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SYNOPSIS -

Ground water prospecting and exploration 1s needed
in first instance to determine whether the water occurs
ﬁnder condition that would permit its utilization
through wells or tube wells. "

The specific capacity 1s an 1important parameter
which enables to predict, select type of pumps,
estimate the cost of punping. Through the specific
capacity of well, it is possible to determine the
transmissivity and storage coefficient of an aquifer.

Under field condition the aquifer rarely conforms
to concept of oné aquifer system. Often aquifer pumped
is part of a _complex aquifer system. _

{Q&fé‘*ég;sis provides an analysis in respect of
dependable - yield qf well and economic cost of
construction of-wellZE multi-aquifer system. Using the
analysis 1t is possible to predict the economical depth

of ground water explcitation.

i



CONTENTS

CANDIDATE DECLARATION
ACKNOWLEDGEMENT
SYNOPSIS

CONTENTS

CHAPTER I INTRODUCTION
1.1 GENERAL

1.2 ECONOMIC FACTOR
1.3 PURPOSE OF STUDY

CHAPTER II RIVIEW OF LITERATURE
2.1 RADIAL UNSTEADY FLOW TO A WELL
2.2 SPECIFIC CAPACITY
2.3 DECLINED HEAD (HEAD LOSS)
2.4 TOTAL COST

2.4.1 Fixed Cost

2.4.2 Recurrent Cost

CHAPTER III ANALYSIS OF SPECIFIC CAPACITY
OF WELL IN MULTI-AQUIFER

3.1 GENERAL
3.2 A PROBLEM DESCRIPTION
3.3 ANALYSIS
3.4 RESULTS AND DISCUSSION
3.4.1 Effect of Transmissivity

On Specific Capacity

iv

Page

ii
iii

iv

II-1
II-3
II-4
IT-6
I1-7
I1-7

III-1

III-2
III-3
ITI-9
ITI-9



CHAPTER

.2 Effect of Well Radius on

Specific Capacity

.3 Effect Well Loss Parameter On

Specific Capacity

.3.1 The Case of. a Well Tapping a

Single Aquifer and Having

Storage

.3.2 The Case of a Multiaquifer Well

Tapping Two Aquifer

.3.3 Results

IV COST ANALYSIS OF A WELL IN A
MULTI-AQUIFER

4.1 GENERAL
4.2 UNIT COST OF PUMPED WATER

4.2
4.2.

1 Annual Capital Recovery Cost

2 Annual Recurring Cost

4.3 DATA AND ASSUMPTION

4.3.

1 The fixed Cost

4.3.2 The Recurring Cost

4.4 RESULT AND DISCUSSION

CHAPTER V CONCLUSIONS

REFERENCES

APPENDIXES

AN

- APPENDIX-A : PROGRAM OF SPECIFIC CAPACITY

- APPENDIX-B : PROGRAM OF SPECIFIC CAPACITY

FOR WELL LOSS UNDRER
CONSIDERATION

ITII-16

- III-28

III-28

III-31
III-36

Iv-1
IV-1
Iv-2
Iv-2
Iv-4
IV-5
Iv-7
Iv-9

A-1
B-1



A Studv on Specific Capacitv and Cost
of Well in a Multiaquifer System

CHAPTER I

INTRODUCTION

1.1. GENERAL

Ground water prospecting and exploration is needed in
the first instance to determine whether regional ground
~water occurs under condition that would bpermit its
utilization through well or tube wells. The knowledge of
geological condition and hydrologic parameter then assumes
importance in deciding the optimum location and the type of
the stizgziié of well or tube wells. fnvvﬂi»&immsz£wi?Qﬁf

There are surface and sub surface _@és£to determine
the aquifer parameter.

The method;mxploration of ground water are as follows
a. Surface. |
-~ Geological field reconnaissance and making use of all
the available geology map and data.
~ Geophysical surveys
b. Sub surface
- Test drilling
~ Geophysical method
- Collection of lithological and other logs of existing

bor-holes, wells and lithological -correlation on the

basis of these logs.

Test drilling or well test provides information -about the
yield, drawdown of the well and well characteristic. These

data can be used for determining the specific capacity of

I-1



A Study on Specific Capacity and Costi
of Well in a Multiaquifer System

the well, for selecting the type of pump and for estimating
the cost of pumping. |

Hydrogeological parameters like hydraulic
cbnductivity, transmissivity, storage coefficient, specific
yield and porosity form part of the model input in most of
the ground water model studies. Estimation of these
hydrogeological parameters through conventional pumping
test methods is expensive and need time. Therefore, use of
empirical formulae and graphical methods which are faster
and cheaper are preferable. The required preliminary data
can easily be acquired from the field studies and with the
help of these preliminary and raw data one can estimate the
approximate values of these hydrogeological parameters.

These properties can be estimated with reasonable
accuracy by some of the indirect methods based on analysis
of water level fluctuation, specific capacity data of wells
and well log, etc.

The specific capacity is the most important parameter
to predict, select type of pump, and estimate the cost of
pumping and through the specific cépacity of wells we can
also determine transmissivity, storage coefficient and
other hydrological parameter.

Under field condition the aquifer rarely conforms to
concept of one aquifer system. Often aquifer pumped is part
of a complex aquifer system. To select the aquifers which
can be exploited economically, 1t 1is required in a
multiaquifer system to compute the specific capacity under

different pumping schedule with different well radius.




of Hell ina Multiaquifer System

1.2. ECONOMIC FACTOR.

The economic feasibility of using ground water has le
to its rapid use.

Wells are increasingly used for Dboth public ar
private exploitation of ground water. Ground water may k
particularly wvaluable in augmenting surface water supplie
during relatively short period of peak demand. Such syste
based on wells can be brought into operation much mor
rapidly and efficiently than system based on reservoi
construction which may take a number of years to complete.

With this widespread expansion . in ground wate
resources development, the economic factor related to it

production has become increasingly important.

1.3. PURPCOSE OF THE STUDY

The purpose of the study is to carry out an analys:
to decide the number of aquifers to be tapped by mnmultl
aquifer wellf to describe method for determining the tot:s
cost functiln of ground water use relating to the depth ¢

the aquifers, diameter of well and specific capacity.




A Study on Specific Capacity and Cost
of Well in_a Multiaguifer System

CHAPTER II

REVIEW OF LITERATURE

2.1 RADIAL UNSTEADY FLOW TO A WELL

Figure 2.1 shows well fully penetrating an artesian
‘aquifer overlain and underlain by aquicludes. The agquifer
is homogenous, isotropic, infinite in areal extent, and is

of the same thickness throughout.

No pumping piezometric surface W?/’* “ﬁ Land Surface

Aquiciude
LLLLLL L v/l lddr s //J LALLLLLELL LI L L LIV

Aquifer —pra

R ! 1l
| |

Y
77/'*’]99“3? PIIT 7777777777777 777777 7 77777/ 7 7777 7777, ’Aquidude AT T 77777777777

Figure 2.1. Aquifer with fully Penetrating

Theis (1935) presented a solution for a vertical well
fully penetrating a confined horizontal .

AN

iﬁgtropic aquifer
. 0of infinite extent. When this well is _gmpiﬁ@ at a constant
rate, the influence of the hydraulic head difference
extends @utward with time. The problem is axisymetric

around the well axis.
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Using mathematical developments of heat conduction, Theis
(1935) obtained a solution as
S @ t) = —— f — du (2.1)
47T r2® (47Tt )

S is the drawdown at time t since start of pumping and
r is distance from the production well (pumping well) to
the point of .observation where drawdown S occurs; Q is the

constant pumping rate; T 1is the transmissivity of the

aquifer; and ® is the storativity of the aquifer.
The above integral gﬁ is denoted by W(u) in the well

hydraulic. This has been designated as the exponential

integral function Ei(u), defined as

Ei(u)=-y-1n u+u/(1.1!)-u?/2.2t)+u’/(3.3!1)+u*/(4.4"!) ... (2.2)

Where ;
vy = 0.5772156649 .. (the Euler constant)

Equation (2.1) may be written as:

S(r,t) = 4QT [E{';;fﬂ ........ (2.3)

Drawdown at at well face is found from equation (2.3) for r

= Tw.

-2
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2.2 SPECIFIC CAPACITY

The productivity of production well 1is generally
expressed by the term specific capacity, which is defined
as the ratio of the pumping rate and the drawdown caused.
The Specific capacity indicates how much water the well
will produce per metre of drawdown.

Specific Capacity = Q/Sr

where;
Q .= discharge rate,

St = Total drawdown.

Total drawdown S in production well has all or some of the
following components: the drawdown S (aquifer loss) due to
laminar flow of water through the aquifer towards the well
plus the drawdown Sy (well loss) due to the turbulence flow
of water through screen or well face and inside the casing
to the pump intake, plus the drawdown S, due to partial
penétration of pumping well, plus drawdown Sgq due to
dewatering a portion of an aquifér, plus the drawdown Sg
due to barriers of the équifer, minus the buildup S, due to-
recharge boundaries of the aquifer.

Stated as an equation.
Sp =S + Sw, + Sp+ Sq+ Sp + S:

In many ground water investigation, especially in the'
‘reconnaissance type, the specific capacity of well provides
the only basis for estimating. the transmissivity of the

aquifer. Generally, high specific capacity indicates a high

II- 3
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coefficient of transmissivity, and low specific capacity
indicates low coefficient of transmissivity.

Specific capacity of wells c¢can not be an exact
criterion of the coefficient transmissivity because
specific capacity is often affected by partial penetration,
well loss and hydrogeological boundaries. Actual
coefficient of transmissivity is greater than the
coefficient of transmissivity computed from specific
capacity data. Because of the usefulness o0of rough
estimation of T (transmissivity), an examination of the
relation Zbétween. the coefficient of transmissivity and

specific capacity is useful.

2.3 DECLINED HEAD (HEAD LOSS)

The decline 1in head 1in a pumping well has two
components. The first, termed as formation 1loss, 1is a
function of both pumping rate, and pumping period. It may
be expressed as the product of the pumping rate, Q, and
formation loss factor, B, and can be expressed for confined

aquifer by the following equation

Q .
S, =—W
* 4xT ®)
= BQ
where, ,
B =W / (4n T)

W(u) well function

II-4
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The second component of head loss is the well loss. It
depends on the pumping rate alone and does not vary with
time. It represents the head loss due to resistance to flow
of water as it enters the well. through the screen and moves
up inside the casing to the pump intake. The flow
velocities in the vicinity of the well being quite high,
the flow is turbulent, The Darcy’s equation no longer holds
and the well loss component increases rapidly with the
pumping rate. Well loss may be expressed as the product of
the a well loss factor C and some power of Q depending on
the nature of the flow in and around the well and may be

represented by the following equation

Sb = CQn
Where ;
Sp = well loss

Discharge rate

C = a well loss factor

The value of exponent n will depend on whether the flow
velocities lie within the laminar or turbulent range. If
the pumping rates are sufficiently low, the flow in the
vicinity of the well is essentially laminar (Re < 10) and
in that case the well loss component 1s directly
proportional to the pumping rate or. in other words the
value on index n is one. In case the flow is turbulent (Re
>10), the valué of  the exponent n will be equal to 2 or

even higher.
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Jacob in his investigations did not consider  the
possibility of laminar flow and assumed the well loss as
proportional to the square of the pumping rate. Rorabough,
however, observed that under the usually occurring
turbulent flow conditions near. the well, the well loss is
more accurately proportional to the pumping rate raised to
some power greater than 2. He has suggested a
representative value of 2.5, although some of the results
of his analysis indicate that the exponent n may go as high
as 3.5.

The formation and well loss components of drawdown in
fully penetrating well without Dbarrier or recharge

boundaries can thus expressed as,

Sw = S5Si t+ Sp
= BQ + CQ"
where, ‘
Sa = aquifer loss
Sp = well loss

2.4 TOTAL COST (ECONOMIC COST)

The total cost of pumping water from ground water
storage is influenced by two types of cost, one is called
fixed cost and the other is called recurrent or variable
cost. Fixed cost include the initial cost of exploration,

data collection, analysis, drilling and installing a

II-6
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system, while recurrent cost include those of energy, lak

operation and, maintenance.

2.4.1 Fixed Cost

The fixed cost depends on such factor as the depth
the aquifer, diameter of the well, well screen lengt
drilling cost which depend on the situation g
hydrologeological condition of the site, design discharn
ground water level and the drawdown.
Other factor considered are the location of the well, cc
and availability of different types of energy. The latt
is important for the selection of the best type of pump

purchase in which has a significant effect on the tof

fixed cost.

2.4.2 Recurrent Cost -

They are mainly the operation and maintenance cos-
Recurring cost are considered one of the main components
total ground water production costs. They include cost tl
are function of the duration of operation, 1like ene:
cost, labor cost for control and operation plus and co:

derived from repairing equipment and installation.
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CHAPTER IIIT

ANALYSTIS OF SPECIFIC CAPACITY
OF A WELL IN A MULTI-AQUIFER SYSTEM

3.1 'GENERAL

Under field condition an aquifer‘ system rarely
‘conforms to the concept of a single aquifer system. Often
an aquifer pumped is part of a complex aquifer system.
The option of an aquifer to be pumped depends on the
depth of the aquifer and 1ts parameters such as
transmissivity and coefficient of storage. Sometimes a
number of aquifers need to ‘be correctly chosen so that
the production cost of pumping water is optimum.

The productivity of a production well is generally
expressed by the term specific capacity , which 1is
defined as the ratio of the pumping rate and the
resulting drawdown. The specific capacity of a well
indicates how much water the well will produce per metre
of drawdown. Specific Capacity = Q/Sg;, where; Q=discharge
rate, Sy = drawdown. Since drawdown varies with time and
drawdown increases with time during pumping, the specific

capacity decreases with time.
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3.2 PROBLEM DESCRIPTION

A multiaquifer system;comprising of several aquifers
separated by aquicludes 1is shown 1in Figure 3.1. The
aquifers have different transmissivity and storativity.
In the multi-aquifer system it is possible to construct a
fully penetrating multiaquifer well tapping several of
the aquifers (five aquifers). The interaction among the

tapped aquifers takes.place through the well screen.

Plezometric Surfaces
before pumplng and in
the untapped aqulifer \

Plezometrlc Surfaces
In the pumped aqulfer

LT e e Sy A T e e

Te, @
LA Q a1 -«+——First Aquifer

4—— Second Aquifer
-~

T2, @, Qaz —»

.77 Aquiclude

-+—Third Aquifer

Ty, @ Qaz — *
-—

Aqu‘lc'lude‘

Tn, P x Qas Fourth Aquifer
-———

S Aqulclude‘

-“—— Fifth Aquifer
-————

Trsty P Ns1 Qas

—_—

Fig. 3.1 Fully Penetrating Well on Multiaquifer

It is necessary to determine drawdown at the multi-
aquifer well during .a constant pumping. Beside, it 1is

aimed to study the specific capacities of the possible
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multiaquifer wells and select the best multiaquifer well

so that production cost is minimum.

The required steps for solving the problem are:

e The first step is to find éontribution from each of
the aquifers tapped by the muiti—aquifer well and then
to find the drawdown in each aquifer.

e Second step is the calculation of specific capacity in

the multi-aquifer well.

3.3 ANALYSIS

The following ‘assumptions have been made

1. The initial piezometric surfaces in all the aquifers
are same.

2.The well discharges at a constant rate equal to Op.

3. At any time, drawdown in the aquifer at the well face
is equal to that in the weli.

4. The time parameter is discrete; within each time step
the abstraction rates of water derived from each of

the aquifers and well storage are separate constant.

When a multi aquifer well 1is pumped, there 1is
contributionv from each of the tapped aquifers to the
pumping through their respective well screen besides

contribution from well storage.

Letr Qa1 (I'l) ’ QAZ (n) ’ QAB (n) ’ QAi (n) ’ QAN (n) ’ and Qw(n)
be the contributions from aquifer 1, 2, 3,.... i,..N and
well storage respectively during time step n. At any time

the algebraic sum of the abstraction from the number of
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aquifers and well storage will be equal to the pumping

rate. Hence,

Oa1 (N) +Qaz (N) +0a3 (M) +. . . Qas (N) +. . . Oan (0) +Qu () = Qp(n)...(3.1)

The drawdown at the well face at the end of time

step n in the i*™ aquifer is given by:

Su@ =3 Qu(r) 6@ -y + 1 e (3.2)
7 =1
where; _
1 r} 2 (3.3)
. = —_ - F - v ess D
i (m) 47T, ,:E'_(tlﬂ,mj 1[4[3,(»1 —I)JJ
T.
B =—
#
=  hydraulic diffusivity of the i*f
aquifer
CE (L) = Exponential integral.

The drawdown at the well at the end of time step n

due to abstraction from well storage 1s given by:

o, ‘
S. @ = —> Q.. (r) e e (3.4)

T T

Where; Qw(y)is the withdrawal from well storage

during time step y .

777
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According to the assumption, _at any. time drawdowns in
all the aquifers tapped by the well at the well face are

same and equal, to that in the well.

Since, Sa (n) = Saz (n) = Saz(n).... = Sai(n)... = San(n)

= Sy (n), therefore, from the drawdown equations (3.2).

Q (7). .86,@ -y + D =YZ';1QM(7> S.@ -7 + 1 (3.5
rilQm(J’).é,(n -y + 1) =7211QM(7)_53(H -y o+ 1) . (3.6)
rilQ a (7)) 15;(9 -y + 1) ==;le-m (y) .6, m -y + 1) . (3.7)
,;Q“(y)."s‘(n -7 + D =}S‘ixQ‘”(7)'6~(“ Sy o+ D ...(3.8)
Y Qu () 6@yt D =Y Q) e (3.9)

Rearranging the equations (3.5), (3.6), (3,7), (3.8), and
(3.9): '

Qu® 6,0 -Qu@ 5,0 =3 Qur) 6,0 -7 +1)

r =1

-1
Q/u (7)-5101 '7+1)
1

[J
y =

I -5
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n -1 :
Qum 8§, -Qu@ .65 =Y Qu(r).6,@ -y +1)

3T Q W (7)) S, -y o+ D)

Qunm .6, B -Q,uym .6,0 =i. Qur) .6,@ -y + 1

y =

- i-l Q Al (}' )31(11 -y o+ 1) ------ (3.12)

n -1
Qum® 6,1 -Qu @ .6,M =2 Qu (r) .y@ -7y +1D

_5: Q 4 () .6, @ -7 + 1) oo (3.13)
y =1
Qu () 6, -y +n -T2 o L3 q ()
T or, zr}t T
- RZ-IQ a (7)) . 61@ -§ + 1) eeee (3.14)

The set equations (3.10), (3.11), (3.12), (3.13), (3.14) and

(3.1) can be written in the following matrix form :

(s -5® 0 0o 0 0)  [Qu@)
s 0 -&O® 0 0 0 Qa2 (n)
SO 0 0 —&O» 0 0 Qas(n)
sO6 0 0 0 -850 O Qa(n) | =
sl 0 0 0 0 —;15 Qan(n) |
11111 1 KQ“’(n) p

III-6
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D4

Qru (7)) 6,0 -7 +1 -3 Qu(r) - 6,@ ~7 + 1D\

y =1 y =1
S Qe () 6,0 -y 4D =Y Qa(r) 6, -7 + 1
Qa5 -y ) 2 Qa(r) 6@ -7 + D
y =1 r =1
n -+l n -1
Qm (r) . dy@ -y + 1 ‘Z Qa () .6, -7t D
r =1 y =1
1 n -1 n -1 )
2 Qw(}’) 'Z Qm (7) .51(1’1 -Y +1)
’rrt y =1 y =1
\_ Qp (n) /)
Hence,

\Qw(n) ) _

S Qe (7)) 5,@ -7+ D -3 Qa(r) . -y + D)

r =1 y =1
Qe (r) b, -y D) =Y Qa(r) s, -y + 1)
y =1 y =1

) Qu(r) e @ sy ) 2Y Qu (7)) 5,6 -7 + D

1 .

Quw (r) 64y@ -7 +D - Quir) 6, -7 +1D

y =1 y =1

- n -1
2 Qw(?')'z Qur) .6, @ -y + 1D

rr. r =1 y =1

\_ Op (n) | J

/QAI @ ) (6@ -5Mm 0 0 0 0 )
Qu@m) | |[.60 0 -5O 0 0 0
Qas(n) YO 0 -50 O 0
Qai(n) = &l 0 0 0 -6, O
Qan(n) s o o 0o o0 -~

,
1 1 1 1 .1 1)

(3.15)

(3.16)
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Thus, Qni(n),Qn2(n),Qas(n),0ai(n),Qan(n) and Qw(n) can be
solved in succession starting from step 1.

In particularly for time step 1.

-1
(Qu) (60 -0 o o 0 o (0
Qa(1) s 0 -&O 0 0 0 0
Qas(1) s 0 0 -850 0 0 0
Qu(l) |=| &® 0 0 0 -5@ O 0
Qan(1) s o o o 0 -1 01
;
Sw(l)) 1o . . LT \Qp()J
.............. (3.i7)
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3.4 RESULT AND DISCUSSION.

The following steps have been followed to compute
aquifers’ contribution and drawdown at the well face

O The pumping period is discretised to n units of equal
time step.

o The discrete kernels 0;i(m) are generated making wuse
Egn. (3.3) for each aquifer for different integer value of
m.

0o For known value Qp(n), the value Qi(n) and Qw(n) have
been found in succession starting from time step 1 making
use of matrix Eqn. (3.16) and (3.17). |

Q The drawdown 1is calculated making use one of the
equations (3.2) and (3.4).

a After the value‘ of drawdewn 1is obtained, the specific
capacity 1is calculated (the ratio of pumping rate to

drawdown at different time).

3.4.1 Effect of Transmissivity on Specific Capacity

The contributions of aquifers to a multiaquifer well
tapping three‘ aquifers are presented 1in Table 3.1. The
three aquifers have equal diffusivity. It is seen that the
well storage contributions is only 0.6 percent towards the
pumping' rate, Qp(nL_ at the end of one day. The aquifers
contribution is Qp(n) - Qu(n). For aquifers having equal
hydraulic diffusivity, the contribution of each aquifer is

proportional to its transmissivity wvalue. When contribution

m-o9
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of well storage vanishes, the contribution from each

aquifer does not vary with time.

The temporal variations of Qn1 () /Qp, Qnz (N) /Qp;
Qaz(n)/Qp with non dimensional time parameter 4ft/&>rw2 ;
where T = (T1+T2+T3)/3, O = (D, :D,:P3) /3, are shown in Fig.
3.2. The temporal variations are nearly time invariant

during which well storage contribution is almost Zero.

Table 3.1. Flow From Different Aquifers Having Equal
Hydraulic Diffusivity and Different Transmissivity

T;= 100 m2/day, T,= 200 m2/day, and T;=300 m2/day.
®= 0.01,P,= 0.02,D;= 0.03 '

1] 16.566] 33.131] 49.697 0.606 100 4000000
2 16.661} 33.323| 49.984 0.032 100 8000000
3 16.664] 33.328| 49.591 0.017 100 12000000
4( 16.665] 33.329| 49.994 0.012 100 16000000
5 16.665 33.33[ 49.885 0.008 100 20000000
6] 16.665} 33.331| 49.996 0.008 100 24000000
7 156.666f 33.331] 49.997 0.006 100 28000000
8 16.666( 33.331] 48.897 0.006 100 32000000
S 16.666| 33.332( 49.998 0.005 100 36000000
10 16.666 33.332| 49.988 0.004 100 40000000
20 16.666] 33.333| 49.986 0.002 100 80000000
30 16.666| 33.333| 49.939 0.001 100 120000000
40 16.666] 33.333| 49.8899 0.001 100 160000000
50 16.667] 33.333 50 0.001 100 200000000
60| 16.667 33.333 50 0.001 100 240000000
70| 16.667 33.333 50 0.001 100 280000000
80] 16.667| 33.333 a0 0.001 100 320000000
80 16.667| 33.333 20 8] 100 360000000
100 16.667] 33.333 50 Q 100 400000000
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Fig. 3.2 Flow From Different Aqu::.fers Having Different
Transmlss:Lv:Lty (Ty:T:Ty=1:2:3;T,= 100 m2/day)

®;= 0.01,P,= 0.02,P,= 0.03

Another set of aquifer parameters are considered; the
aquifers have equal- diffusivity, and the transmissivity
values are in the ratio 1:2:4. The results are presented in
Table 3.2. Thus aquiers having equal diffuéivities,
contribute in proportion to their respective transmissivity
values. ‘In case, the well storage contribution is
neglegible, the aquifers contributions are independent of
time. -

The temporal variations of Qai(n)/Qy,  Qaz(n)/Qu,

Oas(n)/Qp with non dimensional time parameter 4ft/&&g2 are

shown in Fig. 3.3.
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e

Table.3.2. Flow From Different Aquifers Having Equal Hydraulic
Diffusivity and Different Transmissivity
T,= 100 m2/day,T,= 200 m2/day, and T:= 400 m2/day,

®,= 0.01.

1| 14.369] 28.738| 56.367| 0.525 100 4666660
2| 14.434| 28.867| 56.672| 0.027 100 9333320
3| 14.431| 28.863| 56.691| 0.015 100] 13995980
4| 14.429| 28.859| 56.702 0.01 100] 18666640
5/ 14.428| 28.855| 56.709| 0.008 100| 23333300
6 14.426| 28.852| 56.715 0.007 100| 27999560
7| 14.425| 28.85| 56.72| 0.006 100| 32666620
8| 14.424| 28.848| 56.723| 0.005 100 37333280
9| 14.423| 28.846| 56.727| 0.004 100| 41993940
10| 14.422| 28.845| 56.729| 0.004 100] 46666600
20| 14.417| 28.834| 56.747| 0.002 100] 93333200
30 14.414| 28.829| 56.756| 0.001 100 139999800
40| 14.412| 28.825| 56.762| 0,001 100| 186666400
s0| 14.411| 28.822| 56.767| 0.001 100 233333000].
60| 14.41| 28.819| 56.77( 0.001 100| 279999600
70| 14.409| 28.817| 56.773| 0.001 100| 326666200
80| 14.408| 28.816| 56.776 0 100| 373332800
50| 14.407| 28.814| 56.778 0 100| 419393400
100| 14.406| 28.813] 56.78 a 100| 468666000
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05
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®
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4TH(Dr,2)
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Fig. 3.3 Flow From Different Aquifers Having Different
Transmissivity (Ty:T2:Ta= 1:2:4;T;= 100 m2/day,
T,= 200 m2/day, and T;= 400 m2/day)

The variations of specific capacity of a mulfiaquifer
'well which taps three aquifers and all aquifer have equal
diffusivity are shown in figure 3.4 for two set of aquifer
parameters. For one multiaquifer well T,= 100 m2/day,
T,= 200 m2/day, and Ts= 300 m2/day. TFor the other
multiaquifer well, T3 = 400 m2/day all others transmissivity
values remaining same. It is found that specific capacity
of a mnultiaquifer well tapping aquifer of larger
transmissivity 1s higher than that of a well which taps
aquifer of low tranémissivity. The specific capacity-
decreases with time. . Thé numerical values of specific

capacity are compared in Table 3.3.
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Fig. 3.4 Specific Capacity of Multiaquifer Well Tapping
Three Aquifers (Ti:T::Ts= 1:2:3;T:= 100 m2/day,
and T;:T>:Ts= 1:2:4;T,= 100 m2/day,(l)1— 0.01,
and Qp = 100 m3/day)
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i

Table 3.3 Comparison Specific Capacity of Two Multiaquifer
Wells Tapping Three Aquifer (T,:T,:T:= 1:2:3;

T,= 100 m2/day,and T;:Tp:Ts= 1:2:4;T;= 100 m2/day,
®,;= 0.01, and Qp = 100 m3/day )

1 4000000 518.7 4666660 597.995
2 8000000 492 .515 9333320 S568.498
3 12000000 479.693 13999980 553.869
4 16000000 471.029 18666640 543.973
5 20000000 464.53 23333300 536.546
6 24000000 459.356 27998960 530.63
7 28000000 455.072 32666620 525.731
8 32000000 451.427 37333280 521.561
9 36000000 448.26 41999940 517.938
10 40000000 445.466 26666600 514.741
2 £0000000 427.923 93333200 494,658
30 120000000 418.292 139999800 483.624
40 160000000 411.718 186666400 476.091
50 200000000 406.76 233333000 470.408
60 240000000 402 .797 279999600 465.864
70 280000000 - 399.506 326666200 462.031
80 320000000 396.699 373332800 458.871
90 360000000 394.255 419998400 456.068
100 400000000 392.0895 466666000 153 .59

1 - 15



A Study on Specific Capacity and_ Cost
Of Well in A Multiaquifer System

3.4.2. Effect of Well Radius on Specific Capacity.

The variations of specific capacity with well radius
at different times during pumping where the well taps only
one aquifer is presented in table 3.4. In table 3.5 to 3.8,
the results are present for multiaquifer wells tapping 2 to
5 agquifers. The pumping rate i1s constant for all the
multiaquifer wells. It 1is seen that specific capacity
increases with increase in well radius. It also increases

as the multaquifer well taps more number of aquifers.

14

Table 3.4 Variation of Specific Capacity with Radius of Well
' Tapping One Aquifer at Different Pumping Period

(Ty= 100 m2/day and Qp = 100 m3/day )

5 1 89.068 81.773 84.112 896.189 98.066
i. 2 82.394 84.861 86.989 88.874 90.5%74
g 5 77.493 79.684 81.568 83.232 84.729
i_ 10 74.277 76.288 "78.014 79.536 80.902
; 20 71.336 73.189 74,777 76.174 77.427
50 67.799 69.472 70.901 72.156 73.279
100 65.352 66.905 68.229 69.391 70.429
200 63 .077 64.522 65.753 66.831 67.794
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Table 3.5 Variation of Specific Capacity with Radius of A
- Multiaquifer Well Tapping Two Adquifer (T,= 100
m2/day, T,= 200 m2/day,and Qp = 100 m3/day )

0.1 0.125 0.15 0.175 0.2
1 260.821 269.035 276.053 282.284 287.915
2 246.415 253.808 260.185 265.833 270.928
232.308 238.875 244,522 249.51 253.897
.10 222.752 228.764 233.961 238.523 242 .622
20 213.971 218.531 224.293 228.484| . 232.243
50 203.383 208.401 212 .688 216.453 219.823
100 186.049 200.707 204.68 208.165 211.28
200 189.227 193.562 197.256 200.49 203.378

Table 3.6 Variation of Specific Capacity with Radius of A
Multiaguifer Well Tapping Three Aquifer (T,= 300
m2/day, T,= 200 m2/day, Ts= 300 m2/day and gp = 100
m3/day ) '

1 518.7 534.928 548.965 561.425 572 .68
2 492 .515 507.293 520.044 531.335 541.518
S 464.53 477.662 488 .955 498.928 507.902
10 445.466 457.529 467.88 4777.005 485.203
20 427.923 439.043 448.567 456,948 464.465
50 406.76 416.795 425.369 432 .898 439.639
100 392.095 401.411 409.357 416.326 422 .557
200 378.451 387.123 394,508 400.978 406.755
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Table 3.7 Variation of Specific Capacity with Radius of A
Multiaquifer Well Tapping Four Aquifer (T;= 100
m2/day, T= 200 m2/day, Ts= 300 m2/day, Ts= 400 m2/day
and Qp = 100 m3/day )

1 862.405 889.452 912 .848 933.615 852.385

2 820.661 845.288 866.534 885.349 802.32

5 774.161 796.045 814.865 831.486 846.442

10 742 .417 762.521 7i9.774 794,982 808.643

20 713.193 731.726 747.598 761.567 774.096
50 677.928 694.653 708.943 721.492 732.727

100 653.489 669.016 682.26 693.875 704.286
200 630.751 645.205 657.515 668.293 677.923
Table 3.8 Variation of Specific Capacity with Radius of ‘A

Multiaquifer Well Tapping Five Aquifer (T;= 100
m2/day, T,= 200 m2/day, T:= 300 m2/day, T.= 400
m2/day, Ts= 500 m2/day, and Qp = 100 m3/day )

1 1233 .594 1270.682 1302 .714 1331.085 1356.686

2 1177.226 1211.117 1240.298 1266,095 1289.329

5 1113.104 1143.34%7 1169.311 1192.204 1212 .775
10 1069.143 1097.008 1120.881 1141.895 1160.747
20 1028.553 1054.311 1076.337 1095. 694 1113.035
50 979.424| 1002.745 1022 .644 1040.096 1055.704
100 945.28 966.982 985.469 1001.662 1016.126
200 913.444 833.689 950.911 965.976 979.419
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Assuming a pumping rate equal to 100 m3/day, . the
variations of specific capacity with radius» at different
time for single and multiaquifer wells are also presented
in Figs;v3.5 through 3.9. The increase in specific capacity

at any specific time with well radius is monotonic.

dum e =

o —
rpeemeee ") .

<.

80 -

75 & T
B _ S —
£ 2

85 X

Specific Capacity (m3/day/m drawdowr

80
0.1 . 045 0.2

Radius Wall (m)

—&—tp=1 day ——tp = 2 days —3&—tp = 5 days —O—tp = 10 days —f3—tp = 20 days
——1tp = 50 deys —>¢—tp = 100 days —e—tp = 200 days

Fig. 3.5 Relationship of Specific Capacity with
Radius of a Well Tapping One Aquifer

240

200 %

Specitic Capacty (nB/day/mdraw dow

180 + :
0.1 0.15 . 0.2

Radius Wel (m)

—o—tp=1 day ~g—tp =2 days -——tp=S5Sdays —0—tip=10days
—&a—tp=20days -aA—tp=50days -——tp=100days ——tp =200 days

Fig. 3.6 Relationship of Specific Capacity with
Radius of a Multiaquifer Well Tapping
Two Aquifers

n1-19



A Study on Specific Capacity and_Cost

Of Well in A Multiaguifer System

Specific Capacity (m3/day/m draw dox

450
430 M __J.’————————’_¢
e e
390 %
ol ——— 1
0.1 0.15 0.2
Dtameter Wel (m)
~eo—1p=1 day —;=tp=2days =X¥—tp=5days —o—tp=10days

~8—tp=20days —A—tp=50days -—»—1ip =100 days ——ip =200 days

Fig. 3.7 Relationship of Specific Capacity with
Radius of a Multiaquifer Well Tapping
Three Aquifers
929 4-?-"/
——
g s09 e
o "
. :
E 83g
= ~
el
= I T h———
g T49 i
g 719 /MT J‘——‘/‘{P
:5 saglr, W
& 659 e, ¢
——
629
0.1 0.15 02
Dameter wel (m
—e—tp=1day —m—tp = 2days —g—tp=5days —o—tp=10days
——tp=20days —aA—tp=50days ——tp= 100 days —e—-1p = 200 days

Fig. 3.8 Relationship of Specific Capacity with

Radius of a Multiaquifer Well Tapping

Four Aquifers

III - 20



A Study on Specific Capacity and Cost
Of Well in A Multiaquifer System

B

o [

1310 {—

1270

1230 — "

1190

1150#/ ‘—-———"A m
e #)

1110 W :

1070 -

1030L; -ﬂ~—”””;$~»ﬂ’fri Tﬁ 4____A~————-”‘““4

990
950
910

Specific Capacity (m3/day/n draw dow n)

0.1 ) 0.15 0.2
Radius Well (m)

—a—tp=1 day —B—tp=2days —¥-tp=5days -~—oO—tp=10days
—g—tp=20days —A—tp=50days —¢—tp=100days —s—tp=200 days

Fig. 3.9 Relationship of Specific Capacity with
Radius of a Multiaquifer Well Tapping
Five Aquifers -

The variations of specific capacity with time during
pumping for different well radius are shown in figs. 3.10
through 3.14. It is seen that specific capacity decreases
rapidly in the beginning of pumping and 1f pumping
continues for a long time the specific capacity tends to

decrease monotonically.
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Numerical values

of

the

specific

capacity during

punping for different multiaquifer wells are presented in

Tables 3.9 through 3.11.
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Table 3.9 Specific Capacity of a Well For D:Lfferent
Radius Well

08.066| 260.921] 269.035 276.053| 282.284] 287.915

253.808
246.935

242.325] 248. 138 253.275 251.9

96.189

89.068) 21.77f  54.112

86.989
84.441

238.875 244,522 249,51} 253,997

236.132| 241.649 246.52 250.9

233.864| 239.275| 244.049 2‘18341

83.684
82.823

231,935 237.256] 241.95| 246.168

"7230.261| 235.505| 240.120| 244.283

222,732 228.784 233.961| .238.523 242, 622

75.846 221,501 227,385 232,561 237,09 241,14

12 ’?3.479. 75,446 D 134' 78.622 79_.957 220 372) 226.274| 231.336| 235.797| 239.802

76,755 78.227|  79.549| 219.343|  225.19| 230.203| 234.62| 238,585

P 4| 7818 M.75| 76,407 ... 16.4) 224,195 223.164| 233.54| 237463
A5 T2.s6| | 78,83 76,086 217,528 223.271| 228,205 232,545 236,49

216,72 222.426( 227.316] 231.621| 235.484

17]  72.003 73.892 75.511  76.935 76.214 215.966] 221.632 226.486 230.76( 234.595

18] 71,767 73,643 75,251 76.666 77.935 215.26) 220,888 225,71] 229.954( 233.762

18] 7rses| 7341 75.007|  76.413|  77.674] 214, 229, 1L
20 70336 73.189|  74.771 76,178 77.427
30 68.725 71.495 73.01 74.341 75.534

50{ 67.799 69.472 70.901] 72.156 73.279 . . _212.688

60 67.138| 68.777|  70.178| 71.407| 72,507 201.401)  206.32] 210,521} 214,208 217.51

70| 66.588|  68.201)  69.578] 70.786]  71.867 199,755 204,503 208,724 212.348| 215,591

B I s s e

80| e6.i2| 67,71 69.067] 70.257] 71,322 198,351 203.121| 207,191 210.763| 213,957

. 90| es.712| 67.282)  68.622| €9.797 10, 840__ 197.129]  201.84| 205.858) 209.383| 212.536

67.87 »_1:91.999 196.465) 200. 2717 203 605 206,585
67634 191,37 "195.806| 199.586| 202.8%| 205,857
672,414 190.783| _195.192( 198.948| 202.23¢
67.208 190.233| 194.615| 198.349| 201.62|

.......................................................................

189,715 194.074| 197.786| 201, 038~ .?93.':?.??

'189.227| 193.562) 197.256| 200.49| 203.378

E B TR TECEPERTRY PRPRTI ..4.-.4‘4..6? 0144 S R TR LLLTET RN (PR
2000 63.077]  64.522|  es. 753 §6.831
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Table 3.10 Specific Capacity of a Well For Different
Well

Radius

‘o o}

6|  472.193

451,427
_448.26) 4

430.712]

534.928

- 450.35

17,938

912.848

548.965| 561.425 572.688
507283 531.335| 541.519] * 820,661
493,706 516.455| 526.075 799.382] 822.734 .
484.535 496.159] 506.43| 515.678! 784,975| 807.482) 626,853
.A98.928 161 796.045)  81%.865
483.226| 492.965 765.548| 786,941 805.329|
467, 668|  478.489| 488.036 758,416 7179.407| 797.441 .
463.819)  474.461) 483.846] 492.282] 752345 772.998| 790.733| 806.375| 820,434
460,477 470.964| 480.211)  488.52) 747.072| 767,432( 784,91 800.321| 814.168
57,523 467.88| 477.008| 465.203| 742.417| 762,521 79.774] 794982
454,894  465.126| 474.143| 482.241) 738.257) 758.133) 775.186 790.213)
"452.516|  462.64| 471.56] 4 34,400 754.171| 71.044] 785.01)

791,494

| 402,013 414,736 & 81,217) 691221

400.539| 407, 08|13, 168 654,878] 667.564| 678,679 688,611

. 399.17 408,794 “41i".'5i"1'1“537 897] 652.603| 665.283) 676.321| 686,184

»_\_Q?}bégﬁ 390.381)  397.893| 404.474| 410.353| 635.939| 650.634| 663.154| 674,122 683.52
380.464| 389220 396,696
379.428) 386.146|  395.571

409,182
406,237

414 379

417.443|

435.013

42'? 909

411.713

418.763

4

""405 345
403,608

422,557

416.326]

41, 1'?8”__‘.__'_‘ .

5| _657.241|

446,529 725,037 ...168.068
""" 444,528 722,345 784,89
Aa3.281 T19.836| 781,927
| 441,755|  451.399| 459.887| 467.50z| 717.485 736,245 oy 317| 766.464] 779,155

440,350 449,941 456.374| 465,999 715,276 733,919 749.889 776,55

448,567 774,096

755,226

B18.5m

670,019) 6

425.068 657.089  672.79| 686.186) 637.935 708.3%5

700.518
697.136

387,123

394.509
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Table 3.11 Specific Capacity of a Well For
Different Radius Well

1233.594| 1270.692| 1302.714| 1331.085| 1356.686
.... 1177.226] 1211.117| 1240.298| 1266.095) 1289.329)
1147.93| 1180.129( “gggjmggg 1232.263| 1254.257
1128.047| 1159.122| 1185.81 1209, 371f 1230.546

A113.104) 1143.347

1130.778
1120.368|

6| 1101.189|
1091.316

1075.598

1111.506

1068, 143

_1063.371) 1C
“1os8. 157

.1053. 405

1041.277

1071 619

1075, 555

1037.789

1076.337

1114.537
1108.809

1051.895

1 135 3 1_ R Sntateiiutniited
1129.366

923 456

 926.393|

918.144

915.726

913.444

933.689

900.949| 1014.831 1053.107| 1069.112
979.424| 1002.745 1040.096| 1055.704
1029702 .1044,997

562.546| 985.059 1021.076| 1036.113
S56.008| 978.212] 1013.72| 1028.538
....... 950.316| 972.252 1007319 .1021.949
1001.662| 1016.126

940.771| ©962.263|  980.569| 996.599| 1010.91¢
936.693| 957,996  976.137| 992,021 1006.206
..932:971] 954.10a|  972.096 987.847| 1001.912
929.553| 950.528|  968.384| 984.014| 997.969

965.976

879.419
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3.4.3 EFFECT WELL 1LOSS PARAMETER ON SPECIFIC CAPACITY

3.4.3.1 The case of a well tapping a single aquifer and

having storage.

Let, Qa(n), Ow(n) be contributions from the aquifer

and well storage respectively during time step n. At any
time the algebraic sum of the abstraction from the aquifer

and well storage will be equal to the pumping rate. Hence,
Qa1 (n) + Qu(n) = Qp(n)

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

Su@ =3 Qu )6, (r,n -y +1) +CQL4(n) - (3.19)

y =1

where;

1 rw2 rw2 ,
Sulra.m) = o ,:El(élﬁlm J - E‘[4ﬂl(m N 1)”

ﬁl=2l= hydraulic diffusivity of the aquifer.

2

C = well loss parameter.

The drawdown at the well due to abstraction from well

storage at the end of time step n is given by

. 1 n
Sw(n)=;—z_z Qw(}’)

c r=1
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According to the assumption that at any time drawdown
in the aquifer at the well face is: equal to that in the

well, Sa; (n) =Sy (n) . Hence, from equation (3.19) and (3.20)

3 Qu () 8 Eu,n-r + D+ CQ A (1) =3 Q, () - (3:21)
or |
S Qa (7). 0,y .0 -7 + 1) + CQ il<n>=”i2 Z [Q,(7)-Qu (1]
or | .
S Qu(7).6,@y.n-7 +1) + CQ fu(n>=”i2 S Q,(7)
1 1 :
e N D (V) e 3.22
7Ercz ;lQm (v) ( )
Q. (n) . 6,(1) + Q. (1)+CQ 2% (n)=—=3 Q,()
) JTC ﬂ'rc y=1

TF

lzilQm(}’))_i Qum ) . 6,,,n-7 +1) oeeen (3.23)

CQ L (M) + Qun) . 6,() +—

l n -1 n -1

Y QuG)+Y Qu(r) 8.y n-7+1) =0 oo (3.24)
r=1 r=1

+

2
ko
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This 1s a quadratic equation in Qa(n) and the above

equation is in the form.
aQ’a(n) + bQm(n) + ¢ =0

and Qa1 (n) is given by:

Q,y =(=b+Ab?—4ac )N2a)

Where;
a=20C,
1
b=2o,(1) + , and
1 n-1 1 n n-1 A
c > Q. () - — Q,(7)+2, Qum((z) .6,c,,n -y +1)
Tre 7= Tre ¥y=1 r=1

Qa1 (n) can be solved in succession starting £from n=1.

Knowing Qai(n), Qw(n) can be found using equation (3.18).
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3.4.3.2 The case of a Multiaquifer well, Tapping Two
Aquifers : Specific Capacity of a multiaquifer
well considering well loss in one of the

aquifers and well storage 1is computed as

described below.

Let, Qai(n), Qa2(n), and Ow(n) be contributions from
aquifer 1, 2, and well storage respectiﬁely at time step n.
At any time -the algebraic sum of the abstractions from
aquifer 1, 2, and well storage 1is eqﬁal to the pumping

rate. Hence,
Qa1 () + Qaz{(n) + Quw(n) = QOp(ny ... (3.25)

Let there be clogging only in aquifer 1 and no clogging in

aquifer 2. Hence, there will be entry loss in aquifer 1.

The drawdown at the well face at the end of time step

n in the aquifer 1 is given by

Sy @ = 25 Qu ). S,(r,,n -y +1) + CQZ% (n) - (3.26)

r =1
where;

‘ 1 r} ra .
o, (r,,m) = E, L - E| —— p
47T, 48 ,m 48, (m -1)

hydraulic diffusivity of the aquifer 1

B

Il
|3

E; (X) well function

C = well loss parameter.
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The drawdown at the well face at the end of time step n in

the aquifer 2 is given by

Sp @ =3 Qu)d,(ry.n -y +1) e (3.27)

y =1

where;

1 rw | I N B
02 (rv.m) = oo [E‘[ztﬂsz El[4ﬂ2(m -1)”

B, = 2= hydraulic diffusivity of the aquifer 2

E; (X) = well function

The drawdown at the well due to abstraction from well

storage at the end of time step n is given by

1
zrd

z'z‘ Q. () e (3.28)

r=1

S, . =

According to the assumption that at any time drawdown in
the aquifer 1,2 at the well face is equal to that in the
well, Sai(n)= Saz(n)= Sw(n).

Hence,

S Qu () 6,Gw.n-7+1) +CQ 2% (n)=——=3 Qu(y) -oe(3.29)
r=1 nFe =1

S Qu(y) 6,@y.n-y+1) = ”iz T5Q oy (7) v (3.30)
y =1 c r=1
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Applying equation (3.25) in equation (3.29)

1
r?

<

Zn Qu(r) . 6,@y,n-7+1) +CQ 4 (n)= Z [Q,(7)-Qu(r)-Qu

or,

CQ 2 (1) +Q (1) .6,() + ——Q . (n)+ —Q 4 (#)
TF Tr .

C c

1 L 1 n -1 ‘ 1 n-1
- Z Q)+ o Z Qu 1)+ 5 Z Q. (7)
* il QA] (}/) 'é‘l(rw:rll -y + l) = 0 ............... (331)
7=1 |

Applying equation (3.25) in equation (3.30)

> Qu () GGy e =—=3 [0,()-Qu ) -Qu ()]

[

or,
. 1 l n-1
Qup(n).o,() + 2QA2(")+ 2QA1(”)+Z Qu(n) . o,,,n-7 +1
r, nr, y=1
- Y e, Y Q=Y Qe () = 0
ﬂ.cm r=1 ! ”rcz r=1 ~ ”rcz 7 =1 ® -
- Qor,
Q. @ 1 _
Q= 724 e Q1 () 6aGum 7+ D)
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-i Q,(r)+ EIQA1(7)+"Z: 0., e (3.32)

Substituting equation (3.31) in (3.32)

Q. (n)
1+ #zr2é,(1)

71 CQ L (n) + #rlQ 4 (n) .6, (1) + Q p (n)-

]
1+ arls, (1)

(7123 Qu () .6, Gy 0 -7 + 1)
r=1 . ) ) )
30,0+ L 0n+ T 0u0]

-3 0,00+8 0,01+ % 00+ E 008Gy Dard = 0
or,

1
1+ acis, @)

7riCQ i,(n)+—[1+—nr§.6lﬂ) - ]QAl(n)
FIE 08—y DR =Y 0 () 0 S Q)

1
1+ 728, (1)

(Y Qu (7)) 5,G,m-7+D =3 Qi)

+.ilQm (}’)+§anm(}’)}] =0 i, (3.33)
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This 1s a quadratic equation in Qa(n) and the

equation is in the form.

above

aQ’a (n) + bom(n) + ¢ =0

and Qa (n) 1s given by:

QA1=(—b-+\M2-—4ac)K2a)

Where;

a=azxrlC ,

1
b=|1 2.5 (D) - , and
- [ tare. 0, 1+ 7126, (1) ]

¢ = [;\;Q“(}')ﬁl(rw,n —y + Drrd - {‘“;IQ,,(yn ;Q,ﬂ(yn ZQ“(V

1 2n-l . n
SR Pwrray {frrc;Qm (r) . 8,0, ,n -y +1) —;lme

+ Y Qu )+ Y Qu Y

Qa1 (n) can be solved in succession'starting from n=1. Thus,

the value Qa2 {n) and Qw(n) can be found with equation (3.32)
and (3.25) respectively.
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3.4.3.3. Results

O The case of a Well Tapping a Single Aquifer and Having

Storage
The analyses of specific capacities with well 1loss
parameter are carried out for a well tapping a single
aquifer. Well storage‘ effect has been considered in the

analyses. The data given in table 3.12 are used.

Table 3.12 The Data

. Transmissivity Coefficient
No. Case Aquifer (m2/day) Of Storage
1. Case I 1 100 0.1
Qp = 100 m3/day > 500 0.01
Rw =0.1m
Rc = 2.0 m

2. Case II 1 700 0.01
Qp = 700 m3/day > 500 0.02
Rw = 0.1 m
Rc = 0.1 m

The analyses are carried out for pumping rate Qp(n),
radiué of well(rw), radius of well storage (rc) and

different conditions of well (well loss parameter).

The well loss parameter C is taken according to condition
of well as suggested by Walton. Walton has recommended the

ranges of well loss coefficient C which are given below:
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Table 3.13 Relationship between Coefficient of C
and Well Condition

c
Condition Condition Criteria (min?/m®)
1 Properly designed and developed < 0.5
2 Mild deterioration or clogging 0.5 - 1.0
3 Severe deterioration or 1.0 - 4.0
clogging
4 Difficult to restore well > 4.0

to original capacity’

Source: W.C. Walton, "Selected Analytical Methods for Well and Aquifers Evaluation,"
Illinois State Water Survey -Bulletin NO. 49.1962.
In this analysis, the following values are chosen for
different condition of the well.
e Condition 1 : 0.0l min?/m® or 4.82253 x 107° day*/m°
. . . .2 5 -7 2 5
e Condition 2 : 0.9 min“/m> or 4.340 x 107" day“/m

e Condition 4 : 5.0 min?/m® or 2.411 x 107° day*/m®

The analyses are worked out for different conditions
of well and pumping period. Pumping periods chosen are 1
day, 5 days, 10 days, 15 day, 20 day, 50 days, 100 days,
200 days and 365 days.
- Case I

Case I pertains to hardrock region in which the
aquifer has low transmissivity and the pumping rate is low.
In hardrock region, the well possesses considerable
storage. |

The specific capacities and drawdowns are presented in
table 3.14 and 3.15 for different conditions of well.
| The wvariations of specific capacity with respect to
time for different condifions of well are shown in Figure
3.15. The specific capacity is largest for condition 1 and

its decreases as well condition deteriorates to conditions
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2, and 4. As seen in figure 3.16, the drawdown in the well
for, condition 4 1is more than those in the well with
condition 2, and 1. It is a fact that the specific capacity
would increase if the well do not have any
clogging/deterioration. The drawdown in the well would
increase if the well has been clogged/ deteriorated. For
different well condition there is no significant difference
in specific capacities as the pumping rate is low and well

storage contribution is significant.

- Case II

For case II, the specific capacities and drawdowns are
presented in table 3.16 and 3.17 for different conditions
of well. Case II presents a well in an alluvial area.

The wvariations .of specific capacity with' respect to
time for different conditions of well are shown in Figure
3.17. The specific capacity is largest for condition 1 and
iws decreasesras well condition deteriorates to conditions
2, and 4. In figure 3.18, the drawdown in the well for
condition 4 is more than those in the well with condition 2
and 1.

Since the pumping rate 1s 1large, and these 1s
insignificant well storage, the specific capacities

decreases considerably as the well condition deteriorates.
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Table 3.14 Specific Capacities for Different
’ Well Conditions at Various Time in Case I

CASE T

GIVEN DATA
Op= 100 m3/day , Rw=0.1] m, Rc=2.0 m , T1=100 m2/day .

Storxativity = 0.1

specific Capacity (m3f/day/m drawdown)
t {day) Condition of well
Condition 1 | condition 2 Condition 4

114.545 114.149

~X-

110

100

90

b
&
HAN

Specific Capacity (m3/day/m drawdov

70 st S
60
0 40 80 120 160 200 240 280 320 360
t (day)

—x— Properly Design (Condition 1)

-.-.m_.. Mild Deterioration (Condition 2)

—e— Diflicult to restore weli to original capacity (condition 4)

Figure 3.15 Variation of Specific Capacity

For Different Well Conditions
with Time (Case I)
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Table 3.15 Drawdown for Different Well Conditions
At Various Time (Case I)

Dxrawdown (m)
t (day) Condition of Well
Condition 1 | Condition 2 Condition 4

Drawdown (1

1.8

o 50 100 150 200 250 300 3aso0

t (days)

—X>—Properly Design (Condition 1)
---u-- - Mild Deterioration (Condition 2)
—o— Difficult to restore well to original capacity (Condition 4)

Figure 3.16 Variation of Drawdown with Time
for Different Well Conditions

(Case I)
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Table 3.16 Specific Capacities for Different
Well Conditions at Various Time in Case II

CASE 1]

GIVEN DATA:
Qp= 700 m3/day , Rw=0.1 m, Rc=0.1 m , T1=700 m2/day

Storativity = 0.01

specific Capacity (m3/day/m drawdown)

t (day) Condition of Well
Condition 1 Condition 2 Condition &
............... 529.932| ... ..4357.1¢64 280.043
483,067 421.847| 266.352
ig| 465.353| 408.275
15 455.581) ) 400.733) . 2572.777
20 448.892| 395.549| 255.622
59 428.84 372:827| ... 248.992
............. 100 . 414.822 368.855 ..24%.201
eeremanene 200 401. 6321 358.437 ... 239.52
3654 390. 8952t 349.861( 235.728
x
. 520 [\(
v \
: WOP§
4 .
] R
E 0 >&‘x
E 420 {*. <3¢
N X —]
R T
= X
z it f
o 370 e —
« 1 | qTe- owla o
s T Tt e Lol TJ
- [ [ A N R iy ML ORI S
o
o . .
© 320 -
@
-1
[
i\k
— |
220
2] 40 80 120 160 200 240 280 320 360
t (day)
—X— Properly Design (Condition 1)
----- =...... Mild Deterioration (Condition 2)
——e—— Difficult to re store well to original capacity (condition 4)
Figure 3.17 Variation of Specific Capacity

with Time For Different
Well Conditions (Case II)
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Table 3.17 Drawdown for Different Well Conditions
At Various Time (Case II)

Drawdown (m)

Condition of Well

t {(day)
Condition 1L Condition 2 Condition 4
........... Ll SUURONIN Y2121 Y SOUORUUUORNURE CE-2: 2 USROS -1
______________ S, 1.449) 1,659 2,028
L0) e 1304 LISL e 2.683

Drawdown (m

28

26

24

22

Figure 3.18

—x— Properly Design (Condition 1)

---m. .. Mild Deterioration (Condition 2)

%]
)
P I PETE R
I FEEEER
- x

T it

B "
£

X
U
X
0 50 100 150 200 250 200 250

t (days)

—ae— Difficultto restore well to original capacity (Condition 4)

Variation of Drawdown with Time
for Different Well Conditions

(Case II)
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0 The Case of a Multiaquifer Well Tapping Two Aquifer.

The specific capacity is presented for the following set
data : '

Qp = 100 m3/day, Rw =0.1lm , Rc = 2.0m
Tl = 100 m2/day T2 = 200 m2/day

Storativity ®1 = 0.1, ~and @2 = 0.01
Table 3.18

Specific Capacities of a Multiaquifer
Well for Different Well Conditions
at Various Time

: Sp¢=_-<:-:i.:.f:':i.t':E Cap.éxcit]("i'(nﬂ/day/m" d:r_;awd.owr.x) S
t (day):A - Condition of Well '

“Condition 2 | Condition 4

The variation of specific capacity with time are shown
in Fig. 3.19
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280
b1¢
270
260
3 .
e
T 250
E
>
3 240 -
> ): 4
£\
2 230 4
5 X
-4 b-¢
@ 220 4—Jw
o
2
o~
S 210
[\
@ \
200 \x\\
\K
190 : S—
180 ’j(
o 40 80 120 160 200 240 280 320 360
t (day)

——¢—Properly Design (Condition 1)
--.m. .. Mild Deterioration (Condition 2)

—a—Difficult to restore well to original capacity (condition 4)

Figure 3.18 Variation of Specific Capacity
Of a Multiaquifer Well with Time
For Different Well Conditions

From the figure 3.18, it 1is seen that for the
multiaquifer well and pumping rate assumed, the different
well condition considered do not have any significant
effect. This 1s due to the fact that the well has been
assumed to have storage and the contribution of the aquifer
through the clogged screen i1is quite small. Hence, because
of the well screen which has not been deteriorated, the
specific capacity is unaffected. The drawdown for different
condition are presented in Figure 3.20.

The specific dapacity for higher pumping rate in a

multiaquifer well tapping aqﬁifer of high transmissivity is
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presented in Figure 3.21. The specific capacity for
different condition are also presented in Table 3.20.

For higher pumping rate, the well conditions influence

the specific capacities considerably.

Table 3.19 Drawdown for Different Well
Conditions At Various . Time

Drawdown (m}
t (day) Condition of Well
Condition 1L | Condition 2 Condi tion 4
f'iri':"x".’.:.i'z‘,‘x.i".i‘i.::‘.z.i‘l-g i :.i‘i.s.s'l.{. if_i_‘_i_.f_i_i_‘ _i.""li gj g.i zg‘ I't.i.i‘i".’ x‘i.i'-.i:-n.l:: :'5...5.5.::'.';5 ._g":?lgﬂ i:. “A:I. :‘- :"..a.x::‘s::..: ::::; M :t i : 5’. ‘ﬁ
RSSOV L SO, 0.437) o843 0438
SRR =] SO 0448 o 048024
.................. 200 e A5G 0A36) 85T
SESSSTOUURO.-1- X SO .1 SO SOOI ..
.............. 100) BRI 0A9s 05
............... 200 o J8SI8) BB BR1
............... 3651 0538 DS 235
a6
0.55
PN, 3N
e R
0.5 /é:/
- o .
s
; 1/
- 045 {
PR
i
0.4 - )
X
0.35
0.3
[¢] 50 100 150 200 250 300 350
t (days)
—»— Properly Design (Condition 1)
- --f@- - - Mild Deterioration (Condition 2)
——- Difficult to restore weli to original capacity (Condition 4)
Figure 3.20 Variation of Drawdown for Different

Well Conditions at Various Time

oI -45



A Study on Specific Capacity and Cost
of Well in a Multiaquifer System

Table 3.20 Specific Capacities for Different
Well Conditions at Various Time
For High Pumping Rate

. %Qa;n“‘.iilt:'j.:a.r'ni of ”Well' C
‘Condi.tion’ 2 Condition 4

‘660,221

{
X
920
z
. sn)ﬁ
e
E 820 3¢
S X
£ aXx
- I RN
> 770 t—pn N
.g - \x
8 \ o \\x
T-
3 720 — —
("2 i (Y A . iy CO
- A e AN
("2 O I A A E—— ,L._ X
g 670 t—g—ft—F e
7 e U e A A R R -
620 \\,'.\ .
\\‘
570 ? T
0 40 80 120 160 200 240 280 320 360
t (day)
—X—Properly Design (Condition 1)
----- w=.....- Mild Deterioration (Condition 2)
—a——Difficult to restore well to original capacity (condition 4)
Figure 3.21 Variation of Specific Capacity

For Different Well Conditions
at Various Time
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Table 3:.21 Drawdown for-Different Well Condition
at Various Time For Higher Pumping Rate

. Drawdown (m)
t (day) Condition of Well
Condition 1 Condition 2 Condition «4
............... 89S 0902
SRR 1 U 0824 o BB 0.982
............. 0 o ossel 088y 101G
.............. B 875N 1036
.............. 20f . 08ss o 892s) LS
............. SO0 893 B8 L0SE
........... 1000 o 8eel Y1129
.......... 200 09 R032 1163
__________ 365 ... v0esp oSy 192
i3
1.2 B—
|
1.1 /
______________ -
o NUU SPEELS T X
: J""-”;t/’/’fiﬂfx
] - .W /
P pod T
09 €y
5 00 TaX
?<
X
0.8%l
be
0.7
0.6
4] 50 100 150 200 250 300 350
t (days)
—— Properly Design (Condition 1)
---@--- Mild Deterioration (Condition 2)
—a— Difficuit to restare well to originail capacity (Condition 4)
Figure 3.22 Variation of Drawdown for Different

Well Conditions at Various Time
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0 Selection of an Aquifer Considering Energy Requirement.

The calculation of energy consumption 1is dimportant for
deciding construction of a well in a multiaquifer system
tapping one of the layers only or to go for constructing a 7

multiaquifer well.

The computation of energy consumption for different well
conditions also gives direction whether to go for
development of deteriorated well.

The rate of energy consumption during n'™ day is given by:

n LlG+s
E;::Q&K ) r.el Q) Joule/sec
il
in which,
s(n) = drawdown during n'" day
Qp (n)= Pumping rate in m®/sec
Vr = 1000 kg/m3
g = 9.81 m/sec?
N = Efficiency of pump motor (taken 0.75)

E = Op(n) 9.81.[G+s(11)] Kuh

4 7x3.6x10°
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Result are presented for.a well in a hard rock region
or in an alluvial ground water basin.

In table 3.22 and 3.23, the results are presented for
a well tapping a low transmissivity aquifer. It could be
seen 1f either of the aquifers are tapped the energy
consumption will be more compared to that if both are
tapped by a multiaquifer well. More energy is consumed 1if

the well deteriorates.

The comparison has been made in Fig. 3.23 and Fig. 3.24 in

respect of energy consumption.

Table 3.22. Energy Requirement For Lifting The
Water With No Cleoaaging Well Condition

GIVEN DATA:

QP =100 M3/ DAY $1=0.1 RW=01M
T1=100 M2/DAT $P2=0.01 RC=20M
T2 = 200 M2/DAY
NO CLOGGING
WELL IN
t (day)
FIRST AQUIFER SE(2OND A{UIFER MULTIAQUIFER
1 1.76¢9 1.657 1.582
5 9.262 8.479 8.013%
10 18.734 17.061 16.106
15 28.281 25.68 24.218
20 37.877 34.324 32.347
50 96.028 86.475 81.312
100 194.067 173.955 163.298
200 - 392.148 349.914 327.93%
365 722.021 641.767 600.515
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Energy Consumed (Kw

Energy Requirement For Lifting The

Table 3.23.

Water With Clogging Well Condition

WITH CLOGGING
WELL IN
t {day)

FIRST AQUIFER SECOND AQUIFER MULTIAQUIFER *
1 1.775 1.664 1.583
5 $.305 8.522 8.021
10 18.821 17.148 16.11
15 28412 25.811 24.225
20 38.051 34.49% 32.356
50 96.465 86.913 81.335
100 194.942 174.83 163.342
200 393,893 351.664 328.026
365 725.214 644.961 600.773

Note *): clogging only in first aquifer

No Clogging

| | ! l l
701 |— Energy Consumed in First
Aquifer-
601 +— ’
O Energy Consumed in Multi
501 4— Aquifers
401 .— B Energy Consumed in Second
Aquifer
301
201
101
1 5 10 15 20 50 100 200 365
t (day)

Fig. 3.23. Energy Requirement For Lifting The
Water With No Clogging Well Condition
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With Clogging

701 I
Energy Consumed in First Aquifer
601 +— ’
$ ., | OEnergy Consumed in Multi Aquifers
3
5 401 +— [ Energy Consumed in Second
§ Aquifer
§ 301
[
&
201
101
1

t (day)

200 365

Fig. 3.24. Enexgy Requiregent For Lifting The
Water With Cloggin% Well Condition

Y

r

"
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CHAPTER IV

COST ANALYSIS OF A WELL
IN A MULTI-AQUIFER SYSTEM

4.1 GENERAL

The cost analysis of a well in a multi-aquifer system
has been carried out considering fixed cost and recurring
cost (see Chapter II).

The fixed cost consist

-

. Cost of pump
. Cost of construction (drilling/boring),and
3. Cost of miscellaneous equipment.

N

The recurring cost consist.of]
. Cost of energy and
2. Cost of operation and maintenance.

=3

In this study, the cost estimate is made for supplying
a water demand of 432 mn’/day (5 1lps) using a well with
capacity 432 m’/day or 8é4 m’/day, with annual running hours

of 8760 and 4380 depending on capacity of the well.

4.2, UNIT COST OF PUMPED WATER

4 .
The total cost of pumped water. Which is equal to the
‘annual capital cost plus the annual recurring cost can be

computed using the following formula
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A. Annual Capital Recovery Cost (Fixed Cost)

The annual capital recovery éost, A, is given by 21,

_ox U xi i (4.1)
(+D)" -1

Where; ‘
A = Annual Capital Recovery Cost in Rs
C = Invested Capital Cost in Rs
I = Rate of interest in percent (%)
n = life time of project.

B. Annual Recurring Cost
The energy cost of pumping water depends on:

i) position of water table below ground surface, and

ii) drawdown in the well due to pumping

The drawdown at time n reckoned from the beginning of the

pumping is given by

Sy = zi Q). 6@ -y + 1) o (4.2)
1

y =

where;

3 1 I'w.2 _ _r—wz___.
o (m) = 4xT [El(4ﬂmJ El[4ﬂ("’ - I)JJ

Transmissivity, and

6 =B e
i

Coefficient of storage.

Il
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So, the annual energy cost will be

C: 938 t) (& :
E = 2 Qp (1) > (G +S(n)) e, (4.3)
17.86400 po
where ;
cl = Cost of energy per Kwh
Qp = Pumping rate in m’/day
n = Efficiency of pump motor
G = Depth to water table or piezometric surface
s(n) = . Drawdown.

The operation and maintenance costs are ’'generally

computed as a percentage of the investment cost i.e around:

0=S.c (4.4)
100
M= =Sc (4.5)
100
where;
C = Invested capital cost
0 = Operation
M = Maintenance
K

= a Constant
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The total annual cost obtained by summing of all annual
cost divided by the number of unit of ground water produced

gives the cost for unit volume of water (ie. Rs/m>)

Thus, -
A+ E+ O+ M
Unit Cost =
Va
Where ; ,
’ Va = Volume of water pumped per years

Qp = Discharge in m3/hours

Va = Op x ta

ta = Total annual pumping hours.

The electric pump which is available in market is to be

used as the lifting_devicei

4.3 DATA AND ASSUMPTION

The following assumptions have been made 1in the cost

calculation;

* Consider a ground water basin consisting of five aquifers
separated by aquicludes, see figure 4.1.

» Piezometric surfaces in all the agquifers are same.

= Life time of pumps/tube well is 50 years

= Pump life is taken as 500,000 running hours

= The depth water table is taken to be at 4 meter Dbelow
'ground surface

= Interest rate is 15 %

' Energy charges have been assumed to be Rs. 2.8/Kwh.
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Figure 4.1 Depth of the Aquifers

The total cost of water supply through well can be

divided into following fixed cost and running cost.

4.3.1 The fixed Cost

The fixed cost of Well in this study only consists of:
. % Cost of pumpset
* Cost of boring/drilling

* Cost of miscellaneous equipment
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The various cost components are explained below.
a. The price of pumpset

The cost of pump and appurtenances may vary between Rs.
7,500 - Rs. 20,000. It is dependent on the horse power of
the pump as well as on the capacity of pump and height
through which water is to be lifted.

The costs of pumps has been taken around Rs. 12,500 and

Rs. 15,000 for pump with capacity 5 1ps and 10 1ps
respectively. They can 1lift water from a depth of 60 m from

ground surface.

b. The cost of boring/drilling

The cost of boring depends on the‘depth and diameter of
well. For a well with diameter of 0.2 m, the cost of
excavation is Rs. 150 per meter depth of excavation. For a

well with 0.25 m diameter the cost is Rs. 200/m

c. Miscellaneous equipment
Besides, the cost of pumpset and boring, the

miscellaneous cost equipment are taken around Rs 5,000 to

8,500.

The cost of boring/drilling and miscellaneous equipment
for different depth and diameter of well are presented in

table 4.1.

After summing the all fixed cost, the annual recovery

capital cost is calculated making use equation (4.1)
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Table 4.1 Cost of Boring/drilling and

Miscellaneous Equipment

1. I 20 0.2 3000 5000
0.25 4000 5000

2. 11 25 0.2 3750 5500
4 0.25 15000 5500

3. III 35 0.2 5250 6000
0.25 7000 6000

4. 1V 50 0.2 7500 8000
0.25 1000 8000

5. Vv 60 0.2 9000 8500
0.25 12000 8500

4.3.1 The Recurring Cost
In the study, the. following recurring costs are
considered; '
®= Cost of Energy
" Operation and

» Maintenance.

The calculation of annual cost of energy has been made
using eduation (4.3), for constant pumping rate of 432
“m’/day (5 lps) and 864 m3/day (10 1lps). Energy charge has
been taken as 2.8/Kwh; initial water table is assumed to be

at 4 m below ground surface. The drawdown 1is calculated

making use of equation (4.2).
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The Operation and maintenance costs per years are

usually taken as 2 % of the invested cost.
The energy cost is given in table 4.2

Table 4.2 Energy Cost

s

" For Well Dia.=0.2 m =432 m3/day (1 day operation)

1. I 20 17716.720
2. II - 25 10178.930
3. III 35 8294.461
4. IV 50 7540.671
5. \ 60 7163.776

0.25 m, Qp=432 m3/day (1 day operation)

*» For Well Dia.

1. I 20 17470.860
2. T 25 10096.980
3. IIT 35 8253.478
4. v 50 7516.085
5 v 60 7147.385
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* For Dia.of Well=0.2 m,Qp=864 m3/day (0.5 day operation)

1. I 20 29023.450
2. II 25 13430.110
3. III 35 9667.520
4. v 50 8406.969
5. v 60 ' 7689.375

* For Dia.of Well=0.25 m, Qp=864 m3/day (0.5 day operation)

1. I 20 ‘ 28531.740
2. II. 25 13274.070
3. III 35 9591.525

4. Iv 50 8360.158

5. v 60 7658.168

4.4 RESULT AND DISCUSSION

According to the above data and assumption, the total
cost of pumping is calculated, in which electric engine is

used for 1lifting the water.

The step wise calculation and results are presented in

the table 4.3 for different diameter of well and well

capacity:
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A Study on Specific Capacity and Cost
of a Well in a Multiaquifer System

The cost of a well calculated for different well
diameter, pump capacity and duration of pumping are
presented in the table 4.3.and also are plotted in figures

4.2 through 4.5.

= The variation of total cost with number of aquifers
tapped‘ by a multiaquifer well exhibits that a
multiaquifer well 1is always profitable. The total cost
decreaées very sharply when the well taps both the 1°° and
the 2*¢ aquifer. Only tapping the upper aquifer is not
economical. The cost reaches minimum when the
multiaquifer well taps the third aquifer. From the nature
of the graph, it is seen that, the reduction in cost of
energy 1is nearly Dbalanced by the extra cost of
excavation. Therefore, there 1s no much difference
between the costs corresponding to a well either tapping
two aquifers or tapping three aquifers. In any case it is
not necessary to go beyond the third aquifer, for the

multiaquifer system considered in the present study.
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of a Well in a Multiaquifer System

The variation of total cost with numbers of aquifers
tapped for different diameter of well and capacity of
pump is presented in Fig. 4.6. It is seen that well with
a smaller diameter and low capacity 1is economical. For
larger diameter, because of cost of excavation, the cost
is higher. The most economical well is that which tapped
the uppers three aquifers, pumps continuously and has

minimum required diameter.
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Figure 4.6 Total Cost of a Well For Different Capacity
Of Pumps, Diameter of Well and Pumping
Operation
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" For easy estimate of the cost of a well, a relationship
between the depth of aquifer and the cost of a well is
found.'The>relati§nship between the cost of well and the
depth of aquifer in a five aquifers system is obtained
with the following equation:

-4 For Qp = 432m3/day,

well diameter = 0.2 m, the equation is

U = -0.0052d> + 0.7009d% - 29.882d + 931.05

where;
U = Cost (Rs/1000 m3) of well

d = Depth of aquifer (m)

¢ For Qp = 864 m3/day,

well diameter = 0.2 m, the equation is

U = -0.0103d% + 1.3961d? - 60.441d + 1455.8

® The relationships between cost of a well and dépth. of
aquifer are presented in the figures 4.7 and 4.8 for Qp =
432 m3/day, well diameter=0.2 m and Qp = 864 m3/day, and

well diameter=0.2 m, reSpectively.
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CHAPTER V

CONCLUSIONS

Based on the study, the following conclusions are

drawn:

e The specific capacity of a well increases with
transmissivity of the agquifer.

e Well storage counter acts the well deterioration.

e Well 1loss 1s wvulnerable to high pumping rate and a

multiaquifer well should be preferred to reduce well

loss. ‘

vaﬁy

¢ In a multi aquifer well, these is scope to find a multi
aquifer well which would provide water at considerable
minimum cost 1in comparison to a well tapping the top
aquifer only. ‘

e Tapping very deeper aquifer is not economical because of

higher cost of excavation.

The methodology based on discrete Kernel approach is
very useful to account for variable pumping rate  and
analysing flow to a multi aquifer system. The discrete
Kernel approach is also very useful for analysing unsteady

" flow to a multi aquifer well accounting well deterioration.
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APPENDIX - A

PROGRAM OF SPECIFIC CAPACITY

FOR SINGLE AQUIFER

DIMENSION TEISF1(365),THISK1(365),A(4,4),UU(365),QP(365),
QAl (365), DRAWHP (365) , DRAWAL (365) ,0W (365) , SPCAPT (365),
ECOST (365) , SUMEC (365)
OPEN (UNIT=1,FILE='Sam6l.DAT',STATUS='OLD')
OPEN (UNIT=2,FILE='Sam91.0UT', STATUS='NEW')
READ (1, *)RW,RC,TRANS1, STOR1, PRATE
PAI=3.14159265
G=4.
c=2.8
DO 100 I=1,365
QP (I)=PRATE
CONTINUE

GENERATION OF THEIS FUNCTION & DISCRETE KERNEL

DO 200 NTIME=1,365
TIME=NTIME
U=RW**2*STOR1/ (4.*TIME*TRANS1)
UU (NTIME)=U
CALL EXI(U,EXFN)
TEISF1 (NTIME)=EXFN

CONTINUE
THISK1 (1)=TEISF1(1l)/ (4.*PAI*TRANS1)

DO 250 INDEX=2, 365

THISK1 (INDEX)=(TEISF1 (INDEX)-TEISF1 (INDEX-1))/(4.*PAI*TRANSI1)
CONTINUE :
WRITE(2,251)

FORMAT (2X,' . THEIS FUNCTION AND DISCRETE KERNEL')
WRITE(2,252)

FORMAT (2X, ' ')
WRITE (2,253)

FORMAT (2X,' THEIS FUNCTION ',2X,' DISCRETE KERNEL')

WRITE (2, 254)

FORMAT (2¥,' N ',' TEISF1I ',' THISKl ')
DO 256 N=1,365

WRITE(2,255)N, TEISF1(N), THISKL (N)

FORMAT (I5,2E10.3)
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COMPUTATION OF QUANTITY OF FLOW AND SPECIFIC CAPACITY OF WELL
IN MULTIAQUIFER SYSTEM WITH MATRIX 2X2

MATRIX
A(l,1)=THISK1(1l)
A(l,2)=-1./(PAI*RC*RC)

A(2,1)=1.
A(z,2)=1.
M=2

CALL MATIN (A, M)
QAl(Ll)=A(1,1)*0.+A(1,2)*QP (1)
QW(l)=A(2,1)*0.+A(2,2)*QP (1)

DO 300 N=2,365

SUM1=0.

SUM2=0.

DO 400 NGAMA=1, (N-1)
SUM1=SUM1+QAl (NGAMA) *THISK1 (N-NGAMA+1)
SUM2=SUM2+QW (NGAMA) / (PAL*RC*RC)
CONTINUE

QA1 (N)=A(1,1)* (SUM2-SUML)+A(1l,2)*QP (N)
QW(N)=A(2,1)* (SUM2-SUM1)+A (2, 2) *QP (N)
CONTINUE

DO 301 N=1,365 -

SUMP=0 '

SUMA1=0

DO 302 NGAMA=1,N ..
SUMP=SUMP+QW (NGAMA) / (PAI*RC*RC)
SUMA1=SUMAL+QA1 (NGAMA} *THISKL (N-NGAMA+1)
CONTINUE - :
DRAWHP (N) =SUMP

DRAWAL (N)=SUMAL

SPCAPT (N)=QP (N) /SUMAL

CONTINUE

CALCULATION ENERGY CONSUMED

DO 303 N=1, 365

ECOST (N)=(C*9.8*QP (N)* (24* (N))/(0.75*86400) ) * (DRAWAL (N) +G)
UMEC=0

DO 304 NGAMA=1,N

UMEC=UMEC+ECOST (NGAMA)

CONTINUE

SUMEC (N ) =UMEC

' CONTINUE

WRITE (2,306) ‘
FORMAT (2X, 'N', 5X, 'DRAWHP ', 5X, ' DRAWAL', 5X, ' SPCAPT')
FORMAT (15, 3F10.3)

DO 308 N=1,365

WRITE (2,307)N, DRAWHP (N) , DRAWAL (N) , SPCAPT (N)

WRITE (2,310) v

FORMAT (2X, ' === r e e e o e e e e ')
WRITE(2,401)

FORMAT (2X, 'COMPUTATION SPECIFIC CAPACITY OF WELL HAVING')
WRITE(2,402)

FORMAT (2X, 'STORAGE IN MULTI AQUIFER SYSTEM')

WRITE (2, 403)

FORMAT (25, ' === m mm e e et e e e ")

WRITE(2,404)
FORMAT (2X,'N ',5X,' QP ',5X,' OQAl ',5X,'QW ',65X, "ECOST',
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1 14X, 'SUMEC')
406 FORMAT (IS5, 4F10.3,F13.3)
DC 410 N=1, 365
410 WRITE(2,406)N,QP (N), QAL (N),QW(N),ECOST (N), SUMEC(N)
WRITE (2, 405)
405 FORMAT (2%, " = e e e e e e t)
WRITE(2,411) ,
411 FORMAT (2%, = — e e e e e e 1)

STOP
END
c SUBROUTINE EXI
SUBROUTINE EXI (U,EXFN)
X=U . ‘
IF(X-1.0)10,10,20
10 EXFN=-ALOG(X)~-0.57721566+0.98899193*X~0.24991055%X**2
1 +0.055199868*X**3-0.00976004*X**4+0.00107857*X**5
RETURN :
20 CONTINUE
IF(X- 80.)50,40,40
50 CONTINUE

EXFN=((X**4+8.5733287*X**3418.059017*X**2+8.6347608*X
+0.26777373) / (X**4+9.5733223*X**3+25.632956*X**2+21.099653*X

1
2 +3.9584969))/ (X*EXP (X)) '
RETURN
40 EXFN=0.
RETURN
END

SUBROUTINE MATIN (AAA,MMM)
DIMENSION AAA(4,4),B{4),C(4)
NN=MMM-1
AAA(1,1)=1./AAA(1,1)
DO 8 M=1,NN
K=M+1
DO 3 I=1,M
B(I)=0.0
DO 3 J=1,M
3 B(I}=B(I)+AAA(I,J)*AAA(J,K)
~ D=0.0
DO 4 I=1,M
4 D=D+AAA (K, T)*B(I)
" D=-D+AAA(K, K)
AAA(K,K)=1./D
DO-5 I=1,M
5 " AAA(I,K)=-B(I)*AAA(K,K)
DO 6 J=1,M
C(J)=0.0
DO 6 I=1,M
6 C(J)=C(J)+AAA (K, I)*AAA(I,J)
. DO 7 J=1,M
7 AMA (K, J)=-C(J) *AAA (X, K)
DO 8 I=1,M
DO 8 J=1,M
8 AAA(I,J)=AAA(I,J)-B(I)*AAA(K,J)
RETURN
END
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MULTIAQUIFER TAPPING TWO AQUIFER

100

200

250

251

252

253

254

. 256
255

DIMENSION TEISF1(365),TEISF2(365),THISK1{(3635),

THISKZ2 (365)
DIMENSION A(4,4),UU(365),QP(365),0A1(365),DRAWHP (365),
DRAWAL {365) , DRAWAZ2 (365) ,QA2 (365) ,QW(365) ,SPCAPT (363),

ECOST (365), SUMEC(365)

(OPEN (UNIT=1,FILE='Samé62.DAT', STATUS='OLD")

OPEN (UNIT=2,FILE='Sam92.0UT', STATUS='NEW")
READ (1, *) RW, RC, TRANS1, TRANS2, STOR1, STOR2, PRATE
PAI=3.14159265
G=4.
c=2.8
DO 100 I=1,365
QP(I)=PRATE
CONTINUE

GENERATION OF THEIS FUNCTION & DISCRETE KERNEL

DO 200 NTIME=1, 365
TIME=NTIME
U=RW**2*STOR1/ (4 .*TIME*TRANSL1)
UU (NTIME)=U
CALL EXI (U, EXFN)

" TEISF1 (NTIME)=EXFN
U=RW**2*STOR2/ (4. *TIME*TRANS2)
UU (NTIME)=U ‘
CALL EXI (U, EXFN)

TEISF2 (NTIME)=EXFN

CONTINUE :
THISK1(1)=TEISF1(1l)/(4.*PAI*TRANS1)
THISK2 (1)=TEISF2(1l)/ (4.*PAI*TRANS2)

DO 250 INDEX=2, 365
THISK1 (INDEX)=(TEISF1 (INDEX)-TEISF1 (INDEX-1))/ (4.*PAI*TRANS1)

)
THISK2 (INDEX)=(TEISF2 (INDEX) -TEISF2 (INDEX-1))/ (4.*PAI*TRANS2)
CONTINUE
WRITE(2,251)

FORMAT (2X, ' THEIS FUNCTION  AND DISCRETE KERNEL')
WRITE(2,252) : :

FORMAT (2X, ' : ")
WRITE(2,253)

FORMAT (2X, ' THEIS FUNCTION ',3X,"' DISCRETE KERNEL')

WRITE(2,254)

FORMAT (2X,' N *',' TEISF1 ',' TEISF2 ', ' THISK1 ',
' THISK2 ')

DO 256 N=1,365

WRITE(2,255)N, TEISF1(N),TEISF2 (N), THISK1 (N), THISK2 (N)

FORMAT (I5,4E10.3)

COMPUTATION OF QUANTITY OF FLOW AND SPECIFIC CAPACITY OF WELL
IN MULTIAQUIFER SYSTEM WITH MATRIX 3X3

MATRIX
A(1l,1)=THISK1(1)
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A(l,2)=-THISK2 (1)

A(1l,3)=0.
A(2,1)=THISKI1{1)
A(2,2)=0.
A(2,3)=-1./(PAI*RC*RC)
A(3,1)=1.

A({3,2)=l.

A(3,3)=1.

M=3

CALL MATIN (A, M)
QAL (1)=A(1,1)*0.+A(1,2)*0.+A(1,3)*QP (1)
QA2 (1)=A(2,1)*0.+A(2,2)*0.+A(2,3)*QP (1)
QW(1)=A(3,1)*0.+A(3,2)*0.+A(3,3)*QP (1)
DO 300 N=2,365 .
SUM1=0 -
SUM2=0
SUM3=0
DO 400 NGAMA=1, (N-1)
SUM1=SUM1+QAl (NGAMA) *THISK1 (N-NGAMA+1)
SUM2=SUM2+QA2 (NGAMA) *THISK2 (N-NGAMA+1)
SUM3=SUM3+QW (NGAMA) / (PAI*RC*RC)
400 CONTINUE .
QAL (N)=A(1l,1)* (SUM2-SUML)+A{1l,2)* (SUM3-SUML)+A(1,3)*QP (N)
QA2 (N)=A(2,1)* (SUM2-SUM1)+A(2,2)* (SUM3-SUML)+A (2, 3) *QP (N)
QW (N)=A(3,1)* (SUM2-SUM1)+A(3,2) * {SUM3-SUM1) +A (3, 3) *QP (N)"
300 CONTINUE
DO 301 N=1,365
SUMP=0
SUMA1=0
SUMA2=0
DO 302 NGAMA=1,N
SUMP=SUMP+QW (NGAMA) / (PAI*RC*RC)
SUMA1=SUMA1+QAl (NGAMA) *THISK1 (N-NGAMA+1)
SUMA2=SUMAZ+QA2 (NGAMA) *THISK2 (N-NGAMA+1)
302 CONTINUE ]
DRAWHP (N) =SUMP
DRAWAL (N)=SUMA1
DRAWA2 (N)=SUMA2
SPCAPT (N)=QP (N) /SUMA1
301 CONTINUE
CALCULATION ENERGY CONSUMED
DO 303 N=1, 365
ECOST (N)=(C*9.8*QP(N)* (24* (N))/ (0.75*86400) ) * (DRAWAL (N) +G)
UMEC=0
DO 304 NGAMA=1,N
UMEC=UMEC+ECOST (NGAMA )
304 CONTINUE
SUMEC (N) =UMEC
303 CONTINUE
WRITE (2,306)
306 FORMAT (2X, 'N',5X, "DRAWHP', 5X, "DRAWAL', 5X, 'DRAWA2',
1 5X,'SPCAPT')
307 FORMAT (I5,3F10.3,F12.3)
DO 308 N=1,365
308 WRITE(2,307)N,DRAWHP (N),DRAWAL (N), DRAWAZ2 (N) , SPCAPT (N)
WRITE (2, 310) :
310 FORMAT (2%, "o m e o e e e e 1)
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WRITE (2, 401) ~
FORMAT (2X, ' COMPUTATION SPECIFIC CAPACITY OF WELL HAVING')

WRITE(2,402)
FORMAT (2X, 'STORAGE IN MULTI AQUIFER SYSTEM')
WRITE(2,403)

WRITE (2,404)

FORMAT (2X,'N ',5X,' @gP ',5X,' OQAl ',5%,' oa2 ',5X,'Qw ',
7X, "ECOST', 14X, 'SUMEC"')

FORMAT (I5,5F10.3,F14.3)

DO 410 N=1,365
WRITE(2,406)N,QP (N),QAL (N),QA2 (N),QW(N), ECOST (N) , SUMEC (N)
WRITE(2,405)

FORMAT (2X, ' === e e e e e e ")
WRITE (2,411) -

FORMAT (25X, T === — o e e e e B\
STOP

END

SUBROUTINE EXI
SUBROUTINE EXI (U, EXFN)
X=U .
IF(X-1.0)10,10,20
EXFN=-ALOG(X)~-0.57721566+4+0.99999193*X~0.24991055*X**2 .

+0.05519968*X**3-0.00976004*X**4+0.00107857*X**5
RETURN '

CONTINUE

IF(X- 80.)50,40,40

CONTINUE
EXFN=( (X**4+8.5733287*X**3+18.059017*X**2+8.6347608*X
+0.26777373) / (X**4+9.5733223*X**3+25,632956%X**2+21.099653*X
+3.9584969) )/ (X*EXP (X))

RETURN
EXFN=0.
RETURN

END -

SUBROUTINE MATIN (AAA,MMM)
DIMENSION AAA(4,4),B(4),C{4)

NN=MMM-1
AAA(1,1)=1./AAA(L,1)

DO 8 M=1,NN

K=M+1

DO 3 I=1,M

B(I)=0.0

DO 3 J=1,M
B(I)=B(I)+AAA(I,J)*AAA(J,K)
D=0.0

DO 4 I=1,M
D=D+ARA (K, I)*B(I)
D=-D+AAA (K, K)

AAA (K,K)=1./D

DO 5 I=1,M

APA (I,K)=-B(I)*AAA(K,K)

DO 6 J=1,M

C(J)=0.0

DO 6 I=1,M
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6 C(J)=C(J)+AAA(K,I)*ARAA(I,J)
DO 7 J=1,M
7 AAA (K, J)=-C(J) *AAA (K, K)
DO 8 I=1,M
DO 8 J=1,M
8 AAA (I, J)=AAA(I,J)-B(I)*AAA(K,J)
RETURN
END

MULTIAQUIFER TAPPING THREE AQUIFER

DIMENSION TEISF1(365),TEISF2(365),TEISF3(365),THISK1(365),
1 THISK2(365),THISK3(365)
DIMENSION A(4,4),UU(365),QP(365),0A1(365),DRAWHP (365),
DRAWA1 (365) , DRAWA2 (365) , DRAWA3 (365) ,QA2 (365) , QA3 (365),
1 QW(365),SPCAPT(365),ECOST(365), SUMEC(365)
OPEN (UNIT=1,FILE='SAM63.DAT',STATUS='OLD')
OPEN (UNIT=2,FILE='SAM93.0UT', STATUS='NEW') :
READ (1, *)RW, RC, TRANS1, TRANSZ2, TRANS3, STOR1, STORZ, STOR3, PRATE,
PAT=3.14159265 ‘
G=4.
C=2.8
DO 100 I=1,365
QP (I)=PRATE
100 CONTINUE

=

Cc GENERATION OF THEIS FUNCTION & DISCRETE KERNEL

DO 200 NTIME=1, 365
TIME=NTIME
U=RW**2*STORL/ (4. *TIME*TRANSL)
UU (NTIME)=U
CALL EXI (U, EXFN)

TEISF1 (NTIME)=EXFEN

U=RW**2*STOR2/ (4 . *TIME*TRANS2)

UU (NTIME)=U

CALL EXI (U,EXFN)

TEISF2 (NTIME)=EXFN

U=RW**2*STOR3/ (4 . *TIME*TRANS3)
* UU(NTIME)=U :

CALL EXI (U, EXFN)

TEISF3 (NTIME)=EXFN

200 CONTINUE
THISK1 (1)=TEISF1(1l)/(4.*PAI*TRANS1)
THISK2 (1)=TEISF2(1)/(4.*PAI*TRANS2)
THISK3(1)=TEISF3(1)/(4.*PAI*TRANS3)
DO 250 INDEX=2,365
THISK1 (INDEX)=(TEISF1 (INDEX)-TEISF1 (INDEX-1))/ (4.*PAI*TRANSL)
THISK2 (INDEX)=(TEISF2 (INDEX)-TEISF2 (INDEX-1))/ (4.*PAI*TRANS2)
THISK3 (INDEX)=(TEISF3 (INDEX)-TEISF3 (INDEX-1))/ (4.*PAI*TRANS3)
250 CONTINUE
WRITE(2,251) )
251 FORMAT (2X, ' THEIS FUNCTION AND DISCRETE
1 KERNEL')
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FORMAT (2X, '
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WRITE(2,252)

‘)

WRITE (2,253)
FORMAT (2X, ' THEIS FUNCTION 5%, " DISCRETE
KERNEL')

WRITE (2,254) ,

FORMAT (2X,' 'N ',' TEISFl ',' TEISF2 ',' TEISF3' ,
THISK1 ',' THISK2 ',' THISK3 ') '

DO 256 N=1,365
WRITE(2,255)N, TEISFL(N), TEISF2 (N) , TEISF3 (N) , THISK1 (N},
THISK2 (N), THISK3 (N)

FORMAT (15, 6E10.3)

COMPUTATION OF QUANTITY FLOW AND SPECIFIC CAPACITY OF WELL IN
MULTTAQUIFER SYSTEM WITH MATRIX 4%4

MATRIX
A(1l,1)=THISK1{(1)
A(l,2)=-THISK2 (1)
A(l,3)=0.
A(l,4)=0.
A(2,1)=THISKL(1)
A(2,2)=0.
A(2,3)=-THISK3 (1)
A(2,4)=0.
A({3,1)=THISK1(1)
A(3,2)=0.

A(3r 3)=O.
A(3,4)=-1./(PAI*RC*RC)

CALL MATIN (A, M) .
QA1 (1)=A(1,1)*0.+A(1,2)*0.+A(1,3)*0.+A(1,4)*QP(1)
QA2 (1)=A(2,1)*0.+A(2,2)*0.+A(2,3)*0.+A(2,4)*QP (1)
OA3(1)=A(3,1)*0.+A(3,2)*0.+A(3,3)*0.+A(3,4)*QP(1)
QW(1)=A(4,1L)*0.+A(4,2)*0.+A(4,3)*0.+A(4,4)*QP (1)
DO 300 N=2,365

SUM1=0

SUM2=0

SUM3=0

SUM4=0

DO 400 NGAMA=1, (N-1)

‘SUM1=SUMI1+QAl (NGAMA) *THISK1 (N-NGAMA+1)

SUMZ2=SUM2+QAZ (NGAMA) *THISK2 (N-NGAMA+1)
SUM3=SUM3+QA3 (NGAMA) *THISK3 (N-NGAMA+1)

. SUM4=SUM4+QW (NGAMA) / (PAI*RC*RC)

CONTINUE
QAl(N)=A(1,1)*(SUM2-SUM1)+A(1,2)* (SUM3-SUM1)+A (1, 3)* (SUM4-SUM1)

+A(1,4)*QP(N) _
QA2 (N)=A(2,1)* (SUM2-SUM1)+A(2,2)* (SUM3-SUM1)+A(2,3) * (SUM4A-SUM1)

+A(2,4) *QP (N)



300

302

301

304
303
306
307
308
310
401
402
403
404
406

410

405
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QA3 (N)=A(3,1)* (SUM2-SUM1)+A(3,2)* (SUM3-SUM1) +A (3, 3) * (SUM4~SUML)
+A(3,4) *QP (N)

QW (N)=A(4,1)* (SUM2-SUM1)+A(4,2) * (SUM3-SUM1)

+A(4,3)* (SUM4—-SUML)+A (4, 4) *QP (N)

CONTINUE

DO 301 N=1,365

SUMP=0

SUMA1=0

SUMA2=0

SUMA3=0

DO 302 NGAMA=1,N

SUMP=SUMP-+QW (NGAMA) / (PAT*RC*RC)
SUMA1=SUMA1+QAl (NGAMA) *THI SK1 (N-NGAMA+1)
SUMA2=SUMA2+QA2 (NGAMA) *THI SK2 (N-NGAMA+1)
SUMA3=SUMA3-+QA3 (NGAMA) *THI SK3 (N-NGAMA+1)

CONTINUE

DRAWHP (N) =SUMP

DRAWAI (N)=SUMA1

DRAWA2 (N) =SUMA2

DRAWA3 (N)=SUMA3

SPCAPT (N)=QP (N) /SUMAL

CONTINUE

CALCULATION ENERGY CONSUMED

DO 303 N=1, 365

ECOST (N)=(C*9.8%QP (N) * (24* (N)) / (0.75*86400) ) * (DRAWAL (N) +G)
UMEC=0 ‘

DO 304 NGAMA=1,N

UMEC=UMEC+ECOST (NGAMA)

CONTINUE

SUMEC (N} =UMEC

CONTINUE

WRITE (2, 306)

FORMAT (2X, 'N', 5X, ' DRAWHP', 5X, 'DRAWALl', 5X, 'DRAWA2', 5X, 'DRAWA3',
5X, "SPCAPT"')

FORMAT (I5, 5F10.3)

DO 308 N=1,365

WRITE (2,307)N, DRAWHP (N) , DRAWAL (N) , DRAWA2 (N) , DRAWA3 (N) , SPCAPT (N)
WRITE(2,310) ,

FORMAT (2K, " == —mmm e e e e e ")
WRITE (2,401)

FORMAT (2X, "COMPUTATION SPECIFIC CAPACITY OF WELL HAVING')
WRITE(2,402)

FORMAT (2X, 'STORAGE IN MULTI AQUIFER SYSTEM')

WRITE(2,403)

FORMAT (2X, ' —— e o e e e e e e e e ')
WRITE(2,404)

FORMAT (2X, 'N ',5X,' QP ',5%X,' OQAl ',5%,' QA2 ',5X,' QA3 ',5X,'
oW ',7X, 'ECOST', 12X, 'SUMEC') '

FORMAT (I5,6F10.3,F14.3)

DO 410 N=1,365
WRITE(2,406)N,QP(N),QAl (N),QA2 (N),QA3 (N),QW (N),ECOST (N),

SUMEC (N)

WRITE (2,405)

FORMAT (2K, " == e e e e e e e e -

WRITE(2,411)
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C SUBROUTINE EXI
SUBROUTINE EXI (U, EXFN)
X=U
. IF(X-1.0)10,10,20
10 EXFN=-ALOG (X)—-0.57721566+0.989999193%X-0,24991055*X**2
1 +0.05519968*X**3-0.00976004*X**44+0.00107857*X**5

RETURN
20 CONTINUE
IF (X~ 80.)50,40,40
50 CONTINUE
EXFN=( (X**4+8,5733287*X**3+18.,059017*X**2+8.6347608*X
+0.26777373) / (X**4+9.5733223*X**3425.632956*X**2+21.099653*X
T2 +3.9584969) )/ (X*EXP (X))
RETURN
40 EXFN=0.
RETURN
END

=

SUBROUTINE MATIN (AAA,MMM)
DIMENSION AAA(4,4),B(4),C(4)
NN=MMM-1" -
ARA(1,1)=1./AAA(1,1)
DO 8 M=1,NN
K=M+1
DO 3 I=1,M
B(I)=0.0
DO 3 J=1,M
3 B(I)=B(I)+AAA(I,J)*AAA(J,K)
D=0.0
DO 4 I=1,M
4 D=D+AAA (K, I} *B(I)
D=-D+AAA (K, K)
AAA(K,K)=1./D
DO 5 I=1,M
5 AAA(I,K)=-B(I)*AAA(K,K)
DO 6 J=1,M
C(J)=0.0
DO 6 I=1,M
6 C(J)=C(J)+AAA (K, I)*AAA(I,J)
DO 7 J=1,M
7 AAA (K, J)=~C(J)*AAA (K, K)
DO 8 I=1,M
DO 8 J=1,M
8 . AAA(I,J)=AAA(I,J)-B(I)*AAA(K,J)
RETURN
END
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DIMENSION TEISF1(365),TEISF2(365),TEISF3(365),TEISF4(365),

-1  THISK1(365),THISKZ2 (365),THISK3(365),THISK4 (363),
A(5,5),0U0(365),0P(365),0A1(365), DRAWHP (365),

2
3 DRAWAI (365),DRAWA2 (365) ,DRAWA3 (365) , DRAWA4 (365) ,QA2 (365),
4 QA3 (365),0A4(365),0W(365),SPCAPT(365),ECOST(365),SUMEC(365)

OPEN (UNIT=1,FILE='SAM64.DAT', STATUS='0OLD"')
OPEN (UNIT=2,FILE='SAM94.0UT',STATUS='NEW')

READ (1, *)RW,RC, TRANS1, TRANSZ, TRANS3, TRANS4, STOR1, STORZ, STOR3,
1 STOR4, PRATE,
PAI=3.14159265

G=4.

Cc=2.8

DO

100 1=1,365 -
QP (I)=PRATE

100 CONTINUE.-

C GENERATION OF THEIS FUNCTION & DISCRETE KERNEL

DO

200 ‘NTIME=1, 365
TIME=NTIME

U=RW**2*STORL/ (4.*TIME*TRANSL)
-UU (NTIME)=U

CALL EXT (U, EXFN)

TEISF1 (NTIME)=EXFN
U=RW**2*STOR2/ (4.*TIME*TRANS2)
UU (NTIME)=U

CALL EXI (U,EXFN)

TEISF2 (NTIME)=EXFN '
U=RW**2*3STOR3/ (4.*TIME*TRANS3)
UU(NTIME)=U

CALL EXI (U, EXFN)

TEISF3 (NTIME)=EXFN
U=RW**2*STOR4/ (4. *TIME*TRANS4)
UU (NTIME)=U

CALL EXI (U,EXFN)

TEISF4 (NTIME)=EXFN

200 CONTINUE

THISK1 (1)=TEISF1(1)/(4.
THISK2 (1)=TEISF2(1)/(4.
THISK3 (1)=TEISF3(1)/(4.
THISK4 (1)=TEISF4(1)/ (4.

DO

THISK1 (INDEX)=(TEISF1 (INDEX)~TEISF1 (INDEX-1)
THISK2 (INDEX)=(TEISF2 (INDEX)-TEISF2 (INDEX-1)
THISK3 (INDEX)=(TEISF3 (INDEX)~TEISF3 (INDEX-1)
THISK4 (INDEX)=(TEISF4 (INDEX)-TELSF4 (INDEX-1)

250 INDEX=2,365

250 CONTINUE
WRITE(2,251)

251 FORMAT (2X, * THEIS FUNCTION

1 KERNEL')
WRITE (2,252)

252
FORMAT (2X, '

*PAI*TRANS])
*PAT*TRANSZ2)
*PAT*TRANS3)
*PAI*TRANS4)

*PATI*TRANS1)
*PAT*TRANS2)
*PAT*TRANS3)
*PATI*TRANS4)

DISCRETE




253

254

256

255
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')

WRITE(2,253)
FCRMAT (2X, ' THEIS FUNCTICN 5%, DISCRETE
KERNEL')

WRITE (2,254)

FORMAT (2X,' N ',' TEISF1 ',' TEISF2 *',' TEISF3' ,

TEISF4 ', "THISKl1 ',' THISK2 ',' THISK3 ',' THISK4 ')

DO 256 N=1,365
WRITE (2,255)N, TEISF1 (N), TEISF2 (N) , TEISF3(N), TEISF4 (N),

THISK1 (N), THISK2 (N), THISK3 (N),THISK4 (N)
FORMAT (I5, 8E10.3)

COMPUTATION OF QUANTITY OF FLOW AND SPECIFIC CAPACITY OF WELL
IN MULTIAQUIFER SYSTEM WITH MATRIX 4X4

MATRIX
A{l,1)=THISK1 (1)
A{l,2)=-THISK2 (1)

CA(1,3)=

A(l,4)=0.
A(l,5)=0. .
A(2,1)=THISK1 (1)

A(2,2)=0

A(2,3)=-THISK3(1)

A(2,4)=0.

A(2,5)=0.

A(3,1Y=THISK1l(1)

A(3,2)=0.

A(3,3)=0

A(3,4)=-THISK4{1l)

A(3,5)=0.

A(4,1)=THISK1 (1)

A(4,2)=0.

A(4,3)=0.

A(4,4)=0.

A(4,5)=-1./(PATI*RC*RC)

A(5,1)=1.

A(5,2)=1.

A(5,3)=1.

A(5,4)=1.

A(5,5)=1.

M=5

CALL MATIN (A, M)

QA1 (1)=A(1,1)*0+A(1,2)*0+A(1,3)*0+A(1,4)*0+A(1,5)*QP (1)
QA2 (1)=A(2,1)*0+A(2,2)*0+A(2,3)*0+A(2,4) *0+A(2,5) *QP (1)
QA3 (1)=A(3,1)*0+A(3,2)*0+A(3,3)*0+A(3,4)*0+A(3,5)*QP{1)
QA4 (1)=A(4,1)*0+A(4,2)*0+A(4,3)*0+A(4,4)*0+A(4,5)*QP (1)
OW(1l)=A(5,1)*0+A(5,2)*0+A(5,3)*0+A(5,4)*0+A(5,5)*QP (1)
DO 300 N=2,365

SUM1=0

SUM2=0

SUM3=0

SUM4=0

SUM5=0

DO 400 NGAMA=1l, (N-1)

SUM1= SUM1+QA1(NGAMA)*THISKI(N—NGAMA+1)
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SUM2=SUM2+QA2 (NGAMA) *THISK?2 (N-NGAMA+1)
SUM3=SUM3+QA3 (NGAMA) *THISK3 (N-NGAMA+1)
SUM4=SUM4+QA4 (NGAMA) *THISK4 (N-NGAMA+1)
SUM5=SUM5+QW (NGAMA) / (PAI*RC*RC)
400 CONTINUE
QAL (N)=A(1l,1)*(SUM2-SUML)+A(1,2)* (SUM3-SUML)+A (1, 3)* (SUM4~-SUM1)
1 +A(1l,4)*(SUM5-SUM1)+A(1,5) *QP(N)
OA2 (N)=A(2,1)* (SUM2-SUM1) +A (2, 2) * (SUM3-SUM1)+A (2, 3) * (SUM4-SUM1)
1 +A(2,4)* (SUM5-SUM1)+A(2,5) *QP(N)
QA3 (N)=A(3,1)*(SUM2-SUML1)+A(3,2)* (SUM3-SUML) +A (3, 3) * (SUM4-SUM1)
1 +A(3,4)*(SUM5-SUML)+A(3,5) *QP (N)
QA4 (N)=A(4,1)* (SUM2-SUM1)+A(4,2)* (SUM3-SUM1)+A(4,3)* (SUM4-SUM1)
1 +A(4,4)* (SUM5-SUML)+A(4,5) *QP (N) .
QW(N)=A(5,1)* (SUM2-5UM1)}+A (5, 2) * {(SUM3-SUM1)
1 +A(5,3) * (SUM4-SUM1) +A(5,4) * (SUM5-SUML) +A (5, 5) *QP (N)
300 CONTINUE
DO 301 N=1, 365
SUMP=0
SUMA1=0
SUMA2=0
SUMA3=0
SUMA4=0
DO 302 NGAMA=1,N
SUMP=SUMP+QW (NGAMA) / (PAL*RC*RC)
SUMA1=SUMA1+QA1l (NGAMA) *THISK1 (N-NGAMA+1)
SUMA2=SUMA2+QA2 (NGAMA) *THISK2 {(N-NGAMA+1)
SUMA3=SUMA3+QA3 (NGAMA) *THISK3 (N-NGAMA+1)
SUMA4=SUMA4+QA4 (NGAMA) *THISK4 (N-NGAMA+1)
302 CONTINUE
DRAWHP (N) =SUMP
DRAWAL (N) =SUMA1
DRAWAZ2 (N) =SUMA2
DRAWAS3 (N) =SUMA3
DRAWA4 (N)=SUMA4
SPCAPT (N)=QP (N) /SUMA1
301 CONTINUE
CALCULATION ENERGY CONSUMED
DO 303 N=1,365
ECOST (N)=(C*9.8*QP (N)* (24* (N) )/ (0.75*86400) ) * (DRAWAL (N) +G)
UMEC=0
DO 304 NGAMA=1,N
UMEC=UMEC+ECOST (NGAMA)
304 CONTINUE
SUMEC (N) =UMEC
303 CONTINUE
WRITE (2, 306)
306  FORMAT (2X, 'N',5X, 'DRAWHP', 5%, 'DRAWAL', 5X, 'DRAWAZ2 ', 5X, 'DRAWA3"',
1 5X,'DRAWA4',5X, 'SPCAPT')
307 FORMAT (IS5, 6F10.3)
, DO 308 N=1,365
308 WRITE(2,307)N,DRAWHP (N),DRAWAL (N) , DRAWA2 (N) , DRAWA3 (N),
1 DRAWA4 (N),SPCAPT (N)
WRITE (2,310)
310 FORMAT (2K, '~ e e e e e e e e e e e e e e e e e e e ")
WRITE (2,401) ,
401 FORMAT (2X, 'COMPUTATION SPECIFIC CAPACITY OF WELL HAVING')

WRITE(2,402)
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FORMAT (2X, ' STORAGE, IN MULTI AQUIFER SYSTEM')
WRITE(2,403)
FORMAT (2X,"
WRITE(2,404)

FORMAT (2X, 'N ',5X,' QP ',5X,' ©Al ',5X%,' QA2 ',5%,' QA3 ',5X%,'
OA4 ', 5X,'QW ',7X,'ECOST',7X, 'SUMEC')

FORMAT (I5,7F10.3,F13.3)

DO 410 N=1,365
WRITE(2,406)N,QP (N),QALl (N), QA2 (N), QA3 (N),QA4 (N) ,QW(N) ,ECOST(N),
SUMEC (N)

WRITE (2, 405)

FORMAT (2X, ' = = e e e e o e o e e —

SUBROUTINE EXI
SUBROUTINE EXI (U,EXFN)
X=U

IF(X-1.0)10,10,20
EXFN=-ALOG{X)—-0.57721566+0.999991983*X-0.24991055*X**2

+0.05519968*X**3~0.00976004*X**4+0.00107857*X**5
RETURN '

CONTINUE

IF(X- 80.)50,40,40

CONTINUE
EXFN=( (X**44+8.5733287*X**3+18.059017*X**2+8.6347608*X

+0.26777373) / (X**4+9,5733223*K**34+25.632950*X**2+21.099653*X
+3.9584969) )/ (X*EXP (X))
RETURN
EXFN=0.
RETURN
END

SUBROUTINE MATIN (AAA,MMM)

DIMENSION AAA(5,5),B(5),C(5)
NN=MMM-1
AAA(1l,1)=1./AAA(1,1)

DO 8 M=1,NN

K=M+1

DO 3 I=1,M

B(I)=0.0

DO 3 J=1,M
B(I)=B(I)+AAA(I,J)*AAA(JT,K)
D=0.0

DO 4 I=1,M
D=D+AAA (K, I)*B(I})
D=-D+AAA (K, K)
AAA(K,K)=1./D

DO 5 I=1,M
AAA(I,K)=-B(I)*AAA(K,K)

DO 6 J=1,M
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C(J)=0.0
DO 6 I=1,M
6 C(J)=C(J)+ARAA(K,I)*AAA(I,J)
Do 7 J=1,M
7 AAA (K, J)=-C{(J) *AAA (K, X)
DO 8 I=1,M
Do 8 J=1,M
8 AAA(I,J)=AAA(I,J)-B(I)*AAA(K,J)
RETURN
END

MULTIAQUIFER TAPPING FIVE AQUIFER

DIMENSION TEISF1 (365),TEISF2(365),TEISF3(365),TEISF4(365),
TEISF5 (365), THISKL (365) , THISK2 (365) , THISK3 (365) , THISK4 (365),
THISK5(36§),A(6,6),UU(365),QP(365),DRAWHP(365),DRAWA5(365),
DRAWAL (365) , DRAWA2 (365) , DRAWA3 (365) , DRAWA4 (365) ,QAl1 (365),
QA2 (365),0A3(365),0A4 (365), QA5 (365) ,0W(365), SPCAPT (365),
ECOST (365) , SUMEC (365)
OPEN (UNIT=1,FILE='SAM65.DAT',STATUS='0OLD")
OPEN (UNIT=2,FILE='SAM95.0UT', STATUS='NEW')
READ (1, *) RW, RC, TRANS1, TRANS2, TRANS3, TRANS4, TRANS5, STORL,
1 STORZ,STOR3, STOR4, STORS, PRATE,
PAI=3.14159265
G=4.
C=2.8
DO 100 I=1,365
QP (I)=PRATE
100  CONTINUE

s wh

C GENERATION OF THEIS FUNCTION & DISCRETE KERNEL

DO 200 NTIME=1,365
TIME=NTIME
U=RW**2*STOR1/ (4 .*TIME*TRANS1)
UU (NTIME) =
CALL EXI (U, EXFN)

TEISF1 (NTIME)=EXFN
U=RW**2*STOR2/ (4. *TIME*TRANS2)
UU (NTIME) =U '

CALL EXI (U, EXFN)

TEISF2 (NTIME)=EXFN
U=RW**2*STOR3/ (4. *TIME*TRANS3)
UU (NTIME)=U

CALL EXI (U, EXFN)

TEISF3 (NTIME) =EXFN
U=RW**2*STOR4/ (4 . *TIME*TRANS4)
UU (NTIME)=U

CALL EXI (U, EXFN)

TEISF4 (NTIME) =EXFN
U=RW**2*STOR5/ (4 .*TIME*TRANS5)
UU (NTIME) =U

CALI, EXI (U, EXFN)

TEISFS {NTIME) =EXFN
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200 CONTINUE
THISK1(1)=TEISF1{(1l)/(4.*PAI*TRANS1)
THISK2 (1)=TEISF2(1l)/(4.*PAI*TRANS2)
THISK3 (1)=TEISF3(1l)/ (4.*PAI*TRANS3)
THISK4 (1)=TEISF4(1l)/(4.*PAI*TRANSY)
THISK5 (1)=TEISF5(1l)/ (4.*PAI*TRANSS)
DO 250 INDEX=2,365
THISK1 (INDEX)=(TEISF1 (INDEX)—TEISF1 (INDEX-1))/ (4.*PAI*TRANS1)
TRISK2 (INDEX)=(TEISF2 (INDEX)-TEISF2 (INDEX-1))/{4.*PAI*TRANS2)
THISK3 (INDEX)=(TEISF3 (INDEX)-TEISF3 (INDEX-1))/ (4.*PAI*TRANS3)
THISK4 (INDEX)=(TEISF4 (INDEX)-TEISF4 (INDEX-1))/ (4.*PAI*TRANS4)
THISK5 (INDEX)=(TEISF5 (INDEX)~-TEISF5 (INDEX-1))/ (4.*PAI*TRANSS5)
250 CONTINUE
WRITE(2,251) ‘ ,
251 FORMAT (2X, ' THEIS FUNCTION AND DISCRETE
1 KERNEL')
WRITE(2,252)
252
FORMAT (2X, '
1 = =1)
WRITE{2,253)
253 FORMAT (2X, " THEIS FUNCTION : 5%, " DISCRETE
1 KERNEL')
WRITE(2,254)
254 FORMAT (2X,' N ',' TEISF1 ',' TEISF2 ',' TEISF3' , '
1 TEISF4 ',' TEISF5 ','THISKl ',' THISK2 ',' THISK3 ',
2 ' THISK4 ','THISKS')
DO 256 N=1,365
256  WRITE(2,255)N,TEISF1(N),TEISF2(N),TEISF3(N),TEISF4(N),
1 TEISF5(N),THISK1(N),THISK2(N),THISK3 (N),THISK4 (N), THISKS (N)
255 FORMAT (I5,10E10. 3) ,
c COMPUTATION OF QUANTITY FLOW AND SPECIFIC CAPACITY OF WELL IN
o MULTIAQUIFER SYSTEM WITH MATRIX 4X4
C MATRIX

"A(l,1)=THISK1{1)
“A(1,2)=-THISK2 (1)

A(ll3)=0-

SA(1,4)=0.
A(l,5)=0.
A(l,6)=0.
-A(2,1)=THISK1 (1)
A(2,2)=0.
A(2,3)=-THISK3 (1)
A(2,4)=0.
A(2,5)=0.
A(2,6)=0.
A(3,1)=THISK1 (1)
A(3,2)=0.

A(3I 3)=Or
A(3,4)=-THISK4 (1)
A(3,5)=0.
A(3,6)=0,

A(4,1)=THISKL (1)
A(4,2)=0.
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A(4,3)=0.

A(4,4)=0

A{4,5)=-THISK5 (1)

A(4,6)=0.

A(5,1)=THISK1 (1)

A{5,2)=0.

A(5,3)=0.

A(5,4)=0.

A(5,5)=0.

A(5,6)=-1./(PAI*RC*RC)

A(6,1)=1.

A(6,2)=1.

A(6,3)=1.

A(6,4)=1.

A(6,5)=1.

A(6,6)=1.

M=6

CALL MATIN (A,M)

OAl (1)=A(1,1)*0.+A(1,2)*0.+A(1,3)*0.+A(1,4)*0.
1 +A(1,5)*0.+A(1,6)*QP (1)

QA2 (1)=A(2,1)*0.+A(2,2)*0.+A(2,3)*0.+A(2,4)*0.
1 +A({2,5)*0.+A(2,6)*QP(1)

QA3 (1)=A(3,1)*0.+A(3,2)*0.+A(3,3)*0.+A(3,4)*0.
1 +A(3,5)*0.+A(3,6)*QP(1) )

QA4 (1)=A(4,1)*0.+A(4,2)*0.+A(4,3)*0.+A(4,4)*
1 +A(4,5)*0.+A(4,6)*QP(1)

QA5 (1)=A(5,1)*0.+A(5,2)*0.+A(5,3)*0.+A(5,4) *0.
1l +A(5,5)*0.+A(5,6)*QP (1)

*
)

QW(1)=A(6,1)*0.+A(6,2)*0.+A(6,3)*0.+A(6,4)*0.
1 +A(6,5)*0.+A(6,6)*0P(1

DO 300 N=2, 365
SUM1=0
SUM2=0
SUM3=0
SUM4=0
SUMS5=0
SUM6=0
DO 400 NGAMA=1, (N-1)
SUM1=SUM1+QAl (NGAMA) *THISK1 (N-NGAMA+1)
SUM2=SUM2+QA2 (NGAMA) *THISK2 (N-NGAMA+1)
SUM3=SUM3+QA3 (NGAMA) *THISK3 (N-NGAMA+1)
SUM4=SUM4 +QA4 (NGAMA) *THISK4 (N-NGAMA+1)
SUM5=SUM5+QAS5 (NGAMA ) *THISK5 (N-NGAMA+1)
SUM6=SUM6+QW(NGAMA)/(RAI*Rc*Rc)

400  CONTINUE
QA1 (N)=A(1l,1)*(SUM2-SUM1}+A )

1 +A(1,4)*(SUM5-SUML)+A(1l,5)* SUM6 SUML)+A (1, 6) *QP (N)

QA2 (N)=A(2,1)* (SUM2-SUM1)+A(2,2)* (SUM3-SUM1)+A (2, 3)

(1 * (SUM4-SUM1)
(
(2

1 +A(2,4)* (SUM5-SUM1)+A(2,5)* (SUM6 SUM1)+A (2, 6) *QP (N)
(
(
(

2)* (SUM3-SUM1)+A(1,3
* (SUM4~SUM1)

QA3 (N)=A(3,1)* (SUM2-SUM1) +A (3, 2) * (SUM3-SUML) +A (3, 3) * (SUM4~SUM1)
1 +A(3,4)*(SUM5-SUML1)+A(3,5)* SUM6- SUM1)+A (3, 6) *QP (N)

QA4 (N)=A(4,1)* (SUM2-SUM1) +A (4, 2) * (SUM3-SUM1) +A (4, 3) * (SUM4~SUM1)
1 +A(4,4)* (SUM5-3UM1)+A(4,5)* (SUM6-SUML) +A (4, 6) *QP (N)

QA5 (N)=A(5, 1) * (SUM2—-SUML) +A (5, 2) * (SUM3-SUM1) +A (5, 3) * (SUM4~SUM1)"
1 +A(5,4)* (SUM5-SUML)+A(5,5) * (SUM6-SUML) +A(5, 6) *QP (N)

QW (N)=A(6,1)* (SUM2-SUML) +A (6, 2) * (SUM3~-SUM1)
1 +4A(6,3)* (SUM4-SUML)+A(6,4)* (SUM5—SUML) +A (6, 5) * (SUM6—SUML)
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+A (6,6) *QP (N)
CONTINUE

DO 301 N=1,365

SUMP=0

SUMA1=0

SUMA2=0

SUMA3=0

SUMA4=0

SUMAS5=0

DO 302 NGAMA=1,N

SUMP=SUMP+QW (NGAMA) / (PATI*RC*RC)
SUMA1=SUMA1+QAl (NGAMA) *THISK1 (N-NGAMA+1)
SUMA2=SUMA2+QA2 (NGAMA) *THISK2 (N-NGAMA+1)
SUMA3=SUMA3+QA3 (NGAMA) *THISK3 (N-NGAMA+1)
SUMA4=SUMA4+QA4 (NGAMA) *THISK4 (N-NGAMA+1)
SUMA5=SUMA5+QAS5 (NGAMA) *THISK5 (N-NGAMA+1)

CONTINUE

DRAWHP {N) =SUMP

DRAWAL (N)=SUMA1

DRAWAZ2 (N) =SUMA2

DRAWA3 (N) =SUMA3

DRAWA4 (N)=SUMA4

DRAWAS (N) =SUMAS

SPCAPT (N)=QP (N) /SUMA1

CONTINUE

CALCULATION ENERGY CONSUMED

DO 303 N=1,365

ECOST (N)=(C*9.8*QP{N)* (24*(N))/(0.75*86400) ) * (DRAWAL (N) +G)
UMEC=0

DO 304 NGAMA=1,N

UMEC=UMEC+ECOST (NGAMA)

CONTINUE

SUMEC (N) =UMEC

CONTINUE

WRITE (2, 306)

FORMAT (2X, 'N', 5X, 'DRAWHP', 5X, 'DRAWALl', 5X, ' DRAWA2', 5X, 'DRAWA3',
5X, "DRAWA4 ', 5X, 'DRAWAS', 5X, 'SPCAPT"')

FORMAT (15, 7F11.5)

DO 308 N=1,365
WRITE{2,307)N, DRAWHP (N), DRAWAL (N}, DRAWA2 (N}, DRAWA3 (N),

DRAWA4 (N) , DRAWAS (N) , SPCAPT (N)
WRITE(2,310)

FORMAT {2X, "
WRITE(2,401) ‘
FORMAT (2X, 'COMPUTATION SPECIFIC CAPACITY OF WELL HAVING')

WRITE (2,402) :
FORMAT (2X, ' STORAGE IN MULTI AQUIFER SYSTEM')

WRITE(2,403)

FORMAT (2X, " ——~— === o e e e e e e ")
WRITE(2,404)

FORMAT (2X, 'N ',5X,' QP ',5X,' QAl ',5X,' QA2 ',5X,' QA3 ',65X,°
OAd ',5X,'QAS5',5X, 'Qw ',7X,'ECOST',7X,'SUMEC') .

FORMAT (I5,8F10.3,F13.3) .

DO 410 N=1,365

WRITE (2,406)N,QP(N),QAl(N),QA2(N),QA3(N), QA4 (N),QA5(N),

QW (N) , ECOST (N) , SUMEC (N)

WRITE({2,405)
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SUBROUTINE EXT
SUBROUTINE EXI (U, EXFN)
X=U
IF(X-1.0)10,10,20
EXFN=-ALOG (X)-0.57721566+0.99999193*X-0.24991055*X**2
+0.05519968*X**3-0.00976004*X**4+4+0.00107857*X**5
RETURN
CONTINUE
IF(X- 80.)50,40,40
CONTINUE :
EXFN=( (X**4+8.5733287*X**3+18,059017*X**2+8.6347608*
+0.26777373) / (X**4+9.5733223*X**3+25.632956*X**2+21.,0939653%*;
+3.9584969) )/ (X*EXP (X))
RETURN
EXFN=0.
RETURN
END

SUBROUTINE MATIN (AAA,MMM)
DIMENSION AAA(6,6),B(6),C(6)
NN=MMM-1
AAA(1l,1)=1./AAA(1,1)

DO 8 M=1,NN

K=M+1

DO 3 I=1,M

B(I)=0.0

DO 3 J=1,M

B(I)=B(I)+AAA(I,J)*AAA(J, K)

D=0.0

DO 4 I=1,M

D=D+AAA (K, L) *B {I)

D=-D+AAA (K, K)

ABDA(K,K)=1./D

DO 5 I=1,M

ARA (I, K)=-B (I)*AAA (K, K)

DO 6 J=1,M

C(J)=0.0

DO 6 I=1,M

C(J)=C(J)+AAA (K, I)*AAA(I,J)
po 7 J=1,M

ABA (K, J)=-C(J) *ABA (K, K)

DO 8 I=1,M

DO 8 J=1,M

AAA(I,J)=AAA(I,J)-B(I)*AAA (K, J)

RETURN

END
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APPENDIX - B

PROGRAM OF SPECIFIC CAPACITY FOR
WELL LOSS UNDER COSIDERATION IN SINGLE AQUIFER

DIMENSION TEISF1(365),THISKIL (365),UU(365),0P(365),
1 QA1(365),DRAWHP(365),DRAWAL (365),QW{365),SPCAPT(365),
1 ECOST(365),SUMEC(365),SPCAP1(365)

DOUBLE PRECISICN TEISF1l,THISK1,UU,QP, QAl,DRAWHP, DRAWAL, QW,
1 SPCAPT, ECOST, SUMEC, SPCAP1, cl, sum,sumt,c2,c3,a,b,suml, sum2,
2 sum3,umec
OPEN (UNIT=1,FILE="ofi.DAT',STATUS='OLD')
OPEN (UNIT=2,FILE='muh3.0UT',STATUS="new')
READ(l,*)RW,RC,TRANSl,STORl,PRATE,NTIME,NPUMP,DELT
WRITE(2,*) '"TRANS1="',TRANS1, 'PRATE="', PRATE
PAI=3.14159265
G=4.
Cc C=2.8
C1=0.000002411*(1./DELT)**2
DO 100 I=1,NPUMP
QP (I)=PRATE
100 CONTINUE

c GENERATION OF THEIS FUNCTION & DISCRETE KERNEL

DO 200 N=1,NTIME

TIME=N
U=RW**2*STOR1/ (4.*TIME*TRANS])
UU (N)=U '
CALL EXI (U, EXFN)

: TEISF1 (N)=EXFN

200 CONTINUE

THISK1(1)=TEISF1(1l)/(4.*PAI*TRANSL)

DO 250 INDEX=2,NTIME

THISK1 (INDEX)=(TEISF1 {INDEX)-TEISF1 (INDEX-1))/ (4.*PAI*TRANSL1)
250 CONTINUE '

WRITE(2,251)

251 FORMAT (2X, ' THEIS FUNCTICN AND DISCRETE KERNEL')
WRITE (2,252) : ~ ‘
252 FORMAT {2X, ! S = ')

WRITE (2,253)

A Study on Specific Capacity and Cost
of Well in a Multiaquifer System




253

254

256
255

400

444

300

501

500

304

FORMAT (2X, ' THEIS FUNCTION ',2X,' DISCRETE KERNEL"')

WRITE (2,254) _
FORMAT (2X,' N ',' TEISF1 ',' THISK1l ')
DO 256 N=1,NTIME '
WRITE(2,255)N, TEISF1(N), THISK1 (N)
CONTINUE

FORMAT (I5,2E10.3)

COMPUTATION OF SPECIFIC CAPACITY OF WELL IN
MULTIAQUIFER SYSTEM WITH A QUADRATIC EQUATION

QUADRATIC EQUATION
A=Cl

B=THISK1 (1) +(1./ (PAI*RC*RC) }
C3=-QP(1)/ (PAI*RC*RC)

OAl (1)=(—B+SORT (B*B-4.*A*C3) )/ (2.*A)
QW (1)=QP(1)-(QA1(1))
RESIDUE=A*QAL (1) **2+B*QA1l (1) +C3
WRITE (2, *) 'RESIDUE="', RESIDUE

DO 300 N=2,NTIME

SUM1=0

SUM2=0

SUM3=0

DO 400 NGAMA=1, (N-1) _
SUM1=SUM1+QAl (NGAMA) *THISK1 (N-NGAMA+1)
SUM2=SUM2+QA1 (NGAMA)

CONTINUE

DO 444 I=1,N

SUM3=SUM3+QP (I)

C2=SUM1+SUM2/ (PAI*RC*RC)-SUM3/ (PAI*RC*RC)
OAl (N)=(-B+SQRT (B*B—4.*A*C2))/ (2.*A)
QW (N) =QP (N) —QA1 (N)
RESIDUE=A*QAL (N) **2+B*QAl (N) +C2
WRITE (2, *)N, RESIDUE

CONTINUE

DO 500 N=1,NTIME

SUM=0

SUMT=0

DO 501 NGAMA=1,N
SUM=SUM+QA1 (NGAMA) *THISK1 (N-NGAMA+1)
SUMT=SUMT+QW (NGAMA)

CONTINUE

WRITE (2, *)N, SUMT

DRAWAL (N)=SUM+ C1*QAl (N)**2

DRAWHP (N) =SUMT/ (PAI*RC*RC)

SPCAP1 (N)=QP (N) /DRAWAL (N)

SPCAPT (N)=QP (N) /DRAWHP (N)

CONTINUE

WRITE(2,*)'Cl=",Cl

CALCULATION ENERGY CONSUMED

DO 303 N=1,NPUMP

Appendix-8- 2

ECOST (N)=(9.8*QP(N)* (24*(N))/(0.75*86400) ) * (DRAWAL (N) +G)

UMEC=0

DO 304 NGAMA=1,N
UMEC=UMEC+ECOST (NGAMA)
CONTINUE
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SUMEC (N) =UMEC
CONTINUE

WRITE (2, 306)

FORMAT (2X, 'N', 5X, 'DRAWHP', 5X, 'DRAWAL', 5X, "SPCAPT"', 5X, 'SPCAP1")
FORMAT (I5,4F10. 3)

DO 308 N=1,NPUMP :
WRITE(2,307)N, DRAWHP (N) , DRAWAL (N) , SPCAPT (N) , SPCAPL (N)
WRITE(2,310)

FORMAT (2X, ' ————~ - ‘)
WRITE(2,401)

FORMAT (2X, 'COMPUTATION SPECIFIC CAPACITY OF WELL HAVING')
WRITE(2,402)

FORMAT (2X, 'STORAGE IN MULTI AQUIFER SYSTEM')

WRITE (2,403)

FORMAT (2K, "= e e e e e e ')
WRITE (2,404)

FORMAT (2X,'N ',5X,' QP ',5%,' QAl ',5X,'QW ',65X,'ECOST',

14X, 'SUMEC')

FORMAT (I5,4F10.3,F13.3)

DO 410 N=1,NTIME ]

WRITE (2,406)N,QP(N),QAl (N),QW(N),ECOST (N), SUMEC (N)

WRITE (2,405)

FORMAT (2%, ' = e e e e e e e e e e e e )
WRITE (2,411)

FORMAT (2K, "~ o e e e e e e e ')
STOP

END

SUBROUTINE EXI
SUBROUTINE EXI (U, EXFN)
X=U ’
IF(X-1.0)10,10,20
EXFN=-ALOG (X)}-0.57721566+0.99999193*X~0.24991055*X**2
+0.05519968*X**3-0.00976004*X**4+0.00107857*X**5
RETURN
CONTINUE
IF(X- 80.)50,40,40
CONTINUE
EXFN=( (X**4+8.5733287*X**3+18.059017*X**2+8.6347608*X
+0.26777373) / (X**4+9.5733223*X**3425,632956*X**2-+21.099653*X
+3.9584969) )/ (X*EXP (X))
RETURN
EXFN=0.
RETURN
END

A Study on Specific Capacity and Cost
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PROGRAM OF SPECIFIC CAPACITY
FOR WELL LOSS UNDER COSIDERATION
IN MULTIAQUIFER TAPPING TWO AQUIFERS

DIMENSION TEISF1(365),TEISF2(365),THISK1(365),
© THISK2 (365),UU(365),QP(365),QA1(365), DRAWHP (365),

1
2 DRAWAI1 (365),DRAWAZ2 (365),QA2 (365),0W(365) ,SPCAPT (365),
3 SPCAP1(365),SPCAP2(365),EC0OST(365),SUMEC(365)

DOUBLE PRECISION TEISF1l,TEISF2,THISK1l,THISKZ2,UU,QP,QAl,
1 DRAWHP, DRAWA1,DRAWAZ2,QA2,QW, SPCAPT, SPCAPL, SPCAPZ2, ECOST,
2 SUMEC,cl,sum, sumt,sums,c2,c3, a,b, suml, sum2, sum3, sum4,
3  sumb,umec

OPEN (UNIT=1,FILE='sof.DAT"',STATUS='OLD')
OPEN (UNIT=2,FILE='CUS3.0UT', STATUS='NEW')
READ (1, *) RW, RC, TRANS1, TRANS2, STORL, STOR2, PRATE, NTIME,

1 NPUMP,DELT
WRITE (2, *) 'TRANS1=', TRANS1, 'TRANS2="', TRANS2,

1 'PRATE=', PRATE
PAI=3.14159265
G=4.

o} Cc=2.8
C1=0.000002411* (1./DELT) **2
DO 100 I=1,NPUMP
QP (I)=PRATE
100 CONTINUE

C GENERATION OF THEIS FUNCTION & DISCRETE KERNEL

DO 200 N=1,NTIME
TIME=N
U=RW**2*STOR1/ (4 .*TIME*TRANS1)

UU (N)=U

CALIL EXI (U, EXFN)

TEISF1 (N)=EXFN
U=RW**2*STOR2/ (4 . *TIME*TRANS2)
UU (N) =U

CALL EXI (U, EXFN)

TEISF2 (N)=EXEN

200 CONTINUE
THISK1(L1)=TEISF1(1)/(4.*PAI*TRANSL)
THISK2 (1)=TEISF2(1l)/ (4.*PAI*TRANS2)

DO 250 INDEX=2,NTIME
THISK1 (INDEX)=(TEISF1 (INDEX)-TEISF1 (INDEX-1))/ (4.*PAI*TRANS1)
THISK2 (INDEX)={TEISF2 (INDEX) -TEISF2 (INDEX-1))/ (4.*PAI*TRANS2)
250  CONTINUE
WRITE(2,251)
251 FORMAT (2X, ! THEIS FUNCTION AND DISCRETE KERNEL')

WRITE(2,252)
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252  FORMAT (2X, '===s===—==—cc—c—coccs=os=sso==s===== ")
WRITE(2,253)

253  FORMAT(2X,' THEIS FUNCTION ',3X,' DISCRETE KERNEL')
WRITE(2,254)

254  FORMAT(2X,' N ',' TEISF1 ',' TEISF2 ', ' THISK1 ',

1 ' THISK2 ')

DO 256 N=1,NTIME

256  WRITE(2,255)N,TEISF1(N),TEISF2(N), THISK1(N), THISK2 (N)

255  FORMAT (IS5, 4E10.3)

Cc COMPUTATION OF SPECIFIC CAPACITY OF WELL IN
C MULTIAQUIFER SYSTEM WITH A QUADRATIC EQUATION
cC QUADRATIC EQUATION

A=PAI*RC*RC*C1
B=1.+PAI*RC*RC*THISK1 (1)—-(1./(1.+PAI*RC*RC*THISK2(1)))
C3=(0.*PAI*RC*RC+0.+0.~-QP (1)—-(1./ (1.+PAI*RC*RC*THISK2 (1))
1 *(PAI*RC*RC*0.-QP(1)+0.+0)))
QA1 (1)=(-B+SQRT (B*B—4.*A*C3))/(2.%A)
QA2 (1)=-0A1(1)}/ (1.+PAI*RC*RC*THISK2 (1))-(1./((1.+PAI*RC*RC
1  *THISK2(1)))* (PAI*RC*RC*0.-QP(1)+0.+0.))
QW (1)=QP(1)- (QAL(1)+QAZ (1))
WRITE (2, *) 'RESIDUE=', RESIDUE
DO 300 N=2,NTIME
SUM1=0
SUM2=0
SUM3=0
SUM4=0
SUM5=0
DO 400 NGAMA=1l, (N-1)
SUM1=SUMI1+QAl (NGAMA) *THISK1 (N~-NGAMA+1)
SUM2=SUM2+QA1l (NGAMA)
SUM3=SUM3+QA2 (NGAMA)
SUM5=SUM5+QA2 (NGAMA ) *THISK2 (N~NGAMA+1)
400 CONTINUE :
DO 444 I=1,N
444 SUM4=SUM4+QP (I)
C2=(SUM1*PAI*RC*RC+SUM2+SUM3-SUM4~- (1./ (1.+PAI*RC*RC*THISK2 (1))
1 *{PAI*RC*RC*SUM5-SUM4+SUM2+SUM3) )) ’
QA1 (N)=(—-B+SQRT (B*B—4.*A*C2) )/ (2.*A)
QA2 (N)=—QAL (N)/ (1.+PAI*RC*RC*THISK2 (1)) -(1./ ({1l.+PAI*RC*RC
1 *THISK2(1l)))* (PAI*RC*RC*SUM5-SUM4+SUM2+SUM3) )
QW (N)=QP (N) — (QAL (N) +QA2 (N} )
RESIDUE=A*QAL (N) **2+B*QAl (N) +C2
WRITE (2, *)N,RESIDUE
300 CONTINUE :
DO 500 N=1,NTIME
SUM=0
SUMS=0 -
SUMT=0
DO 501 NGAMA=1,N
SUM=SUM+QAl (NGAMA) *THISK1 (N-NGAMA+1)
SUMS=SUMS+QA2 (NGAMA ) *THISK2 (N-NGAMA+1)
SUMT=SUMT+QW (NGAMA) * (1./ (PAI*RC*RC) )
501 CONTINUE
DRAWAL (N)=SUM+ (C1*QAl (N) **2)

A Study on Specific Capacity and Cost
of Well in a Multiaguifer System




500

304
303
"306
307

308

310
401
402
403
404
406
410
405

411

10

20

50

1

Appendix-B- 6

DRAWAZ (N) =SUMS
DRAWHP (N) =SUMT

SPCAPL (N)=QP (N) / (DRAWAIL (N) )
SPCAP2 (N)=QP (N) / (DRAWAZ2 (N) )
SPCAPT (N)=QP (N) / (DRAWHP (N) )
CONTINUE

WRITE(2,*) 'Cl="',Cl

CALCULATION ENERGY CONSUMED
DO 303 N=1,NPUMP .

ECOST (N)=(9.8*QP (N) * {24* (N))/ (0.75*86400) ) * (DRAWA2 {N) +G)
UMEC=0 :

DO 304 NGAMA=1,N

UMEC=UMEC+ECOST (NGAMA)

CONTINUE

SUMEC (N) =UMEC

CONTINUE

WRITE (2, 306) _

FORMAT (2X, 'N', 5%, 'DRAWHP', 5X, 'DRAWAL"', 5X, 'DRAWA2',

5X, 'SPCAPT!', 5X, 'SPCAP1', 5X, 'SPCAP2"')

FORMAT (I5,3F10.3,3F12.3)

DO 308 N=1,NPUMP
WRITE(2,307)N, DRAWHP (N) , DRAWAL (N) , DRAWAZ2 (N) , SPCAPT (N),
SPCAP1(N), SPCAP2 (N)

WRITE (2, 310)
FORMAT (2X, '
WRITE(2,401)

FORMAT (2X, ' COMPUTATION SPECIFIC CAPACITY OF WELL HAVING')
WRITE(2,402)

FORMAT (2X, ' STORAGE IN MULTI AQUIFER SYSTEM')

WRITE (2, 403)

FORMAT (2K, ' ——— e e ")
WRITE(2,404)

" FORMAT (2X,'N ',5X,' QP ',5X,' oQAl ',5X,' QA2 ',5X,'QW ',

7X, '"ECOST', 14X, 'SUMEC!')
FORMAT (I5,5F10.3,F14.3)

DO 410 N=1,NTIME

WRITE(2,406)N, QP (N),QAl(N),QA2 (N),QW(N) ,ECOST (N) , SUMEC (N)
WRITE(2,405)

FORMAT (2K, "———mm e e e ")
WRITE(2,411) ‘

FORMAT (2X, " ———— e e e e e ')
STOP '

END

SUBROUTINE EXI
SUBROUTINE EXT (U, EXFN)
X=Uu

IF(X-1.0)10,10,20
EXFN=-ALOG(X)—-0.57721566+0.99999193*X-0.24991055*X**2

+0.05518968*X**3-0.00976004*X**44+0,00107857*X**5
RETURN

CONTINUE

IF(X- 80.)50,40,40

CONTINUE
EXFN=((X**4+8.5733287*X**3+18.059017*X**2+8.6347608*X
+0.26777373)/ (X**4+9.5733223*X**3+25.632956*X**2+21.099653*X
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2 +3.9584969))/ (X*EXP (X))
RETURN
40 EXEFN=0.
RETURN
END

INPUT-OUTPUT PROGRAM

Data input :
- FOR ONE AQUIFER

Rw Rc Tl o1 PRATE NTIME NPUMP DELT
0.1 2. 100. 0.1 100. 365 365 1.
Output :

TRANS1= 100.00 PRATE= 100.00

- THEIS FUNCTION AND ‘DISCRETE KERNEL

O
i —

THEIS FUNCTION DISCRETE KERNEL

- N TEISF1l THISK1

. 1 .123E+02 .981E-02

a

5 .139E+02 .178E-03
10 .146E+02 .838E-04
356 .182E+02 .224E-05
365 .182E+02 .218E-05

Cl= 4.8225299309479E-009

N DRAWHP DRAWA1 SPCAPT SPCAPL
1 .873 .873 114.545 114.545
2 1.013 1.013° 98.764 98.764
-5 1.104 1.104 90.014 90.614
10 l.1lel 1.161 86.106 86.106
50 l.291 1.291 77.436 77.436
100 1.347 1.347 74.250 74.250
200 1.402 1.402 71.322 71.322
365 1.450 1.450 68.964 68.964

W]
COMPUTATION SPECIFIC CAPACITY OF WELL HAVING
il
STORAGE IN MULTI AQUIFER SYSTEM
a
N QP QA1 QW ECOST SUMEC
1 100.000 89.029 10.971 1.769 1.769 .
2 100.000 98.247 1.753 3.639 5.407
10 100.000 89.891 .109 18.734 102.245
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100 100.000 99
200 100.000 89
365 100.000 99

86.029
194.069
392.152
722.027

2430
9727
39121
131167

.443
.806
.456
.170
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