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E X T E N D E D  A B S T R A C T  

The  abi l i ty  of  some  compac ted  clay ma te r i a l s  to res t r ic t  t he  passage  of  sod ium chloride 
relat ive to wa te r  when  sub jec ted  to flow wi th  sod i um chloride solut ions  ha s  been  demon-  
s t r a t ed  b y  K e m p e r  (1960) a n d  by  McKelvey  a n d  Milne (1962). Con t inued  expe r imen t a l  
work  on  th i s  p h e n o m e n o n ,  directed t o w a r d  an  u n d e r s t a n d i n g  of the  effect of  var iab les  
such  as t h e  t ype  o f  c lay mater ia l ,  porosi ty ,  hydrau l i c  pe rmeab i l i t y  and  solut ion concent ra -  
t ion  ha s  been s t i m u l a t e d  by  t he  poss ibi l i ty  t h a t  sal t  f i l ter ing occurs in the  subsur face  
as  a resul t  of  t h e  m o v e m e n t  o f  br ines  in response  to compac t i on  and  o ther  sources  o f  
hydrau l ic  pressure .  

The  a p p a r a t u s  in which  e x p e r i m e n t s  have  been carr ied ou t  has  been descr ibed in t he  
paper  b y  M c K e l v e y  a n d  Milne. A c lay  sample ,  in t he  fo rm of  s d ry  powder  or  wa te r  
s lur ry  is c o m p a c t e d  in a nylon- l ined  steel  cy l inder  be tween  mone l  p i s tons  capped  w i th  
porous  mone l  filter discs. The  p i s ton-cy l inder  a s s emb l y  is bol ted  be tween  steel p la tes  to 
m a i n t a i n  the  compa c t i on  pressure.  

The  i n p u t  p i s t on  ha s  two openings,  one of  wh ich  en te rs  a circular  groove nea r  the  edge 
o f  the  p i s ton  face while t he  o the r  en te rs  t he  cen te r  of  th i s  face. The  second p i s ton  ha s  a 
single open ing  a t  t he  cen te r  o f  the  face. The  two openings  in t he  i n p u t  p i s ton  pe rmi t  a 
b y p a s s  c i rcu la t ion  to ca r ry  a w a y  the  sa l t  re jec ted by  t he  c lay  filter. F low t h r o u g h  t h e  
bypas s  is control led  by  a sui table  res t r ic t ion  in t he  b y p a s s  l ine beyond  the  i n p u t  p is ton.  
The  sal t  f i l t ra t ion efficiency in a pa r t i cu la r  case is expressed  as the  percen tage  of  sal t  
r emoved  f rom a solut ion in pass ing  t h r o u g h  t he  clay filter. The  concen t r a t ion  of  t he  
solut ion a t  t he  i n p u t  face of  t he  c lay filter u n d e r  flow cond i t ions  m u s t  necessar i ly  rise 
above  t h a t  o f  t h e  source  solut ion.  Since t he  c lay  filter m u s t  be  suppor t ed  b y  a me t a l  
filter, t h i s  concen t r a t ion  is dependen t  on  t he  efficiency of  m ix ing  a n d  f lushing wi th in  
t h e  pore space  o f  the  me t a l  filter. F i l t r a t ion  effieiencies wh ich  have  been,  in pract ice ,  
ca lcu la ted  f rom t h e  concen t ra t ions  of  so lu t ions  emerg ing  f rom the  bypass  a n d  the  t h rough -  
p u t  l ines are  likely therefore  to be less t h a n  t he  t rue  values .  Cer ta in  expe r imen t s  invo lv ing  
m e a s u r e m e n t  o f  f i l t ra t ion efficiencies a t  va r ious  pressures  a n d  o the rs  in wh ich  sal t  h a s  been  
a c c u m u l a t e d  in t he  i npu t  me t a l  filter a n d  finally f lushed t h r o u g h  the  b y p a s s  sys t em,  have  
sugges ted  t h a t  t rue  f i l t rat ion efficiencies are m u c h  h ighe r  t h a n  those  wh ich  h a v e  been 
ob ta ined  f rom t h e  concen t ra t ions  of t h r o u g h p u t  a n d  b y p a s s  solutions.  

A sample  of  r ecen t  m u d  f rom the  Mississippi  River ,  c o m p a c t e d  such  t h a t  i t  con ta ined  
14 per  cen t  wate r ,  ha s  shown  a f i l t ra t ion efficiency of  60 per  cent  wi th  a 0.5 n o r m a l  
solut ion o f  sod ium chloride and  a decline to 30 per  cen t  a t  a concen t ra t ion  of  5 normal .  
These  f i l t ra t ion effects were ob ta ined  u n d e r  a hydrau l i c  p ressure  of  10,000 psi. 

A m i x t u r e  of  ben ton i t e  f rom Clay Spur  W y o m i n g  a n d  a m o r p h o u s  silica in equa l  pa r t s  
by  weight ,  compac t e d  unde r  10,000 psi  shows  a f i l t rat ion efficiency of 30 per  cen t  in t he  
0.1 n o r m a l  concen t r a t ion  range  a t  re la t ive ly  low hydrau l i c  pressure  (1000-2000 psi). 
The  h igh  wa te r  con t en t  p robab ly  expla ins  t he  low efficiency. The  efficiency is p ressure  
dependen t ,  decl ining to zero a t  8500 psi. 
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A compacted mixture  of bentonite  and a lundum powder  in the  ratio of  2 : 1 by  weight,  
with a water  content  of  16 per  cent gives filtration effieiencies up  to 70 per cent over a 
range of  hydraulic pressures from 1000 to 10,000 psi. Maximum filtration occurs in the  
vicinity of  2000 psi. The decline in filtration at  lower pressure undoubted ly  involves the  
limit imposed on salt fil tration by  osmotic pressure. A pressure of approximate ly  700 psi 
is required to mainta in  a concentrat ion difference of  1 normal i ty  un i t  across a perfect 
membrane.  Thus  with membranes  which are imperfect, a decline in salt  filtration would 
appear  under  lower hydraulic  pressures.  The high pressure decline cannot  be explained 
so easily. I t  is possible t ha t  the flushing sys tem at  the input  face of the clay filter becomes 
less effective at  higher pressures and  flow rates, bu t  other explanat ions  m u s t  be con- 
sidered. 

The permeabilities of  these clay filters range from 10 -5 to 10-7 m d  with  the lower 
permeabilities corresponding wi th  the  bes t  filtration effects. 

Geological interest in the salt fil tration problem is justified by  the evidence tha t  the  
process can occur in shale-forming materials  bu t  specific application in geological problems 
requires a quant i ta t ive  unders tanding  of the effects of  the m a n y  variables which mus t  be 
considered in the subsurface. Continued efforts in this  direction can lead to an under-  
s tanding of fluid flow in fine-grained rocks. 
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