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This  method i s  used  ma in ly  for  s t e a d y - s t a t e  f i l t r a t i on  [1, 2], but  a t r a n s i e n t - s t a t e  p r o b l e m  for  p e t r o -  
l e u m  hyd rau l i c s  has  been  so lved  in th is  way [3]. Here  I c o n s i d e r  a t yp i ca l  c a se  of t r a n s i e n t  i n f i l t r a t i on  
of g roundwa te r  with a f r ee  s u r f a c e ;  some  spec i a l  f e a t u r e s  a r e  noted.  

1. Gene ra l .  F o r  the  r eg ion  G (x> 0, y>  0, t > 0 we c o n s i d e r  the  equat ion 

o~, k [ 0  (h Oh~ 0 ( Oh~] 
Ot -- t~ [~x \ ~x / + b-~ \h o-y-]-i (1.1) 

sub jec t  to the bounda ry  condi t ions  

h (x, g, O) = Ho, h (O, g, t) = h (x, O, t) = HI 
, ( 1 . 2 )  

The p r o b l e m  of (1.1) and (1.2) is  that  of t r a n s i e n t  f low of g roundwa te r  in an u n p r e s s u r i z e d  s t r a t u m  
having  a ho r i zon ta l  i m p e r m e a b l e  l a y e r .  The in f i l t r a t ion  r eg ion  i s  a s q u a r e  bounded on two s ides  by  m u t u a l -  
ly  p e r p e n d i c u l a r  channels ,  which co inc ide  with the pos i t ive  s e m i a x e s  of the  (x, y) coo rd ina t e  s y s t e m .  In 
(1.1),  k and p a r e  the  coef f i c ien t s  of f i l t r a t i o n  and w a t e r  r e l e a s e  of the ground,  t i s  t i m e ,  and h i s  the  
height  of the f r e e  su r f ace  of the g roundwa te r  above the i m p e r m e a b l e  l a y e r .  The g roundwa te r  leve l  is  H 0 
at  t =0 throughout  the in f i l t r a t i on  r eg ion  and subsequen t ly  a l t e r s  when the l eve l  in the channels  changes  i n -  
s t an t aneous ly  to H1. 

This  is  known as  K a m e n s k i i ' s  p r o b l e m  [4] and i s  convenient  for  the Monte Ca r lo  method in tha t  the 
r e s u l t s  can be c o m p a r e d  with those  f r o m  v a r i o u s  f i n i t e - d i f f e r e n c e  s c h e m e s  [4, 5]. 

The method  has so f a r  been  deve loped  only fo r  l i n e a r  d i f f e ren t i a l  equa t ions ,  so we l i n e a r i z e  (1~ 1) 
by put t ing h=h* in the p a r e n t h e s e s ,  in which h* i s  some  mean  o rd ina t e  of the f r e e  su r f a c e  in r eg ion  G. 
We div ide  G up v ia  a net  with s t eps  of l in the spa t i a l  coo rd ina t e s  and T in t i m e  in such a way that  the  
nodes  with z e r o  va lue s  l i e  at the  bounda ry  of the r eg ion .  We r e p r e s e n t  the  d e r i v a t i v e s  in the  l i n e a r i z e d  
equat ion as  the  r a t i o s  of f ini te  d i f f e r e n c e s  [6] to get  a s y s t e m  of equat ions  whose de t a i l ed  f o r m  i s  d e -  
pendent  on the p a r t i c u l a r  s c h e m e .  

2. Expl ic i t  F i n i t e - D i f f e r e n c e  Scheme.  In p l ace  of (1.1) we have the  fol lowing s y s t e m  of equat ions  
at the  nodes  of the net :  

a~x 
HI,./, s - ' : - ( t -  ~ ) H i ,  j,s-i-~- "-~-(HI_I, j, s_ 1 -~- Hi+l, i ,s_l+Hi,  j_l,s_ 1 + HI, j+l, S~l) 

/ kh* 
la2-.:-~--; i , / , s = t ,  2 . . . .  ) 

Condit ions (1.2) b e c o m e  

Hi, j ,o~Ho,  Ho, j , t = H i , o , t = H 1  

(2.1) 

(2.2) 
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H i , j ,  s i s  d e t e r m i n e d  by  the Monte Car lo  method [1, 2, 7] by  fol lowing a wander ing  p a r t i c l e  f r o m  
node ( i , j ,  s) .  Each s tep  i s  a t r a n s i t i o n  f r o m  the given node to one of the ad jacen t  nodes  r e l a t e d  by the d i f -  
f e r e n c e  s c h e m e .  T r a n s i t i o n  to an ad jacen t  node o c c u r s  with a p r o b a b i l i t y  equal  to the coef f ic ien t  to H at 
that  node, and the r e l a t i o n  be tween  the H at the  nodes  should be  so lved  fo r  H at  the  s t a r t i n g  node, a s  should 
(2.1) .  The r a n d o m  walk c e a s e s  if  the p a r t i c l e  p a s s e s  ou ts ide  the  reg ion ,  and th is  i m p o s e s  a pena l ty  equal  
to the  va lue  of the function at  the  exi t  point ,  while the p a r t i c l e  s t a r t s  aga in  f r o m  node ( i , j ,  s).  Repe t i t ion  
of th i s  p r o c e s s  g ives  a s t a t i s t i c a l  e s t i m a t e  of the  m a t h e m a t i c a l  expec ta t ion  of the pena l ty  fo r  node (i, j ,  s), 
which has been  shown [1, 7] to equal  Hi, j ,  s, which a p p r o x i m a t e s  h at the  c o r r e s p o n d i n g  point .  This  can 
be e x p r e s s e d  v ia  

R 

Hi, y,s : ~ b(r)" H 
~,7, s r 

~=~ (2.3) 

in which H r i s  the va lue  of H at  bounda ry  node r ( including the nodes  of the in i t ia l  l a y e r ) ,  while b~,r], s 
i s  the p r o b a b i l i t y  of r e a c h i n g  bounda ry  node r f r o m  node (i, j ,  s) .  

Steps l and T a r e  chosen  on the b a s i s  of the s t ab i l i t y  condi t ion  fo r  the exp l i c i t  s c he me ,  which i s  (see  
c h a p t e r  1, w of [6]): 

We put  ( compare  [4]) 

a 2 T /  12 ~ 1 / r  
(2.4) 

and then (2~ 1) b e c o m e s  

a2T / 12 ~ 1/4 
(2.5) 

Hi ,  j ,  s : 1/4 ( H i - l , j , s - 1  ~-Ui+l, j, s-1 ~ Hi, j- l ,  ~-1 -~ Hi, j'rl, ~--1 ); ~' / '  3 : t ,  2 . . . .  (2.6) 

Then (2.6) i m p l i e s  that  the p a r t i c l e  at each  s tage  p a s s e s  with a p r o b a b i l i t y  of 1 /4  to one of the four  
nodes  of the  p r e v i o u s  t i m e  l a y e r  and a f t e r  s tep  s is  in the  in i t i a l  l a y e r  if i t  has  not p a s s e d  be fo re  th is  into 
one of the  channe l s .  Then th is  s c h e m e  m e a n s  that  the r a n d o m  walk s t a r t e d  in t ime  l a y e r  s c e r t a i n l y  ends 
not l a t e r  than a f t e r  s s t eps .  

Vio la t ion  of (2.4) within th is  s c h e m e  means  that  t h e r e  i s  a nega t ive  p r o b a b i l i t y  of p a s s i n g  f r o m  a 
node to one p l a c e d  d i r e c t l y  under  i t .  

The r a n d o m  walk is  p e r f o r m e d  as  fo l lows.  The sec t ion  [0.1] is  d iv ided  into four  p a r t s ,  each c o r -  
r e s p o n d i n g  to a c e r t a i n  event  (passage  of the wander ing  p a r t i c l e  f r o m  a given node to one of the  four  a d -  
j a c e n t  ones) .  The length  of each sec t ion  equa ls  the  p r o b a b i l i t y  of the c o r r e s p o n d i n g  event ,  th i s  p r o b a b i l i t y  
be ing  1 /4  fo r  a l l  events  in th i s  c a s e .  The p a r t i c l e  p a s s e s  to the ad jacen t  node set  by the  va lue  of the  r a n -  
dom n u m b e r  V (0 < ~ < 1) p r o d u c e d  by a g e n e r a t o r ,  which is ca l l ed  at each s tep .  These  r andom n u m b e r s  
m u s t  be u n i f o r m l y  d i s t r i b u t e d  in the r ange  0-1~ We used  the No. 1 r a n d o m - n u m b e r  g e n e r a t o r  of the  M-20 
c o m p u t e r  (see  Chap t e r  V, ~8 of [8]), and Table  1 shows that  th is  m e e t s  the r e q u i r e m e n t  wel l ,  in which A 
is  the  i n t e r v a l  and n i s  the to ta l  n u m b e r  of r a n d o m  n u m b e r s  genera ted~  

The p r o b l e m  of (2.2) and (2.6) was so lved  with the  p a r a m e t e r s  used  in [4]: k=5 m / d a y ,  #=0 .06 ,  
h* = H 0 = 30 ram,  H i = 40 m,  l = 1000 m, T = 100 days ,  with the s t eps  in l and T chosen  in a c c o r d a n c e  with (2.5)~ 

An i m p o r t a n t  f e a t u r e  i s  the  n u m b e r  N of s t eps  that  mus t  be p e r f o r m e d  f r o m  node ( i , j ,  s) for  H i , j ,  s 
to be d e t e r m i n e d  with suf f ic ient  a c c u r a c y  without  e x c e s s i v e  t i m e  consumpt ion .  The op t imum N in any p a r -  
t i c u l a r  c a s e  should be d e t e r m i n e d  by  t r i a l ,  but  ava i l ab l e  t h e o r e t i c a l  e s t i m a t e s  can be used  to obtain a f i r s t  
a p p r o x i m a t i o n .  It i s  known (Chap. V, w of [7]) that  the fol lowing i s  the N for  which the e r r o r  ~ i s  not e x -  
ceeded  with a p r o b a b i l i t y  0. 997 in ca l cu l a t i ng  the  m a t h e m a t i c a l  expec ta t ion  M~ of an independent  r andom 
v a r i a b l e  ~ : 

N = 9 D ~ / s  ~ 
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T A B L E  1 

A n = i 0  iO  n l 0  3 l 0  ~ i 0  ~ 10  6 

0--0.  l 
0.t--0.2 
0.2--0.3 
0.3--0.4 
0.4--0.5 
0.5--0.6 
0.6--0.7 
0.7--0.8 
O.S--O'.9 
0.9--1.0 

t0 

I 
t0 
13 
15 

98 
86 

528 
t01 
95 
86 
94 
94 

100 
t22 

958 
98t 

t088 
t037 
978 
980 
996 
979 

t044 
959 

10025 
I0057 
t0i35 
9901 

i0O05 
10it8 
9926 
988t 

10036 
99t6 

99849 
100747 
99929 

100196 
99915 

100109 
100048 
99739 
99480 
99988 

in which D~ is  the d i spe r s ion  of ~. In this  p rob lem ~ takes  the two va lues  ~1=30 m and ~z=40 m.  It is  
r ead i ly  shown that the m a x i m u m  d i spe r s ion  co r re sponds  to M~ =35 m;  then the events  ~ = ~ l and ~ =42 
a re  equal ly probable ,  p (~1)=p(~2)=0.5. We have 

max D~ = (30m-- 35 m) ~ 0.5 ~- (40 m-- 35m) 2 0.5 = 25m ~ 

F r o m  max D~ (which gives N with a m a r g i n  of safety) and putt ing e - 0 . 5  m, for  example,  we get 

9.25m ~ 
N -- ~ == 900 (2.7) 

A p r o g r a m  was wr i t ten  for the M-20 to find H at the diagonal points  of the gr id  for s eve ra l  ins tan t s .  
Table  2 gives r e s u l t s  for  t=1500 days.  The las t  l ine  is  H f rom 

5 

H(x, Y, \- , / x - - g  

(2.8) 

which is the exact solut ion to (1.1) af ter  l i nea r i za t ion .  Table  2 gives H ( in  m) at the {i, i} diagonal nodes 
for  t=1500 days,  the top 2/3 of the table  (for N of 103 and 104) v ia  the explici t  scheme,  while the bot tom 
th i rd  (for N=10 a) v ia  the inexpl ie i t  one (the quant i t ies  in pa ren theses  a re  the deviat ions  f rom the r e su l t  
of (2.4) as % of the l a t t e r ) .  

F i r s t  we cons ide r  the pa r t  of the table containing the r e su l t s  f rom the explici t  s cheme .*  

The quant i t ies  in the l ine  marked  (2.4) a re  the H calcula ted d i r ec t ly  f rom that equation, while (2.8) 
is  the exact solut ion.  The o ther  l ines  in the table have this  e r r o r  mingled  with the e r r o r  f rom the Monte 
Carlo  method, and the l a t t e r  is r evea led  by compar ing  the r e su l t  for I =1000 m and T=100 days with that 
f rom K a m e n s k i i ' s  scheme.  

We see that the e r r o r  of the Monte Carlo method does not exceed 0.62% for  N=100, as (2.7) indica tes ,  
this  e r r o r  r e p r e s e n t i n g  0.2 m, i . e . ,  be ing well within the l i m i t  set in choosing N. There  is  a tendency 
for the e r r o r  at N=104 to be l e s s  than that for N=10 ~, but the second and th i rd  nodes show f luctuat ions that 
deviate  f rom this  t r end .  

The more  c lose ly  spaced gr id obeying (2.5) produces  somewhat  higher  accuracy ,  as is  c l e a r  f rom 
the table ,  but the f luctuat ions  tend to obscure  the dependence of the e r r o r  of approximat ion  on the spacing,  
though this  e r r o r  is  [6] of the o rde r  of /2  § 

About 10 sec of machine  t ime  is needed to obtain a solut ion at one point for  t=1500 days,  l =1000 m, 
and 7=100 days (the boundary) .  This  t ime  becomes  minu tes  if the d i f ference  scheme is  used d i rec t ly ,  s ince 
to obtain a value for  the level  at a point i n  the reg ion  at a given ins tan t  one has to ca lcula te  for all  p rev ious  
t ime  s teps .  This means  that the Monte Car lo  method can be r ecommended  when the s ta te  of g roundwaters  
has to be pred ic ted  for a long t ime  ahead. The choice of/ ,  7, and N should be based  on providing the r e -  
quired accuracy  with r ea sonab le  economy in  machine  t ime .  This means  that it  is  undes i r ab le  to i n c r e a s e  
N or  reduce  the gr id  spacing.  

*All the ca lcula t ions  were  pe r fo rmed  by L. U. Kolner ,  graduate  s tudent  at Novos ib i r sk  Unive r s i ty .  
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TABLE 2 

z~ ~days {1.1} {2.2} {3.3} {r (5.5} {~.6} {7.7} 

iO ~ 1000 t00 39.22 37.27 34.94 32.60 3t.38 30.55 30.t5 
(0.023) (0.035) (0.198) (0.6t6) (0.045) (0.199) (0.294) 

500 25 39.32 37.13 34.64 32.70 31.27 -- --  
250 6.25 39.t0 37.10 34.74 32.t6 31.1i 

t0 ~ t000 100 39.22t 37.165 34.940 32.750 3t.396 30.583 30.2i3 
(0.020) (0.247) (0.198) (0.159) (0.008) (0.091) (0.036) 

500 25 39.139 37.215 34.614 32.640 3t.345 " -- 
250 6.25 39.15t 37.i91 . . . .  

t08 t000 100 39.09 36.76 34.46 32.86 3t.50 30.12 30.35 
1000 300 38,94 36.76 34.5t 32.49 31.63 30.78 30.29 
I000 700 38.70 36.43 33.85 32.57 31.50 30.89 30.47 
t000 t500 38.t0 36,18 33.43 32.20 3t.44 30.87 30.50 

(2.4) t000 t00 39.229 37.257 34.871 32.802 31.394 30,6tt 30.239 

(2.8) 39.t99 37.t38 34.72t 32.673 31.3t4 30.552 30.2t9 

as  
3. I n e x p l i c i t  F i n i t e - D i f f e r e n c e  S c h e m e .  A v e r y  s i m p l e  s c h e m e  [6] m a y  b e  u s e d  to  r e p r e s e n t  (1 .1)  

H e r e  

Hi, j, s = br ~, s-1 -~- bl (Hi-1 j ' s  -I- Hi+l j s -~- Hi, j-t, s -~ Hi, i+i, s) (i, ], s = 1, 2, . . .)  
(a. 1) 

/ t  4kh*T \-1 kh*~: 
b,~ +-7-) , b~=b ~ - - ~  

(3 .2 )  

T h e  s t r u c t u r e  of  t h i s  s c h e m e  p r o d u c e s  s o m e  f e a t u r e s  in  t h e  r a n d o m  w a l k .  T h e  p a r t i c l e  a t  a node  in  

t i m e  l a y e r  s c a n  p a s s  to  one  of t h e  f o u r  a d j a c e n t  n o d e s  in t h e  s a m e  l a y e r  w i t h  a p r o b a b i l i t y  4b/,,  w h i l e  

t h e  p r o b a b i l i t y  of r e v e r s i o n  to  t h e  p r e v i o u s  t i m e  l a y e r  i s  b l .  

As  G t a k e s  t h e  f o r m  of a s q u a r e ,  t h e  w a l k  i s  u n r e s t r i c t e d  in  two d i r e c t i o n s ,  and  j u m p  to  t h e  p r e v i o u s  

t i m e  l a y e r  i s  o n l y  one  of  s e v e r a l  p o s s i b l e  e v e n t s ,  so  t h e r e  i s  a d a n g e r  t h a t  t h e  w a l k  m a y  e x t e n d  t oo  l o n g  
in  p a r t i c u l a r  c a s e s .  

T h e  d i s t r i b u t i o n  of t h e  r a n d o m  n u m b e r s  i s  s u c h  t h a t  t h e  r e l a t i v e  f r e q u e n c y  of o c c u r r e n c e  in  t h e  p a r t  

of  t h e  0 - 1  r a n g e  c o r r e s p o n d i n g  to  j u m p  to  t h e  p r e v i o u s  l a y e r  i s  a p p r o x i m a t e l y  p r o p o r t i o n a l  to  t h e  l e n g t h  of 

t h a t  p a r t .  T h e n  a p a r t i c l e  s t a r t i n g  f r o m  a c e r t a i n  node  in  l a y e r  s i s  p r e d e t e r m i n e d  to  e n t e r  t h e  i n i t i a l  

l a y e r  (o r  to  e s c a p e  f r o m  one  of  t h e  b o u n d a r i e s  b e f o r e  t h i s )  on  c o m p l e t i n g  7 s t e p s ,  w h o s e  m a t h e m a t i c a l  

e x p e c t a t i o n  M T i s  

M , ; = s / b r  

L e t  t s b e  t h e  i n s t a n t  c o r r e s p o n d i n g  to l a y e r  s .  T h e n  S = t s / T .  F r o m  (3 .2)  

MT = ts (t -a t. a~/12) l ' v  (3.3) 

T h i s  i n e x p l i c i t  s c h e m e  i s  a b s o l u t e l y  s t a b l e ,  so  t h e r e  i s  no  n e e d  to  c o n s i d e r  (2 .4)  in  c h o o s i n g  t h e  s t e p  
s i z e s .  A s  s t e p  T i s  i n c r e a s e d  w i t h  r e s p e c t  to  t i m e  t h e r e  o c c u r s  in  a c c o r d a n c e  w i t h  (3.2) a r e d i s t r i b u t i o n  of  
t h e  p r o b a b i l i t i e s  b l a n d  bT,  d u r i n g  w h i c h  the  f o r m e r  i n c r e a s e s .  T h i s  d o e s  no t  m e a n  t h a t  the  p a r t i c l e  r e a c h e s  
the  b o u n d a r y  m o r e  r a p i d l y  a s  7 i n c r e a s e s ,  s i n c e  i t  m a y  r e c e d e  f r o m  the  b o u n d a r y  d u r i n g  the  w a l k ,  M o r e  
d e f i n i t e l y ,  (3.3) i n d i c a t e s  t h a t  t he  p o s s i b i l i t y  of  e s c a p e  to the  i n i t i a l  l a y e r  i n c r e a s e s  w i t h  T, a n d  the  r e d u c -  
t i o n  in  b~- i s  m o r e  t h a n  b a l a n c e d  b y  t he  r e d u c t i o n  in  the  n u m b e r  of t i m e  l a y e r s  b e t w e e n  the  g i v e n  l a y e r  a n d  

t he  i n i t i a l  o n e .  T h e  c o m p u t a t i o n  t i m e  i s  t h u s  r e d u c e d  a s  T i n c r e a s e s ,  b u t  t h i s  g a i n  i s  o b t a i n e d  a t  the  e x -  
p e n s e  of  a l o s s  o f  a c c u r a c y  due  to i n c r e a s e  in  t he  e r r o r  of a p p r o x i m a t i o n .  
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This  f e a tu r e  i s  r e f l e c t e d  in the  H f r o m  (3.1) of Table  2. The mean  computa t ion  t i m e  p e r  node fo r  
the  f i r s t  seven  nodes  was about 30 sec  fo r  N=1000 and T=100 days  in the  inexp l i c i t  s c h e m e .  This  exceeds  
the t i m e  in the exp l i c i t  s cheme ,  which a l so  p r o v i d e s  h igher  a c c u r a c y ,  and so the exp l ic i t  one i s  to be 
p r e f e r r e d .  

4. Hydraulic.  Coupling with Adjacen t  Hor izons ,  and Effec ts  of Boreho l e s  and Rock Inhomogenei ty .  
The e s s e n t i a l  f e a t u r e s  of the Monte Ca r lo  method as  app l ied  in th is  c a se  have a l r e a d y  been  p r e s e n t e d  [1, 2] 
f o r  s t e a d y - s t a t e  f lows,  and they  can be t r a n s f e r r e d  to t r a n s i e n t  s t a t e s .  

If the hor izon  has  a hyd rau l i c  coupl ing to an under ly ing  p r e s s u r i z e d  l a y e r  v ia  a band of t h i cknes s  m 
and f i l t r a t i on  coef f ic ien t  kl,  the equat ion for  h d i f f e r s  f r o m  (1.1) in the  p r e s e n c e  on the r ight  of a t e r m  
k J # m ( H u h ) ,  in which H 2 i s  the head in the  under ly ing  bed .  The exp l i c i t  s c h e m e  g ives  us  the fol lowing 
s y s t e m  of f i n i t e - d i f f e r e n c e  equat ions :  

4a2T ~ aeV , 
I t i ,  L s = l - -  - ~ - -  o)v) Hi ,  j ,  s_l -~ "-~- (H~_l j,s_l-~-Hi+l,],s_l-~- 

+ Hi, j-i, s-i + Hi, J+l, s-i) + o)TH2 

( o ) ~ k l / ~ m ,  i , / ,  s ~  1, 2 , . . . )  
(4.1) 

Here  t h e r e  is  a f u r t he r  p o s s i b l e  event :  e n t r y  to the  unde r ly ing  hor izon  (p robab i l i ty  w ~'). A s i m i l a r  
s i tua t ion  has  been  c o n s i d e r e d  [1, 2] for  f inding the p a r t i c l e  in the bo reho le  node, at  which the head i s  
g iven.  

The fol lowing a r e  va lues  of H for  {i, i} d iagonal  nodes  with Ha=H 0 =30 m, N=1000, t ~ 1500 d a y s ;  
the o t h e r  p a r a m e t e r s  and boundary  condi t ions  a r e  as  in K a m e n s k i i ' s  p r o b l e m ,  while  k l / m  t a k e s  the 
fol lowing va lues  (day -t) fo r  the  f i r s t ,  second,  and t h i r d  l ines  ; 4x  10 -3, 4•  10 -4, and 4• 10 -~. 

{1,i} {2,2} {3,3} {4,4} {5,5} {6,6} {7,7} {8,8} 

H m : 3 0 . 8 3  30.0i 30.0 30.0 30.0 30.0 3.0.0 30.0 
H m ~ 3 3 . 6 2  32.i5 3 0 . 2 i  30.07 30.0 30.0 30.0 30.0 
H m = 3 8 . 0 6  36.37 33.t7 3t.64 30.89 30.47 30A5 30.02 

The exac t  va lues  of t d i f fe r  somewhat  in each  form,  be ing  m u l t i p l e s  of T, which in o r d e r  to s i m p l i f y  
(4.1) was chosen  f r o m  

C o n s i d e r  f u r t h e r  the  c a s e  where  t h e r e  i s  a bo reho le  with a g iven flow r a t e .  We d i s t r i b u t e  th i s  r a t e  
evenly  ove r  a squa re  ce l l  of a r e a l  2 c e n t e r e d  on the { i , j }  node n e a r e s t  to the bo reho ld .  We use  the exp l i c i t  
s c h e m e  and choose  the s tep  s ize  in a c c o r d a n c e  with (2.5) to get  fo r  node {i, j} ,  which we cal l  [1, 2] the 
spec i a l  one, that  

Hi, j, 8 = lh (Hi-i, J, ~-1 § H~+I, J, ~-1 + Hi, j-l, ~-1 + Hi, j~ 1, s-i)--( ~ / ~1~)(2 (s--t, 2 . . . .  ) 

Equat ions  of the  f o r m  of (2.6) apply  for  the  o the r  nodes .  

Here  the  r a n d o m  walk has  the f ea tu r e  tha t  ('r/pl 2) Q=Q/600 m is  s u b t r a c t e d  f r o m  the sum of the  a c -  
cumula ted  pena l ty  if the p a r t i c l e  e n t e r s  the spec i a l  node, and the walk cont inues  to exi t  at the bounda ry  o r  
the in i t i a l  l a y e r .  

The fol lowing a r e  va lues  of Hfo rN=1000  with the bo reho le  at  the  {3, 5} node and having flow r a t e s  
of 1000 m~/ sec  ( f i r s t  l ine) and 10,000 m 3 / s e c  (second l ine) :  

{i,t} {2,2} {3,3} {4,4} {5,5} {6,6} {7,7} {8,8} {9,9} 
H m = 3 9 . i 3 2  36.982 34.358 32.220 30.846 30.343 30.077 30.034 30.028 
Hm----38.7i2 35. t ta  29.450 24.437 24.955 27.94i 29.4i9 29.880 30.023 

If the rock  i s  inhomogeneous ,  the  p r o b a b i l i t y  of p a s s a g e  to ad jacen t  nodes  is  r e l a t e d  to the loca l  k 
a round  the in i t i a l  node,  and th is  v a r i e s ,  which c o m p l i c a t e s  the ca lcu la t ion .  In the  exp l i c i t  s cheme ,  l and 
T should be  chosen  f r o m  the m a x i m u m  k in a c c o r d a n c e  with (2.4).  
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5o Conclusions~ The Monte Carlo method has the following features as applied to transient flows~ 

1. The method has been developed for linear differential equations, so its use in unpressurized 
infiltration is dependent on the availability of a suitable linearization. 

2. The method has considerable advantages over finite-difference methods as regards time needed 
when the requirement is for long-term prediction. 

3. An adequate number of walks from node {i, j, s} may be employed with recording of the frequency 
of e n t r y  to bounda ry  node r to d e t e r m i n e  s t a t i s t i c a l l y  the p r o b a b i l i t y  b~r~, s of that  event ,  which is  d e p e n -  
dg_qt on the g r id  s t eps ,  mean  flow r a t e ,  and hyd rogeo log i ca l  p a r a m e t e r s  of the s t r a t u m .  The va lues  of 
b i , j  ,~1j s for  al l  bounda ry  nodes  a l lows  one to use  (2.3) to ca l cu l a t e  H i , j ,  s fo r  v a r i o u s  H r if  h* does  not v a r y  
when H r is  a l t e r e d .  Shvid le r  (w of [2]) has  pointed out th i s  p o s s i b l e  use  of (2~ as  a fundamenta l  so lu -  
t ion.  

2. 

3. 

4. 

5. 

6~ 

7~ 

8. 
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