DETERMINATION OF AQUIFER

THEORY
NMonlealey Aquifer
‘The partial differential equation describing
unsteady radially symne arie ow in a nonleahy
homeyetieous confined aquifer of constant thickness

can he written 28
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in which liis the |1ir.zr1n=.ctric head at a radius r from
the pumped well ata time t since the start of
pumnping. T and § are the transmissivity and storage
cocefflicient, rcspr:,‘tivcly. Equation (1) assumes that
the pumping well fully penctrates the aquifer layer
during the test. A solution to cquation (1) which
satisiics the continuity requirement and the
.conditions
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as piven by Theis (19345) is

a,, o

| EPPR {e™/u) du (2)

LI BRI RN
where hy, it the initiad nierometric head, and Qy, is

the constant rate of pumping.
l-'.q'.minn (2) is vzually written as
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PARAMETERS USING MARQUARDT ALGIRITHM

[he increments AT and AS are determined such that
the sim of squanes of the difference between the
ohserved and the ealeulated dra vdowis 18 minimum,
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where 53‘ is the obscrved drawdewn atany mnstant.
Uhe linearized model given by equation (4) is

substitured in equation (5) and normal cquations are

formed by setting th E\:n‘li:\l derivatives of the

obiective function given by equ tion (5) with respect

to T and § equal to zero
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Al gs e trAnspose of the matrix A;s° and s* are .
e veetors of observed and catculared drmwdowns, .
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The normal equaticens (6) are_solved for AA

vb e e de -‘.'.'(l;n'.n'- ve ealeuli ted by

subatituting the inproved carimates (1, S) of the
parameters mn cqlmtinn (2). The ennor criterion 1s
checked and if the same ix not satified, the process
is repeated with the updated cstimtes of the
perneters

In order to cnsure convergenee with relatively
poor srarting values, o vion (6) 18 modified as
(;\-r AtAlAA Al (5" 5 (7)

where & is the converpence factor wd Lis the

identity matrix. Inital v Mues of X are lnpe and

s reached.
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DETERMINATION OF AQUIFER PARAMETERS USING MARQUARDT ALGORITHM

Type of aquifer : Confined o
Description of the pumping well : Well with negligible

Descr

storage
iption of the observati®ii weil : Well with neglible storage

Definition of Variables

QP - Pumping rate (cubic meter/unit time), unit time is HCF
of NTIMES(NTV) ( see below),
R1 - Distance of the observation well from the pumping well,
NPUMPT - Duration of pumping,
NTV - No of observations,
NTIMES - Times at which observations are taken, NTV values to be

given,

OUDRW - Observed drawdown, NTV values to be given.

PREPARATION OF INPUT DATA

File

lLine
Line
Line
Line
Line
Line

Note :

min.
99.9

name : MC1.DAT

1 Initial guess of T and PHI
2 : Lower Limit of the parameters T and PHI
3 : Upper Limit of the parameters T and PHI
4 : QP, R1, NPUMPT, NTV
é n (NTIMES(I),I=1,NTV)
n+ 1 end : (ODRW(I),I=1,NTV)

H -

Transmissivity is determined per unit time.

A well was pumped for 7000 min at the rate of 18.9236 m3/10
The drawdown ohservations were taken at a well at a distance

m. The unit time was 10 min. Determine T & PHI.

Sampla File MC1.DAT

0.

s
10.
i8.
1
20
120

550

19) 0.001700

01 0.00001

95 0.500

9236 99.9 700 34

2 3 4 5 T 10 Z 15 18
26 30 40 50 60 70 8C 90 100
150 170 200 250 300 360 4C0 450 500

600 650 700

0219 0.357-- 0.447 0.511 0.564 0.643 0.72% 0.780 0.838 0.878
0.907 0.979 PO9 080 Jated 1,247 10256 1.289- 1343 1.341
Lwb88 1687 TeTIT 1742 »AfB2

i
_1.,4D2 1.450 1.474 1.532 1,597
1.797 1.804 1, 1

837 .860

Running program MADCAT1

The

user should create the input files MAR.DAT in the directory
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MADNCAL
DETERMINATION OF AQUITER PARAMI TIRS USTNG MARQUARDT AL GORTTIM
( WIIH RECOVERY )

Fype ol aguifer @ Contined
Doscription of the pumping well Well with negligible storage
Doscription of the observation well Well with negliible storage

INPUT DATA

Definition of Variables

QP - Pumping rate (cubic meter/unit time), unit time is HCF
of NTIMES(NTV) ( see below},

R1 - Distance of the observation well from tha pumping well,

P { v of pump i

NTV — Nou of observations,

NTIMES - Times at which observations are taken, NIV values to be
given,
ODRW Observed drawdown, NIV values to be given.

SAMPLE INPUT '

A well was pumped for 7000 min at the rate of 18.9236 m3/10
min. The drawdown observations were taken at a well at a distance
99.9 m up to 14000 min. The unit time was 10 ain.  Determine
aquifer parameters T & PHI.

File name : MC2.DAT

ine 1 = Tnitdial guess of T and PHI

[ ine 2 ¢ Lower Limit of the parameters T axd PHI
Line 3 : Upper Limit of the parameters T axd PHI
Line 4 : QP, R1, NPUMPT, NTV

Line b = n : (NTIMES(I),I=1,NTV)

Line nid end : (ODRW(I),I=1,NTV)

Note : Transmissivity is determined per unit time.

Sample [ile MC2.DAIT
n.10 0.01700
0.01 0.0001
10, 00 0. 5000

18.9236 99.9 700 55

1 2 3 4 5 7 10 132 15 18
20 26 30 40 50 60 70 81) 90 100
i2 150 170 200 250 300 360 400 450 500
550 600 650 700
P01 702 703 704 706 708 7io 711 720 726

730 740 750 770 800 840 a0 a6 1050 1167
1400
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0.219 0.357 0.447 0.511 0.564 0.643 0.729 0.780 0.838 0
0.907 0.979 1.009 1.090 1,163 1.217 1.256 1.28% 1.313 1
[ ABS 1. ARG 1.AT4 1. a2 1,697 163K LLGRT 1L T 1. 742
E G 1. Hu4Ad R e | ., BLit)

{650 1.512 1,427 1.326 1.266 1.196 1.137 1.051 0.958 0

.B78
.341

Ta2

.891

N.850 0.780 0.719 0.64 0.557 0.476 0.377 0.320 0.242 0.179
0.16G4
Rk R Rk
Running program MADCATZ2
The user should create the input files MC2.0AT in the directory
in which the program MADCAT? resides. The program is invoked by
typing MADCAT2 at the system prompt. The Result file MC2.0UT
created for the above sample data is given below.
nr LT [ Tl M oIT
Determination of Aquifer parameters Using
MARQUARDT ALGORITHM
Tter No 1 0bj Fun L.9956E+03 T & PHI = 100000 .017000
Iter No 2 O0Obj Fun = .2308FE+03 T & ﬁHI 2 231797 .032107
Iter No 3 0bj Fun = .6225E+02 T & PHI = .E98453 .054302
Tter No 4 Obj Fun = .2864E+02 T & PHI - 1.749724 .057216
Iter No 5 Obj Fun = .2292E+02 T & PHI = 2.218044 .041598
[ter No 6 Obj Fun = .1689E+02 T & PHI = 2.790527 .025285
[ter No 7 Obj Fun = 11446402 T & PHI - 3.197116 .014365
Tter No 8 Obj Fun = .7344E+01 T & PHI = 3.E60820 .008396
Iter No. 9 Obj Fun = .4597E+01 T & PHI = 3.E87761 .0056292
[ter No 10 Obj Fun = .2858E+01 T & PHI = 4.177920 .003634
[ter No 11 Obj Fun = .1785E101 T & PHI 4.430376 .002696
Tter No. 12 0bj Fun .6466E+00 T & PHI 5.213781 .000733
Iter No 13 0Obj Fun = .2236E-0' T & PHI 5.617170 .000818
ITter No. 14 0Obj Fun = .1832E-01 T & PHI = 5.650461 .000823
Tter No 15 0bj Fun = .1832E-01 T & PHI = 5.659837 .000823
Iter No 16 Obj Fun = .1832E-01 T & PHI : 5.659837 .000823

¥t SOLUTION OF THE PROBLEM i+t

[ H.65984
PHI = .00082
Therefore, T = 5.66 sq m/ 10 min

PHI = 0.00082
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MADCAT 2

Detarmination of Aquifer Farameters

oof o barage DY iamed e
Type of aquifer : Confined
Description of the pumping

we b €
Description of the observation well @ |

~ oo
we |‘I.F:

DEFINITION OF VARIABLES

of the
of the
of the

pumping well,
observation well,

Radius
Radius
Radius

RW 1
RW?2
RCH

lsing Pumping Data
Weel ]

Diameter Well.

arge Diameter Well.

casing of the pumping weil,

RC2 Radius of the casing of the observation well,

R1 Distance of the observation well from the pumping well,

G Rate of pumping pet unit time,

NTIMFE No of time steps upto the end of which observetions are
made ,

MPUMPT No of time steps upto the end of which pumping 1is
carried out,

TNDEX Tts value is 1 if the drawdown observations are made at
the pumping well and 2 if they are mede at an
nbaervation well at a distance R1,

ODRW Observed di awdowi.

A wall was pumped for 7000 min at the rate of 18.0236 m3/10
min. The drawdown observations were taken at a well at a distance
99.9 m. The unit time was 10 min. Determine T & PHI
Sample File MC3.DAT

1,10 1

6.0 non

1 E N

0.1 1.1 0.1 10 £ 50 ] 0,001

inoo1n

00175 0.034% 00518 0.0688 0.0855 0.1001 0.0085 0 1347 0.1508 0. 16CT

0,1825 0,1581 0.2136 0,2280 0.2441 0.2692 0.2741 0.2889 0.3035 0.3140

B,3004 10,3468 0.3607 0.3747 0.3885 0.4023 0.4150 0.4204 0.4427 0, 4560

0.4691 0.4821 0.4950 0,5078 0.5205 05331 05455 05679 0.5101 0,562

0.5047 0.6067 06180 0.6998 0,644 0.6520 06644 06757 06269 0,681

T00E 0.7201 07310 6. 0417 07544 076300 0,774 31 1, 045

8147 0.8242 0,348 0.8447 10,8545 0.8643 0.2740 0.2336 0.8331 0.3025

1,0110 0.8217 0.9304 0,995 0,9486 0.9576 09665 0,9753 0,3341 0,9922

PAOEE 10000 10185 10270 1.0353 1.0438 1.081% 10800 10681 1.076

1.0042 1.092¢ 1,0999 1. 1077 L0155 101230 1.1307 91,1383 1, 1488 14,1502

1606 11679 11752 1 1824 1,185 11966 1.2037 .M07 L2476 12240

100313 12088 1.2440 1, 2545 1,208 1.2647 12112 1,2841 1,2905

s Fo0467 01,2381 1.215% 121 50 §.1349 |, 1849




[ 17580 4. 1652 11555 1, 1459 11364 11210 1.0417 1085 1.0994 1.0004

CORIR T AT0T 1.0630 1.085) 1.0467 1.0082 10298 1,075 1 0133 1.0052
NOOaTt 0 9Ra1 6o9Rt2 0.G134 0.0666 0.9519 kAt 0 9498 0 0%%% 09910

OO U1 O Tl N T T R
A0 U R OB 0,8814 0,8250 O 818t D.E12e d.ded U

07877 03817 0.7757 0.7698 0.763¢ 0.7541 0.7524 0.7467 0.7410 0.7334
07900 0,724 0.7180 0.7135 0.7081 6.7028 0.6976 10,6924 0.6872

0.5670 0.6620 0.6571 10,6523 0.647% 0,6427 0.6360 0.6d

0 B288-0.540 0.6104 0.6+49 0.6104 0.6060 0.6015 0,597 0,5928 0.5885

0.5443 9.5000 0,5759 0.5747 0.5676 0,5635 0.853% 0.8854 0.

0.5436 §.5797 0.5359 0.5370 0.5283 0.5245 (0.5208 0.5171 0.5144 0.5098

N T I I
Running program MADCAT3

The user should create the input files MC3.DAI in

tha

directory

in which the program MADCAT3 resides. The pregram is invoked by
RC3.0UT

typing MADCAT2 at the system prompt. The Result
created for the above sample data is given below,

RESIILT FILE MC3.0UT

Netermination of Aquifer parameters Using

t |f\E‘1Hi i.“\i'\'“i 1-\i '5=- R '- H”“

& PHI - B,
& PHI = B
& PHI = 0.
PHI- = 0+

Tter No 1 Obj Fun = 0.2062E+02
Tter No 2 0Obj Fun = 0.1111E+01
Tter No 3 0bj Fun = 0.1041E+00
Tter No 4 0bj Fun = 0.5197E-01
Tter No 5 0Obj Fun = 0.4849E-01 & PHI = Q.
lter No 6 Obj Fun = 0.4549E-01 & PHI = 0.
[ter Na 7 Obj Fun = 0.4273E-01 T & PHI = Q.
i e Intermediate Lines Deieted -
Iter No 100 Obj Fun = 0.2564E-06 T & PHI = 0.
Tter No 101 O0bj Fun = 0.2446E-06 T & PHI - .
Iter No 102 Obj Fun = 0.2347E-06 T & PHI 0.

e e e
2o

tvy SOLUTION OF THE PROBLEM ++4

| 0.29983
PHT - 0.00101
Theraefore, |1 0.30 =g m/min

PHI = 0.00101
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100200
145392
175533
180364
182329
185162
187230

299789
299311
2991330

.170000
.500000
., 277894
,282560
.254188
229482
.207648

.001010
.001009
.001008
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