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ABSTRACT

Hadat Ash Sham area is located in the western province of
Saudi Arabia, and lies within arig region. The groundwater level of
the alluvial aquifer in this area is declining continuously since 1989
with an average of 0.85 -3.15 m/year; this is due to over pumping
from the wells. The quality of groundwater in this area is examined
through fifteen water samples and found that rather a high salinity
exists in most of the locations, and water in Hadat Ash Shm area
can be used safely for drinking purposes only in four samples
where the salinity is less than 1000 mg/l while the rest samples
with high salinity need a prior treatment before it can be used
safely for drinking. On the other hand the groundwater is found to
be excellent for irrigation.
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INTRODUCTION

Groundwater is very important as the only source of water to supply human
needs especially in arid regions like Saudi Arabia where there is no surface
water and the rainfall is scarce, irregular and the evaporation rates are very
high. Hence, the groundwater is a key resource for urban and rural supplies and
it is considered as the only source, which can be supply domestic and
agricultural needs in towns and villages. In Saudi Arabia, there are an
increasing need of water as there is rapid growth of population and agricultural
around the country.
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Hadat Ash Sham is part of the Arabian Shield, which covers one-third of the
Arabian Peninsula ( Al-Sayari and Zotl, 1 978).

The study area is an habilitated area and located within the western part of
Saudi Arabia and lies between longitude 39940' and 39945'E , and latitude
21°40' and 21945'N. It is located about 160 km southeast of Jeddah city and
about 50 km northwest of Makkah city and one can reach the study area by
asphailtic roads (Fig.1).

MATERIALS AND METHODS

Fifteen groundwater samples were collected from the wells within
this area. All water samples are taken while the wells were in operation
to insure that the water is not contaminated from the surface and the
samples are representative. The samples are collected in clean polyethylene
botties. Prior to collection, the sample bottles are rinsed thoroughly with the
same water sample. The location of the water samples can be seen in
Fig. 2. Some chemical parameters are measured at wellhead to give a
convenient and rapid estimation as well as to provide control for the
measurements in the laboratory. The chemical parameters, which are
determined at the time of sampling, are Electrical Conductivity (EC) and
Hydrogen lon Concentration (PH ),

The chemical analysis of the previous water samples are carried out at the
Faculty of Earth science laboratory, King Abdulaziz University where the major
cations and anions are determined.

The groundwater quality within the area has been studied in the term of
Total Dissolved Solid (TDS) and the major ionic constituents including Na, Ca,
Mg, Cl, SO4 and HCO3 .

Geological Setting :

The study area is located within the western part of the Arabian Shield.
Figure 3 shows a simple geological map for the area under study which is a part
of Makkah Quadrangle map prepared by Moore and Al-Rehilie(1 989). The study
area includes the following rock types:
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1- Precambiran rocks: These are assigned to Fayiadah Formation, which
consists of felsic volcaniclastic rocks; subordinate andestic rhyolitic and
basaltic lavas and andesitic volcaniclastic rocks.

2- Precambrian intrusive rocks: Belong to Shiwan Complex (Kwtn), and
hornblende tonalite composition, and Hishash Complex (igd) which
consists of granodiorite.

3- Tertiary rocks: These rocks are mainly belongs to two formations,
namely, Hadat Ash Sham (Tsh) and Hammah Basalt (Trnhb). The
former consists of pebbly sandstone, siltstone and it is exposed in the
north and south of the study area, wheres the latter consist of alkalic
olivine basalt.

4- Quaternary deposits: They cover extensive part of the study area and
they are mainly derived from the weathering of the present rocks. The
alluvium thicknesses are vary from place to another, and it does not
exceed 4 m in the upper part of the study area while it increases
towards the lower parts reaching up to 29 m. (Moor and
Al-Ranhilie, 1989).

Climatic Conditions :

The study area has a typical desert climate where in the summer it is humid
and hot while in winter season is moderate. This climate is characterized by
low precipitation, high evapotranspiration, and low infiltration rates.

Due to lack of metrological data in the study area, it was necessary to look
for the rainfall data from the nearest rainfall station. The recharge to the aquifer
of Hadat Ash Shm area is from infiltration from rainfall. For this reason, the
rainfall data is used at the Madrakah station, which is located north of the study
area at 40 km distance. The rainfall data of this station form 1985 to 1995 are
used and the average monthly rainfall is calculated and the results are shown
in Figure 4. Itis clear from this figure that the rainfall occurs during the whole
year except in June. The high values of rainfall occurred during the winter
season from October until January, and also in April.
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Hydrogaology .

The aquifer in the study area is concentrated on the alluvium deposits, which
cover most of the area, and the groundwater occurs under unconfined
conditions. The alluvium deposits consist of alluvial sediments such as sands,

fitted with some water lifting devices, such as buckets and electric- or diesel-
Powered pumps, while the others are bore wells which generally range 20 -70 m
in depth. Hence, the dug wells tap shallow aquifer (<30m), and the bore wells
are deeper (>30m).

The depths to water level are measured during this study at thirty
wells ( Fig 2 ), with unsaturated zone thickness that ranges between 16.66 and
58.47 m. b.g . The resuits of this investigation are given in Table 1. Al
Aghbay,(1989) mentioned that the depth to water level in this area ranges
between 5.5 and 17.5 m. Hence, one can get an idea about what had
happened in this area during the last 13 years. It is clear that due to unmanaged
drilling more wells are dug and hence more water is pumped from this aquifer.
In addition to the absence or insufficient recharge to the aquifer, the water level
drops continuously and most of the wells become dry as results of over
Pumping either to get water for domestic or agricultural uses. Under these

circumstances local People dig wells to sell water to companies at cheapest
rates. < :

Jeddah and Makkah.

The elevations of groundwater level are determined from the field
Mmeasurements during this study and the results are presented in Figure 5
as groundwater contour map that describes the present groundwater
conditions in Hadat Ash Sham Area. It is clear from this figure that the
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of wells. On the other hand, the recharge, if any, is less than the discharge and
this result in the drop of water table particularly in the southeast part of the

area.

The amount of water pumped from these wells is not known because there
is no timetable for the farmers for water pumping. However, one can expect
extremely high values as witnessed by the water tankers that come each hour
to get water from these wells.

The estimation of the amount of abstracted water from the thirty-four wells,
which are investigated during this study by multiplying the average daily
pumping rate at 0.2211 m3/sec for a period of 10 hours, gives a total discharge
of water as 270601.92 m3/day.

Also heavy pumping in the study area since 1989 has caused a wide water
level drop between 0.85-3.15 m/y. For this reason it is necessary to conserve
the groundwater source in this area and stop drilling new wells. Also the
quantity of water that pumped from this aquifer must be controlled and
restrictive decisions must be taken. Especially, the well owners must be
controlle the water sales by tankers to the companies. So the groundwater in
must thaaey will suffer from water shortage because the groundwater is not a
renewable source.

Groundwater Quality :

The resuits of the chemical analyses of water samples are summarized in
Table 1. The PH of the samples range from 6.4 to 7.9, while the electrical
conductivity generally ranges from 1010 to 7680 uS/cm (at 25°C).The total
mineralization of the groundwater within the Hadat Ash Shm area varies from
634.90 mg/l to 46201.40 mg/l. It can be noticed here that the high mineralization
may be from the prevailing arid conditions, where evaporation rates are very
high causing an increase in concentration of salts in the soils. Figure 6 shows
the variation in the quality of water in the study area in the form of Triliner
(Piper) diagram. It can be seen from this figure that the dominant cations are
calcium and magnesium while the chloride and sulfate are the dominant
anions. In term of piper classification, the water in this area has 3 main sources
of cations and anions which are:
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(a) Alkaline earth exceeds alkalies,
(b) Strong acid exceeds alkalies, and,
(c) No one of the cations-anions pairs exceeds 50%.

The TDS is an important factor in the determination of water suitability
(Driscoll, 1987). From table 1 one can notice that the TDS in the study area can
be divided into two categories.

1) less than 1000 mg/l (well numbers 4, 5,7 and 32) can be used for
drinking purposes (World Health Organization,1993), and

2) More than 1000 mg/l , where water is not suitable for domestic use.

In locations with higher TDS values than WHO standard, they exploited and
can be used for irrigation and other purposes,

On the other hand, the values of Sodium Absorption Ratio (SAR) range from
0.82 to 10.82, i.e low SAR in most of the wells in Hadat Ash Sham area.
According to these values, the water can be used only in agricultural activities
(U.S.Departement of Agricultral, 1954),

CONCLUSIONS AND RECOMMENDATIONS

Hadat Ash sham area is one of most areas in the western province that is
characterized by relative high population. The groundwater is found in
unconfined aquifer and the water table ranges from 16.66 to 58.47 m.b.g. Since
1989 the area suffered from continues dropping in the water table with an
average ranging from 0.85 to 3.15 m/year. This is due to heavy pumping as a
result of increasing of digging extremely high number of wells.

The groundwater has high salinity; the high salinity of the water is due to
intensive evaporation of effluent surface irrigation water and to the interaction
between water and the rocks through its way to the aquifer. The evaluation of
groundwater in this area has been found that only four samples, with salinity
less than 1000mg/, can be used safely for drinking purposes. While the other
water samples, having salinity more than 1000mg/l, need a pre treatments
before it can be used.

Also from irrigation point of view the groundwater is found to have low SAR
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and therefore it is suitable for irrigation only.

The use of groundwater in Hadat Ash Sham area must be controlled by

} minimizing the drilling of more wells in the area, and a network of observation

: ) wells must be installed in this area to montour the water level. Also periodic

tbimy chemical analyses must be carried out to follow the change in the water quality
in the area as a result of dropping the water level.

:

&d
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: Location map of the study area.

Figure 1
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Figure 2 : Location map of the wells.
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Figure 3 : A simplified geologic map of the study area.
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Figure 4 : Monthly average of rainfall in Madrakah station (1985 - 1995).

32




GROUNDWATER INVESTIGATION IN HADAT etc...

Legend
~ .
160 Groundwater Elevation (m )
Flow direction

v
/’

39°45'

06 1.2km

0
=31

e
39°40/

iq—-:
o

°50

Figure 5 : Water table contour map of groundwater in the study area.
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