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ABSTRACT 

Type curves pertaining to aquifer test conducted in multiaquifer 

well, which is open to two aquifers, have been presented. Using these type 

curves the storage coefficient and transmissivity of each aquifer can be 

predicted. In a two aquifer system an observation well may tap a single 

aquifer or it may be open to both the aquifers. Some times the multiaquifer 

pumping well may also be used as an observation well. The type curves pre-

sented in the report include all these three cases. Use of the type curves 

for parameter estimation has been demonstrated using synthetic drawdown 

data. 
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1.0 INTRODUCTION 

In a sedimentary ground water basin occurrence of multiple aquifers 

separated by confining layers of low and negligible permeability is quite 

common. A water well in such basin may have to be constructed tapping more 

than one aquifer in order to have requisite yield. If the aquifers are se-

parated by confining layers of negligible permeability (aquiclude) interac-

tion among the aquifers tapped by the well, is only through the well screens.. 

A well tapping two or more water bearing strata, which have different hy-

draulic properties and which are not closely connected except by the well 

itself, is referred to as a multiaquifer well (Papadopulos, 1966). A solu-

tion for unsteady flow to a well, which taps two confined aquifers with 

different potentiometric surfaces prior to well construction, has been obt-

ained by Papadopulos. Laplac transform technique has been used,to obtain 

exact expression for head distribution but the solution is intractable for 

numerical calculation. Subsequently asymptotic solutions for both head and 

discharge distribution, amenable to computation which yield results accurate 

enough for practical application, have been derived by Papadopulos. However, 

no numerical results have been presented by him. Using integral transform 

technique unsteady flow to a multiaquifer well, open to two aquifers has 

also been analyzed by Khader and Verankutty (1975), who have presented nu-

merical results for contribution of individual aquifer to the total discharge 

of a well. But the type curves required for identification of aquifer para-

meters have not been developed by them. The analysis of unsteady flow to a 

well tapping two aquifers separated by an aquiclude has been done by Mishra 

et al (1985) with discrete kernel approach. Their analysis does not include 

the inverse problem. In the present report analysis of unsteady flow in a 

two aquifer system having a multiaquifer pumping well and a multiaquifer 

observation well has been done. Type curveshavebeen presented for observation 

well open to both the aquifers besides for observation wells open to indivi- 

dual aquifer separately. 1 



2.0 REVIEW 

The analysis for the direct problem of calculating drawdown in and 

around a well can be done using the known values of aquifer parameters 

and well discharge. The inverse problem of calculating aquifer parameters 

from field measurement of drawdown is also equally important. The aquifer 

parameters can be evaluated making use of the drawdown observed in obser-

vation well in response to a known pumping rate. 

The transmissivity and storage coefficient of nonleaky isotropic 

artesian aquifers can be determined from pumping test conducted in a fully 

penetrating well with negligible diameter using Theis (1935) type curves. 

Variations of the well function, W(u), with the nondimensional time factor 

u and 1/u, where, u=0r2/4Tt, r=the radial distance of the observation point, 

0=the storage coefficient, T=the transmissivity of the aquifer and t=the 

time measured since pumping started have been presented by Theis(1935). 

If the drawdowns which have been recorded at an observation point 

during a pump test are plotted on a double log paper whose scale is same 

as that of the type curves, and the time drawdown curve happens to match 

with the Theis type curve, the aquifer conforms to be a confined aquifer 

and the parameters can be evaluated making use of the relation 

Q W*(u)
, and 0- 

u*4Tt* T= 
471S*(r,t*) 

r
2 

where S*(r,t), W*(u), u*,t* correspond to a match point. 

Type curves are also available for predicting parameters of unconfined 

aquifer (Boulton,1963) and leaky confined aquifer (Hantush,1956, Walton, 

1962) which have been well documented by Kruseman and De Ridder (1970). 

Analysis of unsteady flow to a multiaquifer production well have been 

made by Khader and Verankutty(1975 ), Mishra et al (1986),Wikramaratna(1984) 



and Mishra and Chachadi (1986). Using these analysis, the drawdown at an 

observation well which taps only one of the aquifers can be predicted and 

accordingly type curves can be prepared. However, the type curves for 

multiaquifer system are not yet available. Also solution to unsteady flow 

to a multiaquifer production well in the presence of multiaquifer observa-

tion well has not been given so far. In the present report using discrete 

kernel approacn unsteady flow to a multiaquifer production well and a multi-

aquifer observation well has been analysed. Type curves for finding aqui-

fer parameters from drawdown data observed at an observation well open to 

a single aquifer or both the aquifers during a pumping test in a multiaqui-

fer well have been presented. 

3 



3.0 STATEMENT OF THE PROBLEM 

A schematic cross-section of a production well tapping two aquifers 

which are separated by an aquiclude is shown in Figure 1. Each of the aqui-

fers is homogeneous, isotropic,and infinite in areal extent." Prior to the 

pumpiug the aquifers are assumed to be at rest condition. The radius of 

the well screen is r
w. Drawdowns in the piezometric surfaces are caused by 

discharge from respective aquifers, consequent to a uniform rate of pumping 

from the well. If there exists an observation well which is open to both the 

aquifers drawdown to Riezometric surface in each aquifer will be caused due 

to aquifer's own contribution to pumping. An observation well is located at 

a radial distance r from the pumping well. It is required to find the well 

function at various nondimensional time if the observation well is open to 

both aquifers or it is open to one of the aquifers. 

4.0 ANALYSIS 

The following assumptions have been made in the analysis: 

The radii of the pumping well and observation well are small and 

hence the well storages are neglected. 

At any time the drawdowns in both the aquifers at well face are 

same but vary with time. 

The time parameter is discrete.Within each time step,the abstraction 

rates of Water derived from each of the aquifers are separated 

constants. 

4.1 Well Function for Observation Well Open to one of the Aquifers: 

When the tWo aquifers are tapped by a single well and the well is pumped, 

there is contribution from each aquifer to the pumping through the respective 

well screens. Let Q
1(n) and 02(n) be the contributions from aquifer 1 and 2 

respectively at time step n. At any time the algebraic sum of the abstrac- 

tions from both aquifers will be equal to the pumping rate. Hence, 

4 
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Lyn) Q2(r) = Q(n) (1) 

in which Q(n) is the pumping uut - - n'a  time step. 

The drawdown at the well face at the end of time step n in aquifer 1 is 

given by (Morel Seytoux, 1975) 

slw(n) E Q (y)3 (n-Y+1) 1=1 1 rwl (2) 

where, 
2 2 rw r 1 

9rwl(m)  = 471T
1  [E1(-47F;) E

1
(48 (m

w 
-1))1  1 1 

(3) 

and S = T /4) 1 1 1* 

Similarly the drawdown at the well face at the end of time step n in aqui-

fer 2 is given by 

S
2w(n) = E Q (y)D (n-11-1) 

1=1 2 rw2 (4) 

where 
2 2 r
w r 

(m) - w 1  2
rw2 47T2

[E
1
(
4Sm

) E
1
(
4R2(m-1))] (5) 

and 82  T2
/0
2
. 

Si arid S2  are the hydraulic diffusivity of the 1st and 2nd aquifer respec-

tively. Since S
iw(n) = 52w(n), therefore, from equations [2] and [4] 

Q1rwl(n-141) = Q (Y)3 (n-Y+.1) y=1 2 rw2 
Y=1 

Rearranging, 

Q1(n)B 1(1)-Q2 (n) 3 2(1) 

n-1 n-1 

Q2(1)3rw2(n- y+1)- I Qi(y)3 i(n-Y+1) 

Y=1 Y=1 

6 

 

 



can be found in succession starting from time step 1. 

Qp 
 Lan be expressed as a function of  

1Q1(n) 

Using equations (1) and (7) the contribution of first aquifer to pumping 

is found to be 

Q1(n) 1 T Q(n)
1 
 n-1 

Q(n) T (1) T [1 e- S' (1) ). 
P  

E Q (y)a' (n-Y+1) 
D' 2 rwl 1 rw2 1=1 rwl 

Q (n)-1  n-1 

a' (1) E (QP(Y)-Q1(Y))a;v2(n-Y+1)]  rw2 1=1 

in which 

and 

2 

a' (n) = E (
(°1rw) 

rwl 1 4T
1 
 n 

2 
r 

4o2(n)  = E1(4'%:)  

T 40  r2  2 1 1 w  
E1( T2 4T1 (n-1 1  

2 
(0 1rw  

E1(4T1 (n-1)) 

(10 2  r  2w  E
1
(
4T2(n-1)

) 

)
) 

T 
A 2 

r (102 1 wit. 

L'1 1/4-4T'T 4T1  ni  1 2  

1+(
T1 ) a rw2(1) 

(8) 

T r2  
1 1 1w 

T n 2 2 1 

The contribution of the second aquifer is given by 

Q2(n)  
Q(n) 

Q1(n) 
1 

Q(n) 
(9) 

Thus Q1(n) and Q2(n) can be solved in succession starting from time step 

one using the equations (8) and (9) for known values of T1,T2'l'
4)2'rw 

and Qp(n). Knowing Q1(n) and Q2(n), the drawdown Sri
(n), in the i

th 

aquifer at any distance r from the centre of the well can be found using 

the relation 

S ( n) = E Q (Y)D (n-V+1), i = 1,2 
ri 

1=
1 i ri 

(10)' 

7 



where 
2 1 r2 

Bri(n) 47rt.[El(An) E1(48i(n-1))3  

The drawdown at the end of time step n at an observation well located at a 

distance r from the pumping well in the first aquifer can be expressed as 

S
rl(n) 7 Q1  (y)ar1(n-Y+1) Y=1 

Splitting the summation into two parts 

n-1 
Srl(n) = Q1(n)3r1(1)+ Q1(Y)3rl(n-Y+1) Y=1 

Replacing Q1(n) by the expression given at equation (8) and simplifying 

Sri(n) 41(1) T2 n-1 1  
Q (n) 

 _
P T2 4w1(1)  El  (T-) airw2 (1)QP 1 (n) E

1  Q1 (Y)rwl
31 (n-Y+1) 

1 = 1+ -- 47T Ti a
rw2
, (I) 1  

n-1 
1  

+ (1)Qp(n) yE  urw2 rl.  

n-1 1  
E Q mat (n-Y41) Q(n) 1
.1 
 1 rl (14) 

Thus for a given value of TI/T2301/02, r
w, the right hand side of equation 

(14) is only a function of 41r2/4T1n. 

Let the pumping be carried out at a constant rate and let it equal to Q. 

Therefore, 

S 1(n) 
W(U

1  (n)) (15) 

 

  

471'
1  

where W(U/(n)) is the right hand side of equation (14) and can be regarded 

as well function for a two aquifer system and 

Oir
2 

8 

 

 

U1(n) - 
4T

1n 



Taking the logarithm, of terms on either side of equation (15) 

op 

log(n) = log.1.0 (----4)+logi0
W(U1

(n)) 
1111 

of U1(n) 
2 

$1/1  +1°g (  1  ) 
) 10g10(n)  =  1°g10(4 10 U1(n)T1 

Therefore the variation of WI/1(n)) with U
1
(n) 

paper will match with the log-log plot of Sr
(n) with n for an observation 

well. 

4.2 Well Function When Production Well Serves as an Observation Well: 

When the observations are recorded at the pumping well the pertinent we12 

function is given by (Mishra and Chachadi, 1986) 

Sw
(n)_ n-

E
1 

El- 
Y=1 

Q1(y) T 1 T 1 
QP 
 3(''-2

)cw2(n-TI-1)+(T2
)g;w2(1) 

QP  

T P (1) T1 1 n-1  (/.(Y) 
1 rw2  

-[
T2 

E 1  3' (n-Y+1) 
T
2 
3
;w1(1)

1E1  (IT-)3' (1) 2 rw2 1=1 QP rwl 
1+( --) 

1 rw2 

n-1 (21(Y)  1 + 
(I) x (1-  

)B' 
rw2 

4w2'-' y=1 

(16) 

4.3 Well Function for an Observation Well Open to Both the Aquifers: 

If an observation well is open to both the aquifers there will be interac-

tion between the two aquifers through the observation well. Let Q3(n) and 

Q4(n) be the quantities of flow coming out of the first and the second 

aquifer respectively during time step n. If the observation well storage 

is neglected, a mass balance over n
th time step leads to 

Q3(n) (24(n) = 0 
(17) 

1 when plotted on double log 

9 



first aquifer is given by down at the pumping well in the 

 Srwl
(n) = m E Q a (n-Y+1)+ Q3mar1

(n-1+1) 
= 1 rwl 
Y1 Y=1 

(20) 

nj1 
= - E 

Y=1 
Q3(Y)Brl(n-1+1)  

Q4(Y)b r2(n-Y+1)  

Ql(werw1(n—Y+1)—  

Q2(Y)arw2(n-1+1)+  

A negative sign of Q3(n) means tfte first aquifer is receiving water from 

the second aquifer through the observation well. Similarly if  (14(n) is  

negative, the second aquifer is receiving water during time step n. Draw- 

Similarly drawdown at the pumping well in the second aquifer is given by 

 

Since Si(n)  = Srw2(n)  
equating equation (18) with equation (19) and 

rw ' 

reatranging 

Q1(n)arwl(I)+Q3(n) Br1(1)-Q2(n)Brw2(1)-Q4(n) Br2(1)  

and 

[ C]= 

Qp(n), 

o, 
n-1 n-1 

[- E Q1(1)9rwl(n-Y+1)- E Q3(Y)B
r i
(n-Y+I)+ 

1=1 1=1  

n-1 

arw2
(t-Y+1)+. Q

4
(y)3r2

(n-1+1)], 
Y=1 

n-1 n-I 

n-1 

Q2 (Y)  1-1 

n-1 

[- Q1(1)3r1(n-Y+1)- Q3(1)B rO1(n-144)+  E Q2(Y)  
Y=I 1=1  1=1 

n-1 

r2(n-1+1)+ E Q4(1)3r02(n-1+1)10 Y=1 

10 

= Q2(Y)Brw2(n-)141)+ E  CI4(Y)ar2(n-Y+1) 
Y=1 Y=1 

Srw2 



Ql(n), Q2(n), Q3(n) and Q4(n) can be solved in succession starting from 

time step 1 using the relation 

= [C] 

In particular for time step 1, matrix [C] is given by 

= [Qp(1), 0, 0, NI  

5.0 RESULTS 

With assumed values of TI,O1,T2,412,r
w  and r the discrete Kernels are 

generated. Depending on the type of observation well Qi(n), Q2(n), Q3(n), 

C]
4(n) are solved in succession starting from time step 1 for a known pum-

ping rate. Then the drawdown S
ri(n) at various times have been calculated. 

factor 4T1n/qy2 are plotted for adopted values of TI/T2,01R12, r
w 
 and r. 

The radius of the observation well, r0' is assumed to be equation to radius 

of the pumping well. A set of type curves for T//T2=1,0.5,0.2,0.1; 

1/02 = 10,000,1000,100,10,1,0.1,0.01,0.001,0.0001 and r/rw=1,1000,2000 

have been presented in Figures 2(a) through 2(d), 3(a) through 3(d), 

4(a) through 4(d), 5(a) through 5(d), and 6(a) through 6(d) for the three 

types of observation wells. It could be seen that if an observation 

well is open to both the aquifers, the shape of the type curves differs 

significantly than that of the time drawdown curve recorded at an observa-

tion well open one of the aquifers. When an aquifer test is conducted 

in a two aquifer system which are separated by an aquiclude the drawdown 

at the abstraction Well could be observed and a graph of drawdbwn vs time 

could be plotted as shown in Figure 2(e)The time drawdown curve should 

be plotted in a log-log scale same as that of the available type curve. 

The drawdown vs time curve could be matched with one member of the type 

curves. While searching for a match, the abscissa of the type curve and 

The variation of well function, S(r,n)/(
471).) with nondimensional time 

11 



time drawdown curve should be kept parallel. .Once a matching has been 

identified (as shown in Fig.2(e)the T1/T2  and 01/12 
values, a set of 

and U1(t) and corresponding S and t values are noted. The values 

2 
of T

1 
and 1

1 
will be given by T

1
= Q/475[W(U

1
(0)] and g)

I
=4T

1
tU

I
(t)/r

w 

The values of T
2 
and 1

2 
can be predicted the ratios T1/T2' and I 2 

being known for the matched type curve. 

6.0 CONCLUSIONS 

A mathematical model has been developed for analysis of unsteady 

flow in a two aquifer system in which a pumping well and an observation 

well are open to both aquifers. A set of type curves for the two aquifer. 

system separated by an aquiclude has been presented. Using variation of 

drawdown at the abstraction well during an aquifer test conducted in a 

multiaquifer well the parameters of each layer can be estimated using these 

type curves. 

12 
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