 0.6 

Source: Rad Waste h n a g a m n t  and Nuclear 
Fuel Cycle v.6 (19851, p. 54 

r s t rength  (undrai ned) ( W a )  

to: - 

Clay 

Shear s t rength  (undralned) (WaB 
England 

ranges from: 1.2 

Source: Rad Waste naglsmsnt and Nuclear 
to :  - 

Fuel Cycle v.6 (18859, p. 54 
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Clay 

Shear s t rength (undralned) ( W a l  
I t a l y  

ranges from: 1.5 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v.6 (19851, p. 54 

to: - 

Clay 
Lou I s  lana 

Strength ( P a )  
ranges fran: 0.19 

Source: ORNL/Sub/84-64794/1 (19851, 
to :  - 
P. 173 

Clay 

Young's modulus ( e l a s t i c  modulus) (Wa)  
Be l g l  m 

ranges from: 170 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v.6 (19851, p. 54 

to :  - 

Clay 
I t a l y  

ranges from: 300 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v.6 (19851, p. 54 

Young's m d u l u s  ( e l a s t i c  modulus) (Wa) 

t o :  - 

I I l i t e  
P l a s t l c l t y  ( p l a s t i c i t y  Index) ($1 

t o :  90 
ranges from: 0 

Source: ONWI-486 (19831, p. 45 

I I l l t e  
Swel l ing  ( % I  

ranges from: <2 
to:  20 

Source: Owl-486 (19831, p. 49 

l l l l t e  (Ca) 
Jackson County, OH 

P l a s t l c l t y  ( I l q u l d  I l m i t )  ($1 
ranges from: 69 

Source: OW\-486 (1983), p. 43 

Jackson County, OH 

ranges from: 36 

Source: ONWI-486 (19831, p. 43 

F l th lan ,  I L  

ranges from: 90 

Source: OW1 -486 (19831, p. 43 

to :  - 
I I l l t e  (Ca) 

P l a s t l c l t y  ( p l a s t t c  l i m i t )  ( b )  

to: - 
I l l l te  (Ca) (a) 

P l a s t l c l t y  ( I l q u l d  I lnlt) ( % I  

to: - 

I l l l t e  (Ca) (a) 

P l a s t i c i t y  ( p l a s t i c  l i m i t )  ( 5 )  
Fl th lan ,  I L  

ranges from: 40 

Source: ONwi-486 (19831, p. 43 

Grundy County, I L  

ranges from: 100 

Source: QNW1-486 (19831, p. 43 

Grundy County, I L  

ranges frw: 42 

Source: Owl-486 (19831, p. 43 

to: - 
I I l l t e  [Ca) (b) 

P l a s t l c l t y  ( l i q u i d  I i m l t )  (%) 

to: - 

I l l l t e  (Ca) ( b )  

P l a s t i c i t y  ( p l a s t l c  I l m i t )  ($1 

to: - 
I l l l t e  (Na) ( a )  
F r i c t l o n  angle b-esldua1) ( tan) 

ranges from: 0.3 
to: 0.7 

Source: WI-486 (19831, p. 47 

I l l l t e  (Naj (b) 
Fr lc+ Ion  angle ( res idua l )  ( tan) 

ranaes from: 0.47 " 
to: 017 

Source: ONWI-486 (19831, p. 47 

I Illte and Bentonite (a) 
Swel l lng (PI 

1 ranges from: 
to :  

Source: ONWl 

I I l l t e  and Benton 
Swel l ing ($1 

ranges froin: 
to: 

54 
486 (19831, p. 49 

t e  (b) 

<2 
3a 

Source: Owl-486 (19831, p. 49 

l l l l t e  and K a o l i n i t e  

ranges from: c2 

Source: ONW1-486 (19831, p. 49 

Kao I I n I t e  
Compressive s t rength  (unconf Ined) ( P S I )  

ranges frm: 100,3 (6.9 x 10t-1) W a )  

Source: ONWI-312 (19811, p. 22 

Swel l tng ($1 

to: 4 0  

to: - 
Kaol l n l t e  
Frlctlon angle ( res idua l )  (tan) 

ranges from: 0.27 

Source: W I - 4 8 6  619%3), p. 47 
to: 0.7 

K a a l l n l t e  
Plastlcfty ( p l a s t l c l f y  Index) cb) 

to: 35 
ranger frm: 0 

Source: ONW1-486 (1983), p. 45 
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Kaol  lnlPs 
Swe!!Ing (%)  

ranges from: <2 
l o .  4 

Source: OW! -486 (1983) , p. 48 

Kaolinite (Ca) 

P l a s t l c l - i y  ( I tquid  l i m i t )  ( 8 )  
Anna, I L  

rangas f r m :  73 
tG: - 

So~rrca: OM! -486 (1983), p. 45  

K a o l l n l f c . ,  (Ca) 

P l a s t l c l t y  ( I l q u i d  I l m l t )  ( $ 1  
D r y  Branch, GA 

ranges f r m :  34 

Source: OW1-486 (1933) , p. 43 
to: - 

KaoS l n l t s  C a )  

P l a s t l c l t y  (plastic IirnIP) ( I ,  
Anna, IL 

ranges frm: 33 

Source: OMI--486 (1983:, p. 43 
to: - 

Kaollnlte (Ca)  

Plast lctPy ( p l a s t i c  t l r n ? t )  (;S) 
D r y  Branch, GA 

ranges from: 26 
SO: - 

Sourcs: O W I  -436 1983) , p. 43 

K a o l l n l - t e  and Rentonlt~ 
Swei I I n g  ( 8 )  

ranges from: 2 
to: 35 

1-486 [ 1983) , p .  49 

01 I Shales 
Comprosslva s-trength (Was 

ranges frm: 35 

SOtrrco: ORRNL/Sub/84-64794/1 (1 9851, 
so: 138 

P. 348 

011 Shales 
Compress 1 VB' strength (!@a) 

ranqos from: 148 
tu: 172 

Source: QRNL/S~ab:'84-&4794/1 ( 1  9859, 
P.  348 

011 Shales 
P o i s s m ~ s  r a t l o  

ranges  frm: 0.2 
to: 0.3 

S Q L I ~ C B :  QRHt/Subb84-64794/1 (1'3851, 
P. 348 

O i l  Shalss 
Potsson's r a t i o  

ranges from: 0.15 
to: 0.20 

Source: ORNL/Sr~b/84-64794/1 (1985) , 
p. 348 

O i l  Shales 
Young's modulus (Wa) 

ranges from: 7,000 (7 x lO(3)) 
to: 17,500 (1.75 x lO(4)) 

Source: ORNL/S~b/84-64794/1 ( 1985) ,  
P. 34.8 

O f 1  Shafss 
YaJng's nwdu Ius (Wa3 

ranges frm: >21,000 ( >2,1 x lO(4)) 

Source: ORNL/Sub/84-64794/1 (1985) , 
to: - 

P. 348 

Shale 
Bulk mdulus ( P S I )  

ranges from: 7.6 x lot51 (5.2 x lO(31 
W a )  

to: - 
l/TM36/6 (19781, p. 7-8 

She le 
Bulk mdulus ( P S I )  

ranges from: 77.8 x l O ( 3 )  (5.4 x lo t21  
W a  1 

to: - 
Source: Y/oidlA?d36/6 (19781, p. 3-24 

Shale 

BuIk  modulus ( P S I )  
Ohlo 

ranges frm: 6.3 x 10(5) (4.3 x lO(3) 
ma 1 

to: - 
Source: Y/CM!PTM36/6 (19781, p. 5-14 

Shale 

8u Ik modulus ( P S I  1 
Oh io 

ranges f r m :  1 . 1  x 10(5) (7.6 x I O ( 2 )  

Source: Y/Wl!'TM36/6 (19781, p. 4-12 

Shale 
Ohlo 

Cohsslon ( p s i )  
ranges frm: 5,900 (4.1 x I O ( 1 )  MPa) 

Saurcs: Y/oln'!,?TMJ6/6 (19781, p .  5-14 

W a )  
to: - 

so: - 
Shals 

Oh io 
Cohss ion ( P S I  1 

rangas f r m :  14 ( 1  x l o ( - ) )  W a >  
to: - 

Source: Y/W1/TM36/6 (1978), p. 4-12 

Shale 
I n d i a n a  

Compresslve strength (Wa)  
ranoes f r m :  I 1  

40: 115 
Source: OwNL,%ub/84-64794/1 (1985) , 

p. 60 
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Shale 
Compressive s t rength  (ps i  1 

ranges fram: 8.5 x lO(3) (5.9 x IO(1) 
MPa 1 

to: - 
Source: Y/OWl/TH36/6 (1978), p. 6-3 

Shale 

Compressive s t rength  ( p s l )  
New Mexico 

ranges from: 1,000 (6.9 W a )  

Source: Y/aWl AM36/6 (19781, p. 8-5 
to: 6,000 (4.1 x IO(1) MPa) 

Shale 

Compresslve s t rength  [ps i  1 
N e w  Mexico 

ranges from: 1,000 (6.9 Wa)  

Source: Y/oWl/rM36/6 (19781, p. 8-2 
to: 8,000 (5.5 x IO(1) W a )  

Shale 

Compressive s t rength  (uniaxial) (Wa) 
Oh io 

ranges frm: 13.8 

Source: ORNL/Sub/84-64794/1 (19851, 
to :  - 

P. 108 

Sha le 

Compress l ve  s t rength  tun 1 ax la  I )  (ps i  1 
Oh lo 

ranges from: 1 x lO(4) (6.9 x l O ( 1 )  
MPa 1 

to: - 
Source: Y/Wl /TM36/6 (1978) p. 5-14 

Shale 

Compressive s t rength  ( u n l a x l a l )  ( p s i )  
Oh lo 

ranges from: 2 x lO(3) (1.4 x l O ( 1 )  

Source: Y/Owl/TM36/6 (1978), p. 4-12 

Oh lo 

ranges from: 23.4 

Source: Y/Cml/TM36/6 (19781, p. 5-14 

Shale 
Oh l o  

F r l c t l o n  angle ( d e g )  
ranges f rom:  22 

Source: Y/OWI/TM36/6 (1978), p. 4-12 

Sha Is 
Montana 

P l a s t i c l t y  ( I l q u l d i t y  index) 
ranges from: -0.1 1 

Source: Y/owl/?M.36/6 (19781, p. 6-1 

W a )  
to: - 

Shale 

F r i c t l o n  angle (deg) 

to :  - 

to: - 

to: - 

Shale 

P l a s t i c i t y  (plasticity Index) (?I 
Great P la  1 ns 

ranges from: 30 

Source: ORNL/Sub/84-64794/1 (1985)  
to: 1 1 Q  

p. 293 

Shale 
Poisson's r a t i o  

ranges from: 0,2 

Source: Y/OW I AN36/B ( 19781, p. 3-24 

Shale 
Ohio 

Poisson's r a t i o  
ranges from: 0.1 

Source: Y/OWI/TM36/6 (1978), p. 5-14 

to: - 

to: - 

Shale 
Oh lo 

Polsson's r a t l o  
ranges from: 0.25 

Source: Y/OWlA#36/6 (1978), p. 4-12 
to: - 

Shale 
R a t i o  of s t rength  t o  overtxlrden s t ress  

ranges from: 1.3 
to: 6.0 

Source: ORNL-6241/V1 ( I n  preparat  
p. 53 

Shale 
Shear modulus ( P S I )  

ranges f rmr  6,2 x lO(5) (4.3 x 
W a )  

Source: 
to: - 

Y/OW I AN36/6 ( 1  978), P. 7-8 

Shale 
Shear modulus ( p s i )  

ranges from: 58.3 x lO(31 (4 x 10(2B 

Source: Y/WI /TM36/6 (19?8), p. 5-24 

Oh io 

ranges from: 6.8 x l O ( 5 )  (4.7 x lQ(3) 

Wal 
to: - 

Shale 

Shear modulus ( p s i )  

W a  9 
to: - 

Source: Y/WI AM36/6 (19781, p. 5-14 

Oh io 

ranges from: 6.8 x lO(4) (4.3 x 10t2) 

Source: Y/CWI fTM36/6 f.19?8), Q. 4-12 

Shale 

Shear modulus (PSI) 

MPa 1 
to: - 
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Shale 
Ca nsda 

SweI l lng  (po ten t l a ! )  ($1 
ranges  from: 2 

Source: ORNL/Sub/84-64794/1 ( 1  985), 
to: 20 

P. 293 

Shale 
G r e a t  Pla lns  

S x o l l l n g  (po ten t ta ! )  ($1  
ranges from: 3 

to: 5 
Source: WNL/Sub/84--64794/1 ( 1985), 

P. 293 

Shale 
Swe I I 1 ng pressure (Wa 1 

ranges frm: 10 

Source: KBS VEKNISK RAPFORT 74 (19781, 
to: 0.5 

P. J 

Shale 

Tens! l e  s t r e n g t h  ( p s l )  
Oh la 

ranges from: 200 (1.4 W a )  

Source: Y/OWI/M3686 (19781, p. 5-14 
to: - 

Shale (a1 
Cohos?on ( p s l 3  

ranges frm: 0 (0 WPa) 

Source: Y/C%!/i)ii46/6 (19781, p. 2-2 
to: 4,250 (3 x lO(1) W a l  

Shale (a )  

Comprasslve struny'th (kg/cm(2) 1 
M o n td iia 

ranges from: 122 (1.2 x l O ( 1 )  MPa) 
to: 25 (2.5 NPa) 

Source: V/WS/TM.36/6 (1978), p. 6-13 

Shale (a )  
Cmpsesslvo s trength  (unfaxla!) (psl )  

ranges frm: 70 (4.8 x 10(-1) W a J  
toto: 3.7 x 10(4) (2.5 x lO(2) 

wa 1 
Source: Y/CWB AM36/6 (1978), p. 2 -2 

Shale (a) 
ComprsssIve s f rongth  iunlaxlal) ( p s l )  

ranges frm: 2.1 x lO(3) (1.4 x lO(1) 
Wa 1 

Pa: - 
I/PM36/6 (1978), p. 3-24 

Shale ( a )  
FrlcTlon angle ( d e g )  

ranatxi from: 4.2 - 
Shale $0: 56 
Yoma's modulus (elastlc I W ~ U I U S )  (DSI x lO(6))  Source: Y/Wl /TM36/6 (19711), p. 2-2 

-rangee-, from: 1.48 ( 1  x lO(4)'MPa) 

Source: YLWl/TM36/6 (1978), p. 6-3 

Great P l a t  ns 

to: - 

Sha Is 

Young's modulus (elastic mdu6us) (ps l  x 
lO(6))  

ranges from: 0.02 (1.4 x lO(2) MPaB 

S O W C ~ :  BRNL/Sub/8444394/1 (19851, 
ta: 0.014 (9.6 x l O ( 1 )  Wa) 

p. 293 

Sha!e 
Young's ~ d i i l u s  Ips11 

ranges frmr 1.4 x lO(5) (9.7 x lO(29 

Source: Y/Qwi/TM36/6 (19731, p. 3-24 

Wa)  
to: - 

Shale 

Young's modulus (PS I )  
Ohlo 

ranges h-m: 1.5 x lO(6) ( 1  x lO(4) 
a )  

to: - 
Source: Y/WI /rM36/6 (19781, p. 5-14 

Shale 

Young's modulus (psi) 
Oh lo 

ranges From: 1.7 )E 10(59 (1.2 x lO(3) 

Source: Y/GWlA?436/6 (19781, p. 4-12 

WBa 1 
to: - 

Shale (a) 
Fr tc t lon  angle (deg) 

ranges frm: 5.3 
Po: - 

Source:: Y/Wl AM36/6 ( 1 9 1 8 ) ,  p. 3-24 

Shale ( a )  

P l a s t l c l t y  ( I  lquld Ilrwlt.) ( 2 )  
Great P l a l n s  

ranges frm: 35 
to: 113 

Source: OBNL/Sub484-64794/1 ( 1985), 
P. 291 

Shale ( a )  
Great P l a l n s  

ranges from: 20 
to: 62 

Source: ORNL/sub/8444794/1 (19851, 

Plastlc1t.l (p las t lc  I l m l t )  ( 8 ,  

P. 291 

Shale (a )  
Potsson's ratfo 

ranges frm: 0.03 
to: 0.50 

Source: Y/CMi/TMM/6 (19781, p. 2-2 

Shale (a) 
T e n s !  Be s t renqth  ( p s t )  

ranges frm: 0 (0 Wa)  ( 7 )  
to: 1,540 (1.1 x lO(1) 

S O U P C ~ :  Y/W I /FM35/6 ( 1  9781, p. 2-2 
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Shale (a )  
Young's m d u l u s  (t@a) 

ranges from: 18 

Source: ORtdL-6241 /V 1 (1  n preparat lan) 
tQ: 31 

P. 47 

Shale ( b )  
Cnheslan ( P S I )  

ranges frm: 6 x l O ( J )  (4.1 x 10(9) 
wa 1 

to:  - 
SQUrCe: Y/wlf@l36/6 (19781, 9. 7-8 

Shale (b) 

Compressive s t rength  (kg/cm(2) 1 
Montana 

ranges frm: 25 (2.5 #@a) 
to: 55 (5.4 Wa) 

Sotl8-c~: Y4oHI/fM36/6 (13T8), p. 6-43 

S h a l e  I b )  

Compressive s t rength  ( P S I )  
Great. F l a l n s  

ranges from: 70 (4.8 x lo(-1) W a )  

Ejourca: OFmL/Sub/84-64794/1 (1985), 
to: 2,530 (1.7 x lO(1) W a )  

P. 293 

S h a l e  ibl  
Cornpresslve s t rength  (unlaxlal) ( p s ? )  

ranqes from: 1 x lO(4) (6.9 x lO(1) 

Shale (ts) 

FrIcrtton angle (Internal) ( d a g )  
G r e a t  Plafns 

ranges (Irom: 8 
tot 25 

Shale (b) 
P01ssoi-i~~ ratlo 

ranges from: 0,15 

Source: Y/OWI/TM36/6 (19781, p. 7-8 
to: - 

Shale (b)  
Tenslia s t rength  (PSI) 

ranges from: 200 (1.4 P a )  

Source: Y/oWI/TM35/6 (19789, p. 1-8 
to: - 

Shale (b)  
Young's ITDdUlUS (WS) 

ranges $porn: 10 
to: 32 

Source: ORNL-624 1 / V 1  ( I n  preparat loo) 
p. 47 

Shale (c) 
Coheston ( p s f )  

ranges from: 206 (1.4 Wal 
to: - 

Source: Y / o w ~ / T M ~ ~ / ~  (19781, p. 3-24 

Shale (c) 
F r ? c t l o n  angle ( d f l a t l o n  angle) (dag) 

ranges from: t5 
to :  -5 

Source: Y/DWl/TM36/6 (19781, p, 2-2 

Shale ( e )  
Ohio 

Tens7 l e  strength (Weal 
ranges from: 0,34 

Source: ORNL/Sub/84-64794/1 (1985), 
to: - 

P. 108 

Shale ( c )  
Young's m d u l u s  (ps f )  

ranges from: 2 x lO(3) (1.4 x lO(1) 
Waf 

wa 1 
to: 6.4 X 10(6) (4.4 X lO(4) 

Source: Y/CM1/TN36/6 (19781, p. 2-2 

Great P l e  1 ns 

ranges from 2 (1.4 x I O ( - 2 )  Wa) 

Source: ORNL/Sub/84-64794/1 (19853, 

S h a l e  ( d )  

Coheslon (PSI) 

to: 30 (2.1 x 10(-1) ?Pa)  

p. 293 

Shale ( d )  
F r l c t f o n  angle ( I n te rna l )  (deg) 

ranges frm: 14.2 
to: 51.0 

Source: ORNL-6241/Vl ( I n  p repars t lon)  
P I  47 

Shale ( d )  
Oh to 

Tens? Is  s t rength (psi) 
ranges from: 50 (3.4 x lo ( - \ )  W a )  

to: - 
Source: Y/@d1/TM36/6 t19?8), p. 4-12 
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Shale (d) 
Yaung's m d u l u s  (PSI) 

ranges fram: 1.6 x lO(6) (1.1 x 10(4) 
MPa) 

t o :  - 
Source: Y/Wl/lM36/6 (19781, p. 7-8 

Shale (0) 
Tens i le  s t rength (PSI) 

ranges from: 50 (3.4 x ?0( -1)  W a )  
to:  - 

Source: Y / G W I / P M ~ ~ / ~  (19781, p. 3-24 

Sha I es 
Bulk modulus (Pa x lO(10)) 

ranges frm: ca. 50 (ca, 5 x lO(5) 
W a )  

W a )  
to :  ca. 200 (ca. 2 x IO(6) 

Source: OFiNL-624 1/V2 ( I  n prsparat i  m3 
P. 199 

Shales 
Western Oh lo 

Compressive s t rength (Wa) 
ranges from: 20 

to :  32 
Source: OWL/Sub/84-64794/1 (19851, 

P. 71 

Sha Ies 

T e n s i l e  s t rength  ( p s i )  
Various 

ranges from: <lo0  ( 4.9 x 10(-1) Wa) 

Source: Y/CMl/TH36/6 (19781, p. A-7 
to: 1,538 (1.1 X 10(1) wa) 

Shales ( a )  
Compresslvs st rength (unconfined) ( W a )  

ranges frm: 25.2 

Source: ORtdt-624 1 /V3 ( i n preparet !on 1 
to: 113.6 

p. 110 

Shales (a) 
Poisson~s r a t l o  

rangas frcm: 0.1 1 
to :  0.31 

Source: ORNL-624?/V3 ( i n  preparat ion) 
p. 110 

Shales (a)  
Shear m d u l u s  (Pa x lO(10)) 

ranges from: 0.1 (1 x lO(3) W a )  

Source: ORNL-6241/V2 ( I n  preparat ion)  
to: la0 ( 1  x 10(6) !Pa) 

P. 199 

Shales ( a )  
Young's modulus ( W a )  

ranges from: 9.9 (9.9 x lO(3) MPa) 

Source: ORNL-6241/V3 ( I n  preparat ion) 
Pa: 31.7 (3.17 x lO(4) ma) 

p. 110 

Shales (b )  

Comprosslve st rength (unconf Ined) (PSI 1 
Various 

ranges frm: <lo0  ( (6.9 x 10(-1) W a )  
to: 3.7 x lO(4) (2.5 x lO(2) 

Source: Y/Wl /TM36/6 (19781, p. A-4,5,6 
wa 1 

Shales (b )  

Poisson's r a t i o  
Va r 1 ous 

rangos from: 0.03 
to: 0.77 

Source: Y/CHI  /Tbf36/6 (1978) , p. A - 1 1  

Shales (b)  

Shear m d u  Ius (ps i  1 
Variocis 

ranges frm: 1.7 x lO(6) (1.2 x lO(4) 

to: 3.6 x lO(6) (2,5 x 19(41 
W a )  

MPa) 
Source: Y/Wl/TM36/6 (1'3781, p. A-10 

Shales Qb) 
Young's modulus (Pa x 10(10)) 

ranges from: 1 ( 1  x 10(4) !@a) 

Source: ORtdL-6241/"2 ( i n  preparat ion)  
to: 500 ( 5  x IO(6) Wal  

P. 199 

Shales IC) 
Varlsus 

ranges frm: 0.0020 x IO(6) (1.4 x 
lO(1) r e a )  

W a  > 

Ywng'5 madkllus ( P S I  1 

To: 15.0 x IO(6) ( 1  x 10(5) 

Source: Y/CW1flH36/6 (1978), p. A-8,9 

Shales, Mudstones ,  S I  l t s tonss  

p l a s t i c i t y  ( I i q u l d  I i m l t )  ( % I  
VEITlWG, 

ranges frcmr 17.8 

Source: Y/CBpklPbfi36/6 (19781, p. 6-20 tu 
to: 224 

6 -26 

Shales, Mudstones, S i  Itstonel; 

Piastie1t.y ( p i a s t i c  l i m i t )  ( % I  
Va I- 1 m s  

rsngos f ~ O ~ T I E  !6,0 
to:  45.5 

Source: Y/OWI PrM35/6 ( 1  978), p. 6-20 to 
6-26 

Shales, Mudstones, S I  I b t o n e s  

P l a s t l c l t y  ( p l a s t i c i t y  indox) ( % I  
Various 

ranqas frm: 1.8 

Source: Y/co%(l/lW76/6 (19781, p. 6-20 t o  
to: 192 

6 -26 
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Smectite (Ca) 

P l a s t i c i t y  ( I  i qu ld  I I m l  t) ($1 
Cheto, AZ 

ranges from: 155 

Source: OW!-486 (19831, p. 43 

Omsted, I L  

ranges from: 123 

Source: ONWI-486 (19831, p. 43 

t o :  - 

Smect i te (Ca)  

P l a s t i c i t y  ( l i q u i d  l i m i t )  (%) 

to :  - 
Smect i te (Caf 

P l a s t i c i t y  ( l i q u i d  I l r n l t )  ($1  
Pontotoc, NS 

ranges from: 166 

Source: ONW1-486 (19831, p. 43 

Be I le Fourche, SD 

ranges from: 63 

Source: WI-486 (19831, p. 43 

Cheto, AZ 

ranges from: 65 

Source: OWI-486 (19831, p. 43 

Omsted, I L  

ranges from: 79 

Source: ONWI-486 (19831, p. 43 

Pontotoc, MS 

ranges from: 65 

Source: O N w i 4 8 6  (19831, p. 43 

to :  - 

S m c t i t e  (Ca) 

P l a s t l c i t y  ( p l a s t i c  l i m i t )  ( $ 1  

to: - 

Smect i te (Ca) 

Plasticity ( p l a s t i c  l i m i t )  ($1 

to :  - 
Smact l te K a )  

P i a s t l c i t y  ( p l a s t i c  i tn i t )  (5 )  
to :  - 

Smect i te (Ca) 

P i a s t l c i t y  ( p l a s t i c  l i m i t )  ( % I  

to: - 

Smect i te (Na) 
P i a s t l c i t y  ( p l a s t i c i t y  index) ($1 

ranges from: 0 

Source: Owl-486 (19831, p. 45 
to :  500 

Smect i te (Na) (a )  
F r l c t i o n  angle ( res ldua i )  ( tan)  

ranges from: 0.09 

Source: OMHI-486 (19831, p. 47 
to: 0.7 

Srnectl te (Naf (b)  
Frlction angle ( res idua l )  (tan) 

ranges from: 0.18 

Source: Owl-486 (19831, p. 47 
to: 0.7 

Smecti te (Na), Kao l l n l t e ,  Sand Mix tu res  (a) 
Osage, NY 

Compressive s t rength  ( p s i )  
ranges f r o m :  76.5 (5.3 x lO(-l) Wa) 

to: 541.0 (3.7 W a )  
Source: ONWi-312 (1981), p. 24 

05ag0, NY 

ranges from: 9.1 (6.3 x 10(-21 Wa) 

Source: Owl-312 (19811, p. 24 

Smecttte (Na), Kao l l n l t e ,  Sand Mix tu res  (b) 

Compresslve s t rength  ( p s i )  

to :  85.5 (5.9 x 10(-11 MPa) 
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Argl I I Ite 
C c e f  f l c len t  of I I  near expanstoo (dag @ ( - l )  1 
(KC-1) 1 

to: 15 x 110(-6B 
rsinges from: 8 x l0(-6) 

Source: Prm NEA Hoskshnp QECO 11979b), 
p. 77 

A r y l  I I l ie  (a)  
Therm I conductlwl t y  (matrix) (W/m-deg C) 
(W/m-K) 

ranges frm: ea. 1.80 

Source: Prec NEB Workshop QECO (197Yb3), 
to: - 

p. $7 

At-gB I I Its (b) 
T h e r m  I conductJv1 ty (matrix) (W/m-deg CB 
(W A - K  E 

ranges from: ca, 1.48 

Source: Proc N M  Workshop OECO ( 1  97%) # 

to: - 
Q e  87 

A r g l  I llte IC) 
Nevada 

1 Iterm I cmdllctlvl ty IW/m-K) 
ranges fram: 1.28 

to: 2.7 
Source: QRNL-624l/V3 ( i n  greparetlon) 

p. -34741, 342 

BantanIte (a) 
Heat mnductlvlty (W/m-deg C) (thermal 
conductivity) (W/ rn -K)  

ranges from: 0.5 

Source: KBS TEKNISK RhFPQRT 9 (19771, 
to: 2.0 

P a  €3 

RenPon i te (b)  
T h e r M  1 Coflduct!Vlty (W/T~-deg ( W / m X )  

ranges f r m :  ca. 0J5 
to: - 

Source: Proc NEA Workshop OECD (1979b), 
P.  148 

Bantonits ( c )  
Therm 1 conductlvlty (W/m-deg 6 )  (W/mX) 

ranges from: 0,7 
to: 3.0 

Source: Proc NEA Workshop OECD (19811, 
p. 542 

BeP,,ton I ta SCa 1 
rh0t-m I e a d u c t t v i  ty ( ~ / m - d ~ g  c )  ( w / m - ~ )  

ranges from: 0,71 
to: 1.10 

Source: PNL-4452 UC-70 (19833, p. 20 

Benton I te (e  1 
Thermal conductivity (WSm-deg CD 6W/m-KI 

ranges frm; 0.9 
to: 1.3 

source: o~wt-486 (19a31, p. 63 

Bsntanlte ( f )  
Thermal conductivity (W/m-deg C) (W/m-lO 

ranges fran: 1 
to: 3-5 

1-486 (19831, p. 6 3  

Bentoni*e kJP 

i 'herm! conducttvlty rn/m-dag C )  ( W b - 4 )  
Wyoml ng 

ranges from: ca. 0.0 
to: m a  1.2 

Source: Proc NEA W O ~ ~ S ~ Q P  OK19 (ISdEi'i), 
p. 334 

Bantonlte (hB 

Therm I conduct i v l t y  Wbm-dag Cl ('#/m-t(i 
Wyoml ng 

ranges from" 0,78 
*o: - 

Source: OWI-486 (19831, p. 61 

Benton 1 te (Na ) 
Therm 1 conduct iv i ty  W/m-dag C )  (Wbrn-K) 

ranges f rom:  0.52 
to: 0.96 

Source: PNL-.4452 E - 7 0  11983) , p. 20 

Rentonlto (Na) 
T h e r m !  dlffuslvlty icm(29/s x lO(3)) 

ranges from: 3.03 (3*03 x 10(-7) 
m ( 2  ) / s  1 

m(2) /s)  
to: 3.47 (3.47 x 101-9) 

Source: PNL-4452 UC-70 (1983), p. 18, 19 

Bentonite and Crushed Granlta (a) 
wyorflt ng 

Therm!  canducflvity (W/m-dag C) (W/ rn -K)  
ranges frm: 2 - 7  

Source: Prm NEA Workshop OECO 61981), 
to: 0,8 

p. 354 

Bsntonito and Crushed GraniSe (bB 

Therm I conductlvlty Wbm-deg C )  (W/m-K) 
Wyornl ng 

ranges from: ca, 0.6 
to: ca. 1.5 

Source: Proc MEW Workshop QECO (19%1), 
P. 344 

Banton I te and Sa It (a)  
Thermal conductlvi t y  IW4hX) 

ranges from: 1.12 
tor 0.99 

Saurca: OW'-486 (19B31, p. 53 

E!ent.nn?ts and Salt ( h )  

ranges from: 1.01 
: 1.12 
I-486 (1983) p. 51, 

Therm B canductRvity W'!m+.I 
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Bentani ts  and Sand (a) 
Therm I conduct i v I ty (WPm-deg C 1 (W/rn -K  1 

ranges from: 0.5 
to: 2.0 

Source: OW!-486 (1983), p. 63 

Rlt3ntonIte and Sand (b)  
Therm1 conduct iv l t y  (W/m-K) 

ranges from: 0.58-0.80 

Source: OW!-486 (1983), p. 53 

Be I g i  um 

ranges frm; 9.21 x 10(2) 

Source: Rad Waste Svbnagomsnt and NucDsar 
Fuel  Cycle v. 6 (19851, p. 54 

to: 1.06-1.17 

Clay 

Spec! f l c  heat (J/Kg-K) (speci f  i c  heat 
capaci ty)  

to: - 

Clay 
I Pa l y  

Spect f l c  heat (J/Kg-K) (spec?f  l c  heat 
capaci ty)  

ranges from: 9.21 x lO(2) 

source: Rad Waste &saagemnt and Nuclear 
Fuel  Cycle v. 6 (19852, p. 54 

To: - 

Clay 
S. Paolo mine 

Thermal conduct iv i t y  ( W / w d q  C )  (M/rra-K) 
ranges from: 0.014 (1.4 #/rn-K) 

to: 0.016 (1.6 W J m - K )  
Source: ORi4L-tr-5110 (1980), p. 12 

Clay 
England 

Therm! cmducBIv l ty  (W/rn-K) 
ranges from: 5.56 

Soarce: Rad Waste &nsgemnt and Nueiear 
Fuel  Cycle v. 6 (19851, p. 54 

to :  - 

Clay 
I t a l y  

Therm! conduct iv i t y  W/rn-K) 
ranges from: 1.5 

Source: Rad Waste bbnayemnt and Nuclear 
Fuel Cycle v. 6 (1985), p. 54 

Po: - 

Clay 
s. Paolo mine 

Therm I d i f f us 1 v I ty (cm(2? /h ) 
ranges frm: 20 (5.56 x 10(-7) m ( 2 ) h )  

t o :  - 
Source: ORPsL-~~-5110 t1981), p. 12 

e lay 
Relglum 

Thermai d l f f u s l v l t y  (mBZ)/s) 
ranges frm: 8.1 x 10(-7) 

Source: Rad Waste b k ~ i g n ~ ~ ~ t  and Nuclear 
Fuel Cycle v. 5 (19851, p. 54 

Po: - 

Clay 
I t a l y  

ranges from: 7.8 x lo( -7)  

Source: Rad Waste Nana$pfflent and Muc lear 
Fuel  Cycle V. 6 (19651, p. 54 

Therm I d i f f us I v l  t y  (m (2) /s 1 

to: - 

Clay  ( 8 )  

Be I gl  urn 
conduct I VI t y  (mtrl x)  (W/n~deg C 1 

ranges f r m :  a. 0.3 

Source: Proc NEA Workshop OECfi (1979b), 
to: - 

p. 07 

Clay ( b )  
Bnlglum 

ranges from: 1.5 

Source: Fhd Waste %nagernant and Nuclear 
Fuel Cycle v. 6 (19851, po 54 

FhsrmI  canducOivlty (W/s-K) 

to: - 

Clayey Sandstones 
Heat conduct iv i t y  hi I IIcab/cm-s-deg C) 
( t h e r m  I conduct lv l f y )  

ranges frcun: 2.5 (1.05 H/w+) 
to: - 

Source: Y/WB /SUB-7009/1 (19761, p. 23 

Hector Ite 
Therm I conduct l v i t y  (W/m-deg C) ( W h 4  

ranges frcm: 0,5 

Sources: OWl-312 (19811, p. 18 
to: 2 Po 3 

I Ilite (a) 
Therm I conduct 0 VI ty (bd/m-deg C 1 (W/m-K 

ranges from: ca. 0.6 
to: ca. 1.6 

Source: Proc NEA Workshop (BFCX, (19811, 
p. 335 

I I l i t e  ($1 
V C e r n ~ a  I conduct Iv l t y  (W/m-deg C) (W/m-X) 

ranges frcm: 1.4 
tu: 4.0 

Swi-ce:  Proc: MEA Horksbop OECD ( 1981 1, 
p. 342 

Ill10.e Bc) 
Therm! c m B 1 ~ t i v 1 8 y  (W/m-dog C )  (W/m-K) 

ranges f r o m :  0.8 
to: 1.8 

Source: PFOC NEA orkshop OECD I 1  98 1 ) .  
p. 342 

I l l i t e  and Crushed Grani te  
Therm I conductlvity (H/nr-dsg C )  (W/m+) 

rangss frcmn: ca. 0.9 
to: ca. 1.9 

Saurue: Proc NEA Workshop O F 0  11981), 
P e  336 
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K a o l l n l t s  (a) 
Thermal conduc t l v l t y  (W/m-deg C )  (W/m-Kl 

ranges from: 1.7 
.to: 3.5 

Source: Proc NEA Workshop OECD (1981), 
p. 342 

K a o l l n i t e  (b) 
Thermal conduc t i v i t y  (W/m-dag C : )  (W/rn-K) 

ranaes from: 0.9 
to :  288 

P. 342 
Source: Proc NEA Workshop OECD (1981 1 , 

K a o l i n i t e  and Crushed Granl te  
Thermal conduc t i v i t y  (Wh-dag C) t W / m X )  

ranges from: 5.4 
to:  2,3 

Source: Proc NEA Workshop MCD (19811, 
P I  334 

Sha Is 
Heat capaci ty  (BTU/Ib-deg F) 

0.20 (8.4 x lQ(2) ranges from: 

to :  
Source: Y/CW 

Shale 
Therm I conductiv 

ranges from: 
to :  

J/KCJX) - 
/TM36/6 (1978), p. 7-8 

t y  (W/m-K) 
1.42 
1.94 

Source: ORNL-624 1 /V3 ( 
p. 341 

Shale 
Kansas 

Thermal conduc t i v i t y  (W/m-K 
ranges from: 0.7 

t o :  4-3 
Source: ORNL-624 1/V3 ( 

P. 343 

Shale 

n preparat ion)  

n preparat lon)  

M 1 ch 1 gan 
Thermal conduc t l v l t y  (W/m-Kl 

ranges from: 2.64 

Source: ORNL-6241/V3 ( i n  preparat ion) 
t o :  - 

P. 341 

Shale 
Orange Free State 

Thermal conduc t l v i t y  W/rn-K) 
ranges from: 1.97 

Source: QRNL-6241/V3 ( 1  n preparat ion)  
to: 2.89 

P. 341 

Sha Is 
South A f r i c a  

Thermal conduc t l v l t y  tW8m-K) 
ranges from: 2,76 

Source: QfWL-624t/VS ( I n  preparat ion)  
to :  - 

p. 343 

Shale (a) 
Coefftcient of l i n e a r  
F ( - l ) )  

ranges from: 4 x 
K ( -  

to t  - 

t h e r m !  expansion (deg 

IO(-6) (2.2 x 10(-61 
1 )  

Saurce: Y/&I/TM36/6 (19781, p. 2-2 

Shale ( 8 )  

Heat capaci ty (J/Kg-Kl 
ranges f r m :  5.5 x 10(21 

Source: QRNL-6241/'41 (in preparat ton)  
to: 1.042 x lot31 

P. 4Q 

Shale ( a )  

Thermal conduc t i v i t y  ( m i  I l icaf/cm-s-deg C) 
England 

ranqes fran: 2.2 (9.2 x IO[-!) W/m-K) - 
to: 5.3 (2.22 W/m-K9 

Source: Y/OWI/SuB-7QO9/1 (19761, p. 26 

Shale fb)  
C o e f  f i c i ant  of  I I near t h e r m  I axpans 1 on 
(ho r t zon ta l )  (hag Fc-1)) 

ranges frm: 4.5 x IO(-6) (2 .5  x 

Source: Y/oWlm36/6 (19781, p. 7-8 

10(-5) K ( - l ) )  
to :  - 

Shale (b) 
Heat capaci ty (JMg-40 

ranges from: 7.12 x lot21 

Source: OWL-624 1/V3 ( I n preparat ion 1 
to :  1.170 x l Q ( 3 )  

p. 345 

Shale (b) 
Thermal conduc t l v l t y  (hor l ron t ls i )  
(BTU/hr-ft-deg F )  

ranges from: 1.1 (1.9 W/m-K] 

Source: Y/OWlAM36/6 (19781, p. 7-8 
to:  - 

Shale (c) 
C o e f f i c i e n t  of l i n e a r  t h e r m !  axpanslon 
( v e r t i c a l )  (deg F ( - l ) )  

ranges from: 9 x 1Q(-6) (5 x IQ(-63 

Source: Y/OwI/TM36/6 ( ? 9 7 8 ) ,  p. 7-8 

K ( - l l )  
to:  - 

Shale ( c )  
S p e c i f i c  heat CJ/Kg-deg C )  ( s p e c i f l e  heat 
capaci ty)  (J/Kg-K) 

ranges fran: 7.96 x 10(2) 

Source: BRNL-6241/V2 ( i n  preparat lon)  
to: - 

p. 57 

Shale ( c )  
Thermal conduc t l v l t y  ( h o r i z o n t a l )  (J/s m-dag 
C )  (W/m-K) 

ranges from: 1-89 

Swrce: QRNh-6241/V2 (In preparat ion)  
to: - 

p. 99 



252 

Shale ( d )  
Therm I conduct lv l t y  (horizontal) (W/m-90 

ranges f r o m :  1.52 
to: 2.26 

Source: OFaNL-624l/Vl ( I n  preparat lon) 
P. 40 

Shale ( e )  
Thermal conduct lv l t y  ( v e r t l c a l )  
(BTU/hr-ft-deg F )  

ranges from: 0.8 (1.4 W/m-K) 

Source: Y/OwI/TN36/6 (19781, p. 7-8 
to:  - 

Shale ( f  1 
Therm I conduct lv l t y  ( v e r t l c a l )  (W/m-!o 

ranges from: 1.21 
to :  1.57 

Source: ORNL-6241/Vl ( I n  preparat lon)  
p. 40 

Shale (g) 
Thermal conduct lv l t y  r a t l o  (vertical/ 
horfzonPa I )  

ranges fran: 0.76 

Source: ORNL-6241/V2 ( I n  preparat lon) 
to :  - 

p. 99 

Shale (h) 
England 

Thermal conduct lv l t y  (ml I lIcal/crn-s-deg C )  
ranges from: 3.0 (1.26 W/m-K) 

t o :  4.3 (1.80 W/m+) 
Source: Y/OWI/SUB-7009/1 (19761, p. 26 

Shale ( 1 )  
England 

Thermal conduct?v l ty  ( W / m X )  
ranges from: 1.26 

to: 1.80 
Source: ORNL-6241/V3 (ln preparat ion) 

P. 341 

Shale Cj) 
Massachusetts 

Therm I conduct tv t ty  ( w / ~ - K >  
ranges from: 1.62 

Source: ORNL-6241D3 ( I n  preparat lon) 
to :  - 

P. 341 

Shale (k )  
Sunder land, MA 

Thermal conduct lv l t y  (mf I Ilcal/crn-s-dng CB 
ranges from: 3.87 (1.62 W/m-to 

to: 4-25 (1.78 W/m-lo 
Source: Y/WI /SUB-9009/1 (19761, p. 28 

Shale ( 1 )  
Therm I conduct lv l t y  (naznTrlx) (W/mdeg C) 
(W/m-K) 

ranges frm: 0.7 t o  2.1 
to: - 

Source: Proc NEA Workshop OECD (1379b1, 
P. 87 

Shale (rn) 
Thermal conducPlvlty (W/m-K) 

ranges from: 0.715 

Source: ORNL-6241/V3 ( I n  preparat lon)  
to: 2,20 

p. 340 

Shale ( n )  
Thermal conduct lv l t y  (WJn-K) 

ranges from: 1.38 

Source: ORNL-6241/V3 ( l n  preparatron) 
to:  1.9 

p. MI 

Shales 
Thermal conduct Iv?ty  (vertical) (W/rn-K) 

ranges from: 1.21 
to: 1.57 

Source: ORNh-6241/V3 ( I n  preparat lon)  
p. 115 

Sha Ies 
Thermal conduct1vlty (W/m-K) 

ranges frm: 1.47 
to: 2.00 

Source: CRNL-624fJV3 (ln prsparat lon)  
p. 340 

Sha I es 

T h n r m I  conduct lv l t y  C#/m-+t) 
Ca I 1 f orn 1 a 

ranges frcm: 0.99 +/- 0.3 
to: 1.63 +/- 0.3 

Source: QRNL-6241/V3 ( I n  preparat lon) 
p. 341 

Shales (a) 
Coef f I c l e n t  of I lnear  t h e r m  I expanslon 
( K ( - l ) )  

ranges from: 2.5 x lo(-6) 

Source: ORNL-6241/V3 ( I n  ~ r e p a r a t l o n )  
to: 15.8 x 10(-6) 

p. 345 

Shales (a) 
Wea t capac 1 ty (BTU/ I b-dag F 1 

ranges frw:  Q.16 (6.7 x 
to: 0.20 (8.4 x 

Source: Y/o# I /TM36/6 ( 1978 

Shales (a )  
Therm1 conductlvI?y (hor lzonta 

ranges from: a. 1.60 
to: ca. 2.20 

Source: ORFdL4241.&3 ( I n  preprsrattan) 
P. 117 

Shales (b) 
Coeff l c l e n t  of t h e r m  I oxpanslon 11<(-11) 

ranges froni: 2.9 x lo(-63 

Source: ORNL-6241/V1 ( I n  p repamt lon)  
to: 12,9 x lo(+)  

p. 47  

Shales (b )  
S p s c l f l c  haat ( J M g - 6 )  (spscTf1c heat 
cspaci  t y  1 

o-aiages frmr 5.50 x lO(2) 
to:  1.042 x lQ(3) 

Source: ORNL-h241/V3 (In proparattcmd 
p. 115 



253 

Shales (b) 

Therm t conduct I v i  t y  (BTU/ft-hr-deg F )  
Varlous 

ranges from: 0.34 (5.9 x 10(-1) W / m - l o  
to :  1.77 (3.1 W/m-K) 

Source: Y/OWl/TM36/6 (19781, p. A-18 

S i  I t /Clay Soil (a )  
T h e r m  I conduct I v i  t y  (W/m-deg C) (W/m-lo 

ranges from: 0.8 
to :  2.0 

Source: OMJI-486 (19831, p. 54 

S i  I t /C lay Sol I (b) 
Therm I conduct iv l  t y  (W/m-deg C)  (W/m-r<) 

ranges from: 0.4 

Source: Owl-486 (1983), p. 54 
to :  0.85 

S i l t / C l a y  So?l ( c )  
Therm I conduct lv l t y  (W/m-deg C)  (# /m- lo  

ranges from: 0.5 
to: 1.1 

Source: ONWI-486 (19831, p. 54 

S l I t /C lay  S o l I  (d) 
Therm I conduct I v l  t y  (W/m-deg C )  (W/rnX) 

ranges from: 0.6 
to: 1.3 

Source: Owl-486 (19831, p. 54 

S i  I t /C lay SolI (e) 
Thermal conduct lv i  t y  (W/m-deg C )  (W/m-!o 

ranges from: 0.7 
to: 1.5 

Source: ONWl-486 (1983), p. 54 

SII t /CIay Sol1 ( f )  
Therm I conduct I v i  t y  (W/m-deg C) (W/ rn -K)  

ranges from: 0.75 
to :  1.75 

Source: ONw1-486 (1983), p. 54 

B r i s t o l ,  VA 

ranges from: 0.14 
t o :  0.60 

Source: Y/OWI/SUB-7009/1 (1976), p. 20 

Columbus, MS 

Sol IS 

Thermal conduct iv l t y  ( B t u  per hr-sq f t )  (deg 
F per f t )  ( 7 )  

sol I S  

Thermtil conduct iv i t y  ( 8 t u  per hr-sq f t )  (deg 
F per f t )  ( 1 )  

ranges f r o m :  0.28 
t o :  2.28 

Source: Y/Wl/SW-7009/1 (1976), p. 20 

s o i  Is 
Thermal conduct iv i t y  (k x lO(4))  ( 7 )  

ranges from: 3 
to :  5 

Source: Y/WI /SU8-7009/1 (1976) p. 19 

so1 I s  
Thermal conduct iv l t y  (k x lO(4))  ( 7 )  

ranges from: 3-4 

Source: Y/Wi/SUB-7009/1 (19761, p. 19 
to :  8-12 

Sol I s  

Thermal d l f f u s l v l t y  ( f t ( 2 )  per hr)  
B r i s t o l ,  VA 

ranges from: 0.0090 (2.3 x 10(-7) 

to: 0.016 (4.13 x 10(-7) 
m(2) /s )  

m(2) /s)  
Source: Y/OWI/SUB-7009/1 (19761, p. 21 

Columbus, MS 

ranges from: 0.016 (4.13 x 10(-7) 

to: 0.046 (1.19 x 10(-7) 

Sol Is 

Thermal d l f f u s i v i t y  ( f t ( 2 )  per h r )  

m(Z)/s 1 

m(2) /s )  
Source: Y/OWl/SUB-7009/1 (19761, p. 21 

S o l l s  (a) 

Thermal conduct iv i t y  (B tu  per hr-sq f t )  (deg 
F per f t )  ( 1 )  

Cleveland, TN 

ranges from: 0.15 
to: 0.94 

Source: Y/OWI/SUB-7009/1 (19761, p. 20 

Cleveland, TN 

ranges from: 0.0115 (2.97 x 10(-7) 

Sol Is (a)  

Thermal d i f f u s l v i t y  ( f t ( 2 )  per h r )  

m ( 2 ) / s )  

rn(2)/s) 
to: 0.022 (5.68 x lo(-7) 

Source: Y/OWS/SUB-7009/1 (19761, p. 21 

Murfreesboro, TN 
Solls (b )  

Therm I conduct iv i t y  ( B t u  per hr-sq f t )  ( d e g  
F per f t )  ( ? I  

ranges from: 0.21 
to:  0.84 

Source: Y/OWI /SuB-7009/1 (19761, p. 20 

Sol Is (b) 

Thermal d l f f u s l v l t y  ( f t ( 2 )  per h r )  
Murfreesboro, TN 

ranges from: 0.0145 (3.74 x 10(-7) 

to: 0.0235 (6.06 x 10(-7) 
m(2)/s)  

m[2)/s) 
Source: Y/oWl /SUB-7009/1 (19761, pI 21 
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13.4 Appendix D. FORMATION NAMES 





2 5 7  

Born  Clay 

I on  exchange capactty (mq/too g) 

to:  - 

Belglum 

range5 from: ca. 20 

Source: Proc NEA Workshop OECD ( 1979a), 
P. 88 

Room Clay 

Sorpt ion coef f  l c l e n t  (Kd)  ( m l / g ? )  
Be lglum 

ranges from: 0.87 
to:  6.12 

Source: Proc NEA Workshop OECO (1979a) ,  
p. 97 

Conasauga Shale 
Sorpt ion c m f f i c t e n t  (Kd) (ml/g) 

ranges from: 57 

Swrce:  Owl-486 (1983), p. 73 
to :  100 

Conasauga Shale 
Sorpt ion coefficient (Kd) (rnl/g) 

ranges from: 41 

Source: ONWI-486 (19831, p. 73 
to :  1340 

Dwey  Lake Redbeds 
Sorpt ion c o e f f i c i e n t  (Kd) (mt/g)  

ranges from: 200 

Source: Owl-486 (1983) ,  p. 73 
to: 1.4 x IO(4) 

E leana Argl  I I l t e  
Sorpt ion coef f  l c l e n t  (Kd)  (ml/g) 

ranges from: 0 
to :  1 x lO(5) 

Source: ONWI-486 (19831,  p. 7 3  
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Antrlm Shale 

Denslty ( b u l k )  (g/cm(3)) 
M i ch 1 ga n 

ranges from: 2.2 
to :  2.8 

Source: ORNL/Sub/84-64794/1 ( l985),  
P. 96 

Antr lm Shala 

Poros i ty  (SI 
Michigan 

ranges from: 3 

Source: ORNL-5703 (19831, p. 106 
to :  10 

Antr lm Shale 

Poros i ty  ( P )  
Michigan 

ranaes from: 3 
I 

t o :  10 
Source: ORNl./Sub/84-64794/1 (19851, 

P. 98 

Antrlrn Shale 

S p e c i f i c  surface (m(2)/g) 
M i  ch 1 gan 

ranges from: 0.05 

Source: OmL-5703 (19831, p. 109 
t o :  1.2 

Arnhelm and Waynesvl I le Frns 

Mois ture content (na tura l )  ( $ 1  
Oh lo 

r a n p s  from: 2 
t o :  - 

Source: Y/OW I /TM36/6, p. 5-14 

Arnhelm and Waynesvl I l e  Fms 
Oh lo  

Poros i ty  ( e f f e c t i v e )  ($)  
ranges f r o m :  4 

to: - 
Source: Y/CW I /TM36/6, p. 5-1 4 

Bearpaw Shale 

Densi ty  (d ry )  (average) ( I b s / f t ( 3 ) )  
Montana 

ranges from: 118 (1.890 g/cm(3)) 

Source: Y/OWI/TM36/6, p. 6-1 
to :  - 

Rearpaw Shale 
Montana 

Density (wet) (average) (pounds/f t (3))  
ranges from: 135 (2.162 g/cm(3)) 

Source: Y/oWl/TM36/6, p. 6-1 
to :  - 

Bearpaw Sha l e  

Water content (average) ($)  
Montana 

ranges frm: 15 

Source: Y/oWl/TM36/6, p. 6-1 
ta: - 

Blue Clay 

Densl ty  (bu lk )  (kg/m(3))  
I t a l y  

ranges from: 2100 (2.100 g/cm(3)) 

Source: Rad Waste Management and Nuclear 
Fuel Cycle, v. 6 (19851, p. 54 

to :  - 

Blue Clay 
I t a l y  

Poros i ty  ($) 
ranges f r o m :  25 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle, v. 6 (19851, p. 54 

to: - 

Boom C lay 

Density (bu lk )  (kg/m(3)) 
Be I gl urn 

ranges from: 2010 (2.010 g/cm(3)) 

Source: Rad Waste Milnagement and Nuclear 
Fuel Cycle, v. 6 (1985), p. 54 

to:  - 

Boom Clay 
Belglum 

Poros l ty  ( $ 1  
ranges f r o m :  38.5 

Source: Rad Waste Management and Nuclear 
Fuel Cycle, v. 6 (19851, p. 54 

to: - 

Chagrln Shale 
Oh i o  

Moisture content (na tura l )  ( $ 1  
ranges from: 4 

to :  - 
Source: Y/OWI /TM36/6, p. 4-12 

Chagr 1 n Sha l e  
Oh lo 

Poros i ty  (rock mess) ($)  
ranges from: 8 

to: - 
Source: Y/owI/TM36/6, p. 4-12 

Kansas 

ranges from: 0.073 
to: 0.106 

Source: ORNL-6241/V2 ( 1  n preparat 

Chanute Shale 

Pot-os I t y  ( t o t a  I ) (un 1 t s  not  s ta ted)  

P. 52 

Chattanooga Sha I e 
Kentucky 

Poroslty ( t o t a l )  ( u n l t s  not s ta ted)  
ranges from: 0.074 

to: 0.076 
Source: ORNL-6241/V2 ( I n  preparat  

P. 52 

Conasauga Shale 

Poros i ty  ($) 
Tennessee 

ranges from: 0.5 
to: 1.9 

on ) 

on 1 

Source: ORNL-6241/V2 ( i n  preparat ion)  
P. 219 
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Conasauga Shale 

Poros i ty  ( t o t a l )  ( u n l t s  no t  s ta ted)  
Tennessee 

ranges frm: 0.005 
t o :  0.019 

Sourcs: ORNL-6241/V2 ( I n  preparat lon)  
P. 52 

Eleana A r g i l l i t e  
Nevada 

Donsity (bu lk )  (g/cm(3) 
ranges from; 2,44 

to :  2.71 
Source: ORNL/Sub/84-64794/1 (19851, 

p. 406 

E leana Argl I I lte 

Moisture content ( % I  
Nevada 

ranges frmr 2 
to :  4 

Source: ORNL/Sub/84-64794/1 (19851, 
P. 406 

Eleana A r g l l l l t e  
Nevada 

Poros i ty  ( $ 1  
ranges from: 8 Po 16 

to :  6 t o  12 
Source: ORNL/Sub/84-64794/1 (1985), 

P. 406 

Graneros, Greenhorn, Nlobara and P i e r r e  
Shales 

Densi ty (bu lk)  (presumed g/cm(3) 
Black H I  I Is 

ranges from: 1.559 
to :  Z e O 3 8  

Source: Y/WI/SUR-7009/1 (19761, p. 14 

Green R iver  Fm 
Dons Il-y (bu lk)  (presumed g/cm(3)) 

ranges from: 1.506 

Source: Y/cSP,I/SUe-S009/1 (19761, p. 13 
to: 2.37 

Ham! l t o n  Shale 

Poros i ty  ( t o t a l )  ( u n l t s  n o t  s ta ted)  
Missour i  

ranges from: 0.113 

Source: ORNL-6241/V2 ( I n  preparat ion)  
t o :  - 

P. 52 

I r e t o n  Fm 

Denslty (bu lk )  (presumd g/cm(3)) 
Western Canada 

ranges frm: 2.43 
to:  2.71 

Source: Y/OWI/SUB-7009/1 (19769, p. 17 

L w i s  Shale 
New Mexlco 

Moisture confent ($1 
ranges from: 3.7 

to: 6.2 
Source: Y/WlrTM36/6, p. 8-5 

Mancos Fm 

Moisture content ( rock)  ( % )  
New Noxlca 

ranges frm: 3 

Source: Y/Wl/TM36/6, p. 8-3 
to:  1 1  

Mart lnsburg Shale 
Pennsylvania 

Poros i t y  l t o t a  I (un I t s  not s ta ted  1 
ranges f r o m :  0.010 

to :  - 
Source: ORNL-624 1 /V2 ( I n preparat ion) 

p. 52 

Muddy Shale 

Poros 1 t y  ( % I  
Co lorado 

ranges from: 4.1 
to :  5.1 

Source: Y/WI /SlJR-7009/? (1976), p. 14 

Nanr Albany Shale 

Density (bu lk)  (average) (g/cm(3) 1 
I I l l n o i s ,  Indiana and Kentucky 

ranges from: 2.36 
to: 2.53 

Source: CRNL-5703 (19831, p. 76 

New A l b a n y  Shalo 
I I I I no1 s, I ndiana, Kentucky 

ranges from: 0.95 
to :  4.64 

Source: ORNL/Sub/64-64794/1 (1985), 

Poros i ty  ( % I  

P. 85 

Now Albany Shale 
Illinois, lndlana and Kentucky 

Poros I t y  (average (vo I. % )  
ranges frm: 0.95 

.lo: 4.64 
Source: ORN1.-570J (19831, p. 76 

New Albany S h a l e  

Poros i ty  ( t o t a l )  ( u n i t s  not  s ta ted)  
I I I Inols, I ndlana, Kentucky 

ranges from: 0.009 
to:  0.046 - 

Source: ORNL-624 1 /V2 ( 1 n preparat Ion 1 
P. 52 

Olentangy and Huron Shale 
Oh lo 

Poros l ty  (primary) ( % I  
ranges frcm: >3 % 

tor - 
Source: ORNL/Sub/84-64794/1 (19851, 

p. 108 

Olentangy and Huron Shales 

Densify (bu lk)  (g/cm(3i)) 
Oh lo 

ranges f rom:  2.65 

Source: ORNL/Sub/84-64794/1 ( 1985), 
to: - 

p. 108 
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Ophlr Shale 

P o r o s i t y  ( t o t a l )  ( u n l t s  no t  s ta ted)  
Utah 

ranges from: 0.009 

Source: ORNL-6241/V2 ( I n  preparat ion)  
to :  - 

P.  52 

Oxford Clay 

Density (bu lk)  (kg/m(3)) 
England 

ranges from: 2210 (2.210 g/cm(3)) 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle, v. 6 (1985), p. 54 

to: - 

Oxford Clay 
England 

Poros i ty  (%) 
ranges f r o m :  30 

Source: Rad Waste Management and Nuclear 
to: - 

Fuel  Cycle, v. 6 (1985), p. 54 

Panther Creek C lay 
Denslty (g/cm(3) 1 

ranges from: (1.7 

Source: PNL-4452 UC-70 (19831, p. 24 
to :  ca. 2.14 

P i e r r e  Shale 

Denslty (d ry )  ( Ib/cu I t )  
Northern Great P t a l  ns 

ranges from: 95 (1.522 g/cm(3)) 

Source: ORNL/Sub/04-64794/1 ( 1985), 
to: 110 (1.762 g/cm(3)) 

P. 293 

P i e r r e  Shale 
Western USA 

Molsture content ($)  
ranges from: 35 

to: 15 
Source: Y/OWIfTM36/6, p. 3-1 

P i e r r e  Shale 
Mois ture content (na tura l )  ( % I  

ranges from: 18 

Source: Y/WI /TM36/6, p. 3-24 
t o :  - 

P i e r r e  Shale 
Northern Great P l a l n s  

Mois ture content (na tura l )  ( 5 )  
ranges from: 18 

to :  38 
Source: ORNL/Sub/84-64794/1 (19851, 

p. 293 

P l e r r e  Shale 
Poros t ty  r % )  

ranges from: 33 

Source: Y/OW I /TM36/6, p. 3-24 
to :  - 

Pierre,  Bearpaw and Clagget? Shales 
Mois ture content (na tura l )  ($1  

ranges from: 38 
to: 12 

Source: Y/oWI /SUf3-7009/1 (19761, p. 1 4  

Por te r ' s  Creek C l a y  
Loulslana 

DensIty (kg/m(3) 1 
ranges from: 1,954 (1.954 g/cm(3) 1 

Source: ORNL/Sub/84-64794/1 (19851, 
to: - 

P. 173 
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Antrtm Shale 
Ml ch lgan 

Permeabl I I t y  (md) 
ranges from: 0.001 ( 1  x 10(-9) cm/sl 

to: 2.0 (1.9 x 10(-6) cm/s) 
Source: ORNL/5703 (1903), p. 109 

Antr lm Shale 
M 1 ch lgan 

Permea bf I f t y  (md) 
ranges from: 0.001 ( 1  x 10(-9) cm/s) 

to: 2.0 (1.9 x 10(-6) cm/s) 
Source: ORNL/Sub/84-64794/1 (19051, 

P. 98 

Arnhelm and Waynesvll le F m  
C)h ?o 

Permeabl l l t y  ( f t / y r )  (hydraul l c  c o n d u c t l v l t y )  
ranges from: 10(-3) (9.7 x 10(-10) 

to: 10(-4) (9.7 x 10(-11) 
cm/s ) 

cm/s 1 
Source: Y/OWI/TM36/6 (1978), p. 5-14 

I t a l y  

ranges from: 10(-11) ( 1  x 10(-9) cm/s) 

Source: Rad Waste Management and Nuclear 
Fuel  Cyc le v. 6 (1985), p. 54 

Blue Clay 

Hydrau l l c  conduct lv l t y  ( m / s )  

to: 

Boom C lay 

Hydrau l l c  conduct lv l t y  (m/s)  
Belglum 

ranges from: 10(-10) ( 1  x lo(-8) cm/s) 
to :  10(-12) (1 x 10(-10) 

cm/s 1 
Source: Rad Waste knagement and Nuclear 

Fuel  Cycle V. 6 (1985), p. 54 

Chagrln Shale 
Oh l o  

Permsabl I l t y  (hor lzonta I )  ( f t / y r )  (hydraul l c  
conduct 1 v! t y  ) 

ranges from: 0.1 (9.7 x 10(-8) m/s) 

Source: Y/OWI/TM36/6 (19781, p. 4-12 

Chagrfn Shale 
Oh lo 

Permeabl l l ty  (vertical) ( f t / y r )  (hydraul lc  
conduct I v 1 t y  1 

ranges from: 0.05 ( 5  x 10(-8) cm/s) 

Source: Y/oWl/TM36/6 (1970). p. 4-12 

Conasauga Shale 
Tennessee 

Hydraul l c  c o n d u c t l v l t y  (cm/s) 
ranges from: 6 x 10(-10) 

to :  3 x 10(-11) 
Source: ORNL-6241/V2 (In preparat lon)  

to :  

to: 

P. 220 

Conasauga Shale 

Hydrau l l c  conduct lv l t y  (hor lzon ta l )  (m/s) 

cm/s ) 

cm/s 1 

Tennessee 

ranges f rom: 3 x 10(-13) (3  x 10(-113 

to: 2 x 10(-12) (2 x 10(-10) 

Source: ORNL-6241/V2 ( l n  preparat lon)  
p. 42 

Haquoketa Shale 
I I Ilnols Basln 

Hydraul lc  conduct lv l t y  (crn/s) 
ranges from: 10(-9) 

Source: ORNL-6241/V2 ( I n  preparat lon)  
to: 

p. 220 

Maq uoketa Sha 1 e 

Hydraul l c  conduct lv l t y  (hor lzon ta l )  ( m / s )  

cm/s ) 

I I I rnots 

ranges from: 2 x 10(-11) (2  x 10(-9) 

to :  
Source: ORNL-6241/V2 ( I n  preparat?on) 

P. 42 

Muddy Shale 
Permeabl I I t y  (md) 

ranges from: 5 x 10(-2) (4.9 x 10(-7) 
cm/s 1 

to: 
Source: Y/OWI/SUB-7009/1 (1976), p. 11 

Muddy Shale 
Colorado 

Permeabl I l t y  (md) 
ranges from: ~0.05 ( ~ 4 . 9  x 10(-7) 

Source: Y/OwI/SUB-7009/1 (19761, p. 14 

cm/s 1 
to: 

Oxford Clay 

Hydrau I l c  conduct 1 v l  t y  (m/s) 
England 

ranges from: 10(-12) ( 1  x 10(-10) 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v. 6 (19851, p. 54 

cm/s 1 
to:  

Panther Creek Clay 
Hydraul lc conduct lv f ty  (cm/s )  

ranges from: 7 x 10(-12) 
to:  2 x 10(-12) 

Source: PNL-4452 Uc-70 (1983), p. 14 

South Dakota 

ranges from: 1 x 10(-12) ( 1  x 10(-10) 

P f e r r e  Shale 

Hydraul lc  conduct lv l t y  (hor lzon ta l )  (m/s) 

cm/s 1 

cm/s 1 
to :  1 x 10(-11) ( 1  x 10(-9) 

Source: OHNL-624 1 /V2 ( I n  preparat Ion) 
p.  43 
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P i e r r e  S h a l e  
G r e a t  P l a i n s  

P e r m s a b i  I i f y  ( c m / s )  ( h y d r a u l i c  c o n d u c t l v l t y )  
r a n g e s  f r o m :  1 x 10(-6) 

to: 1 x 10(-10) 
S o u r c e :  ORNL/Sub/84-64794/1 ( 1 9 8 5 )  , 

P. 293 

P i e r r e  S h a l e  
P e r m a b i  lity ( h o r i z o n t d l )  ( f t / y r )  ( h y d r a u l i c  
c o n d u c t  1 v i  t y  1 

r a n g e s  from: 0.01 (9.7 x 10(-9) cm/s)  

S o u r c e :  Y/WI /TM36/6 ( 1 9 7 8 )  , p. 3-24 
t 0: 

P i e r r e  S h a l e  
Per rneab i  I1 t y  

ranges 

S o u r c e :  

(md) 
rom:  1.1 x 10(-4) ( 1 . 1  x 

10( -?0)  crn/s) 
to: 

Y/@Jl/SUB-7009/1 ( 1 9 7 6 1 ,  p. 1 1  

P i e r r e  S h a l e  
P e r m v a b i  I i T y  (vertical) ( f t / y r )  
c o n d u c l - i v i  t y )  

r a n g e s  f r o m :  0.005 ( 5  x 

S o u r c e :  Y /OW I /TM36/6 ( 1978 

P i e r r e ,  Bearpad j n d  C l a g g e t t  Sh 
N o r t h e r n  GraaP ? l a i n s  

H y d r a u l  I c  c o n d u c t i v i t y  (c rn /s )  
r a n g e s  from: l o ( + )  

t o :  

to: 10(-10) 

( h y d r a u l  IC 

0(-9)  cm/s) 

, p. 3-24 

I e5 

S o u r c e :  ORNL-6241/V2 ( i n  p r e p a r a t i o n )  
P. 220 

P o r t e r s  C r e e k  C l a y  
L o u  I s I ana 

H y d r a u l i c  c o n d u c t i v i t y  ( c m / s )  
r a n g e s  from: 1 0 ( - R )  ( e s t )  

S o u r c e :  QRNL/Sub/84-64794/1 (19851,  
t 0: 

P. 175 
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Arnhelm and Waynesvll le Fm 

B u l k  modulus ( p s i )  
Oh lo 

ranges from: 6.3 x lO(5) (4.3 
W a )  

Source: Y/OWI /TM36/6 (1978), p. 

Oh lo 

ranges from: 5,900 (4.1 x 10( 

Source: Y/OW I AM36/6 ( 19781, p. 

Arnhelm and Waynesvl I le F m  
Oh i o  

Compresslve s t rength ( u n i a x i a l )  (ps i  
ranges from: 1 x lO(4) (6.9 x 

W a )  

Source: Y/OWI /TM36/6 (l978)? p. 

Arnhelm and Waynesvl I l e  Fm 
Oh l o  

F r i c t i o n  angle (deg) 
ranges from: 23.4 

to: - 
Arnhelm and Waynesvll le Fms 

Cohes 1 on (ps I ) 

to:  - 

to: - 

to: - 

x l O ( 3 )  

5-1 4 

1 W a )  

5-1 4 

lO(1) 

5-1 4 

Source: Y / O W l ~ 3 6 / 6  (19781, p. 5-14 

Arnhelm and Waynesvl I l e  Fms 
Oh lo  

Poisson's r a t i o  
ranges from: 0.1 

Source: Y/OWI /TM36/6 (1978), p. 5-14 

Oh lo 

ranges from: 6.8 x lO(5) (4.7 x lO(3)  

to: - 
Arnhelm and Waynesvl I l e  F m  

Shear modulus (ps i )  

MPa) 
to: - 

Source: Y/aJl/TM36/6 (19781, p. 5-14 

Ohio 

ranges f r o m :  200 (1.4 W a )  

Source: Y/WI /TM36/6 (19781, p. 5-14 

Oh lo 

ranges from: 1.5 x lO(6) ( 1  x lO(4) 

Source: Y/OWl/TM36/6 (19781, p. 5-14 

Montana 

ranges from: 122 (1.2 x lO(1) W a )  
to: 25 (2.5 W a )  

Source: Y/CWI/TM36/6 (19781, p. 6-13 

Arnhefm and Waynesvl l le Fm 

T e n s i l e  s t rength (PSI) 

to: - 
Arnhelm and Waynesvi I le F m  

Young's modu ius (PSI) 

MPa 1 
to: - 

Bearpaw Shale 

Compressive s t rength (kg/cm62) 1 

Bearpew Sha l e  

Compressive s t rength (kg/cm(2) ) 
Montana 

ranges from: 25 (2.5 W a )  
to: 55 (5.4 W a )  

Source: Y/Owl/TM36/6 (1978), p. 6-13 

Bearpaw Shale 
Montana 

P l a s t l c l t y  ( I  l q u l d l t y  Index) 
ranges f rom:  -0.11 

Source: Y/Owl/iM36/6 (1978), p. 6-1 

Blue Clay 
I t a l y  

Cohes 1 on (MPa ) 
ranges from: 1 x lo(-1) 

to: - 
Source: Rad Waste Management and Nuclear 

Fuel  Cycle v.6 (1985), p. 54 

to: - 

B lue  Ciay 
I t a  ly 

F r i c t i o n  angle (angle o f  shear resistance) 
(deg) 

ranges from: 25 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v.6 (19851, p. 54 

to: - 

Blue Clay 

P l a s t l c l t y  ( I  l q u l d  I l m i t )  (5 )  
I t a  ly  

ranges from: 50 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v.6 (19851, p. 54 

to:  - 

Blue Clay 

P l a s t i c i t y  ( p l a s t i c  I l m l t )  ($1 
I t a l y  

ranges from: 25 

Source: Rad Waste Management and Nucisar 
Fuel Cycle v.6 (19851, p. 54 

to: - 

Blue C l a y  

Shear s t rength (undralned) (Wa) 

to :  - 

I t a l y  

ranges from: 1.5 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v.6 (1985), p. 54 

Blue Clay 

Young's nodulus (elastic modulus) &Pa) 
I t a  ly 

ranges from: 300 

Source: Rad Waste knagement and Nuclear 
Fuel Cycle v.6 (19851, p. 54 

to: - 

Boom Clay 

Cohesion W a )  
Be l g l  urn 

ranges from: 1 x 10(-1) 
to: 1 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v.6 (19851, p. 54 
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Room C lay 

F r l c t l o n  angle (angle of shear res is tance)  
(deg) 

Belgium 

ranges from: 19 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v.6 (19851, p. 54 

t o :  - 

Born  C lay 

P l a s t i c i t y  ( I i q u l d  I l m i f )  (%)  
Belgium 

ranges frm: 77.5 

Source: Rad Waste Managemnt and Nuc 
FIJSI Cycle v.6 (1985), p. 54 

to: - 

Boom C l ay  

P l a s t i c i t y  ( p l a s t i c  l i m i t )  ( S )  
Be l g l  urn 

ranges from: 26.5 

Source: Rad Waste FbnagorPlenP and Nuc 
Fuel  Cycle v.6 (19851, p. 54 

to: - 

Boom Clay 

Shear s t rength  (undra i ned) ( W a )  
Belgium 

ranges f r o m :  0.6 
to: - 

aa r 

ear 

. _. 
Source: Rad Waste k n a g e m n t  and Nuclear 

Fuel Cycle v.6 (1985), p. 54 

Boom Clay 

Young's modulus ( e l a s t i c  m d u l u s )  (Wa)  
Be l g i  urn 

ranges from: 170 

Sourca: Rad Waste Management and Nuclear 
Fuol  Cycle v.6 (19851, p. 54 

to: - 

Chagrln Shale 
Ohio 

Bulk modulus ( p s i )  
ranges from: 1 . 1  x lO(5) (7.6 x lO(2) 

W a )  
to:  - 

Source: Y/OWI/Tb!36/6 (19781, p. 4-12 

Chagrin Shale 
Oh lo 

Coheslon (ps i  1 
ranges frm: 14 ( 1  x 10(-11 MPa1 

Source: Y/WI /TM36/6 (19781, p. 4-12 
t o r  - 

Chagrin Shale 
Oh lo 

Cornpresslve s t rength  ( u n i a x l o l )  ( W a l  
ranges from: 13.8 

Source: OFNL/Sub/84-64794/1 (19851, 
to :  - 

p. 109 

Chagrln Shale 
Oh lo 

Compress i ve stronyth (un lax1 a I ) (ps i  1 
ranges frail: 2 x lO(3) (1.4 x lO(1) 

bPa) 
to: - 

Source: Y/CMI/TH36/6 (1978), p. 4-12 

Chagrin Shale 
Oh lo 

F r i c t i o n  angle Cdeg) 
ranges frm: 22 

Source: Y/Wi /TW36/6 (19781, p. 4-12 
Po: - 

Chagr I n  Sha le 
Oh l o  

Poisson's r a t i o  
ranges from: 0.25 

To: - 
Source: Y/OWI AM3616 (1978).  p. 4-12 

Chagr 1 n Sha le 
Oh l o  

Shmr  modulus ( p s ? )  
ranges from: 6.8 x lO(4) (4.7 x 10(2) 

W a )  
to: - 

Source: Y/Wi /TM36/6 ( 19781, p. 4-12 

Chagrin Shale 
Oh l o  

Tens 1 le  strength (*a) 
ranges from: 0.34 

Source: CRNL/Sub/84-64794/1 ( i985), 
to: .. 

P. 108 

Chagrln Shals 
Oh io  

'fens1 le s t rength  ( p s i )  
ranges from: 50 (3.4 x l O ( - I )  Wa)  

to:  - 
Source: Y/oWI flPhM36/6 (19781, p. 4-12 

Chagrin Shale 
Oh lo 

Young's modulus ( p s i )  
ranges from: 1.7 x lO(5) (1.2 x lO(3) 

P a  
to: - 

Source: Y/W161MJ6/6 (19781, p. 4-12 

Eieana Argl  I l i te  
Bulk m d u l l i s  (confined) (GPa) 

rangas frm: 14.0 (1.4 x lO(4) %'a) 

Source: ?roc NEW Workshop OECX) (1979b1, 
.to: - 

p. 87  

Eleana A r g l l l l t e  
Cohes1oii lunconf insd) (Was 

ranges frm: 8 x lo(-1) 
so: - 

SGUTCQ: Proc HEA Norkshop OECO ( 1979b1, 
P. 87 
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Eieana A r g l l l i t e  
Compressive s t rength (unconf lned) (Wa) 

ranges from: 4.75 

Source: ?roc NEA Workshop OECD ( 1  979b), 
to: - 

p .  87 

Eleana Argl  I l l t e  
F r l c t l o n  angle ( i n t e r n a l )  (deg) 

ranges from: 35 

Source: Proc  NEA Workshop OECO (197961, 
to: - 

P. 87 

E leana Argl  I I I t a  
Poissonts r a t l a  

ranges from: 0.30 

Source: Proc NEA Workshop OECO (1979b), 
to: - 

P. 87 

E leana Argi  I I 1 t e  
Tens! le st rength (Wa) 

ranges from: 3.5 

Source: Proc NEA Workshop OEa) (1979b1, 
to: - 

P. 81 

E lema Arg i  I i Ite 
Young's m d u  Ius (GPea) 

ranges from: 3.7 (3.7 x 10(3) W a )  

Source: Proc NEA Workshop OECD (1979b3, 
to:  16 ( W a )  

P. 83 

Eleana Arg l  I l i t e  
Young's m d u  Ius (unconf Ined) (GPa) 

to: - ranges from: 3.74 (3.7 x lO(3)  MPa) 

Source: Proc NEA Workshop OECO I1979b), 
P. 87 

Huckna I I Shale 
Compressive s t rength  (ps l )  

ranges from: 8.5 x lot31 (5.9 x lO(11 

Source: Y/OWI/TM36/6 (19381, p. 6-3 

Hucknal I Shale 
Young's modulus ( e l a s t i c  modulus) ( p s l  x 
IO(6) 1 

ranges from: 1.48 (1 x lO(4) W a )  

Source: Y/OWI/TM36/6 (1978), p. 6-3 

Lawis  Shale 
New Mexico 

Compress 1 ve s t rength ( p s  I ) 
ranges frons: 1,000 (6.9 Wa) 

Sourcei Y/OWI/TH3686 (19781, p. 8-5 

MPa) 
to :  - 

to: - 

to: 6,000 (4.1 x lO(1) W a )  

Mancos Fm 
Naw Mexico 

Compress I ve s t rength (ps l  
ranges from: 1,000 

to:  8,000 
Source: Y/aWl /TW36/6 

(6.9 Maa) 
(5.5 x 10( S I  Wa) 
(19781, p. 8-2 

Maquoketa Group 
I ndlana 

Compressive s t rength (Wa)  
ranges from: 11 

to: 115 
Source: ORNL/Sub/84-64794/1 (19851, 

p. 60 

Oxford Clay 

P l a s t i c i t y  ( l i q u i d  l i m i t )  ( % I  
England 

ranges from: 55 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v.6 (19851, pe 54 

to: - 

Oxford Clav 
EnglaAd 

ranges from: 26 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v.6 (1985), p. 54 

P l a s t i c t t y  ( p l a s t i c  I i m l t )  ($1  

to: - 

Oxford Clay 

Shear s t rength (undralned) (Wa) 
England 

ranges f rom:  1.2 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v.6 (1985), p. 54 

to: - 

P i e r r e  Shale 
Bulk modulus (PSI)  

ranges from: 77.8 x lO(33) (5.4 x 10C2) 
W a )  

to: - 
Source: Y/OWI/TM36/6 (1978), p. 3-24 

P i e r r e  Shale 
Coheslon ( p s l )  

ranges from: 206 (1.4 Wa)  

Source: Y/WI KM36/6 (1978), p. 3-24 

Great P l a i n s  

ranges fran: 2 (1.4 x 10(-2) HPa) 

Source: ORNL/Sub/84-64794/0 ( 1  9851, 

to: - 
P l e r r e  Shale 

Cohesion ( P S I )  

to: 30 (2.1 x 10(-1) Wa) 

p. 293 

P i e r r e  Shale 

Compresslve s t rength (PSI 1 
Great P ia lns  

ranges from: 70 (4.8 K 10(-1) Wa) 
to: 2.530 (1.7 x IO(1) Wa) 

Source: ORNL/S;b/84-64794/1 (1985), 
p. 293 

P i e r r e  Shale 
Compressive s t rength tuntax la ! )  (PSI) 

ranges from: 2.1 x lO(3) (1.4 x 10 

Source: Y/OWI/FM36/6 (19781, p. 3-24 

W a )  
to: - 

1) 
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P i e r r e  Shale 
F r i c t i o n  angle (degl 

ranger; frm: 5.3 

Source: Y/Wl /TM36/6 ( 1  978), p. 3-24 
to: - 

P i e r r e  S h a l ~  

F r i c t i o n  angle ( I n t e r n a l )  (deg) 
Great P l a i n s  

ranges from: 8 

Source: ORNL/Sub/84-64794/1 (19851, 
P. 293 

to: 25 

Pierre Shale 

P l a s t i c i t y  ( I i q u l d  I i m l t )  ( % )  
Great P la lns  

ranges from: 36 

Source: ORFdL/Sub/84-64794/1 (19851, 
t o :  113 

P. 291 

Plerre Shale 

P l a s t i c i t y  ( I  l q u l d  l l r n l t )  ( $ 1  
Great P la ins  

ranges from; 55 

Source: ORNL/Sub/84-64794/1 (19851, 
to :  202 

P. 293 

P i e r r e  Shale 

Plasticity ( p l a s t i c  l i m i t )  ( $1  
Great P la ins 

ranges from: 20 
to: 62 

Source: Of?NL/Sub/84-64794/i ( 1  9859, 
P. 291 

P i e r r e  Shale 

P l a s t l c i t y  ( p l a s t l c  I I r n T t )  ( $ 1  
Great P l a i n s  

ranges from: 22 
To: 39 

Source: ORNL/Sub/84-647!34/1 (1985), 
P. 293 

P i e r r e  Shalo 

P i as - t ic i ty  ( p l a s t l c l t y  index) ( $ 1  
Great P la lns 

ranges from: 30 
to:  110 

P i e r r e  Shale 
Poisson's r a t i o  

ranges from: 0.2 
to: - 

SOLI~CS: Y/Wl AN36/6 (19781, p. 3-24 

P i e r r e  Shale 
Shear m d u l u s  ( p s i )  

ranges f r c m :  58.3 x lO(3) (4 x lO(2) 
W a  1 

to: - 
Source: Y/WI /TM36/5 (19781, p. 3-24 

P i e r r e  Shale 
Great P l a i n s  

Swel l lng ( p o t e n t i a l )  ( $ 1  
range-, from: 3 

to. 5 
Source: ORNL/Sub/84-54784/1 (19851, 

P. 293 

Plerre Shale 
Tens! le s t r e n g t h  ( p s i )  

ranges from: 50 (3.4 x 10(-11 MPa) 

Source: Y/Wi flW36/6 (1978) I p. 3-24 

Great P la ins  

to: - 
P i e r r e  Shale 

Youngls modulus ( o l a s t l c  modulus) (ps i  x 
lO(6) 1 

ranges from: 0.02 (1.4 x 10(2) Wa) 

Source: ORNL/Sub/8464794/1 ( 1  9851, 
to: 0.014 (9.6 x lO(11 

P. 293 

P l e r r e  Shale 
Young's m d u l u s  ( p s i )  

ranges f rom:  1.4 x lO(5) (9.7 x 10(2) 

Source: Y/&I  AM36/6 (19781, p. 3-24 

Wa 1 
to: - 

P i e r r e  Shale (equivalent) 
Canada 

Swelllng ( p o t e n t i a l )  ( $ 1  
ranges frm: 2 

to: 20 
Swrce: OR~L/Sub/84-64794/1 (19851, 

P. 293 

Por ters  Creek Clay 
Loulsiana 

Plastlclty ( p l a s t i c l t y  Index) ( % I  
ranges from: 40 

to: - 
Source: ORNL/Sub/84-64794/1 ( 1  9851, 

P. 173 

Porters Creak C l a y  
Lou i s  lana 

Strength (Wail 
ranges from: 0.19 

Source: QRNL/Sub/84-64794/1 (19851, 
to: - 

P. 173 
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Blue Clay 

Spec1 f l c  heat (J/Kg-K) (specl f  i c  heat 
capaci t y  ) 

I t a l y  

ranges from: 9.21 x lO(2) 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v. 6 (19851, p. 54 

t o :  - 

Blue Clay 

Therm I conduct I v l  ty (W/mX 1 
I t a l y  

ranges from: 1.5 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v. 6 (1985), p. 54 

to: - 

B lue  Clay 

Thermal d i f f u s i v l t y  (m(2)/s) 
I t a l y  

ranges from: 7.8 x 10(-7) 

Source: Rad Waste. Management and Nuclear 
Fuel  Cycle v. 6 (1985), p. 54 

to: - 

Boom Clay 

Speci f  I c  heat ( J / K g f o  (spec1 f I c  heat 
capac i ty )  

Be I g l  urn 

ranges from: 9.21 x lO(2) 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v. 6 (19851, p. 54 

to: - 

Boom Clay 

Thermal conduct iv i t y  (matr ix )  (W/m-deg C )  
(W/m-K) 

Belgium 

ranges from: ca. 0.3 

Source: Proc NEA Workshop OECO (1979b1, 
P. 87 

to: - 

Boom Clay 

Thermal conduct iv i t y  (W/m-K) 
Belgium 

ranges from: 1.5 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v. 6 (19851, p. 54 

to:  - 

Boom Clay 

T h e r m  I di  f f us 1 v I t y  (rn(2) /s 1 

to: - 
Belglum 

ranges from: 8.1 x 10(-7) 

Source: Rad Waste Management and Nuclear 
Fuel  Cycle v. 6 (1985), p. 54 

Conasauga Sha l e  
Thermal conduct lv l t y  (matr ix )  (W/m-deg C) 
(W/m+) 

ranges from: 0.7 t o  2.1 
to:  - 

Source: Proc NEA Workshop OECD (1979b), 
P. 87 

Conasauga Shale 
Therm I conduct iv i t y  (W/m-K) 

ranges from: 0.715 

Source: ORNL-6241/V3 ( I n  preparat lon)  
to:  2.20 

P. 340 

E leana 
Thermal conduct iv l t y  (matr ix )  (W/m-deg C) 
( W / m - K )  

ranges from: ca. 1.80 

Source: Proc NEA Workshop OECD (1979b), 
to: - 

P. 87 

Eleana 
Thermal conduct iv i t y  (matr lx )  (W/rn-deg C )  
(W/m-K) 

ranges from: ca. 1.48 

Source: Proc NEA Workshop OECO (1979b1, 
P. 87 

to: - 

Eleana A r g l l l l t e  
C o e f f l c l e n t  o f  l lnear  expansion (deg C ( - l ) )  
( K ( - l )  ) 

ranges from: 8 x l o (+ )  

Source: Proc NEA Workshop OECD (1979b), 
to:  15 x 10(-6) 

p. 77 

Eleana A r g l l i l t e  
Nevada 

Thermal conduct l v i t y  (W/m-K) 
ranges frorn: 1.28 

Source: ORNL-6241/V3 ( i n  preparat ion)  
to :  2.7 

p. 341, 342 

Karoo Shale 
Orange Free State 

Therma I conduct I v i  t y  (W/m-K 1 
ranges from: 1.97 

to: 2.89 
Source: ORNL-6241/V3 ( I n  preparat ion)  

p. 341 

Nonesuch Shale 
Mlch lgan 

Therm I conduct 1 VI t y  (W/m-K 1 
ranges from: 2.64 

Source: ORNL-6241/V3 ( i n  preparat ion)  
to: - 

p. 341 

Oxford Clay 
England 

Thermal conduct lv l t y  (W/rn-K) 
ranges from: 1.56 

Source: Rad Waste Management and Nuclear 
Fuel Cycle v. 6 (19851, p. 54 

to: - 

P i e r r e  Shale 
Therma I conduct 1 v i  t y  (W/m+ 

ranges from: 1.42 
to: 1.94 

Source: ORNL-6241/V3 ( I n  preparat lon) 
D. 341 
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