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WELL DESIGN AND INFLUENCE OF GROUND WATER LEVEL
ON PUMP PERFORMANCE

Zidan. Abdel Razik aAhmed
Associate professor, Irvigation and Hydraulics Dept.
Faculty of Engineering, El-Mansoura University.
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ABSTRACT

A deep water well of 600 m depth was designed and drilled in
the farm, college of agriculture Al-Qassim, A fourteen stages
turbine pump was selected. to be installed on this well,
according fto the total head and water discharge required for
irrigation.

A severe decline of ground wafer level will not provide the
required water discharge and total head even if the pump works
under its maximum speed. This could make a t{rouble shooting or
damage to the pump wunless its column pipe length wiil be
increased to deal with the existing water level.

Retationships Dbetween pump speed and both the water
discharge and total head. based on [field measurements and
statistical analysis are given. It was found deviations of these
equations from the corresponding theoretical ones. Relationship

between the static water level and pump discharge is also
presented.
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INTRODUCTION

Since 1950, Al-Qassim region in the Kingdom of Saudi Arabia
has been dependent largely on the Saq aquifer and the withdrawl
rates have been increased gradually with the increasing
populatign and agriculture in the area. Recharge is approximately
89.0 M m /year and the pumping rate was estimated to be 232 M
m in the year 1982 (2). Consequent!ly, the static water level  has
steadily declined causing a rate of depletion of about 4.0
m/year. A seasonable severe decline of water level or piezometric
head also occecurs during April and May each year due to tfhe

excessive pumping of irrigation water reqguirements at that
period.

Saq sandstone 15 an extensive confined aquifer. It is one of
the largest water reservoir in the cenfral Arabia, The surface on
the Saq sandstone can be followed along the Arabian Shield, from
the south of Jordan in the north te the cenfral Saudia Arabia for
a distance more than 1200 km and thickness varying between 600 m
and 800 m. Ggound water reserves of Saq aquifer were estimated to
be 49900 M m™ (li).

Transmissivity values are in the range Dbetween 0_ to 2430
m /day. Storage coefficient values vary between 1.3 =10 in the

unconfined parts and 2.5 < 10 ~ and 6.3 x {0~ in the confined
ones (10).

Inproperly designed and constructed irrigation wells are a
major cause of many pumping problems and a contrjibuting factor to-
high pumping <costs. Adverse effects are, sand pumping, air
entrainment and encrustation and all becoming more severe with
continuing pumping and water table decline. (8).

Well design and well operation are independent, with a given
well design, one should optimally operate the well. Different
views for optimal drawdown are given in literature (4). One of
which is 67 % of the saturated thickness. However the design
discharge should not provide the drawdown the aquifer <can not
provide. On the other hand. fhe design discharge should not
provide high entrance screen velocity which causes sand migration
around the screen, thus decreasing the hydraulic conductivity.

Well depths and distances between wells are subjected to the
Ministry of Agriculture and Water regulations. In the study area
the permissible well depth is 600 m and the minimum distance

between any two wells is 500 m. Hydraulic conducivity is 2.2
m/day(2).
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1t was required to construct a well and to install a suita-
ble turbine pump on i} in the college farm, with required discha-
rge 2000 gpm (454.3 m /hr) and total dynamic head of 900 ft.

PUMPING WELL

& deep well of 600 metres for agricultural use was designed
and drilled in the college farm Fig.{l). The Saq aquifer is used
as a source of water in the Al-Qassim region of centeral Arbia
and it was found at about 230 metres from the ground surface. The
well site was selected after inquiring and reviewing the existing
geological informations in the area and drilling local
regulations.

A hydraulic drilling equipment, wusing a roller bit and
drilling mud was used. The well was drilled down to 2 depth of
600 metres with a casing of 300 metres, 10 metres of which has 20
inches inside diameter. The inside diameter of the well was
designed to be 12.25 inches along the 300 metres. Water level was
found at a depth of about 85 m from the ground surface, Fig.(2)

PUMP SELECTION

The selection of a pump depends mainly on the water
discharge and the total dynamic head or the system head curve.
The type of pump should be chosen to operate at or near its
maximum efficiency. The pump manufacturer's <catalogs with the
characteristic curves or tables are wused to select the pump
models and number of stages.

Column Discharge Pipe

The column pipe transmits the water from to bowls {0 the
pump discharge head. The column diameter should be selected to
suit the diameter of well casing and large enough to permit the
passage of the design discharge with acceptable friction loss.
not to be exceeded 5 m/100 m or 5 ft/100 {t (6). The column pipe
should be long enough to keep the bowls of pump submerged under
different pumping conditions. Table (1), Appendix gives the
column pipe diameter according to the water discharge (1).

Pump Shaft Diameter

The diameter of the Jine shaft should be chosen to transmit
the required power to the impellers at the design pump speed.
Other important facter in the selection of the shaft diameter 1is
the shear stress of the shaflt material. The pump shaft is also
subjected to vertical forces that stretch the shaft; weight of
the impellers, weight of line shaft assembly: and the hydraulic
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thrust. Manufacfturer’ s curves or tables are used to select the
shaft diameter. Table (2) Appendix (1).

Suction Pipe

In order to make the water entering the bottom stage of a
turbine pump in a vertical direction. a suction pipe should be
fitted. It is recommended that the length of this pipe should be
less one metre (6 ,14).

Pump Head

The friction loss through the pump head should be less than
one metre(S5). The size of pump head should be cowmpatible with the
column pipe and dimension of the gear head. The pump has been
driven by internal combustion engine.

Procedure

It is required to install a suitable turbine pump for the
given wgll. which deliver a design discharge of 2000 gpm
(d454.3 m /hr) with total head 900 ft (274.3 m)

From Table (1), Appendix, the column pipe diameter for the
flow rate 2000 gpm is 8 inches. The choice of 10 inches could
also be suitable for the well casing. Brake horse power of the
pump (B.H.P.) is given by the following equation:

Q = HL
BHP = —-eo——0 ... e e e e e e e e e ()
3960 x E
in which:
E = pump efficiency;
Q = water discharge in gpm; and

HL = total head in feet.

Assuming pump efficiency = 80 %, The estimated brake horse
power = 568.2 H.P.,according to the value of this power and from
Table (2). Appendix the recommended shaft diameter is 1.9373
inches.

From the pump characteristic curves, Fig.(3), at 2000 gpm,
for 9.687S inch impeller diameter and line shaft 1.9375 inch, the
head per stage is 66.5 ft. brake horse power = 42.5 H.P., and
pump efficiency = 79 %.

The column pipe diameter i1s usually associated with the pump

e 2

shaft diameter . The suitable column assembly is 1D = 1.9375,
from Fig.{4), the friction loss per 100 ft at 2000 gpm is 4.1 f¢t.
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The pump setfting is 600 ft, consequently, the total friction head,
loss in the column pipe assembly is (4.1/100) =< 600 = 24.6 ft.

Total dynamic head = 300 + 24.6 = 924.6 {t.(281.8 m)
Number of stages = 924.6/66.5 = 13.9 = 14 sfages.
power absorbed by the pump line shaft is (4 - 42.5 = 595 H.P.

RESULTS AND ANALYSES

Severe decline in water level usually occurs in this region
during April and the beginning of May due to the increasing water
requirements for Wheat and Alfalfa at that period. This decrease
in water level makes a great trouble in lhe pump performance. [t
does not provide the required flow rate even at high value of
speed. Fig.(5) gives the relationship between pump discharge and
speed. The figure demonstrates the difference in discharge values
at the same speed within one week. For example at 1500 rpm, Q =
500 gpm_(112.6 m /hr) with 30 psi in 22/4/1992 and Q = 390 gpm
(88.6 m /fhrywith 20 psi in 29/4/1992. At normal gumping at 1500
rpm, pump discharge is usuvally 1200 gpm (272.5 m /hr) with ialet
pressure of about 70 psi. Based on statistical analyses (3AS)
program, {12} it was found a polynomial from the second degree
could be suitable to fit these relationships, Tables(l,3).

Equations are given by:

2
i

10718 + 12.75 N — 0.0035 N ...1400 € N = 1700..22/4/199%2. (2)

2
13

-1(825 + 13.59 N - 0.0036 Nz...1400 = N £ (700..29/4/1992.(3)

in which ; Q is the pump discharge in gpm and N is the pump
speed in rpm.

Relationships between pressure at inlet of the discharge
pipe and pump speed during that period are given in Fig (6). The

equations bei{ween the pressure head and pump speed are given as
follows:

P = 137.85~0.36 N+1.91 = 10 “N°...1400 < N £ 1700...22/4/1992.(4)

5

P = -92.34-0.0375 N+7.5 ~ 10 JN%‘.14DO = N = 1700...29/74/1992.(53)

in which; P is the pressure in psi and N 1s the pump speed in
rpm.

Theoretjcally. the relationship between the pump discharge
and its speed is given by straight Jline passes through the
origin. Based on selected records of about one vear, the linear
relationship between pump discharge and speed is given in Fig.(7)
having straight line. The same relationship in a second degree
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polynomial is given in equation (7). It could be more accurate to
be represented by a power relationship equation (8} and Fig.(8).

Q = 2190.52 + 2,25 N e e e s {6)

Q

|

~ 16087.1 + 23.25 N = 0.00791 N\ vt e (7)
Q = 1.14 - 10... N...

in which; Q@ is the water discharge in gpm and N 1is the pump
speed in rpm

Fig. (9} exhibits a second degree polynomial relationship
between the total head and the pump speed in the form:

H = 2896.05 - 4.076 N + 0.00175 N

S

in which, HL is the total head in feet and N is the pump

speed in rpm.

A betfer fitting of this relationship is given in Fig. (lD)
as a third degree polynomial by the following equation

H o= - 1174.5 + 29.28 N - 0.0235 N + 6.34 =« 10 - M., ... .. .. (10)

Bauations (&) fthrough (10) for pump speed (N} varied between
1100 rpm and 1500 rpm.

Influence of ground water fluctuations on the pump
discharge, based on records of about one year. Power, linear,
exponential and logarithmic fittings between the pump discharge
and static water level provided the same curve Fig (11)

The power relationship is given by

Q0 = 1057030 Hs“‘“Zj ......................................... (11)

Third degree polynomial! could be more accurate representa-
tion, Fig.(12), which is given by the equation

Q = 142626 - 889.57 H_+ 1.86 H_ - 0.013 Hz ................... (12}

CONCLUSIONS

An irrigation water well was designed and constructed in the
college farm, suitable turbine pump was selected. to deal with
the water discharge and head.
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In the design procedure, the column pipe diameter could be
selected first, according to the required water discharge. This
selection will help in choosing the suitable well casing size and
from which the corresponding well diameter could be chosen.

Troubles could occur due to the severe decline of water
table or piezometric head. These difficuliies can be tackled by
increasing the column pipe assembly of the pump. Increasing the
number of bowls will increase the total head without any
noticeable increase in the discharge.

The rate of depletion of the ground water depends on the
consumpiive use of water due Lo irrigation water requirements and
the hydrological characteristics of the ~quifer. Bewls of pump
should be submerged under any condition of the water table. Tlis
should be considered in the well design and pump selection.

Fluctuations of ground water level have an effect on the
pump characteristic curves. The theoretical relationships are no
longer valid. Relationship beitween discharge and pump speed could
be fitted by second degree polynomial or power function, and
between total head and speed is a polynomial from the third
degree.

Static water level has a greaf influence on pump
performance. The relationship between pump discharge and static
water level could be fitted by third degree polynomial.
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NOTATION

The following symbols are used in this paper

= pump efficiency
= statistical parameter, F-fest
= static water level

]

o

= total dynamic head

—

= pump speed ;
= pressure at inlet of the discharge pipe;

™

multiple correlation coefficient of determination
= gstatistical paramefter. T-test.

s and

=W "=E T W
)
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cing M es.s7 [o.0007|0.7297]0. 7007 | ccepe 0.887 |0.203
LHEY) b 5.057|0.0007
Table (4] Statistical Analysis, "SAE" Proqram.
Relatienzhlp between H and ¥ {29/4/19%32).
Analysis of Varlance Parameter Estimate |Durbin|l =t.
Funcklon 2 i Jatson':iéer
F PLOD>F r? |€ ad3 T prob>T|coef k- C‘O:"E_
lcient lation
oy, Inte-|-56.33|0.0001
1sk 1979.27|0.0001|0.3977[0, 9975 | c®Pt 0.376 |0.24%
degres X 61.08 |0.0001
1Yy
Foly- B inkte-
nomlal rrept 1.42810.1913
nd 3538.%1|0.0001|0.998%|0.9986| X |-0.45)1|0.6642]1.567 | 0,128
deqree | 2.826 |p.0223
1Y)
Inte—| 4 39300.2122
Poly- e 73]0.184
nomlal |2691.04|0.0001(0,3991(0.3988) * T1.AT30.18411 445 |g.033
Ird X 1.511 [0.1745
"T?‘}“ ¥ | -1.457]0.1884
inte=|=-9.65%|0.0001
Pover 1oy 87 |0.0001]|0.2172|0.9081]rcept 0.496 |0.482
LHLYY Lutxy| 9.9%4|0.0001
_ Inte-(-&.831(0.000QL
SYPOmERT1 57,523 |0.0001|0.9020 0. 8911 |rcept 0.181 |0.489
LH{Y) x 3.101|0.0001
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Table (1) Setection of Column Pipe Diameter

ri Diameter Discharge
(inch) mg/ hr gpo
2.0 0 - 14 0.0 -~ 61.6
2.5 t4 - 20 61.6 — 88.0
3.0 20 — 45 88.0 - 198
4.0 43 - 80 198 - 352
5.0 80 - 140 352 - 6lé
6.0 140 - 250 616 — 1100
L 8.0 Ai 250 - 300 L1100 - 2200

Table (2) Selection of Pump Shaft Diameter

Diameter L Speed (rpm)
(inch) 14350 1800 2200
H. Power H. Power H. Power
1.0080 54 65 78
1.1250 92 110 132
1.5000 205 25G 290
l.6875 30s 370 450
L_1.9375 475 575 Jﬁ 700
N. B,

The pump shaft.diametér is usually associated with
column pipe diameter as follows

‘“ ry

4 = 1 » 9= 1.1875 , 6

1
I

8.-\. 1.5 .8-"5.

1.875

X

1

I

and 10 « 1.9375 .

U T

C.51

the
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