





Example 6.4 Groundwater Wells and Springs

Given Data

SN N N N VR NEN

\

Required

Pumping rate
Transmissivity
Storativity

Type of utilized aquifer

Aquifer thickness

Figure 6.48

Top of aquifer at the location of the well =

Initial piezometric surface
Distance between spring and pumping well

4000 m*/day

470 m?/day

0.006

confined

30m

60 m bgl

30 m above the top of aquifer
500 m

The ground surface elevation is some 31 m lower than at the well. At this location
there is an artesian spring supplied through a fracture from the aquifer.

How long will it be before the spring ceases (stops) to flow if the pumping well is operating

continuously at Q = 3888 m®/day?

2
res
Hint: 1. Apply Theis equation S:&[— 0.5772 — Inu +u] and u=
2T 4Tt
2. You may need the following table:
u 0.1 0.2 0.3 0.4 0.5 0.6
W(u) 1.823 1.223 0.906 0.702 0.560 0.454
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Answer 6.4

1 From the given data, it can be shown that the initial piezometric level is only 1 m above the
location of the spring; therefore, the water level needs to drop only one meter in order to
cause the spring to cease the flowing.

Hence, we need to find t for s = 1 m.

s=1
.. Apply Theis equation yield

Q
s=——W(u
AT W
1= ﬂ W (u) =1.7188xW (u)
4 77 (180)
~W(u)= L = 0.5818
1.7188

2 From interpolation of values in the table

04-u 0.702 - 0.5818
04-05 0.702 - 0.560
04-u

=0.8465

= 0.4 —u =—0.08465
u=0.4+ 0.08465
u=0.485

3 Now,

r’s Sr?
u= = t=
4Tt 4Tt

. _ (0006)(500)° _, days
(4) (180) (0.485)

The spring ceases (stops) to flow when the pumping well is operating continuously at Q = 3888
m3/day after 4.3 days
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Example 6.5 Pumping Test Analysis

PART A: Derivation of Jacob's Equation

The drawdown in a confined aquifer due to a constant pumping rate Q can be described by the
equation:
2
r<s
SziW(u) , Where u=
4T 4Tt

The well function can be expanded as a series

2

W (u) = —0.5772 — Inu+ u —%

Show that for u < 0.01, the drawdown can be expressed to a good approximation by Jacob's
equation:

_ 2.3Q log 2.25Tt

S
AT r2s

PART B: Application of Jacob's Method

The following drawdown data were obtained from a pumping test performed on a confined sandy
aquifer. Determine the transmissivity and storage coefficient using Jacob's equation above; if
the pumping rate was constant at 200 liter/sec and the drawdown data were obtained from an
observation well located 800 m from the abstraction well.

Time (minutes) 0 20 30 |40 50 60 90 125 | 200 | 300 | 500

Water level (m above | 20 | 18.9 | 18.6 | 184 |18.2 | 180 [176 [173 | 168 | 164 | 159
datum)

L1 aiin | II1I”I| L] IIIHIII Ll L Liar L i LIty
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Answer 6.5

A.
S = &W(u), but W(u)=-0.5772-Inu when u < 0.01
AT
2
.'.s:i [-0.5772 — Inu], but u= rs
47T 4Tt
B 2
=& —0.5772 - 1In Q , but 0.5772=In1.78
47T | 4Tt
B 2 2
s= 2 mr7s i 2 o |17 >
47T i 4Tt AT 4Tt
2
s:i _l|n1.78xr S _ Q In 4Tt2
AT 4Tt AT 1.78r°S
but Inx = 2.3 logx
. 2.3Q o 4Tt
47T 1.78 r*S
_._23Q l0g 2.225Tt
AT r<s
B.
5.00
4.00
. +
. +
300 — yd
] +
_ +ﬁ
200 - ¥
— =+
. +
7 +
1.00 — +
D.DD_ - II-II*I':l T T T I
1E+1 1E+2
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As show in the previous figure the drawdown can be calculated by {20 - water level}

Time (minutes) 0 20 |30 |40 |50 |60 |90 |125 |200 | 300 |500
Water level (m above | 20 | 189 | 186 | 184 |182 |18.0 | 176 |173 | 168 | 164 | 159
datum)
Drawdown 0 11 14 |16 18 20 |24 |27 |32 |36 |41
From the graph,

2. 2.

slope = 23Q = T:i, but slope =2.3
ArT (4r) (slope)
~2.3x0.2m*/sec x 60 x 60 x 24

ST

4 7x(2.3)

From graph t, =8 min.= 5.56 x10~° day.

att=t, = Iog{z'zz5T to}:o, 2'2?“(’ =1
r<sS r<S
-3
N S:2.252'I' t, :2.25Xl375X52.56X10 _27x10°
r (800)

So, T = 1375 m*/day

$=27x10°
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Example 6.6 Pumping Test Analysis

Hantush's equation s, = BQ+CQ?
Jacob's equations S = ml
AxT
T 2.303Q
A7 As
225T
s 52 t,
r
Logan's equation S, = @
PART A: Step-drawdown Test Analysis

The principle results of a step-drawdown test undertaken

2.25Tt

Discharge
(m*/day)

End of Step Drawdown

500

1000

2000

3000

1 Use Hantush's graphical technique (use the graph paper attached, Figure 6.49) to

determine aquifer loss and well loss coefficients.

2 Obtain an estimate of aquifer transmissivity.

3 Suggest a maximum reliable yield. (Use attached graph paper, Figure 6.50).
4 Estimate the well efficiency at Q = 3000 m*/day. What does this value tell you?

PART B: Constant Pumping Rate Test Analysis

Following a recovery period after the step test, a constant duration test was carried out at a
discharge of 2000 m®/day with the data in Table 30.2 recorded in the pumping well itself

knowing that its diameter = 0.2 m.

Time Drawdown Time Drawdown
(min) (meters) (min) (meters)
1 1.82 60 412
5 3.32 120 432
10 3.52 240 457
30 3.92

1 Use the Jacob semi-equilibrium method to determine aquifer fransmissivity and

storativity (use the attached semi-log paper, Figure 6.51)
2 The value of storativity you obtained is indeed not accurate. Why?
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Figure 6.49

Figure 6.50
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Figure 6.51
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Answer 6.6

(A)
See Figure 6.49', {C= 3.56x107 day?/m® / B= 2.7 x10° day/m?
00040 1 J 1 I [ I | i 1
SwiQ =B+ CQ
Slope = C =0.000000356 (well loss coefficient) 7
Y-Intercept =B = 0.0027 (Aquifer loss coefficient)
0.0036 — —
Y 0.0032 — -
0.0028 — —
00024 T I T I T | T I T
500 1000 1500 2000 2500 3000
! p:n-’l."l
Figure 6.49'

T =122 Q/s,, use the first step.

See Figure 6.50'

T=500/14 =357.14 m*/day

3000

| | 1 I | [ ] I 1 1

2000 —

Pumping rate (M3/DAY)

1000 —

* Mo sign of aguifer mining.
* The maximum pumping rate is yet to
be approached

Farthis particular test, the
maximum pumping rate
could be assigned to the
step before last.

ie. Q1 =2000 m3/day

12
Drawdowmn ()

Figure 6.50°
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Efficiency =

B =27x10"
BQ=2.7x10"

8.1

BQ

drawdown

day/m?

®x3000=8.1 m

E, = ——x100% = 71%

Y114

It tells me that the well does not require any development asE, = 71% > 50%

(B)  Q=2000 m*/day
C = 3.56 x 107 day?/m®
Well losses = CQ? = 3.56 x 107 x (2000)? = 1.42 m.

Then, the real drawdown in the formation at the well site is as follows:

Time Real Drawdown Time Drawdown
(min) (sw - CQ?) (min) (meters)
1 182-142=-14 60 412-142=27
5 332-142=19 120 432-142=29
10 3b2-142-=21 240 457-142=3.15
30 392-142=25
32[] __l_l_l'_I'J_I_I_II_ LI .[.LIII.I,I 1l |_|__!.|_II[ L1 I'IIIII[ L_E pirine
3.00 — (5715 not accurats value |
780 — because starativity requires —
260 | fests with obsnvation wells, -
74 not pumping wells -
240 — —~
T 220 - _
g 200 - —
1.80 — =
[y As=21-14=07 -
1 -
140 - T-= (2.303)(2000)
1.20 - | 4TT(0.7)
100 - L = 523.6 m2iday
0.80 —
060 g= 2253 {5[]21;:]23(’1 N 8’1E—5_
040 _I__ to = 1.181E-5days =139 :
020 7 ~
- to=0017
0.00 - _‘;'I"I'!'I!'I'I'rl'[_l'"r'1'1!Hl]""'T'T'r'T1'rI'r|_'l_l"F1T|'-'[[_T_'T T
0.01 0.1 1 10 100 1000
Tirne {min)
Figure 6.51'
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Example 6.7 Jacob’s Method of Pumping Test

The following are Jacob's Equations:
2.303Q, 2.25Tt
S= log

47T r’s
2.25Tt,

r.2

S

i. When may Jacob's Equation be applied to find values of Transmissivity (T) and
Storativity (S) from pumping tests?

ii. A constant pumping rate test was carried out at a discharge of 2000 m3/day with the
following data recorded in a piezometer located 10 m from the well.

Time (min) 1 5 10 30 60 120 240

Drawdown (m) 1.40 1.90 2.10 2.50 2.70 2.90 3.15

Use the Jacob semi-equilibrium method to determine aquifer T and S (use Figure
6.52).

l !!H'Ilfl 1 'Illillll 1 l[l[ll‘ll L rreet L preenn

ES RIS ED D K N

P B T TN N S I O N A P P A A
IR R A

T T TTTTI0 T llllll] T ITITITII T TTTTm T T TTTITT

Figure 6.52
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Answer 6.7

i. u<0.05 oru<0.01,+tislarge, and r is small

ii. see graph attached (semi-log)

123030 _ (2308)(2000) | goq o
47 As 4”(0-7)

From graph attached, 1o = 1.7 x 102 min = 1.181 x 10°® day

255 x523.6 x1.181x10°°
100

S =1577x10"*

[ II1IIIII | |!II11III i FIII!III | IIII!I.II L1 EQpIne

3.20 -
3.00 —

280 —
260 —

240
220 ]
200 —
180 —
160 —

140 —
1.20 —

1.00 —
080 _|
060 —]

040 —

020 —
t0=0017

0.00 — L IIIIII| I IITTTTII T llITllTI I |f|r11|| rrrrmmm

0.01 0.1 1 10 100 1000
Time (min)

BB

=21-14=07

Drawdown (m)

i[i[1]k]|l|['[l'|ii!

I]..
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Example 6.8 Theis Method and Cooper-Jacob Method of Pumping Test

A well penetrating a confined aquifer is pumped at a uniform rate of 2500 m*/day. Drawdowns
during the pumping period are measured in an observation well 60 m away; observation of t+ and s
are listed in Table 6.5.

0] Determine the fransmissivity and storativity using Theis method.
(i) Determine the fransmissivity and storativity using Cooper-Jacob method.
Table 6.5 Pumping Test Data
t 0 10 15 2.0 25 3.0 4 5 6 8 10 12 14
(min)
s 0 020 027 030 034 037 041 045 048 0b3 057 060 0.63
(m)
t 18 24 30 40 50 60 80 100 120 150 180 210 240
(min)
s 067 072 076 081 085 090 093 09 100 104 107 110 117
(m)
Hint: The Following table is useful
Table 6.6
u Wiu) u Wiu) u Wiu) u Wiu)
| % 107" 2245 | 7x10°% 1590 | 4 x 107 955 | 1 x 1074 4.04
2 21.76 | 8 15.76 | 5 9.33 | 2 3.35
3 21.35 | 9 15.65 | 6 914 | 3 2.96
4 21.06 | 1 x 1077 1554 | 7 899 | 4 2.68
5 20.64 | 2 1485 | 8 §.86 | 5 2.47
6 20,66 | 3 1444 | 9 8.74 | 6 2.30
7 20.50 | 4 1415 [ 1 x 107" 8.63 | 7 2.15
8 2037 | 5 13.93 | 2 7.94 | 8 2.03
9 2025 | 6 13.75 | 3 7.53 | 9 1.92
1% A5 2005 | 7 13.60 | 4 7.25 | 1 x 107" 1,823
2 19.45 | 8 13.46 | 5 7.02 | 2 1.223
3 19.05 | 9 13.34 | 6 6.84 | 3 0.906
4 18.76 1% 1072 13.24 | 7 6.69 | 4 0.702
5 18.54 | 2 1255 | 8 6.55 5 0.560
6 18.35 | 3 12.14 | 9 6.44 | 6 0.454
7 1820 | 4 11.85 | 1 x 107 633 | 7 0.374
8 18.07 | 5 11.63 | 2 5.64 | 8 0.311
9 17.95 | 6 11.45 | 3 523 | 9 0.260
1. % 10°%  17.84 | 7 11.29 | 4 495 | 1 x 10" 0.219
2 17.15 | 8 1116 | 5 473 | 2 0.049
] 16,74 | 9 11.04 | 6 4.54 3 0.013
4 1646 | 1 x 10> 1094 | 7 439 | 4 0.004
5 16,23 | 2 10.24 | 8 426 | 5 0.001
6 16.05 | 3 9.84 | 9 4.14

Source: Adapted from L. K. Wenzel, Methods for Determining Permeability of Water-Bearing Malerials with Special
Reference 1o Discharging Well Methods, U.5. Geological Survey Water-Supply Paper 887, 1942,

294



Answer 6.8
0]

First of all, values of r?/t in m?/min are computed see the following table. Then, Values of s and
r?/t are plotted on logarithmic paper. Values of W (u) and u from Table 8.6 are plotted on
another sheet of logarithmic paper and a curve is drawn through the points. The two sheets are
superposed and shifted with coordinate axes parallel until the observation points coincide with
the curve, as shown in Figure 6.53. A convenient match point is selected with W (u) =1.00 and
u=1x10?, so that s= 0.18 m and r?/t=150 m?/min = 216,000 m?/day.

t(min)| O 1.0 1.5 20 25 30 4 5 6 8 10 12 14

(;) 0 020 027 030 034 037 041 045 048 053 057 060 063
2
mz /:;rin o 3600 2400 1800 1440 1200 900 720 600 450 360 300 257
t (min) 18 24 30 40 50 60 80 100 120 150 180 210 240
(:1) 067 072 076 081 085 090 093 096 100 104 107 110 117
ré/t
>, . | 200 150 120 90 72 60 45 36 30 24 20 17 15
m-/min
10 T B
= 5 g
O 2: .
1n\|'_j I [ l
1 _'-:"“"”“‘O"th B
5}; ar h-owh"‘"‘-ﬂ....
M}"""‘h..,\
I 0% Ty
| |
LS S e Blies s 0 ¢ = bdije.
_* 1| 150
= '
5[ 10’ o K
re/t, meters</min
| 1%10
0.2 |-
aib < Ly |
1074 1073 10

Figure 6.53 Theis method of superposition for solution of the nonequilibrium equation

295



Thus,

T = —QW(u)z M = 1110 m?/day
4rs 47(0.18)
and,
-2
S= sz” = 4’((11212’;2510 )_ 0000206
% H
(i)

From the pumping test data of Table 6.5, s and t are plotted on a semi-logarithmic paper as
shown in Figure 6.54. A straight line is fitted through the points, and As=0.40m and to= 0.39
min = 2.70 x 10 day are read.

12 I | | | |

1.0 — g
238 . —|
2 . ~—Pumping test data

06—

Fitted line

Drawdown, s,

0.4
| As=040m

to= 0.39 min

Time since pumping began, ¢, min

Figure 6.54 Cooper-Jacob method for solution of the nonequilibrium equation

Thus,
T 2.3OQW(U): M: 1090 m? / day
47 As 47(0.40)
and,
-4
g _225Tt, _ 2.25x (1090)x (2.70x10°*) _ 0.000184

r 2 (60)2
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Eexample 6.9 Recovery Test
A well pumping at a uniform rate of 2500 m*/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
10 241 241 0.89
2.0 242 121 0.81
30 243 81 0.76

5 245 49 0.68
7 247 35 0.64
10 250 25 0.56
15 255 17 0.49
20 260 13 0.55
30 270 9 0.38
40 280 7 0.34
60 300 5 0.28
80 320 4 0.24
100 340 34 0.21
140 380 2.7 0.17
180 420 2.3 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 As'=0.40 m is determined; then,

7. 230Q _ 230x(2500) _ . ,q m? / day
4rs' 47(0.40)

0.6

I

0.4

Residual drawdown, s, meters

! i -
2 5 10? 2 5 10

Time ratio, t/t

%}
on
o
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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

Q r. 2.3Q
T=— In(—zj T= ,
27 (h,—h) n 41 As,
o
(:J
(=)
] -
q . .
7 g
o
- - au
Ly
S
=]
- -
(Fa}
I
o o
2 ]
<
.
4
o =
L3
o
] .
— -
T T T ¥ | I
— o~ (3] = ul o
(&= — =
3 &
I
) E -~
n m =
a i L]
[+ 4 =T
Figure 6.58
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Answer 6.10

(¢/¢ )

100

L

|

L1 1

| T

A

A =385-225

* =16m

15 1/second

Q_

Residual
Drawdown
3

Q=£x60x60x24
1000

Q=1296 m®/day
. 23Q

- 47 As,
_ 2.3x1296

= =TT — 148 m? /day

47x1.6
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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 5
6 - 60 Bethlehem 1 yellowish, hard,

__ | crystalline limestone
60 - 255 Hebron . L e e L gray, hard, crystalline

lass of circulalion

dolomitic limestone

255 - 360 Yatta loss of circulation
360 - 580 Upper Beit Kahil boss of clrculation gray, crystalline,
==L r dolomitic limestone with
logs :c:'-r :_"r-_'|||:||||.'-|'|- 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 aguifer. 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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PART B Aquifer Transmissivity
1 Determine the Upper Beit Kahil transmissivity from the following recovery data.
Q = 150 m*/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
, , : 2.3Q
You will need the following equation: T =
47 AS

Where,

AS

'

—+

wn —+

is residual drawdown per log cycle /'

time since pumping stopped
total pumping time
residual drawdown
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[NB: Semi-log paper is attached]

Coognd vl vernnd ol gy el

NN LN N N

I]T]Ililll][iliiil[

= T TTTTTH | 'llllllll T ITIHTII I TTTTIT T TTT7Im

#

Semi-log paper

In the previous studies, it was reported that (T) of the Hebron Aquifer is about 300
m?/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 (m*/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:

S =AQ+BQ?
E :A—Qxloo%

w
act

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 m*/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 fo calculate the drawdown. Use the value of transmissivity
that you calculated before, assume storativity= 3.586 x10*. 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.
Thais's Equation:
Q
S 4T W)
r’s
u [ —
4Tt

W (u)=-0.5722-Inu+u—
2.2!
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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
Pump power = 400 hp
P=ngH

3 You may use the following equation
746n

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

(i) Determine the well efficiency.

(iii)) Convert the value of well loss coefficient you obtained in min?/m° and according to the
following classification determine the condition of DSWZ2a:

Well loss coefficient (min’/m°) Well Condition
<05 Proper design
05-10 Mild deterioration
10-40 Sever deterioration
>5.0 Immediate rehabilitation
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3 Specific Capacity - Transmissivity Relationship

() 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 mode/ with Logan's model/?

[NB: arithmetic paper is attached]

Arithmetic paper

4  Use Theim equation (equilibrium equation) fo 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 2188 19 7.13
7 18.38 21 7.03
8.3 15.13 27 6.93
9.3 1473 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

Drawiclonsit

PART B

1

1000 _ [T I W1 I T 7Y T T WA 11 N I T 1T | M A A1
100 - _
; _ — =
E Theis Type Curve for Confined Aguiter E
1.0 — =
0.1 == E
0.07 'ﬁi' T T TTIT0f T IiI.III|- T T FTTTI] T TTITH
0.01 01 1.0 10 100 1000
Time
{rmin)

Pumping time = 610 minutes, so first we have to divide t/t" and then plot (+/1' versus s’)

t' (min) t/1 s’ (m) t' (min) t/1 s’ (m) t' (min) t/1 s’ (m)
18 33.9 12.93 48 12.7 7.22 78 7.8 473
23 26.5 11.63 53 115 6.61 83 7.4 450
28 218 10.36 58 105 6.20 88 6.9 4.20
33 185 941 63 9.7 5.73 93 6.6 4.00
38 16.1 8.13 68 9 5.32 100 6.1 3.70
43 142 7.81 73 8.4 5.05 105 5.8 3.53
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Solution (T) = 51 m?/day (as shown in the figure)

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
M
5000 - e
u Well Still Developing
1000 —
o
o 3000
E Aquifer Dewatering
bt |
.
3 2000 —
E
| Specific Capacity Curve
1000
0 4 _ —— SPa—
0 20 40 60* 80 100
Drawdown (m)
Step Specific Capacity Changes in Specific
(m3/day/m) 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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(i)
T=51m?/day, S =3.586x107", r,=0.315 t=9monthsx30=270 days

~ (0.315)* x3.586x10°*
- 4(51)(270)
W (u)=23.12 (from W (u) table)

=5.14x10"

_(250)(24)

S = 47 (51)

x23.12 = 216.5m

—= =250 mgfhr

208 mbgl

580 mbgl

o_PYQH _ 1000x9.81x250x424.5

=554 hp > 400hp (the current pum
7461 746x 0.7 x 60 x 60 P p( pump)

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,

Q=VA
Vzgz 250 > =0.89m/sec <1.5 m/sec = (0.K)
A 7x0.315

60 x 60 x
(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

0]
First, we have to calculate the specific capacity for each step.
Discharge Drawdown (s,) Specific Capacity (Q/sw)
(m*/day) (meter) (m*/day/m)
720 6.65 9.2x103
2040 27 .41 13.4 x 10°3
3120 57.57 18.5 x 10°3
3360 65.73 19.6 x 1073
4320 91.95 213 x 103
002 —
=
L
L]
D_ p— I
(]
]
=
= 0015 — 0.017-0011 —
k] =
5l 2800 - 1000
| =333x107°
|
001 —— . | ——
—B = 00075 | —
i |
I
0005 N ,
0.00 1000 2000 3000 4000 5000
Discharge
From the graph,

Aquifer loss coefficient (B) = 7.5 x 10 day/m?, and
Well loss coefficient (C) = 3.33 x 10°® day?/m®

312




(i)

Discharge Drawdown (s,) Well Efficiency

(m3/day) (meter) 100x (BQ/s.)
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 (day?/m®) x (24x60)? = 6.9 min?/m®

C= 6.9 min®/m° > 5, so Immediate rehabilitation, (from the given table)

3 Specific Capacity- Transmissivity Relationship
(i) Note that T=51 m*/day
A linear model =T = ax(gj
SW
Step Specific Capacity a=(T/[Q/s4])
(m3/day/m)
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 (T = 1.22(?} ). a=1.22

w

So,aliner model = T = axg = 0_84(2}
S S

w w

(i) 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.
Notice 1.09 — 1.22 (near equilbrium)
047 —» 1.22 (far away from equlibrium)
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4 Radius of Influence

T 2303Q log(EJ
r-W

2rs,,

51=MI09 R = 51 =17.22 log R
27(91.95) r, r

log (3} 296 = [Ej =915
r-W rW

R =915 x 0.158 = 145 meters

** 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

minutes

00 10 20 30 40 a0
00 | | | | |

10 —
=
% ] The technician set the pump at a —
2 higher rate than intended, when this
P 70 wias realised the pumping rate was |
= adjusted to the intended one

30 —
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