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A relation is obtained between the percolation coefficient, obtained 
from individual test pumpings, and the difference of level at the edge 
of the drain; a method (EHDA) of calculating perturbing drains and 
determining bed parameters is proposed. 

T h e r e  a re  two t e s t  methods  of d e t e r m i n i n g  the 
pe rco l a t i on  coef f ic ien t  by means  of pumping f r o m  a 
c l u s t e r  of we l l s  under  s t e a d y - s t a t e  condit ions:  f r o m  
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Fig.  1. D i a g r a m  i l l u s t r a t i ng  the c a l -  
culat ion of the p e r c o l a t i o n  coef f ic ien t  
by d i f fe ren t  methods :  1) actual  d e p r e s -  
s ion s u r f a c e ;  2) ca lcu la ted  (f ict i t ious) 

d e p r e s s i o n  s u r f a c e s .  

observation wells (method i) and from observation 
wells in combination with a perturbingw--e~il (method 2). 

In the firat method the percolation coefficient is 
calculated from the actual depression surface of the 
percolation flow, and the Dupuit equations are em- 
ployed [1-4] : 

q= 2= k D m (Sn --  S,,+1) -- 
In (r .+ l/r n) 

2~r k n m (Sn_ , - -  S,§ 2~ k n mS o 
= ln(rn,~/rn_l ) . . . . .  ln(R/roy ; (1) 

2 2 

Q = In (rdG-1) 

kn (h.+1~ -- h2_2) = .,, k o ( m  -- no ~) 
= I n  ( r .  + ~ /~ . - - '  ) . . . . . . .  ~ n (~/ro) "i " ( 2 )  

If we cons ide r  the l eve l  in the pe r tu rb ing  and any of 
the obse rva t i on  we l l s  (Fig. 1), Eqs .  ( 1 ) a n d ( 2 ) t a k e t h e  
fol lowing fo rm:  

Q 2= kk,m (S c - -  Sn) 2= k~(.+,) m (St-- S.+~) 
In (rJr~) In (r~l/re) 

2= kka mSe :. (3) 

I n (R/re) 

k ~ ( . +  , ~ ( h , ,+  , - -  h~) 

Q = In (rn/re) . . . .  ln(rn+jr~) = 

. . . . .  ~ k k a  (H e -  h~) (4) 
In (R/re) 

In Eqs .  (3) and (4) the pe rco l a t i on  coef f ic ien t  kkr  
(or conduct ivi ty  kmkr  ) is a function of the d i s t ance  
r ,  s ince  the flow r a t e  is ca lcu la ted  f r o m  f ic t i t ious  

d e p r e s s i o n  s u r f a c e s  whose  inc l ina t ion  is  de t e r mined  
by the d i s tance  to the obse rva t i on  we l l s  and the d i f -  
f e r e n c e  of l eve l  at the wal l  of the p e r t u r b i n g  wel l .  It 
is c l e a r  f r o m  Fig .  1 that  as the d i s t ance  be tween  the 
o b s e r v a t i o n  we l l s  and the p e r t u r b i n g  wel l  i n c r e a s e s ,  

the f ic t i t ious  d e p r e s s i o n  s u r f a c e s  f la t ten out, a lways 
r e m a i n i n g  s t e e p e r  than the actual  d e p r e s s i o n  su r f ace .  

We wi l l  d e t e r m i n e  the function kkr  = f ( r ) ,  Wr i t ing  
(3) for  two va lues  of r ,  we find 

Table 1 

Results of Test Pumping from a Cluster of Experimental Artesian 

Wells * 

i No. of 
expt. 

q, 
m3/sec 

2.52.104 
7.20. I04 
1.08. I0 ~ 
1.80. IG ~ 
2.88. I0 s 
3.96.104 
6.48.104 
9.72-104 
1.44. I0~ 
3.24. I0 ~ 

[ , ~  

No. 1 I 

4.2 
II .7 
17.5 
29.2 
46.7 
6.2 

i0.0 
15.0 
22.0 
50.0 
0.075 

No. 2 

0,70 
2.00 
3.00 
5.00 
8.00 

2.20 
3.60 
5.40 
8.00 

18.00 
1.0 

St, m 

No. 3 

0.63 
1.80 
2.70 
4.50 
7.20 
1.80 
2.94 
4.41 
6,54 

14.60 
10.0 

No. 4 

0.61 
1.74 
2,61 
4.35 
5,96 

1.65 
2.74 
4.11 
6.10 

13.60 
20.0 

No. $ 

0.58 
1.66 
2.49 
4.15 
6.64 

1.52 
2.48 
3.72 
5.52 

12.20 
50.0 

"I kDm" 
t m2lsec 

I 

1.33. I06 

3.60.104 

* Well No. 1 is the perturbing well, wells Nos, 2-5 are the observation wells. 
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or  us ing  E q .  (1) so lved  for  Q/2~rm, 

k,~ --t%, =kD( so-S'S~-S~ ~)S~ ( 6 )  

At the s a m e  t ime ,  a c c o r d i n g  to ( i)  and (3), 

Q : ln(r2/rl) 

k~ -2~ m S , , - -  S .  ~ 

[ In (ro/G) in (q/re):] 
= J 

, (7) 

F r o m  (6) and (7) we obta in  

= (kk,  , - -  k ~ , ) / l n  (&/&) = 

= const =/(aS,  a h ,  AH), (8) 

hence  

kkr = k~r -'1"-a lnr .  (9) 

Re l a t i on  (9) is a l so  c h a r a c t e r i s t i c  for  Eq. (4). 
E x a m p l e  s of t h e  d e t e r m i n a t i o n  of the p e r c o l a t i o n  

coef f ic ien t  (conduct ivi ty)  by the f i r s t  and second  m e -  

kmkr 
w a  . z o *  

i / 
7.2, [0 3 . . . .  

o ae in," 

Fig.  2. Na tu re  of the function k m k r  = f ( l n  r) .  
The g raphs  w e r e  p lot ted  f r o m  the da ta  of 
Table  2 (the n u m b e r s  of the  g r aphs  c o r r e -  
spond to the n u m b e r s  of the e x p e r i m e n t s ,  

k m k r  in m2 / see ,  r in m). 

thods a r e  p r e s e n t e d  in Tab les  i and 2. F i g u r e  2 shows 
the  c o r r e s p o n d i n g  g r aphs  of the  funct ion k m k r  = / ( I n  r ) .  

Considering that S o = S c - AS (Fig. i)  and using 
(6), from (8) we obtain 

= 01/](1 + c~/as)t1 + cdaS)}, (10) 

where  c i = Q/27rm, c 2 = S O - Srl  and e s = S o - Sr2 a r e  
cons tan t  quant i t i es .  

2'/6"f~ I " 

/,4~-io 4 

o z 4' 6" 8 A8 

Fig, 3. Graph of the /unction o~ = J ( ~ ) .  
Constructed from the data of experiment 

No. i of Table 2. 

An e xa mple  of the function o~ =f (AS)  is p r e s e n t e d  
in F ig .  3. 

In p r a c t i c e  i t  is a l so  n e c e s s a r y  to c o n s i d e r  the  d e -  
pendence  of the p e r c o l a t i o n  coef f ic ien t  kkr  (or the  con-  
ductivity k m k r  ) on the h y d r a u l i c  r e s i s t a n c e  of the p e r -  
t u rb ing  wel l  (or the d i f f e r ence  of l eve l  at  i t s  wa l l s ) .  
We wil l  i nves t iga t e  the na tu re  of the function kk r  = 
=/(AS). 

Equat ing  the va lue  of tYie flows ia (1) aod (3}, we 
obtain 

G : %/[I  + as / ( s  o - -  s,)]. ( l l )  

Graphs  of the function k m k r  : f(AS) a r e  p r e s e n t e d  
in F ig .  4. 

Set t ing r = R in {11), we obtain 

= G ~ / k .  = So/G = qJqo. (12) 

F r o m  (12) we have 

so ~ ~ s .  0 3) 

R e p l a c i n g  S o in (1) and (2) with i ts  value f r o m  (13), we 
obtain f o r m u l a s  for  ca l cu l a t i ng  p e r t u r b i n g  we l l s  fo r  the 
e f fec t ive  value  of the p e r c o l a t i o n  coef f i c ien t  k D. 

Thus we may eonclude  that  kkr  d e t e r m i n e d  by the 
second  method depends  on the h y d r a u l i c  r e s i s t a n c e  of 

Tab le  2 

R e s u l t s  of Ca lcu la t ing  the Conduct iv i ty  of the Bed by the Second 
Method ( f rom the da ta  of Table  1) 

No. of 
expt. 

q, 

ITI 3/SeC 

2,52,104 
7,20.104 
1.08.105 
1.80.10 ~ 
2.88.105 
3,96.10 l 
6,48.104 
9.72. I04 
1.44-I05 
3.24.105 

N~ I--2 

3,0.10 3 

4,2.103 

kmkr, m2/sec 

5,7.103 6.5.10 3 

7.l.lO s 8.0.10 3 

JVo. I--5 

7.45.10 a 

9,0. l0 s 

2,6.103 

2.8.10 3 
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the  p e r t u r b i n g  we l l  (or the d i f f e r ence  of l eve l  at  i ts  
wa l l s )  and the d i s t a n c e  to the  o b s e r v a t i o n  wel l .  I ts  
va lue  kkR d e t e r m i n e d  with a l lowance  for  the r a d i u s  

k/T/k,,, 

/.08.fO $ 

7,Z.M r 

$.6.m ~ 

0 

Fig .  4. 

2 �9 6 ~ AS 

Graph  of the  function k m k r  = f (~S) .  
Cons t ruc t ed  f r o m  the da ta  of e x p e r i m e n t  

No. 1 of Table  1. 

f r o m  Eq.  (1) o r  (2 ) ;  m is  the  in tens i ty  of the flow; 
S n = H - h n is  the reduc t ion  of the  l e v e l  a t  d i s t a n c e  r n 
f r o m  the ax i s  of p e r t u r b i n g  wel l ;  H i s  the  head at  the  
r a d i u s  of inf luence R ; h n = H - S n i s  t h e  s a m e  a t  the  
d i s t a n c e  rn;  S o = H - h 0 is  the r educ t ion  of the l eve l  a t  

the  edge of the  s ink ,  i . e . ,  in the  bed a t  the  o u t e r  wa l l  
of the p e r t u r b i n g  wel l ;  S c = H - h c is  the  s a m e  i n s i d e  

the p e r t u r b i n g  wel l  ; h c and h 0 denote  the  head in the  
wel l  and a t  i t s  ou t s ide  wa l l ,  r e s p e c t i v e l y ;  r c and r 0 
a r e  the ins ide  and ou t s ide  r a d i i  of  we l l ,  r e s p e c t i v e l y ;  
kk r  is  the  p e r c o l a t i o n  coef f i c ien t  (or  conduc t iv i ty  
k m k r )  in Eqs .  (3) and (4); AS, ~ h ,  ~ H  a r e  the  p i e z o -  
m e t r i c  d i scon t inu i ty ,  s e e pa ge  gap,  and ove rhang  gap;  
k~r  is the  value  of the p e r c o l a t i o n  coef f i c ien t  kk r  (or  
conduc t iv i ty  kmkr )  a t  a d i s t a n c e  r = 1 f r o m  the  ax i s  of 
the p e r t u r b i n g  wel l ;  ~ is  the  s lope  of the  graph  kk r  = 
= f ( l n  r)  wi th  r e s p e c t  to the In r a x i s ;  qc = Q/Sc  i s  the  
output  ( spec i f i c  flow) of the  wel l ;  q0 = Q/S0 is  the  
spec i f i c  p e r c o l a t i o n  flow; v is  the  e f f i c i ency  of the  
we l l .  

of inf luence  ( individual  t e s t  pumpings)  is  u sua l ly  l e s s  
than the va lue  k D d e t e r m i n e d  by the f i r s t  method ( f rom 
o b s e r v a t i o n  we l l s )  by a f ac to r  of 2 - 3  o r  m o r e .  

It fo l lows f r o m  (1)-(4)  that  in ca l cu l a t i ng  g r o u n d  
w a t e r  r e s e r v e s  and d e t e r m i n i n g  the to ta l  flow into 
d r a i n s  (wel ls ,  m ine  work ings ,  e t c . )  i t  is  n e c e s s a r y  
to  use  the coef f ic ien t  k D. In th is  c a s e  the p e r t u r b i n g  
d r a i n s  should be  ca l cu l a t ed  with  a l lowance  for  the d i f -  
f e r e n c e  of l eve l  a t  t h e i r  w a l l s  o r  the  w e l l  e f f i c i ency  v. 

NOTATION 
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