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ABSTRACT

The main object of this study is to conduct a surveying and collecting data for
some groundwater wells constructed for the purpose of agricultural reclamation in the
Monofiya region. In order to determine the values of those variables wells to study the
rely on the reclamation and cultivation of new land. This study was to collect data and
reports pumping test of wells included in the study. This was done through the drilling
companies designed such as Regwa, Gwasom and Hawwary company. Through
these data have been determined the well influence radius effects of transmissivity,
stroativity and hydraulic conductivity.

The obtained results indicted that the groundwater wells which have been
constructed at Monofiya region, useable to irrigation new reclaimed areas, because
less total dissolved solids content estimated the highest concentration about 760 mg/1
and the ratio in the range of allowable according to the FAO. Regarding estimated
values of stroativity, transmissivity and hydraulic conductivity, found that the less
values was .31, 1370 m2/day, 105 m/day, respectively. So can pump amount of water
of 250 m*/hr with intervals of 12 hours. Furthermore estimated the value of influened
radius 120 m, therefore it must take into account that dimension when creating a
heighoring wells.

INTRODUCTION

It has to be noticed that groundwater wells constructed in the
Monofiya region, useable to irrigation reclaimed land. Must take into account
when applying mathematical equations for groundwater flow and selection
equations calculate variables wells and aquifer follows equations unconfined
aquifer due to the presence of the surface layer of clay, that leads aquifer in
that region is unconfined. The duration of constant rate testing will depend on
the size and importance of the well field development, the environmental
sensitivity of the aquifer. However, constant rate testing will usually last at
least 1 day and commonly up to 10 days, depending on discharge rate and
the potential for delayed yield.

Fadlelmawla and Dawoud (2007) they found, the delta region is
characterized by sediments surface increase the proportion of clay, silt, sand,
soft and low in the proportion of coarse sand from the area of the nile valley.
The aquifer is consists of sand and gravel, gravel multi sizes punctuated
lenses clay limited fish The thickness of the aquifer extends from 100 m at
Cairo to 1000 m when the coast and the spread of these deposits belong to
the era Pleistocene (million years and the upper limit of these layers is similar
to port cover mud (clay cap aquitard). While, the range of thickness (20 m) in
the south to the delta (60 m) in the north delta which is due to the
composition of the modern age (Holocene) (ten thousand years old). Always
different from the thickness of the reservoir layers from site to site depending
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on geological conditions and the structure characteristic of this region,
ranging between 200-900 m.

Laeven (1991) stated that, the clay surface layer toppings semi-
permeable aquifer in the Delta, this layer is a Nile alluvium deposits belong to
the modern era (Hollocene), which represents the first thousand years of the
history of recent life era. Embaby (2003) mentioned that, this layer defines
class type and the degree of confinement aquifer of groundwater in the Delta.
This layer contains on the surface water in the Delta, where the water level
represents the top water table, it's consider aquifer of surface water, but not
exploitable. source waters of this aquifer is leaking from irrigation water and
leachates from the Delta-intensive irrigation systems
Aquifers Criteria

Ferris et al. (1962) mentioned that, the storativity of a confined
aquifer is defined as the volume of water released from storage per unit
surface area of a confined aquifer per unit decline in hydraulic head.
Storativity is also known by the terms storage coefficient. Johnson (1967)
mentioned that, specific yield is sometimes called effective porosity,
unconfined storativity, or drainable pore space. Small interstices do not
contribute to the effective porosity because the retention forces in them are
greater than the weight of water. Hence, no groundwater will be released
from small interstices by gravity drainage.

Matthess (1982) found that, water can only move through pores that
are interconnected. Hard rocks may contain numerous unconnected pores in
which the water is stagnant. Water in ‘dead-end’ pores is also almost
stagnant, so such pores are excluded from the effective porosity. They do
play a role, of course, when one is studying the mechanisms of
compressibility and solute transport in porous media.

De Marsily (1986) found in, fractured rocks, water only moves
through the fractures, even if the un fractured matrix blocks are porous. This
means that the effective porosity of the rock mass is linked to the volume of
these fractures. A fractured granite, for example, has a matrix porosity of 1 to
2% but its effective porosity is less than 1% because the matrix it self has a
very low permeability.

Wosten et al. (2000) showed that, for practical work in ground water
hydrology, where water is the prevailing fluid, it's necessary to know the
hydraulic conductivity. It is defined as the volume of water that will move
through a porous medium in unit time under a unit hydraulic gradient through
a unit area measured at right angles to the direction of flow. Farid (1980)
showe that, since the beginning of the modern studies of groundwater Delta
was many attempts to determine hydraulic parameters and them credit for
that have been conducting a few experiments in some places in the Delta for
this purpose adopted analyze data these experiments mainly on how Theim
to equilibrium and Thies cases of non-equilibrium was conclude 100 m/day
average value of hydraulic conductivity. It is these values that the aquifer
groundwater in the Delta can be considered within the water-rich aquifers and
can be exploited under certain conditions and policy.

Boonstra, and Kselik (2002) showed that, the transmissivity is the
product of the average hydraulic conductivity and the saturated thickness of
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the aquifer. Consequently, transmissivity is the rate of flow under a unit
hydraulic gradient through a cross-section of unit width over the whole
saturated thickness of the aquifer, as aquifer may consist of soil
layers.Transmissivity estimates from single-well tests in unconfined aquifers
also are affected by discharge rate, test duration. Halford (2008) studid, the
estimates by analysts were more accurate than mechanistic estimates of
transmissivity. Analysts improved transmissivity estimates most where known
transmissivity values ranged between 250 and 5000 m7/d. More than 90
percent of these transmissivity estimates were within a factor of two of the
known values. Interpretation did not significantly improve transmissivity
estimates or remove bias where known transmissivity values ranged between
10 and 100 m'/d.

MATERIALS AND METHDOS

A pumping test is a controlled field procedure to determine the
hydraulic properties of water bearing geologic units. It is a practical, reliable
method of estimating well performance, well yield, the zone of influence of the
well and aquifer characteristics ( the aquifer's ability to store and transmit
water, aquifer extent, presence of boundary conditions and possible hydraulic
connection to surface water). Pumping tests can last from hours to days or
even weeks in duration, depending on the purpose of the pumping test, but
traditional pumping tests typically last for 24 to 72 hours. The pump rate
should be great enough to stress the well, but not so great as to cause the
well to be pumped dry. During the pump test, the water level in the well must
be measured and recorded at regular intervals starting at the time pumping
begins and continuing until pumping stops
Types of pumping test
a. Step drawdown test
b. Constant rate (test)

The step test is normally followed by a period of recovery, such that
the aquifer approximately returns to pre-pumping conditions. This is likely to
be at least 1 day, following step testing of 8h duration. Typically, some form
of constant rate testing will then follow. Constant rate testing will usually be
designed to ascertain:

1. The hydraulic properties of the aquifer.

2. Whether the operational rate and drawdown can be sustained in a stable
condition. Over a protracted period, or whether yield drops.

3. Whether water quality changes during the duration of the test.

The duration of constant rate testing will depend on the size and
importance of the well field development, the environmental sensitivity of the
aquifer. However, constant rate testing will usually last at least 1 day and
commonly up to 10 days, depending on discharge rate and the potential for
delayed vyield. This is usually adequate to allow enough data to be collected
for derivation of values for aquifer properties. Indeed, the first few hours of
data will often be the most useful for this purpose and intensive data
collection during this interval will be required.
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Choose a pumping rate associated borehole size and casing size of
the well so as to affect the wall of the well and cause deterioration in
construction and a stress on the screen as a result of choosing a higher
pump rate is appropriate for size. Table (1) show selecting the pumping rate
and according to the different size diameters.

Evaluation of pumping final test for one of the well. That estimate was
conducted through installation of measuring devices the level water and
adjust electromagnetic flowmeter for the measurements of discharge and
electric control unit. It is clearly, Fig (1) shows the places installation of these
devices and how connected them inside the well in preparation for recording
the results of water level of the well, while summarized steps evaluation of
pumping final test as follows;

1. Determine the height of the measurement point and be fixed length of the
test period, usually that point orifice the well casing.

2. Adjust the hours stop run with the beginning of operation of the pump.

3. Using the monitoring devices are monitoring the static water level before
operating and the dynamic level after operating directly.

4. Connect the electrical to operate of the pump on the discharge action and
take into account the size diameter of the well pipes when choosing the

discharge.

5. Taking into account the preservation for pressure and discharge constant
to pump.

6. Registration start time and water levels in the well and discharge for the
pump.

7.Continuation measuring the drawdown in pumping wells with continued
pumping (preferably using devices with a light signal or voice in the
measurement process).

8. Record the readings with times associated with discharge in specials
tables to type test.

9. Should taking recovery data to review the accuracy of the data pumping.

Table (1): Well casing and borehole size diameter for desired pumping

rate
Borehole size, in. Casing size, in. Pumping rate, m°/h.

6 4 less than 4.54

8 6 4.54t0 22.7

10 8 17 to 39.7

12 10 34.1t0 90.8

14 12 79.5t0 136

20 16 136 to 295

24 20 295 to 409

28 24 409 to 681

290



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 4 (3), March, 2013

Analysis variables aquifers and wells
1) Storativity, (S)
In a confined aquifer, storativity is defined by Ferris et al. (1962)

s, =S L. ()
Specific storage is related to the compressibilities of the aquifer and water
function as in the form:

S =p,0(a+mp) )
Storativity in an unconfined aquifer, is given by (Lohman,1972) as :
S=S§,+S8, (3

Because ssb is typically small in comparison to s, storativity in an unconfined

aquifer is often simply equated with specific yield.

El Shazly et al (2006) assumed that, the bottom of the aquifer that is located

at a depth of down well screens equals twice the length of well screens;
b=2L L 4

By direct compensation for variables Eqn (3) through those previous

equations produces Eqgn (5) are used to determine the storativity of these

wells.
S=s,+ [2 Ls(pW g(a+ nB))] ......... (5)
where:

S = storativity, dim;
sy = specific yield, dim;

Electromagnetic flow meter for
the discharge

Electric control unit

Fig. 1: Shows the measurements to perform the step-drawdown test.
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Ls = is length of screens in well, m;

P,, = density of water, kg/m3;
g = acceleration of gravity, m/hr z

a = compressibility of the aquifer skeleton, m?/N;

1] = porosity, dim;
/3 = compressibility of water ( 4.4x107% ), m?/N;
b = aquifer thickness, m;
2) Pumping Tests
By analyzing the output drilling of these wells found it located in unconfined
aquifer. Therefore when applying mathematical equations for groundwater
flow and selection equations to calculate well variables and aquifer has to
follow that equations for unconfined aquifer due to the presence surface layer
of clay, that leads aquifer at that region is unconfined (Thiem analysis, 1906).

_273, hZ—hj

Q="K ———2 (6)
R
2 Tlog(h)
r.W
t
R= ‘/2.25T; ......... )
T= 1'2? ......... (8)
S
SZ
= - 9
S =3, b 9)

where:

Q = well discharge rate, m3/day;

K = The hydraulic conductivity, m/day;

hs = is level static for water in well, m;

hg = is level dynamic for water in well, m;

R = is radius of influence of the pumping well, m.;
ry = is radius of the well, m;

s = is the corrected drawdown, m;

T = is transmissivity, mzlday;

b = is the thickness of the saturated aquifer, m;

RESULTS AND DISCUSSION

The present study focused on surveying and collecting data for some
groundwater wells constructed for the purpose of agricultural reclamation in
the Monofiya region. In order to determine the values of those variables wells
to study the rely on the reclamation and cultivation of new land. It is clearly,
from Table (2) summarized of wells data collected during the research period
in the Monofiya region, which includes; number of the well, the well name,
type of the well, the company designed, location coordinates, depth of
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borehole, final depth, diameter of pipes, static water level (S.W.L), total
dissolved solids (T.D.S) and pH.

Table (2): Collected and resulted of wells data at the Nile delta region.

§ Well type Location Coordinates Depth, | Diameter, TD.S,
z m: in- hs,m; S| pH
3 n; mg/1;
o
_+ | N 30° |35 | 194" "
D; | Productive E 31 | o5 | 203 100 10 5.60 451 6.95
o= | N 30° |35 | 417 "

D, | Productive E 30° |59 | 259" 100 10 6.65 760 7.25
D ductive™ AT 124 L M5 1 103 10" 7.75 | 555 6.7
5 | Productive E 30° | 58 | 336- . .

hs : static water level, m; T.D.S : total dissolved solids content, mg/1,;

" (Co. Regwa, 2012) ” (Co. Gwasom, 2012) " (Co.Hawwary, 2012)

Studying the total dissolved solids from well data collected in Delta
wells ranging from 451-760 mg I™*, comparisons of proportions FAO degrees
find it in degrees slight to moderate. As well as the degree of PH found that
those in 3 wells ranging 6.95 - 8.15, that parentage water are judged to be
normal. Therefore, at the extracted water found to be suitable for agricultural
purposes directly does not need to be addressed. Thus, we can drilling any
wells in those areas for the purpose of agricultural reclamation without fear of
water salinity.

Evaluation the storativity (S)

By results of constant pumping tests (discharge) for 3 wells in the
Monofiya region, variables have been identified for each well, which include
the discharge (Q), the time of the experiment (t), the static water level (h),
and the dynamic level (hy), consequently calculate the drawdown of levels
water in the well (s,). Recorded constant pumping tests results for 3 wells in
the Table (3), respectively. To calculate storativity is used Eqn (5).

To estimate Eqn (5) variables refer to lithological description and
designer per well data were collected. In order to determine the type of rock
corresponding to the well screens, Because it's component rock for layers of
the aquifer. As a yield of compensation procedure in Egn (5) to calculate the
storativity (S) for wells from collected data, Table (4) is clarified those
calculations as input collecting data with it results.

Regarding, the data recorded in Table (4) for the mean values of
aquifer thickness and compressibility of the aquifer skeleton and porosity of
rocks reservoir water and storativity, it is clearly noticed that, the storativity
values ranging between 0.21 - 0.33. This in agreement with other reported
data by (Lohman, 1972) found that, the storativity of unconfined aquifers,
which varies with specific storage and aquifer thickness, typically ranges from
0.1t00.3.

Generally, the values of storativity depends on the aquifer thickness.
This also, can be clearly seen within the Fig (2). Where the plotted curve
shows the effect of the aquifer thickness on its storativity, for 3 wells in
various sites with the same specifications in terms of the types of rock
formation and the same depth and diameter.
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Table (3) :Results data of constant discharge test to 3 wells

. Discharge (Q), m%h Water Level, m Drawdown (Sy), m
e [ WeliNo, |- WellNo. |77 Well No,
Dy D, Ds Dy D, Ds Dy D, Ds
0 0 0 0 5.60 6.65 7.75 0.00 0.00 0.00
1 300 | 300 | 300 9.79 12.19 | 13.19 4.19 5.54 5.44
2 300 | 300 | 300 9.85 12.25 | 13.25 4.25 5.60 5.50
3 300 | 300 | 300 9.88 12.31 | 13.30 4.28 5.66 5.55
4 300 | 300 | 300 9.91 12.36 | 13.36 4.31 5.71 5.61
6 300 | 300 | 300 9.94 12.40 | 13.40 4.34 5.75 5.65
8 300 | 300 | 300 9.96 12.44 | 13.44 4.36 5.79 5.69
10 300 | 300 | 300 9.98 12.47 | 13.48 4.38 5.82 5.73
20 300 | 300 | 300 | 10.02 | 12.54 | 13.51 4.42 5.89 5.76
30 300 | 300 | 300 | 10.05 | 12.64 | 13.53 4.45 5.99 5.78
50 300 | 300 | 300 | 10.08 | 12.72 | 13.60 4.48 6.07 5.85
70 300 | 300 | 300 | 10.10 | 12.76 | 13.67 4.50 6.11 5.92
90 300 | 300 | 300 | 10.11 | 12.81 | 13.82 4.51 6.16 6.07
100 300 | 300 | 300 | 10.12 | 12.83 | 13.90 4.52 6.18 6.15
120 300 | 300 | 300 | 10.13 | 12.85 | 14.12 4.53 6.20 6.37
180 300 | 300 | 300 | 10.18 | 12.91 | 14.21 4.58 6.26 6.46
210 300 | 300 | 300 | 10.19 | 12.94 | 14.23 4.59 6.29 6.48
270 300 | 300 | 300 | 10.20 | 13.01 | 14.27 4.60 6.36 6.52
300 300 | 300 | 300 | 10.21 | 13.03 | 14.31 4.61 6.38 6.56
480 300 | 300 | 300 | 10.21 | 13.12 | 14.33 4.61 6.47 6.58
540 300 | 300 | 300 | 10.22 | 13.14 | 14.34 4.62 6.49 6.59
600 300 | 300 | 300 | 10.22 | 13.16 | 14.35 4.62 6.51 6.60
720 300 | 300 | 300 | 10.22 | 13.19 | 14.37 4.62 6.54 6.62
840 300 | 300 | 300 | 10.23 | 13.21 | 14.38 4.63 6.56 6.63
900 300 | 300 | 300 | 10.23 | 13.22 | 14.39 4.63 6.57 6.64
960 300 | 300 | 300 | 10.24 | 13.23 | 14.40 4.64 6.58 6.65
1020 300 | 300 | 300 | 10.25 | 13.23 | 1441 4.65 6.58 6.66
1080 300 | 300 | 300 | 10.25 | 13.24 | 14.42 4.65 6.59 6.67
1140 300 | 300 | 300 | 10.25 | 13.25 | 14.43 4.65 6.60 6.68
1260 300 | 300 | 300 | 10.25 | 13.25 | 14.43 4.65 6.60 6.68
1440 300 | 300 | 300 | 10.25 | 13.25 | 14.43 4.65 6.60 6.68
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0.31206

m

0.31164 D2

0.31185

0.31143

Storativity, dim

0.31122

0.31101 D1

0.3108 T T T T T T
108 110 112 14 116 118 120 122
Aquifer thikness, m

Fig. 2 : Show the effect of aquifer thickness on its storativity.

Table (4): Variables values for the storativity

Well | Rock types Sy Lg, m b, m o 1 S
D, Sand, coarse | 0.30 55 110 10° 0.30 | 0.3109
D, Sand, coarse | 0.30 58 116 10° 0.30 | 0.3115
D; | Sand, coarse | 0.30 60 120 10° 0.30 | 0.3119

Evaluation transmissivity (T) of the aquifer

For calculating the transmissivity must estimate the value of the
coefficient corrected drawdown (s') through the Eqgn (9), and knowing the
discharge value of constant pumping tests results are calculated the
transmissivity (T) from the Egn (8). The observation results of transmissivity
recorded in Table (5), we find that the transmissivity related radius of
influence as in Fig (3). It is clear that increasing the radius of influence
increased transmissivity, at the same time, at less drawdown the water level
inside the well.

r 2250
r 2000
r 1750
r 1500

r 1250
r 1000
r 750
r 500

Drawdown, m.
o - N w s o o ~ =]

Transmissivity, m2.day-1.

r 250

D1, 100.18 D2, 99.47 D3118.17

Radius of influence, m.

Fig. 3: Effect of the radius of influence on both the transmissivity and the drawdown.

Evaluation the radius of influence (R) of well

Determine the nearby wells that will be used during the test if it's
likely they will be affected, this well depends on radius of influence. Eqn (7)
can be used to determine the radius of influence (R). This diagram in Fig (4)
show drawdown of dynamic water level and after the pumping to a fixed
period of time. Note that in the beginning the pumping the great downward
occurs of water level in the well and with continued pumping the downward
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prove at a certain time. Through the diagram we can determine the nearby
wells that will be used during the test if it's likely they will be affected, this well
depends on radius of influence.

O Drawdon carve
5.60
0 + 5.6 Water static level +— ‘ ‘ ‘ 11+t
214
......... - R= afechuchades shashe
-2 4 = =
(2} (%2}
E-3 4
k<l ~L_| Water dynamic level =
54 )7
g NN
21
a
-6 4
74
84
.94
2104
0 6 16 40 80 270 540 1080 1380
pumping time, min

Fig 4 : Drawdown water level curve for well No. D1

Evaluation the hydraulic conductivity (K)

Furthermore, knowing the value of the radius of influence (R), and

radius of the well (r,), possible to estimate the value of the hydraulic
conductivity for wells that collected data, through the Eqgn (6).
The relationship between hydraulic conductivity and transmissivity and radius
of influence is plotted curve as Fig (5). It is clearly in Fig (5) the value of
hydraulic conductivity increasing by increased the value of transmissivity and
radius of influence.

0.021
g o0.018
3 0.015
L o
i 0.012
——T 0.009
——K 0.006
5 0.003
= 0 T T
E 00—
~ -0.003
-0.006
99.47 100.08 118.17
Radius of influence, m

Fig. 5: Diagram shows the relationship between hydraulic conductivity and
transmissivity and radius of influence.

Table (5): Evaluation criteria variable values of s', T, R and K.

well 3Q, h,, hi, |Sw, Mw, t, | s, 2T, R, K,
m°/day m m m m day| m | m°/day m m/day
D, 7200 5.6 10.25|4.65 0.127 1 |4.55]1929.82 |118.17 | 212.464
D, 7200 6.65 13.25| 6.6 0.127 1 [6.41]1369.88 | 99.47 | 116.221
Ds 7392 7.75 14.43 |6.68 0.127 1 [6.49] 1388.69 | 100.08 | 105.870
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Generally, the values of all calculated variables are coefficient
corrected drawdown (s'), and transmissivity (T), and the radius of influence
(R) for each well, and hydraulic conductivity, were recorded in Table (5).

CONCLUSION

It could be concluded that the groundwater wells which have been
constructed at Monofiya region:

1. Useable to irrigation new reclaimed area, because less total dissolved
solids content estimated the highest concentration about 760 mg/1 and the
ratio in the range of allowable according to the FAO.

2. When applying mathematical equations for groundwater flow and selection
equations to calculate well variables and aquifer has to follow that
equations for unconfined aquifer due to the presence surface layer of clay,
that leads aquifer at that region is unconfined.

3. When creating a neighboring wells at this region have to takes into account
the value of influence radius 120 m between wells to avoid overlap
between them, and avoiding increases drawdown of dynamic water level in
neighboring wells.

4.From estimation of stroativity, transmissivity and hydraulic conductivity of
groundwter wells at that region, it can pump amount of water of 250 m®hr
wi;[h intervals of 12 hours, hence the transmissivity was estimated by 2000
m“/day.
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