AUTOMATED ANALYSIS OF PUMPING TESTS
IN CONFINED NON LEAKY AQUIFERS

1L, . ~ »
Shabbir A.S. Sayed and Al Nawaz Shah Hussaini”

Abstract

The paper describes time-drawdown equations for confined
non leaky aquifers, pumped by partially or fully penetrating wells and
discusses the method of fitting a least square curve to the field data. A
program in IBM BASIC is presented which determines directly the
aquifer parameters. The program is quick and has been tested using
data available in literature. Automated pumping test analysis has the

advantage of objectivity which is lacking in graphical methods. The
results are close to those obtained by graphical methods.

Intorduction

With easy availability of desktop computers and hand calculators, automated
analysis of pumping tests is becoming increasingly popular, In automated analysis,
aquifer parameters are determined by fitting a least square curve 1o the field data.
The method has the advantage of automatic objectivity which is lacking in the type
curve matching or other graphic methods.

In a previous paper (Sayed 1982), two hand calculator programs were given
for pumping test analyses by least squares method. The modified Theis equation
(Cooper and Jacob 1946) was programmed  for time-drawndown and
distance-drawdown. In this paper the procedure of automated ana!ysis of data
resuling from pumping a fully confined, isotropic, nonleaky, aerealy infinite, fully or
partially penetrated aquifer has been outlined. The computer program usgd to carry
out analysis is also listed. The program calculates pamql- penetration factor
(Hantush 1964) and computes directly transmissivity and storativity by least squares
method. The program is written in BASIC for IBM p.C/XT or compatibles.
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Similarly the drawdown in an observation well screened between 'd’ ang ¢
(Fig 1) is given by Hantush (1964).
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W (u)= well function for non leaky confined fully panetrated aquifers.
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where
b = aquifer thickness (L)
d = distance from top of aquifer to the top of screen of discharging
well (L);
d’ — distance from top of aquifer to the top of observation well screen (L);
| — distance from the top of aquifer to the bottom of screen of
discharging well (L).
I — distance from top of aquifer to the bottom of observation well
screen (L); 3
. L y.
Q = discharge rate (—T-)
r — radial distance from the centre of discharging well (L);
S = storativity (dimenszionless):
> kv,
T = transmissivity (—1:-)
t = time since pumping started (T).; »
z = depth of penetration of the peizometer measured from the top
aquifer (L);

The angles in the series aré in radians.

can, for all practical purposes, be replaced

For relatively large time W (u.B) . become independent of time
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_ Zero order modified Bessel function of second kind
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For small values of u (u = 0.01), the terms in the series in EqQ (3) beyond

Ln u become insignificant (Copper and Jacob 1947) and Eq (b) and Eq (7) @€
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C 4xT (15)
Rearranging Eqs (14) and (15)

Q
Ll 41 B (16)
and
g . 225Te” (4xTA/Q —F)
r2 (17)

The coefficients A and B can be calculated by least squares method by the
following formulae (Speigel 1972)

1

A=3(ZY-BZX) -
R - Y

e o (19)
YXx - X XX

where X denotes Lnt and Y denotes s. N is the number of data sets. In order to
know how well the data fits the curve, the *coefficient of determination’ may also be
calculated. It is a dimensionless quantity ranging between 0 and 1. The best fit is
achieved when its value is closer to unity. The coefficient of determination has the

following equation (Speigel 1972).
2
_AZY + B R XY = (30N (20)
SYZ — (SY)/N

d2

ated from Eq (7) or Eq (8) for a few

The partial penetration factor F* may be calcul |
make any significant change in the

terms of the series. Larger values of n do not
value of F',

= b and d = 0, the series in the Eq (7) and

For a fully penetrating well, |
£ . are equivalent to Theis formula for

(8) vanish and F' = 0. The equations therefore,
fully penetrating well.
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The program

The program is written in Advanced BASIC of IBM and can be ygeq .
p.C. series or their compatibles. It is expected that the user of the pfOQ‘a;BM
familiar with BASIC programing language. The program is listed in Appendix 5
mathematical symbols and their equivalents in the program are given in Tamé,

The program can handle full and partial penetration conditions. The
time-drawdown data may either be from a piezometer or an observation wel, The
various steps of the program are documented in Table 2. The program has been
tested using data for a fully penetrating well (Todd 1969, p. 92) and and a partiap,
penetrating well (Walton 1970 p. 285). Sample outputs are given in Appendicesé

and C.

The following comparision will show that the results of the automats
analysis are very close to those obtained by }graphical methods.

(1) Full penetration condition:
(a) Program results: T = 0.157 Ft 2/s S = 1.80x 10 ¢
(b) Graphical Method T = 0.159 Ft°/s S = 198 x 10 %
(2 Partial penetration conditions:
(a) Program results T = 0.415 Ft°/s S = 3.74 x 16 -
(b) Graphical method T = 0.369 Ft°/s s =32x10"*
Conclusion

The objectivity and speed makes automated pumping test analysis Ve
attractive compared with the traditional graphical methods. The program can
used, with confidence, if the field conditions conform to the theoritical bound:
conditions.
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Table 1. Mathematical symbols in various equations and their equivalents in the program.
BASIC Equivalent

Mathematical Symbol

A

T &Xo,a0 00

N.r‘..‘_mm.,oz,z

—_
x
=

A1
B1

B

D
DPRIME
F

Ko (A)
L
LPRIME

Line No.

10-20

35

Table 2. Program documentation.

Action.
Program heading.

Provides storage for time-drawdown data.

Read P and PP. P=1 indicates piezomete
p=1 and PP=2 indicate full

observation well. P

and partial penetration conditions respect

r and P=2 indicates

ively
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45170
160-230
250-350

360-370
380-395
400

410-510
520-530
540-630
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Reads observation well dimensions ang disch
Print observation well and plezometer o ob,em:.m'
Initlalize summation as In Equation (5) ang )

N wel
(6). MMin,
Reads time-drawdown data and summatiop I8 perfo

oquation (5) and (6) till the program encountepy o "¢ ™
Calculate X * tmo vy,
Calculate B, A d2

Checks for full or partial penetration condition,

Calculate f, T

Calculate T and S

Print results.

Appendix A. Usting of BASIC program for analysis of pumping test data,

"8 &5 88 83853

23848

100
110
120
130
140
150
160

170

REM program for automated pumping test analysis for confined, nonleaky fully
REM or partially penetrated aquifer... by Shabbir.A.S.Sayed.

DIM T (40), DR (40)

INPUT P.PP

INPUT B,D,L.Q

LPRINT TAB (5) "PUMPING TEST ANALYSIS-*;

IF PP=1 THEN LPRINT *FULL PENETRATION CONDITIONS-JACOB METHOD" ELSE
LPRINT" 'PARTIAL PENETRATION CONDITIONS -HANTUSH METHOD"

LPRINT USING "AQUIFER THICKNESS= ## #.##; B;:.LPRINT *Feet'

LPRINT USING "DEPTH TO TOP OF ABST.WELL SCREEN =###.##"L;:LPRINT 'Feet'
LPRINT USING'DEPTH TO BOTTOM OF ABST.WELL SCREE= ###.##"L;:LPRINT "Fect
LPRINT USING*'WELL DISCHARGE = ##.#";Q"LPRINT "CUSECS"

IF P=1 THEN INPUT R,Z

IF P=2 THEN INPUT R,DPRIME,LPRIME

REM P=1 indicates piezometer and P=2 indicates observation well.

IF'P=1 THEN LPRINT USING 'DISTANCE TO PIEZOMETER= ###.##"R;: LPRINT 'Fee!
'F P=1THEN LPRINT USING'DEPTH OF PIEZOMETER= ###.##"Z:: LPRINT Foo

IF P=2 THEN LPRINT USING'DISTANCE TO OBSERVATION WELL= ###.## R:LPAINT e

'F P=2 THEN LPRINT USING'DEPTH TO TOP OF OBS. WELL SCREEN=
"‘-\'#';DPRIME;:LPRINT ‘Feet"

IF Pa
" P=2 THEN LPRINT USING'DEPTH TO BOTTOM OF OBS.WELL SCREEN=
$HE.49"LPRIME:LPRINT *Foor

SUMX-O

SUMY=(Q
SUMXY-O
SUMX2=0
SUMY2ug
sUMF-O

Pl=3.141503
=y
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INPUT T(),DR():IF T()<0 THEN GOTO 360

REM DR() is drawdown at time T())
X=LOG(T()*60):REM convert minutes to seconds.
Y=DR(l)

SUMX=SUMX+X

SUMY =5SUMY+Y

SUMXY =SUMXY +X*Y

SUMX2=SUMX2+X*X

SUMY2=SUMY2+Y*Y

I=1+1

GOTO 260

K=[-1

XAV =SUMX/K
B1=(SUMXY-XAV*SUMY)/(SUMX2-XAV*SUMX)

A1 = (SUMY-B1*SUMX)/K

D2= (A1*SUMY +B1*SUMXY-SUMY*SUMY/K)/(SUMY2-SUMY*SUMY/K)

IF PP=1 GOTO 520:REM PP=1 indicates full penetration conditions.
FOR N=1 TO 10

NPIB=N*I/B

NPILP=NPIB*LPRIME

NPIDP=NPIB*DPRIME

NPIL=NPIB*L

NPID=NPIB*D

NPIZ=NPIB*Z

NPIR=NPIB*R

IF NPIR< =.5 THEN DEF FNKO(A)=LOG(1.12/A)

IF NPIR>.5 THEN DEF FNKO(A)=SQR(PI/2*A)*((1-1/(8*A))*EXP(-A)

REM KO(A) is zero order modified Bessel function of second kind.

if p=1 then somf-somf+ (sin(npil)- SIN(NPID))*COS(NPIZ)* COS(NPIZ) *FNKO(NPIR)/N
IF P=2 THEN SUMF=SUMF + (SIN(NPIL)- SIN(NPID))* (SIN(NPIDP))* FNKO(NPIR)/(N*N)
NEXT N

IF P=1 THEN F=4*B*SUMF/(PI*(L-D))

IF P=2 THEN F=4*B*B*SUMF/(PI*PI*(L-D_*(LPRIME-DRPIME))
TRANS=Q/ (4*PI*B1)

IF PP=1 THEN ARG=4*PI*TRANS*A1/Q ELSE ARG=4*PITRANS*A1/Q-F
STOR=2.25*TRANS*EXP)-ARG)/(R*R)

LPRINT TAB(3) 'TIME* TAB(10) 'DRAWDOWN"

LPRINT TABL(3) "Feet" TAB(12)"Feet":LPRINT

FOR I=1 TO K

LPRINT USING® ### #.##"T().DR()
NEXT |
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580 LPRINT
600 LPRINT USING'TRANSMISSIVITY=# #.4 #~ ~ ~ ~~TRANS.:
610 LPRINT USING'STORATIVITY = # #.##~ ~ ~ ~*.STOR

620 LPRINT USING'PARTIAL PENETRATION FACTOR= ##. ###~

630 LPRINT USING'COEFFICIENT OF DETERMINATION = ## . ###D2
640 END

LPR'NT 'FT ~ 2/

Appendix B. Program output - Full penetration conditions.

PUMPING TEST ANALYSIS-PARTIAL PENETRATION CONDITIONS -HANTUSH METHOD
AQUIFER THICKNESS = 600.00 Foet
DEPTH TO TOP OF ABST.WELL SCREE=450.00 Feet
DEPTH TO BOTTOM OF ABST.WELL SCREEN=450.00 Feet
WELL DISCHARGE= 2.3 CUSECS
DISTANCE TO OBSERVATION WELL= 300.00 Feet
DEPTH TO TOP OF OBS. WELL SCREEN=450.00 Feet
DEPTH TO BOTTOM OF OBS.WELL SCREEN= 600.00 Feet

TIME DRAWDOWN
Feet Feet
1.00 0.69
2.00 0.99
4.00 1.16
4.00 1.30
5.00 1.40
6.00 1.50
7.00 1.85
8.00 1.62
9.00 lies

10.00 Tere

20.00 2.10

oy 2.26

40.00 2.6

50.00 &

pig] 2.58

70.00 @60

80.00 e

66,80 2.76

100.00 250
M 3.12
300.00 i
o 3.35
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500.00
600.00 S
700.00 e
800.00 -
900.00 i
1000.00 o
1440.00 2'70
.90

Appendix C. Program output -
TRANSMISSIVITY= 4.15E-01 FT~2/S
STORATIVITY= 3.74E—04
PARTIAL PENETRATION FACTOR= 1.133
COEFFICIENT OF DETERMINATION = 0.997

Partial penetration conditions,

PUMPING TEST ANALYSIS--FULL PENETRATION CONDITIONS-JACOB METHOD
AQUIFER THICKNESS=500.00 Feet
DEPTH TO TOP OF ABST.WELL SCREEN= 0.00 Feet
DEPTH TO BOTTOM OF ABST.WELL SCREEN=500.00 Feet
WELL DISCHARGE= 1.1 CUSECS
DISTANCE TO PIEZOMETER= 200.00 Feet
DEPTH OF PIEZOMETER= 500.00 Feet

TIME DRAWDOWN
Feet Feet
1.00 B
1.50 ol
2.00 ol
5 68 1.11
52 1.21
4.00 M
o 1.49
6.00 o
i 1.75
10.00 e
o 1.97
14.00 G
18.00 s
24.00 el
2.49
30.00 2.65
40.00 2,78
50.00 2.88
60.00
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80.00
100.00
120.00
150.00
180.00
240.00

TRANSMISSIIVITY=157E-01 FT"2\S
STORATIVITY= 1.80E—04

PARTIAL PENETRATION FACTOR= 0.000
COEFFICIENT OF DETERMINATION = 0.999

3.04
3.16
3.28
3.48
3.51
3.67
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