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Exper imen ta l  r e su l t s  a r e  given for  the re la t ion  between the f i l t ra t ion coefficient of a CaC12 so-  
lution in a porous  medium consis t ing of quartz g ra ins  and the hydraulic gradient .  

In the descr ip t ion  of fluid flow in a porous  medium a fundamental  role  is p layed by the equation 

(1) 

It l inks the unit fluid flow ra te  (fi l tration rate) v with the hydraulic gradient  H in the flow direct ion.  The hy- 
draul ic  conductivity (filtration coefficient) k is re la ted  s imply  to the pe rmeab i l i t y  of the porous  medium.  It 
depends on the pore  geomet ry  and the fluid p roper t i e s ;  f o r  each pa i r  consis t ing of a porous  body and a fluid 
there  is  a range of f i l t ra t ion r a t e s  in which k is constant and D a r c y ' s  law appl ies .  

At the same  t i m e ,  in many expe r imen t s  it has been noticed that  the fluid f i l t ra t ion  ra te  v a r i e s  non- 
l inear ly  as the hydraulic gradient  fal ls ,  so that  a reduct ion in the gradient  impl ies  a reduct ion in k. This  
was f i r s t  descr ibed  by King [1] and l a t e r  noted by o ther  inves t iga tors  [2, 3]. Closely connected with this ef-  
fect  is  the occur rence  of a l imit ing hydraulic gradient  during fil tration: at values  of the gradient  l e s s  than 
the l imit ing value, f i l t ra t ion p rac t i ca l ly  ceases .  

Most  exper imen t s  to de te rmine  the l imit ing hydraulic  gradient  were  made with var ious  natural  porous  
media  (sand, sandstone, c rumbled  rock, loess ,  clay). 

All these  m a t e r i a l  contain definite quanti t ies of oozy mine ra l s  which, because  of thei r  smal l  d imen-  
s ions and the specif ic  c rys t a l  s t ruc tu re  of the i r  gra ins ,  in terac t  s t rongly with aqueous solutions. At the su r -  
f aces  of the gra ins ,  specif ic  phys icochemica l  phenomena occur,  leading to the fo rmat ion  of sur face  l a y e r s  
of solution whose p r o p e r t i e s  a re  significantly different  f r o m  the p r o p e r t i e s  of the pure  f i l t ra t ing solution. 
If the thickness  of these l aye r s  is comparab le  with a typical  d i ame te r  of the pore  channels,  the i r  effect  on 
f i l t ra t ion can be ve ry  significant.  F a m i l i a r  theore t ica l  c la r i f ica t ions  of the effect  under  d iscuss ion  a lso  in- 
volve the p resence  of such oozy m a t e r i a l s  in the porous  body. 

In this connection there  is  an impor tant  question: Will a nonlinear change be observed  in the hydrau-  
lic conductivity during f i l t ra t ion in a porous  med ium which does not contain any oozy m a t e r i a l s  ? This  note 
is devoted to answer ing  this question. 

The expe r imen t s  involved an ar t i f ic ia l  porous  medium,  a charge  of g ra ins  of quartz g lass ,  broken down 
to a given degree  of d ispers ion .  The choice of such a medium was de te rmined  by the following fundamental  
considerat ions:  

1) the medium does not contain any oozy m a t e r i a l s  or  al l ied a lumosi l iea tes ;  

"2) quartz  g lass  is comple te ly  insoluble in wa te r  and does not contain meta l l ic  cations which could 
change the ionic composi t ion of the f i l ter ing solution; 

3) the shapes  of the g ra ins  of different s izes ,  obtained by breaking  down the quartz  g lass ,  a re  approxi -  
ma te ly  the same .  
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Fig. 2 

Charges  consist ing of gra ins  of the following degrees  of dispers ion were used in the experiment:  0.2- 
0.4, 0.4-0.6, 0.6-0.8, 0.8-1.0, and 1.0-1.2 ram. 

To prevent uncontrollable deviations in the composit ion of cations in the fi l tering solution, a CaC12 so- 
lution of concentrat ion 10 -3 g - eq / l i t e r  was used instead of distilled water.  

A d iagram of the experimental  apparatus is given in Fig. 1. The whole apparatus (including the supply 
tank 1 is thermosta t ica l ly  controlled in a special  chamber  at 26.8-27.2~ The porous charge of height~ 10 
cm is placed in the ver t ica l  cyl indrical  vesse l  3 of c ros s - sec t iona l  a rea  10 cm 2 and it is ensured that the 
quartz glass  grains  are  completely i r r iga ted  and that they are  packed as tightly as  possible in the vessel .  
Before introduction into the charge,  the solution is purified of possible suspended par t ic les  using two porous 
f i l ters  2 consist ing of gra ins  of quartz glass  whose degree of dispers ion is lower than that of the grains in 
the charge. To ensure stability of the p ressu re  drop in the charge, overflow vesse l s  5 were used. The dif- 
ference between the levels in the p iezometr ic  tubes 4 was measured  using a cathetometer;  the flow rate was 
measured  by weighing the fluid passing through the sys tem in a given time interval. 

The fi l t rat ion coefficient was calculated f rom the equation 

QL Q 
k =  A h  - -  - A H  

Here A is the c ros s - sec t iona l  a rea  of the charge, equal to 10 cm2; Q is the flow rate measured  to 0.1%; 
L is the height of the charge, which was constant in all the experiments  and equal to 10 cm to an accuracy  
of 0.5%; h is the difference,  specified in the experiments,  in the p iezomet r ic  levels (the accuracy  with which 
this was determined var ied f rom 10% for  h= 0.05 cm to 0.1% for  h=3.2  era). 

The total measurement  e r r o r  could be as high as 12% for the smal les t  values of the hydraulic gradient  
used, and ~ 1% for  the la rges t  values.  

The values of k calculated f rom two independent ser ies  of exper iments  are  shown in Fig. 2, where the 
individual experimental  points and the corresponding curves  for  k as a function of H are  given for  different 
grain  s izes  (the s izes a re  writ ten beside the curves).  The curves  in Fig. 2 a re  convincing evidence that the 
hydraulic conductivity falls as the hydraulic gradient decreases  when the gradient  is small,  even when the 
f i l t rat ion in the medium is f ree  of any oozy substances.  This effect is par t icular ly  marked for charges  of 
coarse  gra ins  (1.0-1.2 mm for  H ~ 0.08 and 0.8-1.0 mm for  H ~ 0.04), and it vanishes when we move to f iner 
grains  and when H increases .  Thus, for  grains  of s izes  0.2-0.4 m m  and 0.4-0.6 ram, no nonlinear change 
in k was observed in general  for  H between 0.005 and 0.32. It can only be guessed whether such an effect 
exists when H < 0.005 for these and smal le r  grains .  

A completely new situation, observed in the above experiments,  is the increase  in the effect of a change 
in the f i l t rat ion coefficient as the grain size, and consequently, the pore dimension of the medium increases .  
Whereas  for a medium with gra in  size 0.8 ram or g r e a t e r  the effect is unmistakeable,  for  a medium with 
grain  size of 0.4 m m  or less  the effect either does not occur  or  is negligibly small.  

This conf i rms that a possible reason for  the nonlinear change in the fi l tration coefficient is tobe sought 
not only in physicochemical ,  but also in purely hydraulic factors .  
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