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DETERMINATION OF AQUIFER PARAMETERS USING MARQUARDT ALGORITHM 

THE011Y 

Nonionic},  Aquifer 
'Mc partial dif h•temial equation describing 

unsteady radially symmetric How in a nonleatty 
Itonitigeneous confined aquifer of constant thickness 

can be written as 

VII 1 all s alt • 
(I) 

ar2  r ar T at 

in which It is the piczometrie head at a radius r from 

the pumped well at a time .
t since the start of 

pumping. T and S are the transmissivity and storage 

coefficient, respectively. Equation (1) assumes that 
the pumping well fully penetrates the aquifer layer 

during the test. A solution to equation (1) which 

satisfies the continuity requirement and the 

conditions 

(r, 0) = 

h t) 110  

as given by Theis (1935) is 

It - f (e'" In) Un (2) 

lara-r1Y41t 

where h„ is the initial pitiometric head, and (3 1  is 

the constant rate of pumping. 
Equation (2) is usually written as 

s = W(u) (3) 

avliere s k the di r,sidown ( -h0  — and W(u) is 

tlat• function rcprci,entine the expon-inial 

integral 

S. 'Illesc • 

mu can jrI estinvo 11001inell regt cssion 

an di sis. sign,  ithin used .0;  Th•ternaning t :mu 

s illy m:r• :hi, to lit it-writ/4 1 1.1(11) mcmc ! Iii111- 1  

.1,  ti-•I it at any instant 

tnit-,!ltWiil',2 Ill': trial Valln'S of 

parameters 'I° and S' in equation (3). Let AT and 

A tt ,s•sprcin,o U itrirlmtU mc in 1 and S" to 
and S at the end of 

cal It ii ml and let ii;ti m limes' drawdown 

value },,iven as, _ 

„by :mum v3Ines, 
Esptt 

rye AT. S' + AS) 

(T` ) ar(T", 5') 

al' AS° 

as" 

or 
 s ,

•
A S (4) si - 

aS.  

1 lir increments Al and AS are descrinnted such that 

die sum of %plates of dm dilletcnce iltiWellt the 

;discivet] and the calculated dra.vdmvits is minimum, 

I.C., Mill Stun = E (sr - 
Al, AS 

where sr is the observed drawdtiwn at any instant. 
'Ike linearized model given by equation (4) is 

substituted in equation (5) and normal equations are. 

'formed hy setting the partial derivatives of the 

objective function given by Nu 'don (5) with respect 

to T and S equal to zero 

3 sum • 
r. 0 

31' 

a stint 
and 

'Is- 

These equations will take the form 

(AT  A) AA = 
xr 00 _ s•) (6) 

Al.  is the triinsposc of the matrix A; s° muds' ale 

thr vectors of observed and calcula,ed drawdowns, 

respectively. 
he normal equations (6) are joked for AA 

"trt t •t - tit:Iv:downs :LIT Client: tell 11V 

substituting the improved estimate; (T, S) of the 
parameters in equation (3). 1 he ell or criterion is 

checked and if Elie Same ;Smint sari • fled, the process 

is repeated with the updated rstiin ices of the 

piir ;miner s. 
In order to cuisine kifilvel rent r with left' 'vet>,  

poor starting values, equation (6) is modified as 

6r  A NI) AA Al  (s" • 5') (7) 

win r X is dir c‘nivr,ry.citre factor old 1 is the 

identity tm;trix 
Mintior >: ale HI V.e and 

decrease towards rrio :is converge 'cc k. reached. 

45) 
1,7 e. 

Lecture de,livered by Mr.S.K. 
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DETERMINATION OF AQUIFER PARAMETERS USING MARQUARDT ALGORITHM 

Type of aquifer : Confined 
Description of the pumping Aoll : Well with negligible storage 
Desctiption of the observatlIMI well : Well with neglitie storage 

Definition of Variables 

OP - 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, NT" values to be 

given, 
ODRW - Observed drawdown, NTV values to be given. 

PREPARATION OF INPUT DATA 

. File name : MC1. DAT 

Line 1 : Initial guess of T and PHI 
Line 2 : Lower Limit of the parameters T and PHI 
Line 3 : Upper Limit of the parameters T and PHI 
Line 4 : QP, R1, NPUMPT, NTV 
Line 5 - n : (NTIMES(I),I=1,NTV) 
Line 11-1.1 - end : (ODRW(I),I=1,NTV) 

Note : Transmiss1vity is determined per unit time. 

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. The unit time was 10 min. 

Sample File MC1.DAT 

Determine T 8, PHI. 

0.40 0.001700 
0.01 0.00001 
10.95 0.500 
18.9236 99.9 700 34 
1 2 3 4 5 7 10 12 15 18 
20 26 30 40 50 60 70 80 90 100 
120 150 170 200 250 300 360 4C0 450 500 
550 600 650 700 
0.2-19 0.357 0.447 0.511 0.564 0.643 0.729 0.780 0.838 0.878 
0.90/ 0.979 1.009 1.090 1.162 1.217 1.256 1.289- 1313 1.341 

_1,402 1.450 1.474 1.532 1.597 1.635 1.687 1.717 1.742 1.782 
1.797 1.804 1.837 1.860 

Running program MADCAT1 
The user should create the input files MAR.DAT in the directory 
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DffIRMINATION Of /WHIN PARAMIIIMs USING MANOUARDI AIGORITUN 
WilH RTCOVEHY ) 

typo ot aquifer : confieed 
Des,.ription of the pumping well : Well with negligible storage 
DwAcription of the observation well : Well with neglible 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 the pumping well, 

I ran.i: icl; Jr pumping, 
NTV - No-Of Observations, 

WINES Times at which observations are taken, Nry values to be 
given, 

ODRW Observed drawdown, NTV values to be give% 

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 

1 inf. 1 : Tnil lal quo,4s of I and PUT 
I int! 2 : Lower Limit of the parameters T aid PHI 
Line 3 : Upper Limit of the parameters T aid PHI 

Line 4 : OP, R1, NPUMPT, NTV 
Line 5 - n : (NTIMES(I),I=1,NTV) 
Lino n44 end : (ODRW(I),I=1,NTV) 

Note : Transmissivity is determined per unit time. 

Sample File MC2.DAT 
0.10 
0.01 
10.00 

18.9236 

0.01700 
0.0001 
0.5000 

99 9 700 55 
1 2 3 4 5 7 10 12 15 18 

20 26 30 40 50 60 70 80 90 100 

120 150 170 200 250 300 360 400 450 500 

550 600 650 700 
701 702 703 704 706 708 710 714 720 726 

730 740 750 770 800 840 900 960 1050 1167 

1400 

1.974 



0.219 0.357 0.447 0.511 0.564 0.643 0.729 0.780 0.838 0.878 

0.907 0.979 1.009 1.090 1.163 1.217 1.256 1.289 1.313 1.341 

1 4p:,  1.450 1.4/4 I .riul I./017  1.615 1.607 1.717 1.742 1.7A2 

I. PI/ 1.604 I.83/ I. 

1.650 1.512 1.427 1.326 1.266 1.196 1,137 1.051 0.958 0.891 

0.850 0.780 0.719 0.642 0.557 0.476 0.377 0.320 0.242 0.179 

0.104 

1- 1-kft*/***** 

Running program MADCAT2 

The user should create the input files MC2.DAT in the directory 
in which the program MADCAT2 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. 

r*-111 T rti r MC2.0uT 

Determination of Aquifer parameters Using 
MARQUARDT ALGORITHM 

Iter No 1 Obj Fun = .9956E+03 & PHI .100000 .017000 

Iter No 2 Obj Fun = .2308E+03 & PHI .231797 .032107 

Iter No 3 Obj Fun = .6225E+02 & PHI .€98453 .054302 

Iter No 4 Obj Fun = .2864E+02 & PHI 1.749724 .057216 

Iter No 5 Obj Fun = .2292E+02 & PHI 2.218044 .041598 

Iter NO 6 Obj Fun = .1689E+02 & PHI 2.790527 .025285 

Iter No 7 Obj Fun . .1144E+02 PHI 3.197116 .014365 

Iter No 8 Obj Fun = .7344E+01 PHI 3.560820 .008396 

Iter No. 9 Obj Fun = .4597E+01 PHI 3.887761 .005292 

Iter No 10 Obj Fun = .2858E+01 PHI 4.17/920 .003634 

Iter No 11 Obj Fun = .1785E+01 PHI 4.430376 .002696 

iter No. 12 Obj Fun = .6466E+00 p. PHI 5.213781 .000733 

Iter No 13 Obj Fun = ,2236E-01 PHI 5.617170 .000818 

Iter No. 14 Obj Fun = .1832E-01 PHI 5.659461 .000823 

Iter No 15 Obj Fun = .1832E-01 8. PHI 5.659837 .000823 

Iter No 16 Obj Fun = .1832E-01 PHI .= 5.659837 .000823 

*14 SOLUTION OF THE PROBLEM t*t 

I = 5.65984 
PHI = .00082 

Therefore, T = 5.66 sq m/10 min 
PHI = 0.00082 

t 
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MADCAT3 

Determination of Aquifer Parameters Using Pumping Data 

(14 a :11  0,,III rintlit Ilt I 

Type of aquifer : Confined 
Description of the pumping well : Large Diameter Well. 

Description of the observation well : Large Diameter Well. 

DEFINITION OF VARIABLES 

RW1 : Radius of the puMping well, 

RW2 : Radius of the observation well, 

RC1 : Radius of the casing of the pumping well, 

Radius of the casing of the observation well, 

R1 Distance of the observation well from the pumring Well, 

QP : Rate of pumping per unit time, 

NTIME : No of time steps upto the end of which observetions are 

made, 
MPUMPT : No of time steps upto the end of which pimping is 

carried out, 
INDEX : Its value is 1 if the drawdown observations are made at 

the pumping well and 2 if they are mede at an 

Observation well at a distance R1, 

ODRW : Observed diawdown. 

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

Sample File MC3.DAT 

0.10 

0.11 
1,16 

0.1W; 

0.6091 

1.110 

0.1 3,0 0.1 O. 0..50 0,30 0,001 

NO 120 1 

0.0175 0.1142 0.0518 0.0628 0.0855 0.1021 0.1115 11341 0.1508 0.1621 

0.1225 0.1981 0.2136 0.2289 0.2441 0,2592 0.2141 0.2211 0.3035 0,8120 

0.1324 0.3465. 0.3607 0.3741 0.3885 0.4023 0.4151 0.4294 0.4427 0.4560 

0.4611 0.4171 0.4950 15078 0.5705 0.5331 0.5455 0.5519 0.5101 0.5022 

0.5943 0.6061 0.6180 16190 0,6414 0.5529 0.6644 1.6151 91269 16181 

1.7091 0.1201 0.1311 0.417 0.7524 0.1770 0.7115 1.'131 11943 1.3145 

7.8141 1.8242  0.8848 0.8441 0.8546 0.8648 1.8710 0.8336 0.8131 0.1025 

0.9119 0.9111 1.1311 0.1395 0.9486 0.9516 0.9665 0.9753 0.9341 1.4328 

1.0015 1.0111 1.1185 1.02/0 1.0153 1,0436 1,1511 Lem 1.0181 1.0762 

1.0842 1.0921  1,1999 1.101/ 1.1155 1.1231 1.1307 1.1388 1.1458 1.1532 

1.1606 1.1579 1.1152 1.1814 1.1895 1.1166 1.2031  1.2107 1.2175 1.2245 

1.2313 1.2321 1,24411.2515 1.2581 1.2647 1.2712 1.2177 1.2841 1.2905 

1.2793 1.2617 1.2574. 1,24F 1.2361 1,2256 1.211A 1.8650  1.1941 I. 943 
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1.1150 1,1652 1.1555 1,1459 1,1364 1.1210 1.117' 1q7.5 1,0994 1,0904 

1.0815 0721 I.0639 1.050 L0461 1,0tv 

0.9911 0.9811 0.9012 0,9134 0,9656 0.9511 

WIII 101 0.$910 0.0420 9.niLy! 

0.gIll 0 0444 0,019 0.4414 0.8250 0.810 t. 

0,7817 0.7811 0.7151 0.1690 0.1619 0:1581 02H!,  0.1461 0.1410 

0,7291 0.12H 0./189 0.7135 03081 0.7028 0.6976 0.6924 0.6612 0.6821 

0.6/10 0.6720 0.6610 0.6620 03511 0,6523 0.6415 0.6421 0,6380 0,6333 

.--0.6286-0,6240 0.6194 0.6t49 03104 0.6060 01015 0.3912 0.5928 0.5085 

0.4843 0.5400 0.5159 0.5111 03616 0.5636 03534 0.5554 0.1514 0.5415 

0.543k 0.5391 9.5359 0.5320 03283 03245 93206 0,51(1 0.5134 0.5098 

Running program MADCAT3 

The user should create the input Files MC3.DAT in the directory 

in which the program MADCAT3 resides. The program is- invoked by 

typing MADCAT3 at the system prompt. The Result file RC3.0UT 
created for the above sample data is given below. 

RESULT FILE M03.0UT 

- Determination of Aquifer parameters Using 
MARQUARDT ALGORITHM 

Iter No 1 Obj Fun = 0.2062E+02 T & PHI = 0.100)00 0.170000 

Iter No 2 Obj Fun = 0.1111E+01 T & PHI = 0.145392 0.500000 

Iter No 3 Obj Fun = 0.1041E+00 T & PHI = 0.175533 0.277694 

Iter No 4 Obj Fun = 0.5197E-01 T & PHI-= 0.180384 0.282560 

Iter No 5 Obj Fun = 0.4849E-01 1 & PHI': 0.182329 0.254188 

Iter No 6 Obj Fun = 0.4549E-01 T & PHI = 0.185)62 0.229482 

Iter No 7 Obj Fun = 0.4273E-01 T & PHI = 0.187)30 0.207648 

---- Intermediate Lines Deleted ---- 

Iter No 100 Obj Fun = 0.2564E-06 T & PHI = 0.299189 0.001010 

Iter No 101 Obj Fun = 0.2446E-06 T & PHI = 0.299311 0.001009 

Iter No 102 Obj Fun = 0.2347E-06 T & PHI = 0.299330 0.001008 

we'. SOLUTION OF THE PROBLEM lit 

T = 0.29963 

PHI = 0.00101 

Therefore, T = 0.30 sq In/min 

PHI = 0.00101 

414 
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