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ABSTRACT

This study aims towards ufilizing the surface water of Wadi Zatari at the western part of
Dhuiei! basin for the artificial recharge of groundwater. The importance of this study is that the
basin s suffering from groundwater depietion and increasing salinity. The increasing demend for
water to cover the agricuttural and municipal needs will accelerate this problem in the near future.
The fractured limestones and basalts would help the water to infiltrate naturally; the available
materiaiz in the field would help to construct low cost recharge dam. To awoid the sedimentation
problems and increase the recharge rates, it is recommended to construct the recharge dam on
many phases. The Soil Conservation Service {SCS) method was used to calcutate the flood
volumes. The results showed that the runoff and evaporation coefficients are 2.81 and 94.84
percent, respectively. This means that mozt of the surface water evaporates into the atmosphere.
The peak discharge of the hydrographs for the years 10, 25, 50 and 100 years is 2384, 5806,
10213 and 13582 ms, respectively. The elevation area-caparity cuives show that the reservoir is
capable to accommodate about 5.4 MCM for an area of about 1.63 km” and 10 m depth.
However, if the water depth increases {0 15 m, the reservoir can accommeodate about 18.8 MCM
for an area of about 3.75 km”. The development of groundwater quafity after midng with floods is
assured. The average electrical conductivity {EC) of floods is 240 pSicm, while it reaches 4310
uS/em for groundwater. The development of groundwater gualily is assured as soon as mixing
ratio with floods is increased.
Keywords: Wadi, surface water, ardificial recharge, groundwater, curve number, drainage.

1. INTRODUCTION

Wadi Za’tari catchment area is located at the westem part of Dhuleil basin
between the coordinaies 260-295 East and 175-205 North and covers an area
of about 403 km®. The topography of the wadi ranges from 600 m above the
mean sea level (amsl) in the south to more than 1350 m in the eastand
northeast. The wadi shows triangular shape, while the drainage s dendrite type
system (Fig. 1). The cyciones which cross Mediterranean sea bring cold air
masses from Europe and form the major precipitation in Jordan. These cyciones
are responsible for thunderstorm rainfalls, which characterized by irregutarity in
intensity and duration. The convective is oriented along the major axis of
eastern Mediterranean and extends eastward into iraq and is triggered by
temperature contrasts between the relatively warm sea and cold land surfaces
to the north. This makes unstabie columns depend upon the laps rates and
moisture flux convinces in the lower layers (Brenner, 1990). The annual average
rainfall ranges from 130 mm in the eastem part to more than 300 mm in the
northern and northeastern part, with an average rainfall of about 160 mm in the
central part of the basin.
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Fig. 1. Location Map of Wadi Za’tar Catchment Area,
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The Dhuleil basin has been subjected to groundwater exploitation through
six wells in the mid sixies to more than 100 wells recently. The upper aquifer
complex, which is the mostimportant aquifer in the area, is composed of three
members: Basalt, Amman (B,) and Wadi Es-Sir (A;). The basalt is highly porous
and scoriaceous reservoir (Bender, 1974). The Amman formation underlies the
basalt directly and considered as a good aquifer in the study area. The Wadi Es-
Sir formation consists of limestone, marl and chert and it is productive when it
has fissures (Rimawi, 1985). The aquifer balance is dishnbed with a major
deciine in the water level accompanied by deterioration in groundwater quality,
due to the groundwater overpumping and the intensive irigated agriculture
(Water Authority, 1989). The groundwater flow direction is from northeast to
west (Salameh, 1953).

in early sixties, the type of groundwater in the study area was classified to
be suitable for all purposes such as domestic, agriculture and industry
(Salameh, 1996). But due to the overexploitation of the groundwater and the
intensive imigated agricultural activities, groundwater quality became poor and
deteriorated for many purposes. The average groundwater eiecirical
conductivity (EC) increased from about 570 pS/cm in 1971 to more than 4300
uS/cm resecntly . The problem is accelerated due to low recharge amounts
comparative with discharge from the aquifers.

in average, the groundwater salinity has become unsuitable for both
domestic and/or imigation, in some areas. Besides, chioride concentration and
hardness of water reached limits, which exceeded Jordan standards for
domestic water quality. This was due to groundwater overpumping from the
main aquifer (Basalt and B,/A;) to meet the agricultural demand.

2. Objectives

The main objectives of this study were to investigate the feasibility of the
coliection and utilization of surface water for the artificial recharge of
groundwater for the Upper Aquifer System in Wadi Za’tari Catchment Area. The
surface water is considered the most important source for the development of
the area; especially when the flood volumes are very high and remains several
months before evaporation. This technique will help in avoiding the salt water
problems that Dhuleil basin is suffering. To achieve these issues, the following
approaches were used:
Collect and analyse the rainfall data.
Estimate the water budget of the catchment area.
Determine the dam sites by studying the topographic and aenal photo maps.
Determine the water volume stored by making engineering hydrology
survey.
Predict of flood volumes by using flow duration curves according to different
retum periods.

Study the subsurface geology to assure that the recharge to the
grouncwater will increase.
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3. Hydrogeology

The groundwater movement is controlled by the hydraulic gradient. The
hydrogeological system consists of two main aquifers in Dhuleil basm The
upper aquifer is composed of three members:

1. Basalt: This aquifer represents the main aquifer in Dhuleil, even tothe
northeast of the study area. The. basalt is a potential aquifer where water
bearing zone comprises of highly porous and scoriaceous reservoir.

2. Amman Aquifer System (B;): It underlies the basalt aquifer directly, and
classified as a good aquifer. It is composed of limestone, chalk, chert and
phosphorite.

3. Wadi Es-Sir Aquifer System (A;):: This aquifer consists of limestone,
dolomitic limestone, mar and chert. Also, it could be classified as a good
aquifer.

The hydraulic connection between the three aquifers (Basalts, Amman
and Wadi Es-Sir} classifies them as one hydraulic unit. Most of the wells
penetrated this aquifer, due to the low cost of drilling and good water quaiity,
before the agricultural expansion in the early sixties.

The lower aquifer is composed of poorly consolidated multicolored
sandstones of Lower Cretaceous age intercalated with thin beds of shales and
clays. It is separated from the upper aquifer by low permmeable mars and
limestones. Fig. 2 shows the hydrogeological cross section through the study
area. :
Groundwater fiows from the high pressure head at Jebel El-Arab area to
the low pressure at the well field area. The depth to water tabie varies from 20
m in the west to 106 m in the northeast. The elevation of water table ranges
from 505 m to 545 m above the mean sea level (amsl) at the southwest. The
recharge sources are the direct infiltration of rainfall, infiltration of flcodwaters,
retum fiow from irrigation water and the groundwater fiow into the basin from
Jebet El-Arab area.

Groundwater quality at Dhuleil basin has deteriorated within one decade
of intensive use for irrigation purposes. Chemical analysis showed extremely
high concentration trends of salts exceeding the acceptabile limits for the various
purposes according to the water quality standards. The overpumping of
groundwater resources, retum flow of irrigation and infiltration of wastewater into
groundwater are the main sources for the salination problem. Grounis the only
available water source for domestic and agricultural activities in the area,
therefore, it is abstracted heavily to meet the need for expansion in the
agricuttural lands. The drawdown in the groundwater observation wells reached
about 30 m (Al-Mahamid, 1998).

4. Soils

' The soil in the study area is divided info four types, according to the
agricultural land use (Mac Donald, 1965):

(@) Nomadic grazing by sheep, goats, camels and occasionally cattle.
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(b) Grazing combined with some shifting to cultivation by nomads.

(c) Rainfed farming (dry farming) with winter cereals such as wheat and barely.

(d) imrigated farming composed of slowly permeable layers affecting internal
~ drainage and limiting the effective soil depth.

The excessive use of the chemical fertilizers in the soil, which added to improve

its fertility and to increase crop yield, contributes to the deterioration of the

groundwater quality. Therefore, a major increase in cations and anions was

occurred. Most of the wells shifted from fresh water to brackish water.

5. Flood and Recharge Evaluations

This study is carried out to estimate the flows and frequency floods at
Wadi Za’'tari Catchment Area in Dhuleil basin, and determine the surface water
potential by suggesting feasible engineering solution. For lack of flood
observations, the frequency floods were determined using storm rainfall of 10,
25, 50 and 100 year retum periods in the Soil Conservation Surface M ethod
{Wanielista, 1990).

The available daily rainfal data of the rainfali stations at Mafraq, Um el-
Jimal and Wadi Dhuleil were used in this study to determine the storms runoff
during the period 1975 t01999. Thiessen Polygon method was applied to
estimate the areal rainfali, this method assumes that the point rainfall at the

- station is representing the areal rainfall in its polygon (Fig. 3).

The SCS Method was used while it takes into consideration the
antecedent moisture conditions, initial abstraction of rainfall and land use, the
general formulas of this method are:

_ (P-Ia)’

where Q is the accumulated depth of runoff (inches), P is the accumulated
depth of storm rainfall {inches), ia is the depth of the initial abstraction (inches)
and S is the depth of potential abstraction (inches) (la=0.28S).
Substituting la = 0.25 formula (1) is rewritten as foliow:

N 2
=028y e, 2
(P +0.85)
The relation between the Curve Number (CN) and S was established as:
8= -199—(1 e e s e 3
CN

The soil is silty loamy and it is grassed open surface, then the CN of 60
was selected, the runoff calculations are shown in Table 1. From the table, it
can be also seen that the evaporation is very high (17 MCM) and the utilization

Vol. 7 (1),2002 221



Jw'. Adv. Agric. Res.

of surface water is very important for the sustainability of groundwater system in
Dhuleil basin by increasing the recharge amounts.

The characteristics of the wadi such as, catchment area {A), hydraulic
length (L), centroid length (L¢) and the elevation difference between the highest
point of the main stream and the outlet (H) are calculated from the topographic
maps. The Curve Number (CN) is calculatzd from topographic maps, geologic
map and land use (Table 2). The calcufation of the synthetic unit hydrograph
(UH) and the derivation of the flood hydrographs of 10, 25, 50 and 100 years
return period for subcatchment calculated using method as follows:

La=CEX ey 4
Vs |
L(mile)
Dr= gﬂ .............................................................. 6
5.5
La=La+ 2022 e 7
4
Ip = Dr FLA oo i e 8
2
Op = 484 X A e et s et e 9
Tp
Table 2. Unit Hydrograph Parameters for Wadi Za’tari Catchment Area.
L ke AH Ct La Dr Tp Qp A2 CN
(km) (kM) (m) (hours) (hours) (hours) (hours) (km°)

44 28 750 0.95 4.2 0.76 4.76 450.8 403 60

The T/Tp and Q/Qp values of the generalized dimensionless UH of the
SCS are used to derive the synthetic UH of Wadi Zatari. Fig. 4 shows the unit
hydrograph of Wadi Za’tari catchment area.

The intensity duration frequency curves (IDF) (ref.) were used to caiculate
the effective rainfall (runoff). The IDF curves for the years 10, 25, 50 and 100
years retum period rainfalls for duration of 24 hours were obtained hourly for the
wadi from the stations Mafraq, Um el-Jimal and W. Dhuleil.

The incremental runoff values were applied to the unit hydregraph with the
lag time and the individual hydrographs are obtained for each incremental
runoff. The addition of these hydrographs give the total storm hydrograph, the
résults of the flood hydrographs for the years 10, 25, 50 and 100 are shown in
Fig. 5. Using Stormwater Management Design Aid Computer Package (SMADA,
1977), the calcuiated runoff data were analyzed using six probability
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distributions. These six distributions; normal, two parameter log normal, three
parameter log normal, Pearson type 3, log Pearson type three and Gumbel type
1 external. Among the six distributions, two parameter log normal shows the
best fitness of actual data to distribution as shown in Fig. 6.

6. Maximum Volume of Reservoirs

Flood frequency, volumes and peak flows are important factors for
establishing the reservoir design. The elevation area-capacity curves were derived
by calculating the difference between three closed contours in the reservoir from
topographic maps (Raghunath, 1990). Then, areas between every two
consecutive contours were calculated by using a planimeter. The volume of the
water in the reservoir was calculated by:

v =G)A1 Lo 10

where V, is the volume between the dam and the first contour in million cubic
meter (MCM), A is the area between the dam and the first contour in km? and C;
is the elevation difference between the dam and the first contour in m.

and
A
V2=(—‘—;-ii2—)*c,.2+rf, ..................................... 11

where V;is the total volume in the reservoir in MCM, A; is the area between
the second two contours in km? and Cp is the elevation difference between the
second two contours in m. The calculations of the accumulated flood volume at
Wadi Za‘tari resevoir are presented in Tabie 3. The results show that the Wadi
Za‘tari reservoir can accommodate about 5.4 MCM on an area of 1.63 km? and
increased to 18.85 MCM when the area increases to 3.75 km? (Fig. 7).

Table 3. Accumulated flood volume of Wadi Za’tar Reservoir.

Elevation (m) Depth (m) Cumulative Area Cumulative
(km¥®) Volume {(MCM)
565 0 0 0
575 10 1.63 540

a):¥, = —15(1.63)(575 ~565) = 5.4MCM

(2). V2=

1.63+3.75
*('——-;—-"1(580_— 565) + 5.4 =18.85MCM
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Table 1. Calculation of Direct Runoff and infiltration Using Storm by Storm Analyses Technique for Wadi Za'tari Catchment Area,
Waler Storm Rainfall Stations Weighted Aver. | Welghtod Aver, |\Welghted Aver. | Tatal Annual | Total Aiual { Total Annual | Tolal Annual| Runoff § Evaporation § lnfifsation
_Y_e'lL Date Mafraq | Um Jimat | Dhulell | Ralnfall {men) | Raintall (MCMY | Ruvolf fmm) | Runoff rn) | Runafl (MCH) | Evapor, (MCM)] infiit. (MCM) [Coetl.{%]] Coefl{%} Gbﬂﬂ.ﬁi
T5/78 | 19-1313776 | 5130 | 4000 | 30.80 4232 17.08 0.402 0.402 0162 16.447 0.452 | 0050 | 96400 | 2.850 .
7877 -, c0a | 000 | 000 0.00 0,00 [ 0.000 0.000 0,000 0.000 [ 0000 [ 100,000 | 0.000
7778 [ 12-1612/77] 80| 39.60 | 20.30 38.67 14.18 0.046 0.046 0.019 14556 | 0203 | 0425 | 9800 | 1.378
78110 - T on0 | a0 | 060 0,00 0.00 0.00 0.000 0.000 0,000 0.000 | 0,000 | 100600 | 0.000 |
7T0/80 | 28-30/11779 | 66.00 | 4570 | B4.30 5252 1,850 .

23/2-203180 1 4140 | 38.60 | 42.80 38.30 3064 6.118 1.968" 0,793 32.758 2091 | 5126 | 89400 | 5.474
80/81 | 10-13/12/80 | 4380 | 37.50 | 4340 3962 0.189 -
25-3112/80] 5030 | 4210 | 40.50 4449 3378 0.602 0784 0.315 M.478 2286 | 1788 | e300 | 5932 |
81182 - geo-] 000 [ 000 0,00 0.00 £.000 0,000 0.000 0.000 o000 | Dooo | 400000 1 0.000
82/83 | 18-22/218) | 3810 | 27.90 | 38,90 38,30 15,44 0113 0.113 0,046 15.143 0248 | 0205 [ 98.100 | 1805
B354 | 12:23/3084 | 41.60 | 49.20 | 58.80 47.92 9.3 1.076 1.076 0,434 18.383 0431 | 2246 | 05200 | z554
84/85 [ 24-26/2/85 | 38.66 | .33.50 | 60.60 41.68 16,80 €344 0.344 0.13% 15,126 1533 | op2s| e6000 | 3375 |
85086 - jooni 000 | 000 0.00 0.00. 0,600 0.000 2000 7.000 0.000 | 0080 | 100000 | 0.000
8687 | 1106188 | 7780 | 61.50 | 5150 85.40 26.24 4,783 4.863 1,060 23.087. 1988 [ 7470 | ean0d | 4530
{or8s | 36188 | 3860 | 3880 | 31.00 3745 0.074
‘ 11604788 | 4110 ] 3600 | 3610 37.38 46.05 0671 0.322 0.130 44,484 1436 ] 088t ] oe.E00 | 253
1-2aa | 4250 | 3800 | 4080 39.42 0.178
80/89 f24-28M12m8 | 110.40] 68.00 { 5510 7842 . 3160 9218 B.278 1720 26.008 1654 [19.832] 82300 | 5.668
89/80 | 1411750 [ 3510} 3680 | 3790) 3778 15.23 0,088 0.089 0,038 14,895 0290 | 0335 ) 07.800 | 1.068
90/91 [ 22.2373/87 | 3870 | 4260 | 2860 1.2 18.81 0.306 0,308 0123 18.053 0458 | 0742 | 06500 [ 2.758.
§1/8z [30M21- 27784 3680 | 4940 | 4000 39.08 0.214 ,
100.30| 50.70 | 32.90 8287 79.73 4,185 20694 8,340 48.954 2243 |33022( 61400 | 5578
133.10] 79.50 { 74.30 95,18 16,205 .
920931 12-1801282] 3320 | 4220 | 3280 |  39.00 0.152
7111193 | 2380 | 3620 | 3ss0] 3547 30,02 0,015 0.167 2067 20.669 4,204 0471 | 95500 | 4020
834 - 008 § 060 | 0.00 0,00 .00 0.000 0,000 0.000 0.000 0.000 | 0.000 | 100,000 | .00
L9486 ] 37111094 | 4550 3400 | 3060} MTAT 15.10 0.075 0.075 0030 14,800 0.272 | 0200 98000 | 1.800
9598 | 1:7Mue6 | 3480 | 38.20 | 3360 3561 14.35 0.018 0.018 0.007 14.208 0.136 | 0,051 ] 80000 | 0949
96/97 | 20-2512067 | 30,80 | 2850 | 2070 8.2 15.41 0.109 0.108 £.044 14.043 0416 | 1000} 67.000 [ 2000
97008 [18-10M207| 27.30 | 3250 | 36.30 Wi ‘ -
17-205m08 | 40.30 | 3700 [ 3s40]  a7am 1539 0.097 0.068 0.0%9 15.030 0.236 | 0.256 | 98.200
98/29 - 0.00 | 000 § 000 Qo0- | . 000 0.000 9,000 0.000 ¢.000 0.000 | 0.000 | 100,000
Average 6.69 | 1844 - |- 1,314 | 1.698 | 0.684 | 15.904"{1.555 -2.81]- 94,84
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Fig. 2. Hydrogeological Cross-Section along Wadi Dhudeil Area.
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Fig. 6. Two Parameter Log Normal Distribution for the Runoff Data of Wadi Za’tari
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' Fig. 7. Elevation Area-Capacity Curve for the Reservoir of Wadi Za’tari Catchment Area.
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7. DISCUSSION

The aim of this study is to utilize the surface water at Wadi Za’tari
Catchment Area. The thunderstoms that characterized by their irmegularity in
intensity and duration are responsible for most rainfall in the area. Normally,
huge amounts of water are precipitating in short time causing puddies and
desert lakes, the water remains several months before it evaporates into
atmosphere.

Due to the importance of Dhuleil basin as a source of drinking and
agricuttural purposes, Wadi Za’tari was chosen for ariificial recharge of
groundwater using earth dams techniques. The wadi is located at the westem
part in the direction of groundwater flow. In this process, the surface water will
be kept from evaporation, pollution, eroding soils and puddling as a result of
thunderstorm rainfalls. The dam will preserve the groundwater quantity and
quality. -

The important factors in the catchment selection are geological situation,
drainage system, rainfall quantities, depth to water, structural and topographic
features, slope and length of the channel system, which allow tie waterto
infiltrate naturally. The location of the observation: and production wells will use
the maximum water quantity. The soil of the wadi is silty loamy and partly
residential and the CN of 60 was chosen, which means that the initial
abstraction is 33.87 mm.

Materials to be used in dam construction are easily obtained from
surrounded areas. To decrease the effects of silt accumulation, it is
recommended to construct the dam on several parts, the first parts actas
sedimentation dams and the {ast as recharge dam.

The storm analyses for the years 75/76-98/99 were conducted using
Thiessen Polygons for the stations of Mafraq (27 % of the total rainfali), Um El-
Jimal (65 % of the total rainfail) and Wadi Dhuleil (8 % of the total rainfalf). The
weighted average rainfali is about 19 MCM, the total runoff, evaporation and
infitration are about 0.7, 17 and 1.55 MCM respectively. The coefficients of
runoff, evaporation and infiliration are 2.81, 94.84 and 2.35 percent respectively.
The maximum total discharge for the years 10, 25, 50 and 100 is 2394, 5996,
10213 and 13582 m’/s respe, which confirms that most of rainfall in the study
area is from thunderstorms type.

The elevation area-capacity curves show that the reservoir of the
proposed dam can accommodate about 5.4 MCM if the water depth is 10 m and
18.85 MCM if the water depth is 15 m. These quantities will develop the
groundwater quality and decrease the problems of groundwater salinity.

The chemical analyses of surface water from different parts of the basin
show that the best water quality is located at the northern part of the catchment
area, but the quality is still much better than groundwater. The groundwater
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quality has deteriorated, due to overpumping of groundwater and the intensive
agricuttural activities near the recharge sources.

The chemical analyses of surface water and groundwater indicate that the
recharge water will positively affect the groundwater quality. The salinity of
groundwater will decrease as socn as mixing with surface water is increased.
(Table 4). This means that the high groundwater quality is assured and no
negative environmental impacts are expected to occur.

Table 4. Comparison between Chemical analyses of Surface Water and
Groundwater at Wadi Za’tari Catchment Area.

Variable Surface Water Groundwater

EC (uS/cm) 240.4:41.9 43101577
PH 7.5+0.3 77405
Ca (mg/) 224115 262422 4
Mg (mgf) 5t1.4 182.1+18.9
Na (mgf) 15.9+9.2 232.3168.2
K (mgh) 6+1.9 249162
HCO; (mgh) 119.6:24.2 92 5:20.3
Ct (mgh) 744 4 1184.9+84 5
S04 (mgh) 7.8+433 348 81576
NO; {mg/l) 6.3+1.3 98.818.5

+: Standard Dewviation
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