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In the ex is t ing  l i t e ra tu re  on the mot ion  of sa l ine  solutions in soil  
( e . g . ,  [1, 2]), i t  is usual ly  postulated tha t  the v e l o c i t y  of the solut ion 
is independent  of its concent ra t ion .  As pointed out in [2], this assump- 

t ion is va l id  i f  the concen t ra t ion  is low. However,  in heav i ly  sa l ine  

soils the concent ra t ions  in the flush water  m a y  reach  values  close to the 
l i m i t i n g  sa tura t ion  c* (with c o m m o n  sal t ,  for e x a m p l e ,  the l i m i t i n g  

saturat ion concen t ra t ion  of a solut ion at  10 ~ C i s c .  = 388 g/Z ). 
The viscosi ty  and densi ty  of the solut ion (mine ra l i z ed  water) in-  

crease  with an hncrease in the concen t ra t ion  of the dissolved salts, the 

viscosi ty  be ing  much  more  sensi t ive to changes in m i n e r a l i z a t i o n  than 

the density; accord ingly ,  as the concent ra t ion  var ies  from zero to the 

sa tura t ion  l i m i t ,  the seepage  ve loc i ty  at a g iven  pressure gradient  may  

fai l  app rox ima te ly  by a factor  of two [3]. 
.,Mineralization (g / l ) :  

0 4 0 - 8 0  80-70  100-110  180-200  

Viscousity/~ (cP): 

1 .0  1 .8  1 . 3 - 1 . 4  1 . 4 5 - 1 . 5 0  1 . 8 - 1 . 9  

Densi ty  p ( g / c m  a): 

1 .0  1 .03  1.05 1 .08  1.15 

We assume that  the re la t ions  be tween  p and p of the solut ion and 

c ( the concent ra t ion)  are l inear :  

r~ (c) = / s o  § [%, p (c) Po + ac.  (1) 

A sat is factory re f lec t ion  of the ac tua l  g(c) and p(c) re la t ions can 

be obta ined by means  of a su i tab le  cho ice  of coe f f i c i en t s  a and ~ in 

Eqs. (1). 

Consider ing o n e - d i m e n s i o n a l  mot ion  d i rec ted  ve r t i c a l l y  downward 

a long the x - ax i s  and neg lec t ing  the diffusion effect ,  we ar r ive  at  the 

equat ions of the process: 

k op  , kp(c) e (2) 
v (z, c, t) = - -  ~t (c) Ox ~ ~ (c) 

dv Ov Ov Oc 

0 (re) Oe 
-- ~ + "rz ( e ,  -- ~) = z 7 F  ( 8 )  

Here,  v(x, c, t) is the ve loc i ty  of a solut ion of concen t ra t ion  c(x, t); 

k and o are  the p e r m e a b i l i t y  and porosity of the soil,  r e spec t ive ly  (as- 

sumed constant);  p(x, t) is the pressure in the solution; t is the t ime;  

X is the sal t  transfer coe f f i c i en t  cha rac t e r i z ing  the ra te  at which  the 

salts are dissolved.  
Let the pressures at  the surface of the soil  (x = 0) and at  the s ta t ion-  

ary or mov ing  boundary (x = H or x = h(t) E [O, HI) be  known: 

p (0, t) = Po (t), p (h, t) - pl  ( t )  (4) 

We wri te  the in tegra l  of the  first of Eqs. (3) in the form 

d A  
v ( x ,  c , t ) = ~  dt " (5) 

Here,  A(t) is an arbi trary d i f fe ren t iab le  funct ion subject  to deter-  

mina t ion ,  with A(0) = 0. Subst i tut ing (5) into the second of Eqs, (3), 

we obtain 

3c d A  de 
Ot -}- dt dx  = ~; ( % -  c) . (6) 

For the case of fresh flush water ,  we have  the in i t i a l  and boundary 

condit ions:  

(o, t), c(~,  0 ) = ! ( ~ ) .  U) 

Obviously,  in the case of a mov ing  boundary,  the in i t i a l  condi t ion  
should not be g iven .  The system of charac te r i s t i cs  of Eq. (6) is wr i t ten  

thus: 

dt dx  dc 
t d A  / dt  "r (c,  - -  c) 

In tegra t ing  this system, wi th  respect  to t, from to to t, wi th  respect  

to x, from x 0 to x, and, with respect  to c, from c o to c, we find that  

t C . - -C  
A ( t ) - - A  ( t ) o =  x - -  x0, t - - t o = - - - ~ - l n  e . - - c 0  (8) 

It is easy to see that ,  in v iew of condit ions (q),  the in tegral  surface 

c = c(x, t) w i l l  have  a b reak  (or d iscont inui ty ,  i f  f (0)  * 0) along the 

charac te r i s t i c  passing through the point  x = t = 0. 

Accordingly ,  set t ing x 0 = 0 and c0 = 0 and e l i m i n a t i n g  the param-  

me te r  to, we find 

t c ,  - -  c (0 ~ x ~< A (t)). t = A -1  [ A  (t) - -  x ]  = - -  - ~ -  In c ,  

Here,  y = A -1 (x) is the inverse of the function x = A(y). 

S imi l a r ly ,  se t t ing t o = 0 and Co = f(x0) and e l i m i n a t i n g  x0, we obtain 

i c~ -- c 
t = - - - -  In (A (t) < a :  • H),  '~ c. -- / [ x  -- A (t)] 

Thus, the funct ion c(x, t) can be wr i t ten  in the form 

~c .  {t - -  exp (-- Tt @ 7A -1) [A ( t ) -  x]} 

(0 < ~ < A (t)) 

c (x, t) ~ c .  - -  exp (-- 7t)) [% - -  / (~ - -  A)I (9) 

1, ( A i t ) < ~ < S ) .  

From (2), we obtain 

Op F~ (c) d A  
Oz - -  - -  - - Y -  z - f fF- + gP (c) 

In tegra t ing  with respect  to x from 0 to H, bear ing i u m i n d  condi t ion 
(6), we find that  

A H 

Pl (t) - -  po (t) = - -  ~ -  - -gg  ~t (c) d~ + a (c) d~ + 

o 

A H 

0 A 

Using (1), (2), and (9), we reduce  the equat ion  for A(t) to the 
form 

k dt B I @ [ 3 ( D - - E )  
d A  = g [ B 2 - J c g : ( D - -  E ) - l -  p o - -  pr] 

B1 = (~o -1- be*) H - -  tic. e-'rt ( H  - -  A ) ,  

B.,. = (Po + a c . ) t t  -- ~% e-v t  ( H  -- A),  

D = e-vt [F (H - -  A) - -  F (0)], 

A 

E = c . e - v t  f exp [yA -1 (A -- x)] dx  , 

o 
(lO) 

Here, F -~- ~ (x) dx is a known function. In the case of a moving 

boundary, A must be substituted for H tn Eq. (i0). It is easy to sec 
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t ha t  Eq. (10) r educes  to the  fo l lowing  sys tem of f i r s t -o rder  d i f ferent ia1 

equat ions :  

k dt B,  + [3 [D - -  c ,  exp  (-- Tt) q:) (A)] 
r dA  g { B ~ + c ~ [ D - - c ,  e x p ( - - T t )  O ( A ) ] } + p o - - P l  ' 

d O  
dA = exp  [Tt (A)] '  (I) (0) -= 0, A ( 0 ) = O .  (11) 

For t h e  initial c o n c e n t r a t i o n  d i s t r ibu t ion  we assume  the l inea r  l aw  

/ (x) ----- c (0, 0) + c (H,  0) - -  c (0, 0) 
H x .  

We set Pi = P0 in sys tem (11) and r e d u c e  it to the  d imensionless  

fo rm 

g~-T = 
= 3"L (t q-  t / ' r l )  exp  (~%*) - -  �9 (Ai) - -  (t - -  A1) [61 - -  m (1 - -  A1)] 

"r2 (t + t / ' r l )  exp ('ra*) - -  �9 (At) - -  (t - -  As) [61 - -  m (1 - -  Aa)I '  

dO (Ax) 
dA1 - -  exp (T3~), "~ (0) ~ 0, (I) (O) = 0 ,  

A "r k gPa 
A i = - ~ ,  " r  T a = ' ~ ' ,  B ~  z p~oH 

~c. ac .  c (O, O) 

~ = t~---( ' >~ = - 7 o '  ~ = 1 - - - 7 - ,  

~i --62 c (H, O) 
= 2 , ~.. = 1 -- c----~ (12) 

If the  salts a re  on ly  in the l iquid  phase ,  then  ~a = 0 and the solut ion 

of  the sys tem wi l l  b e  

@ (Ai) =- Ai 

"ri �9 ( ' -  + 0 +  • 

(2"r~.coA ~ + 6103"2 - -  B) (2"r~.(o + 61~ + B) 
X In' (2T.o)A o + 61oT2 + R) (2"r2o) + 61~ - -  B) 

(R ----- ]/r(6i'~)u - -  4"f~ ,  A ~ ~-- t - -  Ai,  

6i ~ = l - -  6i, T26i ~" > 4~) .  (13) 

For the case w = O, i.e., when the initial concentration distri- 

bution is constant with respect to depth, we have 

"6 = T7-~1 X 

H e n c e ,  wi th  A1 = 1, we fired the to ta l  d e s a l i n i z a t i o n  t i m e .  

Curves  1 . 3  in Fig .  1 i l lus t ra te  c e r t a i n  n u m e r i c a l  and a n a l y t i c a l  

solut ions of T(A1) for var ious p a r a m e t e r s :  cu rve  1 corresponds to the  

case  for 5t = 1, 5~ = 0, and 7a = 0.5; cu rve  2 corresponds to the case  for 

7a = 0 and 5 t = 6 z = 0 . 5 ;  cu rve  3 corresponds to the  ca se  for  61 = 1, 

t5  

I.g 

8.5 

/d 
At 

g.5 LO 

Fig. 1 

, 0  / 

, , ,  i ~ = <  

I I I 
I I 41 

o g.25 gSO #.75 

Fig.  2 

62 = 0, and Ya = 0. In these e x a m p l e s  Yl = 1 . 6  and  7z = 0 . 2 5 .  Curve  

4 corresponds to  the  l i m i t i n g  case  7 t  = Y2 = Ys = O. 

We now f o r m u l a t e  the  p rob l em of  d e t e r m i n i n g  the func t ion  r(A1) 

on the  assumpt ion  tha t  the  sa l ine  soil is dry and tha t  the  soil air  is 

a lways  l oca t ed  in  the c losed  s p a c e  b e t w e e n  the front  and the  imperv ious  

ho r i zon .  We also assume tha t ,  in this case ,  the  pressure Pt of  the  soil 

air  wi l l  i nc rease  p ropo r t i ona t e ly  as i t  is compressed  by  the  seeping f lu id ,  

i .  e . ,  t h a t  we c a n  use  the  e q u a t i o n  o f  s t a t e  of  a pe r f ec t  gas  a t  cons tan t  

t e m p e r a t u r e  in the fo rm 

A1 
poll  = Pl (H - -  A) =- const ,  or  Po - -  Pl = Po I-~-~A1" (15) 

S ince  in i t i a l l y  the  f ront  co inc ides  wi th  the  su r face  of the soil,  sub- 

s t i tu t ing  (13) in (11) and se t t ing  H = A and F m 0, we ob ta in  the  fo l -  

lowing  system:  

d* (1 + "~1) A1 exp ('raT) - -  "~1 (D (A1) 
= (i + "r2) A1 exp (';8"0 - -  "r. "(I) (A1) - -  hoAo exp ('tar) ' 

d O  
dA~ : exp (~s~), 'r (0) : 0, (1) (0) : O, 

Aa Po 
A o =  l _ _  A1 , h..~ (16) p0gH ' 

For phys i ca l  cons idera t ions ,  i t  is c l e a r  tha t ,  g iven  the so i l - a i r  

t r app ing  cond i t i on  descr ibed ,  the  f ront  wi l l  neve r  r e a c h  the  imperv ious  

horizon;  its d i s t ance  f rom the  s u r f a c e o f  the  soil wi l l  tend to the fo l -  

l o w i n g  l imi t :  l i m  A l ( r  ) = ~ as r -+ ~o. 

Thus ,  l i r a  ( d A t / d r )  = 0 as r -+ .o and 

t 
~1-- 1 + hol ('r~+ 1) �9 

In p a r t i c u l a r ,  when  73 = 0, the  so lu t ion  of  sys tem (14) has the  form 

T = r l o  [ A 1 _ ( l _ ~ l o )  l n ( l  - .41 / ] ,  1 
~1o / J "1o = t + ho " 

S o m e  cases  of m o t i o n  wi th  e n t r a p m e n t  are  presented  in Fig.  2. In 

this ca se ,  t he  s a h  c o n c e n t r a t i o n  in  the  so lu t ion  is g i v e n  by  

e (x, t) = c . [ t  - -  exp ( - - ? t  -f- ?A-1)[A (t) - -  x]} 

o < z < A  (t) .  
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