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CONCEPTUAL REMARKS ON THE S8O0LUTIONS
OF PROSPECTIVE PROBLEMES FOR THE DEVELOPMENT

OF EL-WADI EL-GIDEED WELLS FIEID
BY

Dr. Talaat M, Owaiat (B.Sc., K.ScC. Y PhoD-)

Egypt as an arid zonme has utilized irrigation from the ear-
liest times to grow various crops and continuslly establish the
roots of civilization allover the country. Irrigated agriculturel
development and reclepation of new land have highest priority in
the present world where production of foodstuffs must keep pace
with a very rapidly increasing population rate.

Since great attention was directed toward El-Wadi El-Gideed
area, extensive research and field works were carried out in the
attempt to reclailm vast areas there and converted from plain yel-
low desert to productive green lends. This is for a sound ground
water basin development leading to well developed agricultural
zone with truly economic water development controled by systematic

management, avolding any striking discrepance between the major -
enticipated objectives of the project.

Most of the prospective problems and expected difficulties
are fully :dentified and proposed Bolutions are domonsatrated.
Conceptual remarks were focused ont oonstructional precautions and
selection of deep-well turbine 8, hydrologic equilibrium,
excessive well losses, safe yield and overdraft, excessive discha-
rgo{over-pumping) from en aquifer and specific capacity of a well,
the drawdown and recovery curves, the rate of recovery in pressure
wells, multilayers confined equifer and multiple interfering well
systems, corrosivity of pumped water and precautions against pipes
corrsion and finally the deterioration of ground water quality.

Several local exmmples accomodating with the environmental
circumstances of the area under invesiigation were displayed and
proposed analyses and procedures for satisfactory solutions were
discussed and fully repressented.

x Assog. Prof. Civil Bng. Dept., El-Mansoura University El-Mansoura,
Egypt.

Mensoura Bulletin-December 1977.
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The research paper is concluded by itemizing few of the
enticipated gains as well as the prospective aide effects of
she over-pumping activities under extensive rates. Few
concluding remarke and recommendations are also provided;
hoping to be, eslong with the context material presented, to
be useful to all those engaged generslly in irrigation and
water development and those who are doing their extreme eff=-
ortes to achieve anticipated progress in El-Wadi FEl~Gideed,
Egypt.

II. INTRODUCTION

T S V=

Throughout Egypt history, irrigation activities have
been one of the earliest job and premier burden to grow food
and to keep the wheel of life running safely. Due to the
fact that close to 95 per cent of Egypt is considered an
"arid zone." Thus, wells have been, for a long time, an in-
tegral paert of Egyptiene 1life among other esctivities, supply-
ing clean pure water where ready surface supplies were not
adequate, uvnreachable, at a distance very far from the field
or subjected to severe seasonal variatlione.

Since the recorded ancient time in Egypt, there were
always proofs that show the historical significance of wells
allover the country including the area called now "El-Wadl
El-Gjdeed" (an arabic expression mesns "The New Valley").
Continuously from the time system of deep artesian wells were
drilled recently (within the last twenty years), several
problems creating some difficulties in expanding new reclailmed
green areas in addition to few technical, constructional,
maintenance, development, social and menagement problems had
arigen, Consequently, some urgent basic 1rrigation deve-
lopment problema require definlite solutions. Meanwhile, it
is worthy to mention here that there have been continual great

effort aend care done in this area and still anticipated pro-
Jects are going on,
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Tt is the main objective of this research paper to show
some of these problems snd trying to demonstate few concept-
uzl remarks on proposed solutions of prospective problems for
+he sake of achieving an optimum oomprehensive development of
21-Wadi El1-Gideed welles field and similar ones.

A T

Considering radial horizontal flow in a confined water
-bearing layer of thickness b toward a fully peneterating
well. An expression for the rate of flow Q can be derived
end finally expressed as:

Q= 2’77.0K¢b(he - hw)/2.3 10810 (I‘e/rw),......(l)

in which:
K = the coefficient of permeability,
he&re- the undisturbed piezometric head or that at which the
radius of the influence circle = re(the intercept of
draw-down curte with the unaffected water-table or
influence e¢ircle of pimzometric pressure),
hw&rw= the piezometric head at a well of radius = r,
(he-hw)zthe arawdown "D_" which is subetantially directly
prop.rtional to the well discharge "Q", whereas Q
varies only as the logarithm of the well radius T at
the same time, and
b = the thickness of the confined aquifer.

On the other hand, for an unconfined well where the flow
is not reetricted by any impervious layers above the flow and
where the water table which is the plane of atmospheric prese-
ure below which the pores of the aquifer are essentially
saturated, a comparable equation for the well discherge can
be simiraly expressed as follows

Q=T .KGE = 12)/2.3 logyy (r,/7,)  eereen(@)

It has to be noticed that the above equations are based
on the following conditions:
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1- The flow motion toward the well is radial horigontal flow
through uniform material perpendicular to vertical cylind-
rical surfaces,

2- The flow 1is steady,

3- The state of flow is assumed laminar,

4- Darcys'law 1is valid,

5- In cese of confined flow, the thickness of ithe aquifer 1s
constant end uniform all the way around the well,

6~ No interference from adjacent wells.

However, in actuality a seepage face “ha“ always oocurs
above the water surface in an unconfined well (refer to Fig.(1l)).
This is due to the fact that, for instance, the unoonfined well
flow near the well is not horizontal, Hence, the nearer the
well the greater the error that can be expected. Consequently,
the correct boundary Condition can be modified as follows:

Q MR(Z - 52)/2.3 logyg (ry/r,)  eeeeeel3)

Nevertheless, equations (1), (2) end (3) can be, within a
satisfactory range, practically applied to uneteady flow beca~
use the velocity of flow through the aquifer toward the well
is relatively so small that kinetic energy is negligible.

So, two destinctive characteristics of artesion welle
differentiating them from others, they are:

l1- The direct relationship between the flew rate from the well,

Q, and the drawdown, Dw’ and

2« The quikecer recovery of the water level in artesian or
pressure wells compared to gravitational wells, when pump-
ing is stopped, which proved to be & useful evidence in this
regard. This is because it is not necessary to add replaced

water to the surrounding medila as it is when a gravity well
recovers,

To display any mathematical formulstion and demonstrate
the interrelationships between the variables involved, which
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meke up the relevant parameters as controllers, it is worthy to
list out some of these major variables, such as:

Ny Tge Tgs Bos Doy By Ky D &y

The depth and so the length of drilling, housing {the part
of the casing into whioh the deep well or submersible turbine
punp is lowered), casing (the blind pipe extending below the
housing), the screen length, type, dlmensions, and other detail
variables are all excluded for the time belng because of the
deficiency in field data and avoiding any early complications
in the analyses. This 18 in addition to any introduced coumplexi-
ties, s0il anlsotropy and any hydrological, hydrogeological or
human activities in both the resoharge and the discharging areas.

However, group of several dimensionless paramefters can be
deduced 1ike the following, just as samples:

(hw/rw) & (hs/rw)' ag geometrical indices adjacent to the well;

(hw/re).(hs/re)&(re/rw):la relative geometrical indices for the
wells

(hsfhw)/rw &(ha-hw)/re tas seepage face well ratio bused on

either well radius or influence circle
radius;

(Q/E.ri) &(Q/K.rj)z as the well discharge number/aw/. and the
limiting (boundary) discharge number /Qé/.
/Q/ is un indicative of the cone of influe-
nce; with large numbers indicating steep cones ¢
or greater drawdewn, while small numbers
indicate relatively shallow cones of depress-

ion or shallower piezometric pressure distri-
butions;

(Kgg- T ) = /s'/.(ra/b):as a gpeclal oonfined well discharge

Q T number, which oould be used as an indicative
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dimensionless purumeter for the cone of
influence of the piezometric pressure aro-
und an artesian confined well, (T: is the
coeff. of tranamissibilty und bt 1is the
thickness of the confined aquifer);

(Vw.r“/ﬁ )= TR, ¢ wus a well pseudo-Reynolds number, which can
be considered as an indicative dimensionleas
parameter for the well discharging perform-
#nce, (Vw = Q’Aw. A, =77'.r§ &Y = Kinematic
viscoslity of pumped water).

Few of these relationships are displuyed, for examples, like
the one of Fig.(l) for unconfined wells while those of Figs. (6)
and (7) for oonfined artesian wells selected over Karga Oasis of
El-Wadi El-Gideed, Hgypt.

Moreover, Fig.(2) is & useful demonstration for a typical
discharge varsus a corresponding draw-down of a well draws its.
water fro a thin water-bearing formation comparable to another
one in a tiick water-bearing form ation or an arteslan stratum.

IV, CONSTRUCIONAL PRECAUTIONS AND

SELHCTION. OF DEEP-WELL TURBINE PUMPS

Generally speaking, according to the available design data,
it is possible to decide on the likely deep-well turbin - pump:
type, size, mechanical and hydreulio characteristics in addition
to the approximate depth it is supposed tc be lowered. Few
detalls when constructing, operating and maintaining such wells
must be taken into consideration. For instance, the housing
pipe should be extended well below the anticipated pump setting
und be two nominsel pipe sizes larger thun the bowl size of the
pump. The former provision will allow for future pump setting
chunges, and the latter insures adequate clearance between pump
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and housing even if the latter is slightly out of plumb line.
Furthermore, if some of the housing is screened above the pump
setting, the annular space around it allows free water flow to
the pump intake. Wnere the casing has to be extended to a
considerable depth below the pump setting, its dlameter may be
redquced to certain extent providing the precaution of reducing
frictional loss to a minimum value by keeping larger size pipes.

Moreover, the dimension of the outer and inner casing must
be adequate to minimize the friction loss due to up-ward flow.

The same discussion applies to the screen, which probably has
a dlameter smaller than that of the casing, in a way in order
to allow for the velocity through the screen openinga not to

be more than CU.1 ft./secs This providing proper well graded
round aggregates with sufficient thickness all the wey around
the screeu length properly placed and well packed as unconsol i-
dated material. It is worth to notice that the total losses due
to inlet and outlet pipes, through the screen and withing the
casing, etc. These may appreciably influence both the pump
head and the rate of discharge in addition to the "usgeful 1life
expectancy" of the entire well. Appropriate selection for
housing and casing sizes must be carefully done in relation to
anticipated pump yield, taking Into consideration of consider-
able excess artesian pressure exists. If "multiple~stage desp
woll centrifugel or turbine pump" is selected, proper compone—
nts and operational process must be carefully followed.

In addition, it is not advised to design a permenent pump
installations for maximum drawdown. 4s, this would be very
risky and might lead to various future complications, especially
if seasonal water table or piezometric head distribution fluct-
uvation range is relatively apprecilable. Working hours mey reech
20 hours and Service protected reservoirs connected with collec-
tors, distributers and other converyance system are fully utilie
zed a desired for irrigation purposes. Facllities and equipment
needed for modern irrigation methods should be provided as well.
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lowever, discussing all constructional precautions needed
in this regard is beyond the scope of this research paper.
Other precsutions will bé mentvioned under other subtitles and
the rest are left for the engineer to deal with according to
local circumstances.

Furthermore, regarding few of tne vasic information requi-~
red 1n the selection of a deegp-well turbine punp, considering
both the pump operating conditions and the overall description
of the well, are very briefly summarised in the following ivems:
(according to JeheW.Wsihe gtandared swecifioations)

1)
2)
3)
4)
5)
6)

7)
8)
9)
10)
11)
12)

13)
14)

15)

16)

well type (gravity or artesian, say);

woll capacity, gpme;

maximum speed, IAk.}

elevation at site, ms. or ft.;

pump level below ground level at ratved capacityj

pump head above ground level; including discuuarge pipe
friction, m. or ft.;

rate of total pump head;

operating range, maximum total nead, w. or ft.;

pump setting, m. or ft.;

minimum inside diametsr of well or casing;

total dspth of well, m. or ft.;

well straight (wuen & cylinder =0 ft. long and equal
%o the bowl in diameter is lowered into the well without
binding, as for as final screen setting);

static water level below ground surface;

drawdown, ms. or ft., at various & values;

electric power available, maximum HP., volts, ¢ycles,
etc. )
other specificatvions, dike engine type (gas, gasoline
or diesel), etcC.

¥or example, Fig. (3) illustrates a typical pump character-
istics used in the selection of deep-well pump. Hence, the pump
characteristics must be mainly suited to the drawdown in the
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2331 for the required rave of discharge and the lift desired.
#eferring back to Fig.(3) where the characteristics and the
deawdown may be coordinated by constructing productivity curv-
os and characteristic curves of the deep well and the puups
under -consideration. These curves show, for instance, that
pumps "D" and "B" are best suited to draw 700 to 7% gpm. from
the well with a total 1ift of about l44 ft. at an overall effi-
ciency close to 67 to 70 per cent resgpectively. However, pump-
"D" ig better suited for all conditions since it follows the
range of mest econamical production more nearly. That in
addition to the fact that pump "D" has a higher capacity under
lew-water condit ions during the summer season when more water
is badly needed.

In addition, ﬁﬁr control parameters like the specific speed
speed "N_" (= —ﬁ-—ﬂ ) and the dimensionless factor "K_"

(= QH%/V’), etc. and many others contribute significant role
in the selection of pumps and the types of thelr vertical :
rotating shafts. This is in additlon Yo several handy emperi--
cal formulas and available design charts made especially for
that regard. For lnstance, one of these emperical formulas,
based on the recommendations stated by seversl experts in this
regard, can simply expressed as follows:
[ ] 0" a
D= 236 Q1 g0e2Ry0-678 creree()

in which

D = outside diameter of pump casing, inches;

H = total head for one stage of whesl, ft. of water;

Haz gpecific speed of wheel, rpm.; and

Q = rate of discharge, gpm.
|3

The above equation is just an empericel exauple showing
an interelationship between some controlling conditions in pump
selection. Nevertheless, back experience proved that the
application of the above formula is limited to pumps of the
highest efficiency and with gpecific speeds between 4100 and
1500, Keeping in mind that tendency to use larger size pump
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icaeter will probably give better life-operational process—
ing and efficiency than using relatively smaller size.

Finally, characteristics of lmportsnce to be consdiered
in well pumps selection must include also the following items
covering other inmer component s;

1) bowls: best-grade iron;

2) pump shaft: stainless steel;

%) line shaft: polished, cold-rolled steel;

4) punp characteristics: must be primary and beforehand
known from the shutoff to cavitation and possible
hammering; '

5) Motors of such size that rated horsepower is never
excoedod;

6) Impellers: bronze: say 85 to 88 per cent copper, 5 to
10 percent tin, 2 to 5 per cent 2inc, and 5 per cent
lead if the same bronze is used for both the impellers
and the line-shaft bearings.

Other detailed specifications are left to local circumst-
ances especially those relevant to: Connections at top of well,
gubmersible motors on well pumps; air~-lift pumps, air-lift
boosters, et¢c. That includes the variation of "pumping duty",
several "pupm combinations", its ilnstallation, fittings, housing
and their overall characteristics and equipment ¢lassifications
desirable for an optimum irrigation service and that fit the
need and circumstances exist in El-Wadl Hl-Gideed and similar
areas.

V. HYDROLOGIC BEILIBRIULM

Before establishing & ny hydrological equilibrium for a
particular ground water basin, the elements of the "“Hydrologic
Gycle™ involved must be individually defined and evaluated.
Hydrological equilibrium demonstrates, controle and oorrelate
s BALANGE exisgt between the guantity of water supplled to the
basin and the amount stored within or leaving the basin. 4
mathematical model representing such egquilibrium expressed in
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terms of equations (deterministic or stochastic) provides a
quantitative statement of guch a balance,

of the most general forms expressing this phenomenon is as
followas

(Surface inflow) + Subsurface inflow) + (precipita-
tion) + (Imported Water) + (Decrease in surface
storage) + (Decrease in ground water storage) =
(Surface outflow) + (Subsurface outflow) + (Consu~
mptive use) + (Exported water) + (Increase in gur—
face storage) + (Increase in ground water storage).

Ssseans (5)

The above form (in discharge units) includes all waters
- both surface and subsurface - entering and leaving a ground
water basin, where the left hand side of the equation repre=
gents the possible supply items as ean input and the right hand
8lde stands for the disposal elements as en output with a
certain .lifferential storage balanced outb.

For the present situation considered concerning kKi-Wadi
Rl-Gideed ground water basin, it is possible to eliminate
certain items from the hydrologic eqnilibrium equation because
they are negligible or because they do not effect the solution
significantly. For exsmple, the hydrologic equilibrium in
this case is independent of and local overlying surface wateras
therefore, items of surface inflow, precipitation (whioch is
actually nill), surface outflow and changes in surface stroage
ean be omitted from the equation. Omn the other hand, svapora-
tion, absorption and seepage losses as surface and subaruface
outflows contribute a significant role in the hydrologic balan-
cing equation. It has to be noted that the amount of net
unbalance, if there is any due to some permissible accuracies,
ghould not exreed the limits of accuracy of the basic data to
be accepted, otherwise further investigation becomes necessary.
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&dequate hydrologic data and careful analysis of the geologi~-
cal formation are vitally important to carry out the hydrolo-
glc investigation completely. Verificatlon of the proposed
mathematical balancing modeling utilizing computer facilities
is considered incomplete without implementing the solution
with actual field results under existing conditions selected
for this purpose.

VI. BXESSIVE YWild, LOBSBnS

The drawdown at & well is affected by both the logarithmic
drawdown curve and the well screen loss in addition to the pump
inteke losses and any other added minor losses. Several hypo-
thetical assumptions were covered in the literature (refere to
indicated Refs.) trying to evaluate such losses.

Thusg, the total drawdown Dw at the well for the confined
case may be expressed as followss

Dw=h°-hw'—' Q_-B'!-G:Qn, -.....-(6)
in which:
QB = aquifer loss,
G,d? = well loss,
Q = steady pumping discharge of the well, = 2 T
(b, = b )/in (2./T0)

B = ln(r/r,)/ 2 T Kb,

r, = the radius df influence at which the piezometriso
head equals to h , = Ty the radius of influence
circle,

h° = the undisturbed initial uniform head, = he = the

' piezometric he%d at whidh r = Tyt

r, = the radius of the well,

h = the piezometric head at the well,

KE.b = T = the coefficient of transmissibility,
K = the coefficient of permeability,
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b = the aquifer thickness,

¢ = & constant governed by the radius, construction
end the condition of the well (=2.10, experimentally)
and )

n = an exponent computed from step—drawdown pumping
tests (= 2.0 &g suggested by Jacodb, but = 1.77
experimentally),

Obviously, the well losses can be minimized by developing
properly well screens, constructional elements and installat-
ion procedures in addition to any of the well completion
processing that provide any improvement for ready entrance of
ground water into the well with minimum resistance in and
around the casing. On the other hand well losses can also be
reduced to certain extent by keeping velocities into and within
wells to a minimum. In this regard, the well discharge equat-
ion for both confined and unconfined aquifers show that the
discharge is inversely proportional to ln(ro/rw), when all
other variables are held constant. In the meantime, it bhas to
be noticed that the discharge varies slightly with the well
size. UFor instance, doupling the well radius- increasses the
discharge only TEV per cent., Meanwhile, doupling the well
radius doubles the intake area, reduces entrance velocities
to almost HALF, and (if n = 2) cuts the frictional loss to
less than a THIRD, Moreover, for axial flow within the well,
the cross sectional area increases FOUR times, reducing this
loss an even greater extent, These differences become appre-
ceable for relatively high pumping rates and consequently
contribute significant fraction of the total drawdown.

It has t0 be noticed also that the above expression for
the total drawdown can also be used for the detection of
clogged screeans for these wells too.

VII, SAFS YILLD aiD OVERDRART

One of the important aspect for the improvement of any
basin-wide ground water development, like the one allocated
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in El-Wadi El-Gideed, 18 to keep track with a continual record
for the safe yield of each individual well and for the mutiples
t00. Such analysis 1s essential to provide optimum developm-
ent of this ground water resource and ensure continual benefi-
cial use of its natural underground reservoir . KEeeping into
consideration that certain hydrologic equilibrium must exlst
between all input waters entering and leaving the basin as
output in balancing fashion.

The "Safe Yield" of a ground water-bearing formation, in
this regard, is defined as the maximun rate at which water may
be withdrawn technically and economically without impairing the
quantity or quality of the supply and without any undesirable
results to the basin landowners or to those within the nearby
vicinity. Consequently, pumpage in excess of safe yield is
"overdraft". Other technical terms relevant to the same subj-
ect like: '"Maximum Sustained Yield", and "Permissive Mining
Yield", etc. may also be introduced to put more clarification
and distinction to the "Safe Yield" of a ground water basin.

In an artesian system such as the "Nobian sandstones" and
other local formations involved, in Kl-Wadi El-Gideed area,
the safe yield is limited by the tranamissibility of the sand~-
stones, the intake capacity of the sandstones, the amount of
water that can be taken from storage, and the danger of chemical
contamination by water from formation below in addition to
higher temperature effect. Accurate determination of these
limiting conditions requires an extensive study of the entire
aquifer which, in this case, covers most of the Western lesert
(The Great Sahara).

Moreover, reconsidering the basic definition of the safe
yield, it reveals that there can be more th:n one "“undesired
from pumping & ground water basin, that the safe yield may be
limited to an smount less than the net amount of water supplied
to the basin, and that the safe yield can vary as the conditions
governing it vary. If the groundwater refervoir that serves
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Ll-Wadi El-Gideed Zone and the nearly area is regarded as a
renewable resource, then only certain quantity of water may

be withdrawn annually as an optimum exraction from the under-
ground reservoir, yet still maintain that supply unimpaired.
30, the determination of the safe yield becomes very essential
to safe guard the ground water basin from any deterioration

or any overdraft., spots. Until over drafts are reduced to safe
yields within the basin, permanent damage or “depletion" of

the ground water supplies must be anticipated.

The importance of determining the safe yield (either in
mass quantity or rate concept) reflects the essential features
of all factors governing its numerical values and its ranges
of acceptance. Generally speaking, the main factors which
contribute significant effect ares

1) The water supply available to the basin and the recharge
.area (s),

2) The economics of pumpage from the basin,

5) Tone quality features of ground water, and

4) The water rights in and near the basin.

although the parmeters relevant to the water supply
factor plays the wajor part in determining the safe yield
quantitatively, the other factors contribute important role
in ground water management and adninistrative control for
tue whole systeme. This is in addition to proper operation
and econonical evaluatilon which must be achieved quantitati-
vely as well as gqualitiavity. 4ny sort of restrictions or
limitations must be allocated and a solution be estabilished
along with the pre—-evaluation of probable conjunctive use of
other water resources (like surface water through Toshka,
say) before the right value for the safe yield could be deter-
nined. Several methods may be suggested to compute numerical
values for the safe yield, like: Hills', Herdings', Simpsons?,
varcys', fluctuations', pumpings' and water table and specific
yields' methods, etc. (refer to references).
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VIII, sSXCESSIVE DISCHARGE AND THE SPECIFIC CAPACITY OF 4 WELL

Continual excessive discharge for beyond the safe yield
of the existing wells system or with a rate exceeding the
isround water replenishment rate represents one of the very
series water resource managment problem, in addition %o sever-
al side effects involved. A4s a result, well flow never reasch
its steadiness within & reasonabls period of time besides
draining out the confined reservoir within a short time and
suddonly release its plezometric pressures to a great extend.

Steady~state wells are rarely accomplished as most of the
newly developed wells are initially transient. Technically
speaking, the wells must continue in the transient state
indefinitely unless they intercept a source of replenishment.
Even transient wells appear to approach a relatively steady
state condition within a certain tested time because the water
table perturbations rapidly decrease in magnitude with both
time and distance from the well. However, a well may be treated
as though it is in steady state, if within a reasonable radial
influenced distance, there exists no appreciable perturbations
of the vmter table or piezometric surface as the result of
pumping.

Bventhough, practically speaking for establishing a safe
field and drawdown curve of a well, a large test pump exceeding
the well capacity should be used %o draw the water down to its
maximum continuous yield and drawdown. This test should be
run for several days %0 ascertain that the yield has become
constant. In order to establish the "yield-drawdown Curve",
the maximum pumping rate should be successively reduced from
naximum by ONk-FIFTH of the maximum capacity. For this purpose,
the flow rate and water depth must be recorded accurately each
time.

It is advised not to design the permanent pump for maxi-
mun drawdown, avoiding any future complications, especially
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vith seasonal snd yearly water level fluctuations. The well
exploitation should be limited between an operated range
representing 60 to 70 per cent of the maximum drawdown,
iAccordingly, the actual reduction in the yield would be only
about 10 per cent of maximum as opposed to the considerable
reduction required for pumping head and relatively safe conti-
nuous exploitation potential.

Noreover, the pumping plant should generally be designed
on the basis of a 20 to 22 hours per day pumping duration and
the yield to be preferably discharged into a service reservoir
from where it can be conveyed to the fields or utilized as
desired. This water management system proved to be more
economical and convenient than a centeral plant designed for
a flow rate required for immediate irrigation, especially where
surface irrigation methods are employed. That is excluding
relatively small sprinkling and dripirrigable fields, where it
might be preferable to design the pumping plant for direct
application to use up available conveyed pressures evenly in
aclosed circuit allover the farm.

In th~> meantime, exploitation of an artesian aquifer
should be iimited to its replenishment potential, which can
be established only by long-term piezometric pressures esta-—
blishment and geo-hydrological study. Meanwhile, before
embarking on a large-scale, deep - well-develdpment project
(like the one in & -Wadi kl-Gideed), it is important to
investigate by IS0TVUPLS the age of the water confined in the

bearing aquifer. Such a study is invaluable in helping to
establish the following:

1) The recharge rate of the aquifer versus itas rate of
replenishment,

2) The advancement rate and the wvelocity of water movement

" in the aquifer, and thereby,

3) The safe extraction rate without having to draw on the
water capital.
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On the other hand, excessive discharge from a well or
their multiples from a completely saturated aquifer can be
regulated scientifically by varies control parameters, like
"specific yield", "specific retention" and the "specific
capacity”. The specific yield can be calculated by dividing
the total quantity of water drained out from the aquifer,
after a relatively long time (within steady state range
validity), by the original volume. It is the ratio of the
volume of water it will yield, under the pull of gravity or
net balanced piezometric pressures, to its own volume. The
specific yield represents numerically a maximum value for
the coefficient of storage of an aquifer "storativity" which
can be approximated by the '"specific yield" of the material
which it is composed. While the "specific retemtion" of an
aquifer which has been saturated 1s the ratio of the volume
of water it will retain under any specified hydraulic condi-
tions to its own volume. It is numerically represents the
difference between the "prrosity" minus the "specific yield".

If both the coefficient of storage "S"™ and the coeffici-
ent of transmissibility "I" are available for a well field,
the drawdown resulting from any rate of pumping in the field

can be determined, winere:

T_-_- 264. WA.B ao.o...(?)
and 5

S=T. t0/47%. r -......(8)
in which:

Q = rate of pumping, g.p.m.,

r = distance from center of punping, well to center of

observation well, ft,

drawdown of water level, ft.,

rate of drawdown for each log cycle of straight =

line portion of graphic plot, i.e. slope of drawdown

curve,

and to= time, min., when straight-line portion of curve,
extended, Intersects value of zero drawdown.

0w
" n
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Then applying "Theis nonequilibrium formula" with a well
function W (U), the "safe yield" rating of the tested well can
be obtained in addition to the information needed to determine
the economic interference allowable between wells in the field.
The "Capacity" of a f£ield cen thus be determined also by apply-
ing observations of drawdowns and corresponding rates cf flow
according to Dupuit formulas, say.

However, if the discharge is divided by the drawdown of
the "“specific capacity" of the well field cen be obtained.
This is a measure of the "effectiveness of the well".

Solving equation (6) of the total drawdown D for the specifioc
capacity, thens

WD = 1/(8 + ¢, ") ceeeeee(9)

- It can be noticed that the above eguation indicates that
the "specific capacity of an artesisn well" is NOT CONSTANT,
as 1s sometimes assumed; rather it decreases with increasing
Qe
(WeBe: An analogous situdation can be demonstrated for the
unconfined case.) ’

Moreover, the approximate sclution of the nonequilibrium
equation demonstrated that the specific capacity of a well
varies not only with "Q" but also with time “t", where:

D, =(2.30 /4 T.T) log (2.25 T.6/25.5)+ Co .. (10)
and .
VD,=1/((2.30/4 T 1), log (2.25 Tut/r2,5)4C. &) L.11)

The above equation for the specific capacity ensures the
fact that it decrease with "Q" snd "t" too. Hence the practice
of assuming that the discharge is directly proportional to the

corresponding drawdown, implying a constant specific capacity,
may introduce sizable errors.
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On the other hand, if it is assumed, for the purpose of
convenience in computations, that the radius of the circle of
influence, r/ (= ro), varies directly as "Q" for equilbirium
conditiops, then,t

rezc.,q' 0...-..(12_) *

and then the steady pump discharge eqﬁation becomes:

Q=27.1. (b, - h') / ln (ccvrw) veeesss(l3)

The above equation leads to another definition for the
gpecific capacity of a well as the rate of flow per unit of

drawdown, usually expressed in gallons per minute (ge.p.m.)
per foot of drawdowm. Since such relationship vaires all
the way along the drawdowns, the specific capacity must be
determined for one special foot, often the first foot of
drawdown.

It is to be noted also that "K" and so "T" in different
aquifers is not the same, thus the specific capacitises of
wells in different aquifers are not always compaerable. When
treating the multilayers aquifer, superposition technique is
considered one way for an overall evaluation; that represents
most of the cases one may face in Hl-Wadli E'.-Gideed area.

IX. THE DRAWDOWN AND RMCOVERY CURVES

A "drawdown curve" of a well is a graph whose coordinates
are the drawdown (or relief in piezometric pressures) in a

well and the time efter pumping started. While the coordinates
in a "recovery curve" are those after pumping stopped, after
sone time of operation, leaving residual drawdown beyond the
original static water level (for gravity wells) or original
piezometric pressure distribution (in case of pressure or
artesian confined wells).

Few trials in the literature covered definite expressions
as an aid to construct such curves (refer to Refs.) 'For
instance, one of these expressions is:
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st = (b, n BS - 1.7 (¥K), (0.184 20 £/ Qieress(14)

in whichs
At = the time (in seoconds) of pumping to develop & radius
of influence r, (in f£t.);
h_ = the undisturbed initial uniform head, (£t.);

% net rate of f£low from well, (cfs8.);

K = the coefficient of permeability, (ft./day); and
£ = the specific yield of materisl ratio (dsfined in
Secs (VIL.)).

And the drawdown (in ft.) in a well can be expressed as
follows:

D =(1/2.3)(a, = | B2 = 1.7(¥K)s logyg (2/T)y +ea(15)

in which “rw“ is replaced by "rr“z the distance from the well
canter to the point in guestion.

It has to be noticed here that Theis method for the pnon-
equilibrium condition can also be used too, wherei

D, = (114.6 /T) /(e" /U)e AU = (114.6/T). (W(U)).
U

0000-0(16)
in which:
D, = drawdown in the observation well, (f£t);
Q = constant rate of pumping, (g.p.m.);
T = coefficient of tranamissibility, (g.p.d. per ft.)under

unit hydraulic gradient;
e = base of natural logarithms, (2.718),
and U 31087 rio SVT_ot' -oaon-o(l?)

where Ty = distance from observation well (or the point in
questiaon) to the center of pumped well, (ft.);
S = the coefficient of gtorage, as fraction, indicating
yield of water from storage in water-bearing meteri-
al under unit decline in head;



Talaat Owais 49

and t = time since pumping began, (days).

The well known "Well Function W (U)" of U, can be expressed

as: U2 > &
U U
- . - U- - L N
W(U)= (<0.5772 ~ log, U + 2.2} * 3,314 4o * )
0000000(18)

To faclilitate the computations, if Thesis method is applied,
a graphical representation for U and W (U) relationship, whioch is
handy, can be used.

X. THE RATE OF RECOVERY IN PRESSURK WELLS

It is very recognizable to sgee that the rate of recovery in
a pressure well after pumping bas stopped 1s more rapid than in
a similar gravity well, and that gives a credit for artesian
wells. This is because in a pressure well there is no "cone of
depression" to be refilled with water, instead the piezometric
pressure distribution regain itself much faster.

An approximate estimation for the rate of recovery in a
pressure well devised by Slichter was stated as follows:

tr =K. loglo (yO/yl) O-cccto(l9)
in whichs

Er = time for water level to¢o rise from Yo to i
K = constant for well and units used, say!
( = 7.57TK p/2.3 x 1440, while K: f£t./ day, and p is
thehproportion of cross-sectionsl area of aquifer
"A" nomal to flow direction through which water
flows. (A.p) represents the net cross sectional
area of flowing stream through the media.);
Yo = drawdown in well at any instant; ani
y; = drawdown in well at any time "t " after observing
value of 7 » well having recovered by gravity.
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It worth to be noticed that the above equation is based on
the assumption that the radius of the circle of influence remai-
ns constant during the period of recovery. A4lso, in pressure
wells possessing only relatively small drawdowns comparable with
the depth of the well, the solutions obtained by the use of the
above formula are considered practicably applicable. On thé
other hand, it is undersirable to use the same previous formula,
for estimating the rate of recovery in a pressure well, where
the drawdown is contributlng a major proportion of the total
depth of water column in the well.

XI. MULTI-LAYERS CONTINED AQIFER AND MULTIPLE INTLRFERING WELL

SY STEMS

“For most of the deep wells, we sometimes face the situat-
lon where the confined aquifer consists of several multi-layers
of different geological formations and so with various permeabi-
lities, transmissibilities storage and water holding capacities,
etc. Thus the corresponding "safe yleld" of the multiple-water
- bearlng formation can be evaluated by following a superposition
technique while the "gross specific capacity of a well" can be
summed up as a whole while special treatment for the equations
has to be achieved if needed for each individual aquifer indep-
endently. 4nd so for the other aquifer and well paremeters.

For instance, the discharge may be expressed as follows:
(for "n" multiples)

n h =-h
Q: 27T. 2 (Ki - bi). [ o EJ ....(33)
i=1

ln(rolrw)

Similer expressions can also be inserted into the other
equations concerning the othner paramsters like the "specifio
capacity, "specific retention," etc.

Similar situatlons are displayed for El-Wadi Kl-Gideed
equifer formation indicated by the geological sections through
selected wells located within Eharga Oasis vicinity shown in
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Figures (4) and (5); Spotaneous potential and resistivity logs
of the Kharga wells are demonstrated for exsmples through these
figures too (4 & 5) as indication for such formations, while
the piezometric map for this area is shown in plate (I).
Moanwhile, water dspth in well toawell radius (hw/rw) related
to the "discharge number" (/K. rw) for the confined indicatad
discharging wells in Kharga are shown in figures (6) and (7).

On the other hand, another common problem, we face in the
analysis and management of basin ground-water development, is
to determine the interference level produced by a group of

punping wells of which their cones of depression intersect and
80 their areas of influence in this case are overlapping. The
amount of interference in any well being represented by the
ratio of the diminution of flow from the well without inter-
ference., There are special formulas proposed for computing
such -interference effects based on logical analysis (Refs. 20
end 9). Others are deduced from field tests comparable to
Laboratory experimental results (Ref. (6)). These formulas,
whether for gravity wells or pressure wells, were found to be
in close agreement with laboratory observations, and could be
adaptable to El-Wadi El-Gideed wells field with necessary,

modifications for the pressure wells to fit individual situa-
tions.

For instance, interference between TWO pressure wells a
distance "W" apart can be formulated as follows:

. 2
G = = X (b, - b )/log)y (25 (W+ r2)) - logy,

(EW . I‘g + 'ﬂa . rﬁ) 00-0000(21)

Which can also be expressed for TWO wells as follows

Q=9%=27.1( -n)la (R?f/rw. Wy 7 eeesnea(22)

in which:
ho = the average piezometric head at the external boundary,
h_ = that at the wells,

w
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R = the radius of the area of influence, up to‘the external
boundary, (R D) W),

and rw= the well radius.

(N.B.: T = K.b)

Also the flow from the middle well in a group of THREE
wells in a line, a distance "W" apart, all pumped with the some
drawdown under steady state pumping condition, can be expressed
as follows:

Qs = K (b, = By)/ logy, [((rff + W) roi— 10810(‘”2 e Tl

vesose(23)

which can also be expressed for THRERK wells on & line and
equally spaced at a distance W apart, where the ocuter wells
will then be discharging at a rate oft

Q.1=Q}=27T.'I‘.(ho-hw). h(ﬂ/rw)/(a In{(R/W)e 1n(W/rw)+1n(W/2rw).
(1n(R/rw), ] ceesce(OH)

whereas for the middle well, it discharges at:
Q = 2Mr(a, - v). laCi/2r )/(2 1n(R/W). la(W/r,)
 + In(W2r). ln(R/r ) ceeees(25)
Meanwhile, similar to the situation of equation (22), but

for THRWE wells forming, in this case, and equilateral triangle
a distance "W" on a side, the discharge is:

Q= %= 4= 2T .TuCo -0 )/ln (B%/x W%) ......(26)

Similarly, the discharge of each of FUUR wells forming a
square of side W is:

Q = Q== Q= 2T .Iu(n-n)/1n R/ T2r_ %)
' 000-00(27)

Finally, if a FIFTH well is pumped in the center of the
previous square, any of the cormer wells yields:
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Q= 4= Q= Q= 2TTa (b~ (W T2.z )/ (4 n(Te.r/W),
(W Yzir ) + 1n (R/z). (W4 T2,r))y  eeeess(28)
While the center well discharges only
Q= 2M.2e(n - )« In(W/4 T2,z )/ (4 1n( TaR/W).
(W2 r) + Wn(R/r)s In(WaT2iz))  ceeea(29)
" 4nd so on, etc. for eny other combinations.

It has %o be noticed that in the above equations it was
assumed that all wells penetrate & conflned aquifer, have the
same dismeter and drawdown, and that the estimated discharges
are over the same period of time, holding other variables un-
changeable,

‘The above equations for the discharges of TwO, THREE, FOUR
and FIVE wells penetrated through confined aquifer can be
modified for application to unconfined aquifers as follows:

Q= % = T-E®Z - b3/ 1n Rz, . ) ceeeees(30)
(for the TWO wells case),

Q= Q = & =TE®E = nd)/ W@z, . W) eeeeene(3L)

(for the THREE wells forming an equilateral triangle),

Q = Qg = K@ - D). 1 (Wr,)/(2 In(R/W). 1a(W/r,)

+ ln(W/er)- ln(R/rw)) creenae(32)

(for the outer wells of a multiple of THRME wells on
a line), where for the middle one:

Q = T.E@®E - nd). In(W2r,)/(2 *a(&/ W la(Wr)
+ 1n(W/a‘w). ln(R/rw)), 0000000(33)

Q= G = Q= T.K(hg-hﬁ)/ln(ﬂ“/ LEX S Lo R
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(for each of the FOUR wells lying at the cormers of
a square),

2 _ .2
= Q= Q= @=TM-EMS - 12, 1n(W T2.x )/ (4 1n( T2R/W).
Ql ¢ 13(\\'/ T:;-:I'w) "‘oln(B/rw)o ]_n(W/ll- Y%:rw))s 0000(55)

and the unconfined gravitational well at the center of the
square ylelds:

ag= T-E@Z - b2). 1n(wa T2z )/ 1a( T2or/). 1a(w/ Tauz,)
+ 1o(R/r ). n(W4 V2.r)) cerseea(36)

And so on, etc. for any other combinations of the multiple
well systems.

In the meantime it is worth to mention here that special
treatment for all the expressions and procedure of analysis
for the cases concerning "partially penetrating wells" whether
for "a single isolated confined well™ or for "“the multiple well

systems.”" The same remark may go also for most of the special
cases of '"leaky aquifers,™

In the meantime, there are graphical methods for deter-
mining the "permissible Interferences Among Wells" in a tes-
ted field in which the coefficients of transmissibillity aend
of storage can be determined. Similar anaslysis can also be
extended to cover any number of wells "N" in this regard.

Further analysis concerning "Multiple Well Systems"
spread over a given well field, where the drawdown can be
determined at any point if the well discharges are known, or
vice versa. The procedure of analysis can be concisely follow
a superposition technique considering equilibrium condition.
For insgtance, the drawdown at any point in the area of influe-
nce caused by the discharge of several wells is equal to the
sum of the drawdowns caused by each well indvidually, i.e4%

N
Dr = Dl + D2+ D5+ seacs + DN = Z-" -)i co...-.(}?)
i=1l
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in which:

Do = the total drawdown at a given location,

Dy = the drawdown at any well "i" where i = 1,2,3,...Ns

A graphical procedure can also be followed starting with
the individual cone of depression of each well and ending up
with summed composite drawdown curves for the whole multiple
well system, knowing in advance and precisely the number of
wells, their locations, piezometric map, the geoclogical forma-~
tion, their spontaneous potentiaml and resistivity logs in
addition to the geometrical properties of the well field.

Consequently, for "N" pumping wells spread over a well
fleld pumping from a confined a quifer, a composite drawdown
at an arbitrary point (x,y) at which the piezometric head
" c = —

h(xﬁy) an be expressed as D(x,y) (hO h(x,y))

N
= Zil %T_. ln(Ri/I‘i), 0...--0(58)

in which:

(ho-h(x,y)) = the drawdown at a given point within the
area of influence,

T = the coefficient of transmissibility of an
aquifer of thickness b
K.b,
the distance from the 1th well to & point
at which the drawdown becomes negligible, and
ry = the distance from the ith well to the given

indicated point.

By

The above equation 1s valld for pressure or artesian wells
draw their water from confined aquifer of any homogeneous
thickness "b", the case adaptable closely to El-Wadi Xl-Gideed
casé. While, on the contrary, the corresponding equation for
an unconfined aquifer, valid only for relatively small drawdowns
which can be expressed as follows:
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h(x 7= Z—S"— . ln(R /r ) eseese(39)

(x y)'

Finally, it might be advantageous to mention here that
in places where water-bearing materials have low permeability,
it is somebimes advisable as a solution to draw wabter with ONE
pump from multiple wells system or what is so called "BATTERIES
OF WELLS", where the most economical spac¢ing between wells
should be given through scientifio study for minimum interfer-
ence.

XI1I., CORROSIVITY OF PUMPLD WATER AND PRECAUTIONS AGAINST PIPES
CORROSION

The importance of corrosion and its considerable effect on
the development of any well field of a ground water basin, like
the one in El-Wadl HEHl-Gideed area, must occupy great attention.
The corrosivity of water must be identified and predetermined
in order to select properly the type of casing material and
egpecially the screen material which may be crucial for the
life expectancy of the whole well.

Corrosive water may be indicated by one or more of the
following symbolic indications:
1) 1owpH (< 7.0),
2) dissolved oxygen ( > 2. p.p.m),
3) presence of hydrogen sulfide (HES)’
4) high electric conductivity (EC > 600 micromohs at 25°C),
5) high carbon dioxide content (CO,) 50 p.p.um.) and '
6) high chloride content (Cl ) 500 PePelle)e

Generally speaking, corrosion resistant agents should be
adequate for casing especially when water analysis indicates
a corrosive tendency through well pipes especially the lower
ones and the screen which should be lightly coated with suit-
able tar or asphalt, plastics, enamels, resins, lacquers,
paints, zinc¢c coating, cement lining, any antireacted chemicals,
metallizing, or using any treated metallic or nonmetallic mate-
rials resistive to corrosive water. Glass mat and asbestos
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fell, which is mixed with synthetic fibers, are proved to be
sffective wrapping materials for coal-tar enamels. Moreover,
ong of the best possibllities also in this regard as coating
linings for steel pipes are: phenolic, vinyl, thiokol, vinyl
thiokol in addition to neoprene materials, which proved to be
resistible against corrosion. If any of these solutions proved
to be irremedieble and irresistible against corrosivity, the
lower part of the well pipes and the screen may be properly
galvanized or made out of a special kind of treated material or
aven made out of stainless steel. Coatings and linings are
used primarily to minimize or retard the corrosion and in the
meantime to prevent water contamination and increasing smoo-
thness of pipe walls.

It may be noted here, Just by the way of examples, that
overall desirable features of any of the carefully selected
coafing include the following items and specifications:

1) the ease of application,
2) good adhesion to well pipe material,
3) resistance to impact and abrasion,
4) flexibility and durability,
5) resistance to flowing under heat condition in accordance
with the "geothermal gradient of the earths' crust™.
6) immunity to sunlight for exposed pipes and anticorrosion
for the embedded parts,
7) nonabsorbency,
8) low electrical conductance,
9) resistance to age to last for a reasonal life time in
optimal shaepe and working condition, and
10) resistance self ability against bacterial or any sort of
biological actions.

Basically, the decision concerning the selecticn for any
of the above altermatives should be selected according to sound
technical and economical studies free from any defect or uncer-

tainty, valid and fit the actual situation. Keeping in mind
that hasty decision in this regard proved to be very costly



C. 60, Mansoura Bulletin December 1977.

especially if application covered in large scale or influenced
by sort of generalities. Ikventually, back experience showed
that logses due to corrosion, and any snnsible and reasonalbe
steps to avoid completely or at least diminishing these losses
to minimum and optimizing wells efficiency to their utmost:
favourable working condition. This is considered a slzable
item of the over—-all costs in most wells fields and connected
waterworks and corresponding convering system.

When artesian water holds higher temperature above normal
in addition to activating the ability of corrosivity of pumped
water, like the case in majority of well fields in kl-Wadi
El-Gideed area, where the problem becomes more complex and need
further extensitive studles taking into consideration the
above discussion.

XTII., DAMERIORATION OF GROUND WATEKR GJALITY

Although the ground water basin under investigation is
confined artesian and at considerable great depths from the
local carth surface, there must be great care Reeping this
water ciean and check its quality versus its suitability for
its uses.

Generally speaking, the main causes of deterioration of
ground water quality are due to one or more of the following
listed pollution sources.

A. Contamination and Pollution Sources:

l. industrial wastes, in general;

2. Organic wastes, in general;

5. food processing;

4, lumber processing (natural or artficial);

5. paper, spinning and clothier factorles, etc.;
6. mineral wastes, in general;

7. metal processing industries;

8. steel and iron factories;

9. mining and ore extraction industries;
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Be

10.
11.
lza.

1.

14,

15.
16.

17.
18.

19.
20,

oil and scoap industries;

chemical Industries;

fertilizers factories;

chemical formulas, extractions and solvents against
insects and plant diseases, and their application in
the fields;

natural and artificial skin treating and processing.
wastes from power plants;

cooling water (physiochemical, biological and temper-
ature pollution);

any recharging and feed-back activities;

any refuse or wastes from the various transportation
means;

s0lid and semilsolid refuse, in generalj;

any humen activities; etc.

Degradation:

1.

2o
De
4.

5.

B

7e
8e
9.
10.
1l.

lza.

15.

effect of development, use and reuse of water, in
general;

irrigation return waterj

surface and subsurface drainage;

percolation, inflltration leakage and seepage activi=-
ties.

interchange between aquifers due to improperly const-
ructed, defective or abondoned wells;

interchange between aquifers due to differentials in

pressure levels resulting from excessive withdrawal;
overdraft conditions;

sea water intrusion;

any brackish or brine water nearby}

salt-ionic exchange and salt-balance;

upward or lateral diffusion of connate brines and/or
juvenile water due to overpumping;

contamination from the surface due to improperly
congstructed wells;

any other natural causes; including all components of
the hydrologic-equilibrium equation;
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14, inflow and/or percolation of Jjuvenile water from
highly mineralized nearby springs and streams (or
carrying canals or drains);

15. other causes lilke accelerated erosion, mineralization

| resulting from plant excessive transpiration and/or
evaporation, etc. >

XIV. ANTICIPATED GAINS AND PROSPECTIVE S1bE KEFFECTS OF PUMPING
ACTIVITIES UNDER LXLENSIVE RATES

Comprehensive invesitagations have indicated great potential
concerning vast areas in El-Wadi El-Gideed for reclamation where
soil suitability for cultivation, availability of artesian
ground water, under reasonable pressures stored and renewable
within thick confined aquifer, is attainable for use. This is
in addition to other potentials concerning variety of natursal
and ‘human rescurces available. ©Supplying this area with the
right amount of suitable water would cover the main deficiency
for this particular area. ©8Such new activity will assess, in
the meantime, redistributing the population which is heavily
concentrated along the narrow band within the Nile valley and
where the utmost is bounded within the Delta region. It is
expected to face many difficulties which may retard the progre-
ssive extension of such project to cover bigger served green
areas, due to lack of: water (quantity or quality), soil mana-
gement, equipment, qualified technicians, etc., or due to
irrigation development, or any land consolidation, implications
generated from the social problems in tThe resettlement process.
However, regardless of these difficulties and many more constri-
ctions, this will undoubtly accomodate better life and alterna-
tive employment for many farmers and workers squeezing themse-
lves within several overpopulated areas. It is a good chance for
Capable new srttlers to adapt themselves and their life in this
newly developed resources practicing their shared duties and
overcoming obstacles and any avoidable problems, Meanwhile, it
should be unmissing opportunity to establish a brand new society
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adaptable in harmony with that in existence, epplying all
updated scientific knowledge and refreshing selected valuable
-ound traditions and life practicing mixed up with acceptable
. vstomary performence to be freely exercised covering the
various activities of this newly established community and the
newborn society made up with the newcomers (settlers). .

It is always beneficial, in & situation like this, to
practice our utmost capability and utilize our own experience
and get at the some time the benefit of others obvservations in
similar situations for the sake of achieving enhanced compre-
hensive management, Back experience showed that, in settling
a new irrigation area, the people who are to lnhabit it have
to be chosen carefully to assure a stable community. Only
capable people end those able to accept the new society, have
the ability to emerge into the established community and those
who are willing to serve the new province according to their
individual profession whether farmers, labors, techniciens,
engineers, administrants, etc. The authority must provide in
the meantime all kind of motives to attract new settlers to
take place, taking into consideration their background and
culture when carefully selected in selfcontained massive groups.

Stating now few of the side effects due to pumping activi-
ties under extensive rates, it worth to exce’ude the "Feedback
kffects" which was previously discussed, in the hydrological
equilibrium and the multiple interfering well systems. Never=—
theless, side effects in that menner of speaking are of a
different nature. They range from the "subsidence of Land
Surface", "Squeezing of Confined Water", to the "Recovery of
a Water Table™ due to curtailment of pymping (to reduce sea-
water intrusion, say) to the "Soil Thawing, Swelling and
Shrinkage" Locally in the indicated area (El-wadl El-Gideed),
etc. All these side effects and others with its consequent
threat to undisturbed buildings, stable roads and placid oper-
ations going on in the community above, through or nearby.
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"Land Subsidence", which may be considered the most impor-

tant side effect that accompanies the large-scale removal of
water from an artesian aquifer, has many causes. §Some of these
causes can be summarized as follows:

1)
2)
3)

4)
5)
6)
7)
8)
9)
10)

11)

12)

Loading or superimosed loading at land surface;

Vibration at or near land surfacej; .
Compaction due to irrigation, drainage and other farming
activities,

Solution and liquefy of soil due to irrigation;

Drying out and shrinking of depositss

Oxidation of organic materials;

Lowering of water table;

becline of pressure head in confined aguifers; due to any
reason, whether lowall or within the recharging zone, or
due to extensive pumping rate i.e. ~ relatively higher
values of dischsrge number (q/K.ri) refer to figures (6)
and (7) applied to Kharga Oasis selected well fields;
Decline of pressure in the nearby 0il zones due to removal
of oil or gas or both. In other wards, it could be due to
the removal of hydrocarbons and connate water from 0il zones;
Decline of pressure head could also be due to the removal of
any substances or minerals, etc., from beneath the land
surface; and

Shaking or trembling of any of the layers of the local
geological formation or due to an overall earthquake acti-
vity or any kind of tectonic movement; and

Any drastic hydrological or hydrogeogical changes within
either the discharging or the recharging areas and includ-
ing any of the "hydrologic equilibrium equation" or "water-
budget balance."™ The kind of ground water utilization and
the sort of bumen activities and the rate and frequency of
recharging within the considered area must be counted too.

Again, it is worthwhile to restress the fact that any side

effects appears in El-Wadi Hl-Gideed area is due to both local

activities and due to any changes within the confined water
through the stretched nubisn formation. Geologically speaking,
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this confined waterbearing aquifer is extended all the may in
a faghion for great distances till it hits the catchment or
the recharging zone, which might be relatively far from the
discharging well field where the elements of the hydrologic
equilibrium and thus the water budget balance is influenced
by direct input and output parameters in addition to several
unforeseen circumstances with all relevant hidden uncontrable
variables. It is the hydrologist Jjob to collect all kind of
data needed to clarify such situation and continually check-
ing the replinishment of the confined water and the fast
recovery of piezometric pressure distributed satiatactory.

Finslly, the main intellectual difficulty about not
discussing &1l of the side effects, is that this is a rather
lengthy subject by itself and beyond the scope of this rese-
arch paper, for the time being.

XV. CONCLUSIONS AND RECOMA ENDAT IONS

From all the above discussions, it can be very briefly
and precisely concluded that the area under quesion (El-Wadi
¥l-Gideed) is a great pot ential for the extension of more
clean green area and an excellent chance to Sncourage new
capable Egyption settlers to Iinhabit such areas.

Neverthelsss, thare ars very specific requirements to
achieve full success of the whole project. These requirements
were idividually discussed in detail provided with all possible
proposed solutions for all the problems counted in this regea-
rch paper. EKeeping in mind that developing an irrigation well
field is almost as important as drilling it, avoiding any
deterioration in ground water quality. This in addition to the
precautions listed concerning all the aspects in this regard
for full establishment of a stable community serving a modern
irrigation network system.

Urgent solutions for all the prospective problems listed
in the body of this research paper are greatly encouraged. A4
complete data bank for all the variables and parameters invo-
lved is needed in the first place.
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It 1s recommended to carry out simllar studies covering
complete survey for soil classification and individual potenti-
ality for the most fit: crops, water duties, modern irrigation
and drainage methods, etc. to optimize its utmost benefits
enlighted by both technical and economicel principles for the
achievement of high "irrigation effeciency™.

In conclusion, it is worthy to state that: to provide
optimum development of ground water resources, like the one
under investigation, for the best beneficial use, this requires
thinking in terms of the entire ground water basin, taking
individualized local environmental and all dynamic components
into consideration. At the sametime giving considerable atten-
tion to the “human factor"™ who takesover the burden, fulilling
reasons of achievment, Jjustify his life and make the success.
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