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ABSTRACT 

The optimum performance of the aquifer 

assessed from constant discharge rate pumping 

test using the cooper-Jacob method and 

mathematical equation has been carried out in 

part of the North central Nigeria. Two (2) 

distinctive drilled boreholes constructed within 

Gosa area of FCT were subjected to a Constant 

discharge rate pumping test in order to have an 

overview of the approximate value of hydraulic 

parameters in the study area. The Cooper 

Jacob’s Straight-line Equation was used to 

analyze the pumping test results of drawdown 

against time. This method shows that Borehole 

2 has a low yield while Borehole 1 has a high 

yield due to the nature of the aquifer in the 

study area. The average borehole yield in the 

area is 3.57Liters/Seconds for borehole 1 and 

1.27 Liters/Seconds for borehole 2. The pump 

installed cannot maintain the yield at Borehole 

2 and it was advised to install a smaller pump 

so as to achieve continues/constant pumping, if 

the yield does not increase in a later stage due 

to the nature of the geology. It was deduced 

from the test that quantifying and assessing the 

yield of any borehole or well can be achieved 

using Cooper-Jacob method for optimum 

aquifer optimization. 

KEYWORDS: Aquifer performance, Cooper-

Jacob Mathematical equation, Borehole, 

Hydraulic parameters. 

 

1.0 INTRODUCTION 

Gosa is a community in the suburb of Abuja 

along the Abuja airport road and it is 

surrounded by farm land and dwellers living 

within this area. However; the study area is 

Gosa farm market which featured a large areal 

extent of Land. It is much closer to the airport 

expressway. A commercial town known as 

Lugbe is very close to Gosa along the 

expressway to the main town. Majority of 

dwellers in the Gosa domain rely heavily on 

private boreholes as a supplement to the public 

water supplies which are not readily available. 

There has been shortage of water in the study 

area. Some boreholes around the study have 

been reported to experience low yield, 

moderate yield and some not producing at all 

due to the complex geology of the area. This 

necessitates the fundamental factor why 

pumping test was carried out on some selected 

boreholes in the area to test their efficiency.  

Determining the characteristics of the aquifer in 

terms of the hydraulic conductivity and 

transmissivity is predominantly attained on 

data acquired from well pumping tests. In 

essesnce, the aquifer parameters knowledge is 

very important for the optimum and effective 

management of groundwater resource. The 

pumping test is also known as aquifer test that 

is most widely used for determining the 

hydraulic behaviour of aquifers such as 

transmissivity (T), hydraulic conductivity (K), 

storage coefficient (S), specific yield (Sy) and 

leakage factor (B). It is a cognitive test that is 

practically and most reliable method of 

estimating borehole functionality, borehole 

yield, the influence zone of the Borehole and 

aquifer behaviours using different 

Mathematical equations developed by Cooper 

and Jacob, Theis,Hantush,Walton equation 

approach for unsteady flow 

situation(Abramowitz et al,2001). Cooper and 

Jacob method is a modification of the Theis 

non-equilibrium concept of pumping test and it 

demonstrated that when plotted on semi-

logarithmic paper, the theoretical drawdown 

curve approaches a straight line when sufficient 

time has elapsed after pumping started. The 
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most widely used method is based on the semi-

log representation of the drawdown versus the 

time. This method was first introduced by 

Cooper and Jacob (Kruseman, De Ridder, 

1990) for drawdown tests and extended by 

Theis (Theis, 1935) for recovery analysis. 

Cooper and Jacob (1946) suggested a straight-

line graphical method based on the Theis 

equation for the evaluation of aquifer 

parameters. Later, Chow (1952) developed a 

graphical method that has the advantages of 

avoiding curve fitting and being unrestricted in 

its application 

The constant-rate test is the most common type 

of pumping test performed on a borehole and 

the concept is very simple. The borehole is 

pumped at a constant rate for an extended 

period (from several hours to several days or 

even weeks) while the water levels and 

pumping rates are monitored at a 

predetermined time. If the most value is to be 

gained from constant-rate tests, water levels 

should be monitored in an observation borehole 

as well as in the pumping borehole (or better 

still, several observation boreholes at different 

distances from the pumping borehole). The 

pumping rate for the test can either be the actual 

pumping rate when the pump is switched on, or 

the average long-term pumping rate (including 

the operational non-pumping periods).The test 

is carried out by pumping at a constant rate for 

a much longer period of time than the step test, 

and majorly designed to make available 

information on the hydraulic characteristics of 

the aquifer. Aquifer tests are important and a 

very veritable tools that proffer information on 

the hydraulic characterization of a borehole and 

aquifer parameters (Todd 1980; Turner et al 

1991). The "constant-rate" test is usually used 

when observation wells are available and the 

test is aimed at determining the aquifer 

characteristics of the borehole. Halford and 

Kuniansky 2002 evaluate the aquifer 

parameters using Microsoft Excel spreadsheet 

tool developed. Various commercial pumping 

test software e.g. AQTESOLV (Duffield, 2002) 

and Aquifer Test Pro (Waterloo 

Hydrogeologic, 2002) have also been 

developed for analyzing pump test data. 

 

Herweijer, 1996 simulates pumping and tracer 

tests in T fields corresponding to both a 

deterministic sedimentological facies model 

and a Gaussian geostatistical model. He 

concludes that early time portions of pumping 

test data reveals high conductivity interwell 

pathways, which dominate solute transport. 

(Naderi and Gupta, 2020) find out the 

variations in discharge rates occurring during 

pump tests and showcased their impacts on 

transmissivity (T) and storage Coefficient(S) 

values. Suprapti and Pongmanda, 2019 

investigated ten (10) observation wells in part 

of Indonesia named hotel Makassar paradise 

area. They study the aquifer parameters Using 

pumping test through the use of  theis 

mathematical concept and the study concluded 

that the investigation area to have the 

following: Transmissivity (T) ranging between 

124.27 - 966.58 m2/day, Hydraulic 

Conductivity (K) ranges between 0.012 - 0.094 

cm/s, Storativity (S) ranges between 0.084 - 

0.472. b)  The cross-section B-B has a value of 

Transmissivity (T) ranging between 230.14 - 

621.37 m2/day, Hydraulic Conductivity (K) 

ranges between 0.022 - 0.060 cm/s, Storativity 

(S) ranges between 0.125 - 0.416. 

Many researchers include numerical 

calculations for the determination of aquifer 

parameters from pumping tests. Some of these 

methods depend on matching the observed 

aquifer response during the whole, early or late 

times of the pumping to a type curve 

(Wikramaratna 1985; Sen 1986, 1988, 1996; 

Srivastava and Guzman-Guzman 1994; 

Shapiro and Oki 2000; Singh 2001). Other 

works depend on numerical solutions of the 

differential equations (Rushton and Holt 1981; 

Patel and Mishra 1983; Rai 1985; Singh and 

Gupta 1986; Yeh 1987).  
In view of the above, this paper is aimed at 

carrying out a constant yield or constant 

drawdown test on two (2) drilled boreholes 

within the vicinity of Gosa farm market area of 

Abuja, Nigeria to simulate the performance of 

the boreholes for groundwater sustainability 

and optimum yield using the cooper-Jacob 

straight line mathematical concept in a 

Precambrian confined aquifer region. 
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2.0 STUDY AREA, GEOLOGY AND 

HYDROEGOLOGICAL SETTING  

The investigated area is situated along the 

Nnamdi Azikwe international Airport, Abuja 

with geographic coordinate between latitudes 

08˚56' 15.5″N and 08˚ 56' 26.9″N and 

longitudes 07˚17'41.4″E and 07˚17' 55.6″ E as 

seen in Figure 1. It is accessible through the 

Airport road, linking Lugbe area along the 

expressway. It is relatively on a basement rock 

and several outcrops are present geologically. 

The area is predominantly on an elevation 

which spans between 330m to 328m 

characterized by undulating topography and 

sparsely populated area where people live. The 

area is accessible through a pedestrian bridge to 

the left of the expressway. Geologically, the 

study area consists of Biotite, Amphibolites, 

Granite Gneiss, and Migmatite Gnesiss as 

evidenced during the course drilling the 

boreholes as seen in Figure 1 below. 

Hydrogeologically, drilling a borehole has not 

been very easy in this area as most of the well 

produced only small amount of water from the 

weathered layer and fractured zones 

geologically. The water bearing zones or units 

in the study area is weathered basement and the 

fracture basement. The static water level in the 

study area ranges from 5.37m to 5.00m 

respectively as measured during the course of 

this investigation.

 

Figure 1: Map of the study area showing the geology and the Location of the study. 

 

3.0 PUMPING TEST FIELD 

METHODOLOGY 

Concise information regarding the drawdown 

and aquifer characteristics culminating from 

the specific pumping rate in difference to the 

corresponding time has been ascertained from 

constant rate test in the study area. The 

pumping test data were evaluated using 

constant pumping rate discharge method. Two 

(2) distinctive Boreholes were used for the 

study where Boreholes 1 was drilled to depth of 

350m and Borehole 2 was drilled to the depth 

of 200m due to the complex geology eschew on 

the site (Figure 2).The constant discharge test 

was done for one (1) to two and half (2.5) hours 

for Borehole 1 and three (3) hours and thirty 

minutes through the use of single well pumping 

test principle. In analyzing the pumping test 

results of drawdown with respect to time for the 

two (2) boreholes in order to estimate 

Drawdown, transmissivity, storativity and 

specific discharge, the Jacob’s straight-line 

method was used and equations. Prior to 

pumping, the borehole head was removed and 

the static water level measurement was taken 

and recorded using the water level indicator 

(made by PASI Geophysical in Italy) which in 

length is 500m. After taken the groundwater 
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level at that point, the submersible pump of 

3Hp was lowered to a desired depth, then 

connected to a stand by generator and the 

pumping test operation commence. A known 

twenty (20) liters volume of bucket was made 

available to receive the discharge and a 

standard stop watch set to zero. The Pumping 

was then started, drawdown measured base on 

scheduled time on the calibrated data sheet. The 

time taken for the bucket to be full was noted 

and also discharge of the water in terms of the 

yield was measure and record concurrently.    
 

3.1 CONSTANT RATE TEST 

DISCHARGE STAGE  

The pumping test was done in a constant rate 

norms for the two (2) boreholes and the level of 

the water was noted at regular intervals in the 

pumped boreholes .The constant discharge rate 

test was strictly embarked upon between two 

(2) and half hours and three hours and thirty 

minutes which was experimented for a day to 

understand the dynamics of the discharge or 

yield of the boreholes. This was used to 

calibrate the performance of the Borehole and 

it was inferred from the test that Borehole 2 has 

a low yield, and Borehole 1 has a high yield. 

The Boreholes were subjected to Constant rate 

pumping test for five times in a day respectively 

in which the experiments started at exactly 9.10 

am daily and average yield were taken. At the 

initial of pumping process, the static water level 

was 5.37m and the discharge of the borehole 

was 12Liter/Seconds. Pumping continued with 

same yield but after the 50th minute it started 

dropping till 6Liter/Seconds in 1hr 15mims and 

pumping stopped as evidenced for borehole 2. 

Obviously the pumping level dropped to the 

pump installation level. This was an indication 

that the volume of water recharging the 

borehole was less than the pumping and 

couldn’t maintain constant flow.  
 

3.2 MATHEMATICAL BACKGROUND 

OF COOPER-JACOB DRAWDOWN 

TIME METHOD. 

According to Todd, 2004, the differential 

equation that better explains the phenomenon 

of the rate of water level decrease due to the 

effect of pumping increases in a region is given 

as  

 

𝛿2ℎ

𝛿𝑑2  +
1

𝑑

𝛿ℎ

𝛿𝑑
=  

𝑆

𝑇
 

𝛿ℎ

𝛿𝑡
                                      (1) 

 

S denote the storage coefficient, T denote the 

transmissivity, h is the head, d denote distance 

from the pumped well and t denote the time of 

pumping respectively.  

By assuming that the well can be replaced by a 

sink of constant strength and the conditions that 

h = ho for t = 0 and h→ho as d→∞ for t≥0, Theis 

obtain a solution for Equation 1 written as: 

     𝐿 =
𝑄

4𝜋𝑇
 ∫

𝑒−𝑢

𝑢

∞

𝑢
𝑑𝑢                                (2) 

L denote the drawdown, Q denote the constant well discharge and u is written as the equation 3  

        𝑈 =   
𝑑2𝑆

4𝑇𝑡
                                                 (3) 

According to Fetter (2007), Equation 2 is expanded as a convergent series which gives the 

Equation 4 below as express by Theis as: 
 

𝐿 =
𝑄

4𝜋𝑇
[−0.5772 − ln U + U −

U2

2∗2!
+

U3

3∗3!
+ ⋯ ]          (4) 

Equation 3 and 4 was simplified by Theis to give Equation 5 and 6 respectively as below: 

𝑑2

𝑡
=  (

4𝑇

𝑆
) 𝑈                                                     (5) 

 
 

𝐿 = (
𝑄

4𝜋𝑇
) 𝑤(𝑢)                                                   (6) 
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Where, W (u) is called the well function. 

According to Todd (2004), the Theis 

Equation was re-defined by Cooper and 

Jacob as: 
 

𝐿 =
𝑄

4𝜋𝑇
[−0.5772 − ln

𝑑2𝑆

4𝑇𝑡
]                          (7) 

Converting Equation 7 to decimal logarithms gives:  

𝐿 =
2.30𝑄

4𝜋𝑇
log10

2.25𝑇𝑡

𝑑2𝑆
                        (8) 

Cooper and Jacob extended the work of Theis 

analytically to obtain equations which solves 

the problem of curve matching. The graph of 

the drawdown against the logarithm of time 

will yield a straight line which can be extended 

to give t = to as h-ho = 0. Applying these 

conditions to Equation 8 gives Equation 9:  

 
2.30𝑄

4𝜋𝑇
log10

2.25𝑇𝑡

𝑑2𝑆
= 0                      (9) 

And Equation 9 can thus be written as below to give equation 10     

2.25𝑇𝑡0

𝑑2𝑆
= 1                                      (10) 

 

Hence, the storage coefficient is obtained as Equation 11: 

        𝑆 =
2.25𝑇𝑡0

𝑑2
                                  (11) 

 

Considering that t/to = 10, then the log10 

t/to = 1. If l or S is the drawdown and ∆L or  

∆S is the drawdown per log circle of time, 

the transmissivity is expressed by Equation 

12 as: 

 

𝑇 =
2.3𝑄

4𝜋∆𝐿
  𝑂𝑟 𝑇 =

2.3𝑄

4𝜋∆𝑆
                      (12) 

 

For the Cooper-Jacob straight-line method, 

drawdown is plotted with an arithmetic scale 

on the y-axis versus time plotted with a 

logarithmic scale on the x-axis.  

Transmissivity (T) is estimated from the 

pumping rate (Q ) and the change in drawdown 

per log-cycle (∆s) from the following equation 

above equation. Where, ∆s is change in 

drawdown per log-cycle (L).   

Hydraulic conductivity (K) is given by K =T/h 

,where T is the transmissivity and h 

corresponds to the drawdown from the cooper-

jacob straight line graph. 

 

 

3.3 DISCHARGE OR YIELD OF THE 

BOREHOLE IN LITRE PER SECOND 

(L/S)  

It was observed that in the investigated area, 

the discharge or the yield of the Borehole 1 is 

between 4.8 Liter/seconds to 1.3 

Liter/Seconds. The average borehole yield in 

the area for Borehole 1 is 3.52 Liter/Seconds 

(Table 1.). This is a diagnostic feature of a high 

yield aquifer that has the tendency of 

recharging at a high rate while borehole 2 

yielded a low value between 0.55 

Liter/Seconds to 2.0 Liter/Second and the 

average yield is 1.27 Liter/Seconds pointing 

that the borehole production was not 

encouraging. 
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4. RESULTS AND DISCUSSION 

The pumping test results of the wells are 

plotted on semi-logarithmic paper, the slope of 

the line ∆s with initial time of pumping test tₒ 

were determined, as presented in Figure 1 and 

2 below. Due to the purpose of the borehole, 

the Boreholes in the investigated area were 

drilled to the depth of 200m depth for the 

borehole 1 and to the depth of 350m for 

borehole 2(Table 1).The measurement of the 

groundwater water level during the course of 

carrying out the pumping test spans from 5.0 

m to 5.37m while the depth of installation 

ranges from 180m to 210m for the two (2) 

boreholes signifying that the borehole in the 

experimental field are relatively borehole at 

deeper depth. From the aquifer behavior 

results mathematically calculated via the 

constant rate pumping test data from Borehole 

1 and Borehole 2 signifies that the 

transmissivity of Borehole 1 imprints a value 

of 0.03m2/day and Borehole 2 imprints a lower 

transmissivity of 0.0122m2/day(Figure 2, 

Figure 5,Table 1). It was observed that in the 

investigated area, the discharge or the yield of 

the Borehole 1 is between 1.23 Liter/Seconds 

to 5.8 Liter/Seconds. The average borehole 

yield for borehole 1 in the area is 3.52 

Liter/Seconds (Figure 8, Table 1.) while the 

yield of Borehole 2 is between 0.55 

Liter/Seconds to 2.0Liter/Seconds with 

average yield of 1.27 Liter/Seconds indicating 

that Borehole 2 has a very low yield despite the 

depth of the borehole (table 1).This also point 

out that the yield of the borehole does not 

depend on the depth of the borehole 

geologically. The Borehole 1 has more 

potential hydro-geologically to have a high 

yield because of the weathered zone penetrated 

during the drilling operation and the thickness 

of the aquifer units. The specific discharge of 

the boreholes resulted into a value spanning 

from a low value of 1.2m2/day for Borehole 2 

and to a high value of 2.0 m2/day for Borehole 

1 with average of 1.60m2/day (Figure 4) 

.Hydraulic conductivity parameters were also 

calculated for the boreholes and it was seen 

that Borehole 1 hydraulic conductivity value is 

0.00136m/day(Table 1,Figure 2) while that of 

the Borehole 2 is 0.00064m/day as seen in 

table 1,Figure 3 below. This shows that 

Borehole 1 is performing well hydraulically. 

Draw down was observed to between 3m to 

40m for Borehole 1 which indicate a very 

unprolific groundwater regime while the 

drawdown for Borehole 1 ranges from 1m to 

20m (Table 1).Recovery of the borehole were 

not calculated during the course of study but 

there was an observation where it took 

borehole 2 several hours to recharge meaning 

the recovery rate is not promising and the 

Borehole might not be able to meet the water 

demand in the investigated area while 

Borehole 1 despite its drawdown values 

recovered very quickly. 

 

Figure 2: Graph of Drawdown S’ against time using the Cooper-jacob mathematical equation for Borehole 1 
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Figure 3: Graph of Drawdown S’ against time using the Cooper-jacob mathematical equation for Borehole 2 

 

 

Table 1: Synopsis of aquifer parameters acquired on the field and by the use of Mathematical equation 

developed by Cooper-Jacob straight line method. 
   

   S/N 
Locat
ion of 
Bore
hole 

Bore
hole 
Dept
h(m
) 

Initial 
Static 
Water 
Level 
(m) 

Transmis
sivity 
(m2/day) 

Avera
ge 
yield 
(L/S) 

Specific 
dischar
ge 
(m2/day
) 

Hydraulic 
conductiv
ity 
(m/day) 

Average 
Drawdow
n 
(m) 

Borehole 
Coordinate(
Decimal 
Degree) 

Elevatio
n 
(m) 

1 Gosa 200 5 0.33 3.52 2.0 0.00136 18.8 Lat: 8.93875 , 
Long:7.29661 
 

330 

2 Gosa 350 5.37 0.0122 1.27 1.2  0.00064 10.5 Lat:8.93964 , 
Long:7.29503 
 

328 

 

 

Figure 4: chart showing the specific discharge value of the boreholes in the study area 
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Figure 5: chart showing the transmissivity value of the boreholes in the study area. 

 

Figure 6: chart showing the Average drawdown value of the boreholes in the study area. 

 

Figure 7: chart showing the hydraulic conductivity value of the boreholes in the study area. 
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Figure 8: chart showing the Average yield value of the boreholes in the study area. 

 

4.0 CONCLUSION 

The pumping test guidelines involving the use of 

Cooper-Jacob evaluation method and 

mathematical equation has been utilized to assess 

the aquifer characteristics in part of Abuja, North-

central Nigeria. A straight-line equation is 

presented for the approximation of aquifer 

parameters in this study. The equation was used 

on the pumping test data gathered on the site and 

shows that the pumping well storage affected the 

drawdowns of observation wells tremendously 

especially the Borehole 2 case. The average yield 

of the borehole from the pumping Test was 

observed to be around 3.52 Liter/Seconds for 

Borehole 1 and 1.27 Liter/Seconds for borehole 2. 

It was then concluded that the efficiency of 

borehole 2 is not highly guaranteed and the life 

span might not be promising. The pump installed 

cannot maintain the yield and there is advisable to 

install a smaller pump so as to achieve 

continues/constant pumping, if the yield does not 

increase in a later stage for borehole 2. Constant 

discharge rate Pumping test data has been used to 

simulate the performance of the boreholes on the 

field by applying the mathematical equation 

developed by cooper-Jacob. In each case, the 

boreholes were pumped at a constant rate for 

extended period of time and the water level and 

drawdown are monitored. Only stages discharge 

stage was embarked upon. During the discharge 

stage, the boreholes were pumped at constant rate 

and the water level measured at intervals in the 

same pumped or observation well. Cooper 

Jacob’s equation of single well was used to 

compute the derived aquifer parameters such as 

hydraulic conductivity, drawdown, discharge and 

the transmissivity also calculated. For instance, 

the hydraulic conductivity of Borehole 1 is 

0.00136 m/day and Borehole 2 is 0.00064m/day 

which has a close familiarity to that obtained in 

the Ilorin Metropolis (Sule et al 2013). This 

present study uses the fundamental principle of 

constant rate pumping test as being scientifically 

evaluated through the Cooper-Jacob method and 

mathematical equation. The drawdown of 

Borehole 1 ranges from 3m to 40m and in 

borehole 2 ranges from 1m to 25m respectively. 

However, borehole 2 has a very low 

transmissivity value of 0.0122m2/day indicating 

that the borehole is not promising and the life 

span of the borehole might not be guaranteed 

because during the study, it took several hours 

before the borehole recharge and the recovery rate 

was not monitored while borehole 1 has a 

trasmissivity value of 0.03m2/day .The 

fundamental outcome of this study shows that in 

order to diagnose the optimum performance of a 

particular borehole, a pumping test is adequately 

desired to x-ray the efficiency of Borehole at 

hand. 

 

 

 

 

 

 

 

 

Average Yield(L/S)

Boreholes

Average yield(L/S)

1 2

file:///F:/www.ijssyabatech.com


VOL 7, NO 2, DECEMBER 2021.          www.ijssyabatech.com 
ISSN: 2276-7924    

 

95 | P a g e    VOL 7, NO 2, DECEMBER 2021. ISSN: 2276-7924  www.ijssyabatech.com 

REFERENCES 
Abramowitz, M., and Stegun, I.A., eds., (2001), 

Handbook of Mathematical Functions, 

National Bureau of Standards Applied 

Mathematics Series 55, Washington, D.C., 

1046 p.  

Cooper, H. H. and Jacob, C. E., (1946), A 

Generalized Graphical Method for 

Evaluating Formation Constants and 

Summarizing Well-Field History, Trans. A. 

G. U., Vol. 27, pp. 526-534. 

Chow, V.T. (1952). On the determination of 

transmissivity and storage coefficients from 

pumping test data. Trans. Am. Geophys. U., 

33, 397–404. 

Duffield, G.M. (2002). AQTESOLV for Windows 

Version 4.5 User’s Guide; HydroSOLVE 

Inc.: Reston, VA, USA,  

Fetter, C.W., 2007. Applied Hydrogeology. 4th 

Edn., Prentice Hall, Upper Saddle River, 

ISBN-10: 0130882399, pp: 598 

Halford, K.J.; Kuniansky, E.L. (2002.) 

Documentation of Spreadsheets for the 

Analysis of Aquifer-Test and Slug-Test Data; 

2002-197; U.S. Geological Survey: Carson 

City, NV, USA,  

Herweijer, J. C., (1996) Constraining uncertainty of 

groundwater flow and transport models using 

pumping tests, in Calibration and Reliability 

in Groundwater Modeling, IAHS Publ., 237, 

473-482. 

Kruseman, G.P. & De Ridder, N.A. (1990) Analysis 

and Evaluation of Pumping Test Data 2nd 

Edition, ILRI, Wageningen. 

Naderi, M.; Gupta, H.V. (2020) On the Reliability 

of Variable-Rate Pumping Test Results: 

Sensitivity to Information Content of the 

Recorded Data. Water Resour. Res., 56, 

e2019WR026961 

Patel, S.C. and Mishra, G.C. (1983). Analysis of 

flow to a large-diameter well by a discrete 

Kernel approach. Ground Wat., 21(5), 573–

576. 

Rai, S.P. (1985). Numerical determination of 

aquifer constants. J. Hydraul. Engng., ASCE, 

111(7), 1110–1114. 

Rushton, K.R. and Holt, S.M. (1981). Estimation of 

aquifer parameters in large diameter wells. 

Ground Wat., 19(5), 505–509. 

Sen, Z. (1986). Determination of aquifer parameters 

by the slope matching method. Ground Wat., 

24(2), 217–223. 

Sen, Z. (1988). Dimensionless time drawdown plots 

of late aquifer test data. Ground Wat., 26(5), 

615–624. 

Sen, Z. (1996). A graphical method for storage 

coefficient determination from quasi-steady 

state flow data. Nordic Hydrol., 27(4), 247–

254 

Shapiro, A.M. and Oki, D.S. (2000). Estimating 

formation properties from early-time 

oscillatory water levels in a pumped well. J. 

Hydrol., 236, 91–108. 

Singh, S.K. (2001). Confined aquifer parameters 

from temporal derivative of drawdowns. J. 

Hydraul. Engng., ASCE, 127(6), 466–470. 

Singh, V.S. and Gupta, C.P. (1986). 

Hydrogeological parameter estimation from 

pumping test on large diameter well. J. 

Hydrol., 87, 223–232 

Srivastava, R. and Guzman-Guzman, A. (1994). 

Analysis of slope matching methods for 

aquifer parameter determination. Ground 

Wat. 32(4), 470–475. 

Suprapti.A and Pongmanda.S (2019). Estimation of 

aquifer parameters using pumping tests: case 

study of hotel Makassar paradise, Indonesia, 
IOP Conf. Series: Earth and Environmental 

Science 419 (2020) 012118, 
doi:10.1088/1755-1315/419/1/012118 

Theis, C. V, (1935), The relationship between the 

lowering of the piezometric surface and the 

rate and duration of discharge of a well using 

ground-water storage, Transactions 

American Geophysical Union, v. 16, p. 519-

524. 

Todd, K.D., (1980). Groundwater Hydrology. John 

Wiley and Sons New York 535pp.Trans.vol. 

16, pp. 519-524, 

Todd, D.K., 2004. Groundwater Hydrology. 2nd 

Edn., John Wiley, New York. 

Waterloo Hydrogeologic.(2002) Aquifer Test Pro. 

Users Manual. Graphical Analysis and 

Reporting of Pumping Test and Slug Test 

Data; Waterloo Hydrogeologic: Waterloo, 

ON, Canada,; p. 267 

Wikramaratna, R.S. (1985). A new type curve 

method for the analysis of pumping test in 

large-diameter wells. Wat. Res. Res., 21(2), 

261–264.  

Yeh, H.D. (1987). Theis solution by non-linear least 

squares and finite-difference Newton’s 

method. Ground Wat., 25, 710–715. 

file:///F:/www.ijssyabatech.com

