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ABSTRACT. Hydrochemical aspects of the alluvial aquifer in Wadi
Uoranah-Al Abdiah area are discussed to show the quality and nature of
groundwater. By characterizing groundwater types on the basis of major
ions chemistry, a reasonable assessment of groundwater quality in refation
to use for irrigation purpose has been made. The concentration of nitrogen
compounds in the study of the alluvial aquifer in the arearanges from 0.0 to
303 ppm (part per million). The reason for high concentration of nitrogen in
the groundwater has been discussed.

Introduction

The area under consideration is located in the middle part of the Western Province of
Saudi Arabia, within the Arabian Shield, between latitudes 21°17'30" and 21°27'N
and longitudes 39°55’ and 40°03'E (Fig. 1). The total catchment area is about 210
km?, this area is about 20 km east of the holy city of Makkah and 40 km west of At-
Taif city. About 200 water wells have been drilled in this area. These wells are tap-
ping the water bearing formation which consists mainly of alluvial deposits. The
quality of water is generally good for agricultural purposes, but it has been noticed
that the salinity of groundwater increases with time. The static water level in most of
the water wells decreases with time due to the continuous abstraction from these
wells. This area is considered to be one of the most arid region which means that the
discharge from the water wells must be controlled, because the average annual pre-
cipitation is 88.02 mm (Sharaf 1984).

General Geology and Hydrogeology

The investigated area lies within the middle western margin of the Arabian Shield
in which older metamorphic units are invaded by different younger intrusive units,
most of these rocks being particularly covered by alluvial deposits within the valleys.

The main rock units have been recognized in the area under consideration. These
arc as follows from youngest to oldest:

Rock Unit Average Thickness Age
Alluvial 24m Quaternary
Precambrian Unknown Precambrian
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From the hydrogeological view point, the main water bearing formation is the al-
luvium. In Wadi Uoranah, the direction of groundwater flow takes the same direc-

tion of the valley, i.e., from the northeast to the southeast while in Wadi Al Abdiah
the groundwater flows from east to west (Fig. 2).
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Fici. 2. Groundwater table map of Wadi Uoranah-Al-Abdiah arca.
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The average hydraulic conductivity of the alluvium aquifer ranges between
2.03x107% to 1.35x 102 cm/sec, and the transmissibility ranges between 0.028 cm?/
sec to 0.10 cm¥sec while the storativity varies between 1.2x10-! to 7.8x-? (Sharaf
1984). These values are indicative of the highly permeable and porous nature of the
alluvial indicative of the highly permeable and porous nature of the alluvial sedi-
ments.

Groundwater Chemistry

Groundwater chemistry studies were undertaken as part of a comprehensive study
of groundwater of the Wadi Uoranah-Al Abdiah area. The intended hydrochemical
approach involved the use of major and minor ions chemistry to provide a broad-
based understanding of the hydrochemical facies (types) present. In total, the hyd-
rochemical investigation involved over 60 groundwater samples collected from vari-
ous productive and domestic pumped wells (Fig. 3). Sampling was carried out bet-
ween 1981 to 1983 within different seasons. Results of the chemical analysis of rep-
resentative samples are given in Table 1.
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TapLE 1. Results of the chemical analyses of representative water samples during different seasons in
Wadi Uoranah-Al Abdiah area.

Well  Collection . »2 2 N a  Total el 2 ) 4 Total
No Date Units Ca Mg Na K Cations HCOT SO Cl NO; Anions T.D.S.
Feb.1983  ppm 102 3 " 360 173 12t 159 38 mn
7 epm 508 189 308 009 1014 283 251 448 141 11.23
March 1983  ppm 120 33 82 4.10 168 189 152 67.50 846
epm 598 271 35 010 1235 275 393 428 108 124
Feb. 1983 ppm 106 23 74 370 163 120 160 116 834
" epm 528 1.8 321 009 1047 267 249 450 188 1LSS
Apr. 1983 ppm 107 3 76 4.0 146 185 141 78 814
epm 533 25 330 012 1129 239 385 4014 126 1164
Feb. 1983  ppm 228 116 578 2.80 195 757 781 297 3088
& epm 1137 953 2514 007 4612 319 1576 2202 479 4579
Apr.1983  ppm 238 124 586 2.80 164 770 816 110 3416
epm 1187 1019 2549 007 4762 268 1603 2301 177 4349
Feb. 1983 ppm 174 28 446 3.60 219 458 5% 292 2404
0a epm 868 723 1940 0.09 3540 358 953 1680 471 M2
Apr.1983  ppm 155 I 415 1.9 152 450 582 198
epm 773 633 1805 004 3215 249 936 1641 326 3146
Apr. 1981  ppm 156 © 35 80 4.00 158 M4 134 -
3 epm 790 292 348 010 144 260 716 380 - 13.56
Feb. 1983  ppm 189 42 116 5.00 158 327 M8 136 1300
cpm 943 345 504 012 184 258 680 699 220 1857
Apr.1981  ppm 260 102 435 3.50 195 60 732 -
I epm 1300 840 1890 009 4039 320 1375 206 - 3.6
Feb. 1983  ppm 283 136 551 5.00 195 786 86 275 12
epm 1412 1118 2356 013 4939 319 1636 2470 443 48.68
Apr. 1981 ppm 115 19 700 3.00 183 78 12 -
79 epm 5.74 1.60 0.31 0.07 7.72 3.00 1.63 3.4 - 8.7
Feb.1983  ppm 100 23 8 3.00 170 127 145 95 770
epm 499 189 348 009 1045 278 264 408 152 11.02
Dec.1981  ppm % 13 56 16 288 52 106 -
21 epm 450 LW 245 043 848 473 L 30 - 8.84
Apr. 1983 ppm 178 75 324 30 723 195 506 0.9 2000
epm 888 616 1409 078 2991 1184 405 1426 001 3016
Dee. 1982 ppm 332 205 610 16 796  10BS 827 137 -
106 epm  16.10 1690 265 041 5991 1305 2261 2362 22 6148
Feb. 1983  ppm 353 214 594 26 952 1143 84 31 4140
epm 1761 1759 2584 0.66 6LT0 15.60 2379 2492 049 64.80
Feb. 1983 ppm 119 27 87 4.00 163 151 213 103 898
24 epm 593 222 378 009 1202 267 314 600 166 1347
Apr.1983  ppm 119 4 83 5.00 158 199 149 81 850
epm 593 279 361 012 1245 258 414 420 130 1222
Feb. 1983  ppm 115 25 8 4.00 163 167 175 84 568
25 epm 573 205 348 009 1135 267 347 493 134 1241
Apr. 1983 ppm 14 29 74 4.00 152 162 144 58 174

epm 518 238 321 009 108 249 337 406 0% lb.ﬁé
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Principal Chemical Characteristics of Groundwater
in the Quaternary Alluvium Deposits

The major ions chemical characteristics of groundwater from the alluvium in Wadi
Uoranah-Al Abdiah area are illustrated and described. The majority of groundwater
samples have sodium (Na) and chloride (Cl) as the dominant major ions in Wadi
Ucranah. In Al Abdiah area. the major ions are calcium (Ca), Sulphate (SO,) and
chloride. The source of groundwater in Al Abdiah areais from Wadi Naaman. which
is characterized by low salinity (Jamman 1978).

Durov’s diagram which was developed in 1948 and modified by Chilingar in 1956
(Jamman 1978) is used (Fig. 4) to illustrate the chemical water type in the area under
investigation. It concluded that the groundwater in the alluvium aquifer of this area
is primary calcium sulphate, magnesium sulphate and sodium chloride waters. Bicar-
bonate is not absent, but has low significance; this is because the area represents a
downstream part or considered as discharging area. The groundwater flow from the
recharge area to the discharge areas, it dissolves many salts and the chemical water
type changes from bicarbonate (HCOj5) into sulphate (SO,) and chloride (C1).
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FiG. 4. Durov's diagram for the groundwater sample of the area of study.,
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Source of Salinity in Groundwater of the Area

In Al Abdiah area, the salinity increases from East to West direction with the di-
rection of groundwater flow. This is due to the groundwater dissolves different salts
of the aquifer materials. The distribution of salinity increase in Wadi Uoranah is ran-
dom all over the valley (Fig. 5). The main reasons for this is due to 1) unfrequent dis-
charge from the water wells, ii) the recharge in this part is very occasional (Sharaf
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Fi. 5. Salinity map of Wadi Uoranah-Al Abdiah area.
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1984), iii) the thickness of the aquifer in Wadi Uoranah is thin compared to the
aquifer in Al Abdiah area which is thicker,

The conclusion of the present study indicates that the main source of salinity in
Wadi Uoranah is the irrigation water which percolate into the aquifer. The second
source of this salinity is the dissolving of the different fragments of the weathered
igneous and metamorphic rocks, especially in the northern part of Wadi Uoranah.
The salinity in this part reaches 4000 ppm.

Groundwater Quality

Most interpretations of groundwater quality are made to dctermine if the water is
satisfactory in quality for drinking, agricultural and industrial purposes (Piper 1944).
Groundwater in Wadi Uoranah-Al Abdiah area is used mainly for irrigation pur-
poses, because there i1s no other source of water in this area, For this reason, atten-
tion has been paid to evaluate the suitability of groundwater quality in relation to its
use in irrigation purposes.

The high sodium percentage in groundwater may harm plant growth and soil.
However, the suitability of groundwater for irrigation is contingent upon the effect
of the sodium ratio, Sodium ion reacts with soil and reduces its permeability (Todd
1959), an effect is caused by replacement of calcium and magnesium in the soil with
sodium. The likelihood of this process occurring can be predicted by quantity known
as the sodium adsorption ratio (SAR) which is defined by

Na

SAR = UG T v

A useful nomogram, originally suggested by Wilcox (1948) and subjected later to
some modifications by U.S. Department of Salinity Laboratory in 1954, is widely
used for the evaluation of water for irrigation purposes. This nomogram consists of a
plot of specific conductivity of water versus the SAR. The nomogram (Fig. 6) is di-
vided into 16 partitions according to the salinity and sodium hazards. A study of the
distribution of the different samples from the area under consideration within the Fi-
gure 6 reveals that the groundwater is suitable for irrigation for the tolerant crops
only in Wadi Uoranah, and suitablc for the most crops in Al Abdiah area.
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FiG. 6. Wilcox diagram for the classification of groundwater for ITrigation purposes.

Nitrate Concentration in the Groundwater

Groundwater nitrate concentration is a concern since dissolved nitrogen com-
pounds in water may be deterious to health (Feth 1966). Furthermore, increases in
nitrogen compounds in a surface water or groundwater systems with time may reflect
pollution from such sources as domestic, industrial water or return flow from irriga-
tion water.

In the area under consideration, the nitrate concentrations in groundwater ranges
between 13 ppm in the southern part to 303 ppm in the northern part of Wadi
Uoranah. The main source of the high nitrate content in the groundwater of this area
seems to be due to the nitrate fertilizers which are used for the agriculture purpose to
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increase the fertility of the soil. The rainfall and the return flow from irrigation are
the main carrier of nitrate to groundwater from the soil enriched with commerciaily
available fertilizer.

Conclusions

The study of groundwater chemistry shows that the water contains calcium and
sodium in higher concentrations more than the other cations. The most dominant an-
ions are chloride and sulphate. It has been concluded that the groundwater is gener-
ally suitable for irrigation purposes for the tolerant crops only in Wadi Uoranah,
while it is suitable for most crops in Al Abdiah area. The groundwater is moderately
saline, especially nearby the cultivated areas.

The chemical analyses show that in some areas, the nitrate content is high. This is
due to the use of agriculture fertilizers.
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