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Eexample 6.9 Recovery Test 
 
A well pumping at a uniform rate of 2500 m3/day was shut down after 240 min; therefore, 
measurements of s’ and t’ tabulated in Table 6.7 were made in an observation well. Calculate the 
transmissivity.  
 

Table 6.7 Recovery Test Data (pump shut down at t=240 min) 
t’, (min) t, (min) t/t’ s’, m 

1.0 
2.0 
3.0 
5 
7 
10 
15 
20 
30 
40 
60 
80 
100 
140 
180 

241 
242 
243 
245 
247 
250 
255 
260 
270 
280 
300 
320 
340 
380 
420 

241 
121 
81 
49 
35 
25 
17 
13 
9 
7 
5 
4 

3.4 
2.7 
2.3 

0.89 
0.81 
0.76 
0.68 
0.64 
0.56 
0.49 
0.55 
0.38 
0.34 
0.28 
0.24 
0.21 
0.17 
0.14 

 
Answer 6.9 
 
First, values of t/t’ should be computed (they have been already computed in table 8.7), and then 
plotted versus s’ on semi-logarithmic paper as shown below. A straight line is fitted through the 
points and ∆s’=0.40 m is determined; then, 
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Example 6.10  Recovery Test 
 
Figure 6.58 shows data from a recovery test for a fully penetrating well in a confined aquifer. 
Find the transmissivity of the aquifer from the data using Theis recovery equation (make your 
solution on Figure 8.58)  
 
INFORMATION MAY BE REQUIRED TO SOLVE THE QUESTION  
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Figure 6.58  
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Answer 6.10 
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Example 6.11 Pumping Test Analysis for Deir Sharaf Well 2a (Nablus) 
 
You have been asked to be a consultant for the Water Department of Nablus Municipality on 
Deir Sharaf Well Field. Your duties are to give instructions to the water department on the 
evaluation of the groundwater resources. Note that Nablus Municipality will undertake nothing 
more or less than you specify. Therefore, you must ensure that your suggestions and answers to 
all parts of this exercise are rational and workable. It is important to know that all the data you 
have for this exercise are the actual information, unless there is a specification of otherwise.  

A number of pumping tests were carried out for DSW2a in order to determine the well 
performance and aquifer characteristics. 

Figure 6.59 is the geological log of Deir Sharaf Well 2a. 

Depth [m bgl] Formation Geological Section Lithological Description 
0 – 6 Soil   
6 - 60 Bethlehem 

 
yellowish, hard, 
crystalline limestone 

60 – 255 Hebron 

 

gray, hard, crystalline 
dolomitic limestone 

255 – 360 Yatta loss of circulation  
360 – 580 Upper Beit Kahil 

 

gray, crystalline, 
dolomitic limestone with 
some chert 

580 - 670 Lower Beit Kahil 

 

dark gray-brown, very 
hard dolomite 

Figure 6.59 Deir Sharaf Well 2a Geological Log 
 
 
 
 

PART A Aquifer Type 

Show that the Upper Beit Kahil formation is a confined aquifer. Use the following data of a 
constant pumping rate test: 
 

Time (minutes) Drawdown (m) 
0.1 22.48 

1.28 48.58 
2.05 54.60 
11.2 57.43 
12.2 57.65 
55.2 57.75 

253.2 57.86 
 

[NB: Log-log paper is attached] 
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Log- log paper 

PART B Aquifer Transmissivity 

1 Determine the Upper Beit Kahil transmissivity from the following recovery data. 

Q = 150 m3/hr 
Pumping time = 610 minutes 

t’ (min) S’ (m) t’ (min) S’ (m) t’ (min) S’ (m) 
18 12.93 48 7.22 78 4.73 
23 11.63 53 6.61 83 4.50 
28 10.36 58 6.20 88 4.20 
33 9.41 63 5.73 93 4.00 
38 8.13 68 5.32 100 3.70 
43 7.81 73 5.05 105 3.53 

 You will need the following equation: 
S

QT
Δ

=
π4
3.2

 

  Where, 
   ∆S is residual drawdown per log cycle t/t’ 
   t’ time since pumping stopped 
   t total pumping time 
   S’ residual drawdown 
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[NB: Semi-log paper is attached] 
 

 
Semi-log paper 

 

2 In the previous studies, it was reported that (T) of the Hebron Aquifer is about 300 
m2/day. Why do you think the transmissivity you found for the Upper Beit Kahil is 
much smaller? 
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PART C Step Drawdown Test 
 
A five-step test was carried out for DSW2a. The following data were recorded: 
 

Step Number Discharge (m3/day) Accumulative Drawdown (m) 
1 720 6.65 
2 2040 27.41 
3 3120 57.75 
4 3360 65.73 
5 4320 91.95 

  
You will need the following equations in order to answer the questions of this section: 
 

2BQAQS +=  

%100x
S

QAE
act

w =  

 
1 Water Shortages and Pump Setting 
 
The Mayor of Nablus and the Water Department of the Municipality are putting much hope on 
this well in order to alleviate the water shortages of the Nablus area. 
 
(i) Construct the Specific Capacity Curve in order to answer Nablus Municipality whether the 

aquifer is developing or dewatering. Do you think there is a chance for Nablus Municipality 
to increase the pumping rate? 

 
[NB: arithmetic paper is attached] 

 
 

(ii) You are informed that Nablus Municipality wants to increase the pumping rate of the well 
to nearly 250 m3/hr. Before doing that, they asked you to advise them on the feasibility of 
such increase in the yield. The current position of the pump intake is at 325 m bgl. Discuss 
the feasibility of such increase with relation to the pump setting. 
 

 Hint 1: Use Theis’ equation to calculate the drawdown. Use the value of transmissivity 
 that you calculated before, assume storativity= 3.586 x10-4. Assume that the 
 hydrogeological cycle is nine  months of continuous pumping throughout the year. The 
 well is off operating for three months over winter. Given that the Static Water Level = 
 208 m bgl. 
   Thaïs’s Equation: 
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 Hint 2: Check the power required for the new pump setting. Chick the up-hole velocity 
for the new setting. Where do you suggest locating the new pump intake to meet the 
increase in the pumping rate?  

 
 The following information is for the current pump setting: 
 

1 Pumping setting at 325 m bgl / Maximum diameter = 315 mm 
2 Pump power = 400 hp 

3 You may use the following equation  
η

ρ
746

HQgP=   

4 Pump efficiency = 70% 
 
(iii) Assume that the dynamic water level dropped down below the top layer of the confined 

Upper Beit Kahil Aquifer. How do you deal with this situation? 
 
 

 
 

Arithmetic paper 
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2 Well Performance 
 
(i) Determine the well losses and aquifer losses coefficients using Hantusch-Bierschenk 

graphical method 
 

[NB: arithmetic paper is attached] 

 
Arithmetic paper 

 
(ii) Determine the well efficiency. 
 
(iii) Convert the value of well loss coefficient you obtained in min2/m5 and according to the 

following classification determine the condition of DSW2a: 
 
 

Well loss coefficient (min2/m5) Well Condition 
< 0.5 Proper design 

0.5 – 1.0 Mild deterioration 
1.0 – 4.0 Sever deterioration 

> 5.0 Immediate rehabilitation 



 306

3 Specific Capacity – Transmissivity Relationship 
 
(i) Use the value of Transmissivity you calculated earlier in order to develop a linear model 

relating the transmissivity and the specific capacity. 
 

(ii) How do you relate your model with Logan’s model?  
 

[NB: arithmetic paper is attached] 
 

 
Arithmetic paper 

 
 
 

4 Use Theim equation (equilibrium equation) to calculate the radius of influence of the 
well. Do you think the heavy traffic of Nablus-Tulkarem road can affect the flow 
system in the Upper Beit Kahil Aquifer? 
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5 You are asked to give scientific reasoning for the following field observations: 
 
The following table represents the drawdown data of the first step: 
 

Time (min) Drawdown (m) Time (min) Drawdown (m) 
6 28.23 17 7.32 

6.5 21.88 19 7.13 
7 18.38 21 7.03 

8.3 15.13 27 6.93 
9.3 14.73 30 6.85 
12 9.53 34 6.82 
13 8.63 37 6.73 
14 8.08 43 6.69 
15 7.66 50 6.66 
16 7.52 60 6.65 

 
Plot the data on the arithmetic scales. The expected result is that the drawdown should have 
increased with time until it reached a sort of steady state at the end of the step. However, the 
curve you drew shows a recovery trend. Something went wrong in the procedure of carrying out 
this step. Explain. 

  
[NB: arithmetic paper is attached] 

 
Arithmetic paper 
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Answer 6.11 
 
PART A 

 
 
 
PART B 
 
1  
 
Pumping time = 610 minutes, so first we have to divide t/t’ and then plot (t/t’ versus s’) 
 
t’ (min) t/t’ s’ (m) t’ (min) t/t’ s’ (m) t’ (min) t/t’ s’ (m) 

18 33.9 12.93 48 12.7 7.22 78 7.8 4.73 
23 26.5 11.63 53 11.5 6.61 83 7.4 4.50 
28 21.8 10.36 58 10.5 6.20 88 6.9 4.20 
33 18.5 9.41 63 9.7 5.73 93 6.6 4.00 
38 16.1 8.13 68 9 5.32 100 6.1 3.70 
43 14.2 7.81 73 8.4 5.05 105 5.8 3.53 
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 Solution (T) = 51 m2/day (as shown in the figure) 
 
 
 
 
2 The transmissivity of the Upper Beit Kahil is much smaller that the transmissivity of 
 Hebron Aquifer because the porosity (both primary and secondary) of the Upper Beit 
 Kahil is much lower than that of Hebron Aquifer. 
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PART C 
 
1 Water Shortages and Pump Setting 
(i) 

 
 
 

Step Specific Capacity 
(m3/day/m) 

Changes in Specific 
Capacity  

1 (720/6.65) = 108.3  
2 74.4 33.9 
3 54 20.5 
4 51.1 2.9 
5 47  

 
The system doesn’t show strong signs of dewatering. However, the specific capacity still getting 
down with increase of discharge;  
 
For the first four steps a state of equilibrium (developing) was nearly achieved. After that (for 
the fifth step the rate of reduction of specific capacity increased. 
 
 Yes, there is a chance for Nablus Municipality to increase the pumping rate. 
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(ii) 
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First, replace the current pump to a bigger one say 550 hp. 
Second, pump intake should be at 425 m bgl + Safety factor (say 6 meters) 
 
Now, check velocity in the rising pipes, 
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(iii) 
 
If the water level dropped down below the top layer of the confined Upper Beit Kahil aquifer, 
then you can treat it as an unconfined aquifer. 
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2 Well Performance 
 
(i) 
First, we have to calculate the specific capacity for each step. 

Discharge 
(m3/day) 

Drawdown (sw) 
(meter) 

Specific Capacity (Q/sw) 
(m3/day/m) 

720 6.65 9.2 x 10-3 

2040 27.41 13.4 x 10-3 
3120 57.57 18.5 x 10-3 
3360 65.73 19.6 x 10-3 
4320 91.95 21.3 x 10-3 

  

 
 
From the graph,  
 
Aquifer loss coefficient (B) = 7.5 x 10-3 day/m2, and   
Well loss coefficient (C) = 3.33 x 10-6 day2/m5 
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(ii)  
 

Discharge 
(m3/day) 

Drawdown (sw) 
(meter) 

Well Efficiency 
100x (BQ/sw) 

720 6.65 81 % 
2040 27.41 56 % 
3120 57.57 41 % 
3360 65.73 38 % 
4320 91.95 35 % 

AVERAGE Well Efficiency 50% 
 
(iii) 
 
Well loss coefficient = 3.33 x 10-6 (day2/m5) x (24x60)2 = 6.9 min2/m5 
 
C= 6.9 min2/m5 > 5, so Immediate rehabilitation, (from the given table) 
 
 
 
 
3 Specific Capacity- Transmissivity Relationship 
 
(i)   Note that T=51 m2/day 

A linear model = ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×=

ws
QaT  

 
Step Specific Capacity 

(m3/day/m) 
a = (T/[Q/sw]) 

1 108.3 0.47 
2 74.4 0.69 
3 54 0.94 
4 51.1 1.00 
5 47 1.09 

Average value of a 0.84 

At the fifth step a= 1.09 which is the closest value to Logan’s ( ⎟⎟
⎠

⎞
⎜⎜
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(ii) The relations between the prepared liner model and Logan’s model: 
 

1 Different coefficients 0.84 and 1.22 
2 If we are closer to equilibrium, then we get closer coefficient to that of Logan’s. 
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4 Radius of Influence 
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** It sis not expected that traffic will affect deep confined aquifers even if the road is within 
the radius of influence. 
 
 
5 Field observation and explanation 

 




