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Abdulghaffar Said Bazuhair and Abobader Alkaff
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King Abdulaziz University, Jeddah, Saudi Arabia

ABSTRACT. In an area, such as the Wadi Al-Yamaniyah, neighbouring the Holy
City of Makkah and also in the recreational city of the Kingdom, Taif, the study of
the ground water is important. The objective of this paper is to evaluate the quality
of Wadi Al-Yamaniyah ground water over a two year period ground water was
analysed on two different occasions.

The water analyses of thirty six samples in 1987 show that the salinity is low.
Statistical and classical methods for interpretation of the water quality data of the
years 1981 and 1987, however, indicate that the quality changed significantly. The
waters have became low in ion content and have improved for domestic and
agriculture utilities. On the other hand, during 1987 compared to 1981 the average
water table drop was seven meters. The conclusion is that the aquifer thas been
cleaned of salts which were present before the year 1972, as after that year the
discharge from the wells began. It is concluded that the water from Al-Yamaniyah
aquifer is expected to be of good quality and becomes important for use in the cities
of Makkah and Taif.

Wadi Al-Yamaniyah is located in the western part of Saudi Arabia. The
catchment area occupies about 620 Km? and lies within the Arabian shield and
coastal plain (Fig. 1). Despite the fact that this area is close to the Holy City of
Makkah as well as to the recreational city of Taif, water study was disregarded.

Bazuhair (1981) was the first to make a comprehensive hydrogeological study
of Wadi Al-Yamaniyah. He reported that the wadi aquifer is unconfined and
characterized by typical alluvial valley fill deposits. The main wadi and its
tributaries remain dry throughout most of the year but during seasonal rainfall
when some precipitation infiltrates down through fissures and fractures to the bed
rock and porous mantle of the alluvial soil. Bazuhair notes that, the abstraction
from the ground water needs better management. Bashir et al, 1986 was reported
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that, the quantities of the discharged water, from thirty six private large diameter
wells, were 1.379 x 10° m® and 1.645 x 10° m® for the years 1978 and 1979
respectively. This study shows and increase of up to 2.5 times that of the quantity
discharged in the year 1979.

The main aspect of the present study is to make an evaluation for the ground
water on regional basis, linked with the already available hydrochemistry data.

Bazuhair (1981) analysed thiry six water samples for the main chemical
constituents Ca*?, Na*!, K*!, Mg?*, HCO5;!, CI"!, and SO;! (Table 1).
Recently, the authors collected an equivalent almost the same number of water
samples from identical locations and performed similar analyses, (Table 2). The
accuracy of the chemical analyses of samples has been checked by calculating the
cation-anion balance in terms of milliequivalents per litre.

Geomorphological and Geological Condition.

The relief shows an elevation rise from west to east i.e., the area upstream of
wadi Al-Yamaniyah is surrounded by height mountains up to 1000 m a.m.S.L,
whereas at the midstream the elevation does not exceed more than 600 m. The
main wadi and it’s tributary mostly follow fracture zones. The calculated values of
the drainage density is Dy = 2 X 10! Km™! which indicates that the region has
low relief and permeable subsoil. In addition, the wadi is of fairly narrow width
and has long course. Also, the valley system is mainly ephemeral. The main land
features in the area are dissected by mountains with steep sided slopes ranging up
to 35-40°. Furthermore, conical to sub-conical and convex crested hills interfere
with flat floor of the wadies. Wadi side alluvial terraces, alluvial fans and cones,
form typical land features in the area.

Geological studies have been carried out in the area by Brown et al., (1962).
They classified the rocks into two main units, an older metamorphic unit and a
younger is plutonic unit (Fig. 1). Both units are of precambrian age and are cut by
acidic and basic dikes of variable ages. The metamorphic rocks are represented by
amphibolite schist and gneiss, while the plutonic rocks are mainly diorite and
granite. The recent alluvial deposits of the quaternary age consist of gravel, sand,
silty sand and clay. They vary in thickness from 25 m to 20 m upstream through
downstream along the wadi. The quaternay deposits include weathered material
rounded by the effect of transport by water and generally exhibit an intergranular
flow.

A complex fracturing, fissuring and joint system, has rendered the crystalline
rocks permeable at the flanks of the wadi. Natural replenishment takes place from
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the local, but intensive, rainfall of short duration through complex fissures and
joint systems.

Hydrological Considerations

The weather in Al-Yamaniyah develops in a transitional zone between the

Table 1. The water chemical analysis of the year 1981

Well Concentration in mg/L Concentration
No. pH E.C TDS Cn Mg Na K HCO, SO, Cl Ca Mg Nu
11172 1300 845 9291  26.50 103.90 581 2363 114.6 159.6 460 | 220 4.5
2] 62 1300 845 89.34 2895 2.73 830 2474 123.9 173.8 450 | 2.40 4.1
31170 900 585  100.0 25.93 8531 1494 3251 93.8 145.4 500 | 2.14 3.7
4] 69 1000 650 7290 19.30 74.18 540 2236 88.1 120.6 364 1.60 3.2
5] 68 950  617.5 76.60  19.30 89.60 7.06 218.9 88.1 124.1 3.9 1.60 3.87
7170 800 520 75.04 1592 70.49 5.00 2094 67.1 120.6 374 | 132 3.10
8] 69 800 520 10720 9.70 43.00 1038  236.5 112.8 95.7 5.38 | 0.80 1.90
91 695 1300 845 103.63 2533 102.40 5.65 3045 109.1 163.1 517 | 210 4.45
10 ]| 7.0 1100 715 7290 2352 66.76 5.00 153.8 93.8 1454 364 | 195 2.90
13170 2700 1890 27873  55.19 118.68 332 2331 2309 536.7 13.90 | 4.60 5.16
15 | 695 2700 1890 21441  49.50 174.30 415 2173 251.5 468.1 1070 | 4.10 7.60
16 | 700 1700 1105 18550  21.10 60.80 519 2173 129.7 241.0 9.27 1.74 2.91
17 | 7.5 2300 1610 214.41 56.70 196.60 332 198.3 298.4 516.7 10.70 4.68 8.55
18 | 8.0 2900 2030 21441 5850  207.70 9.96 233.1 242.4 5640 1070 | 4.80 9.04
191 78 3400 2380 28590 156.96 96.00 623 1951 1016.3 1951 1430 | 12.9% 11.30
20| 7.0 2200 1540 16440 4460  333.80 374 1475  685.6 1475 820 | 3.70 14.50
21| 7.8 3400 2380 428.80 108.60 315.30 2.50 1427 1119.0 1427 2140 8.97 13.70
2| 718 3900 2730 271.60  20.50 185.50 9.55 2125 7908 2125 1355 1.70 18.10
23| 17 3800 2660 273.30 4820  313.00 210 2125 564.3 4980 11.60 | 3.98 13.60
24| 14 2900 2030 193.00 4820  341.20 374 249.0 4198 556.7 9.60 | 3.98 14.84
251 7.8 900 585 128.60 18.10 37.50 6.23 3156 63.8 113.5 6.41 1.50 1.63
26| 78 800 520 111.50 1330 51.90 210 2585 87.7 103.5 5.65 1.10 2.36
271 719 700 455 13580 1220 44.50 291 2300 65.9 167.0 6.80 1.00 1.94
28| 76 800 520 12150 11.50 40.10 830 2501 78.6 113.0 6.10 | 0.95 1.74

29| 77 950 617.5 121.50 10.90 41.50 7.30  236.5 67.91 122.0 6.10 | 0.90 1.81
30 80 7400 5180  428.80 96.50 1039.5 710 2316 959.0 1808.0 21.40 | 7.98 45.20
31| 7.9 10000 7000  796.90 150.80 806.0 3321 1586 1073.5 22400  39.80 | 12.50 35.10
2| 74 700 455  107.20 1570 48,20 210 2316 35.4 151.6 9.35 1.29 2.10
3| 76 800 520 12150 15.70 55.60 540 1781 67.5 108.0 6.06 1.30 242
4175 900 585 11440 16.60 61.00 1450 2713 93.4 1312 5.7 137 2.65
351 75 1100 715 12860 2530 66.80 1250  169.7 108.7 237.0 6.42 | 210 291
6| 75 850 5525 11150 12,10 48.20 5.80  169.4 89.7 147.0 5.56 1.00 2.10
37| 17 950 617.5 14290 31.40 48.20 6.60  168.1 94.3 258.0 713 | 259 2.10
8| 77 3900 2730 393.10 7540  401.0 1490 4108 7170 7800 1960 | 6.23 17.44
9| 78 3900 2730 375.70 7540 7233 5.40 7589 672.0 1351.0  18.70 | 6.23 31.50
40| 7.6 10000 7000  893.40 187.00 927.3 1370 119.0 12580  2571.0 44.60 | 1550  40.30
41| 76 500 325 88.60 6.00 371 500 2251 76.6 225.1 440 | 0.490 1.61




Evaluation of Ground Water Quality in Wadi... 25

Monsoon and Mediterranean regions. It is largely modified by the Red Sea and
the shield escarpment surrounding the area.

Due to the absence of regular climatological stations in the study area,
reliable records of climatological variables are difficult to obtain for further
processing.

in epm Ions Percentage TH in

K HCO, S0, Cl Ca Mg Na K HCO, SO, Cl ppm SAR
0.15 3.87 2.37 450 403 19.10 393 13 35.9%0 21,97 417 341.20 1.220
0.21 4.10 2.58 490 402 2160 363 1.9 35.40 2228 423 342.21 2.182
0.38 5.33 1.95 410 445 1910 33.1 34 46.80 17.20  36.1 356.40 1.960
0.14 3.66 1.83 3.40 423 18.50 375 1.6 41.20 20,60 38.2 261.45 1.995
0.18 3.60 1.83 3.50  40.9 1670  40.5 1.9 40.20 2060 39.2 275.73 2.331
0.13 3.43 1.40 340 451 1590 374 1.5 41.70 1697 416 252.88 1.950
0.27 3.87 2.35 270 647 9.60 22.8 32 43.40 2640 303 306.52 1.100
0.15 4.99 2.27 460 43.8 17.80 377 12 42.30 19.24  38.98 362.99 1.214
0.13 2.52 1.95 411 422 2240 3367 15 29.30 2270 478 278.82 1.700
0.09 3.82 481 15.14 585 1935 217 035 , 16,10 2020 63.7 925.56 1.700
0.11 3.56 523 1320 476 1815 3373 05 16,17 23.80 600 738.87 2.790
0.133 4.45 2.70 685 659 1240  20.7 0.95 31.80 19.30 489 550.97 1.240
0.09 3.25 620 1460 4.5 19.50 356 0.35 13.53 2590 60.5 768.66 3.100
0.26 3.82 510 1500 431 1930 364 1.10 15.40 2050 604 776.11 3.247
0.16 3.20 6.80 2870 369 3350 29.2 0.41 8.27 17.60 742 1359.12 3.061
0.10 2.42 480 1930 3095| 13.95 547 0.36 9.10 1810 727 594.00 4.200
0.64 2.34 1020 3160 4850 | 2030 310 0.145 5.30 2310 715 1517.60 3.520
0.24 3.48 790 2230 4030 510 539 0.73 10.40 2350 664 762.54 6.550
0.053 3.48 11.75 1400 39.66 | 13.61 46.6 0.18 11,62 4020 479 778.40 4.880
0.096 4.10 874 15770 3363 | 13.94 5198 034 14.10 30.60 5499 680.30 5.695
0.160 5.17 1.33 320 6610| 1550 16.8 1.64 53.30 1371 329 395.60 6.820
0.053 4.24 1.83 292 6192 | 1225 252 0.59 47.20 2040 325 333.15 1.830
0.074 3.70 137 471 6920 1021 198 0.76 37.82 1410 482 389.30 0.984
0.210 4.10 1.64 320 676 1060 19.5 2.34 45.86 1830 358 350.71 0.932
0.190 3.88 1.41 346 67.6 10.00 202 2.12 44.30 16.10 395 98.54 0.970
0.181 3.80 19.97 51.00 28.6 10.69  60.5 0.24 5.08 2670 68.2 1467.80 11.800
0.850 2.60 235 6320 451 1418  39.8 0.96 2.95 2530 7.7 2610.40 6.866
0.053 3.8 0.73 430 60.8 1475 239 0.60 43.18 830 48.6 332.30 1.152
0.140 2.92 1.4 557 611 1310 244 139 29.40 1420  56.15 367.99 0.657
0.370 4.45 1.95 3.70  56.5 13.56  26.2 3.66 44,10 1931 36.63 353.96 1.410
0.320 2.80 2.26 6.67 54.6 17.80 248 2.70 23.85 19.30  56.8 425.22 1.410
0.150 2.80 1.87 413 63.15| 1135 238 1.68 31.78 2120 469 328.21 1.590
0.690 2.75 1.96 730 59.4 2163 175 141 22.92 1630  60.3 486.03 0.950
0.381 6.73 1493  22.00 449 1430 399 0.872 15.40 3420 504 1291.84 4.850
0.140 12.44 1400 3012 331 11.03 556 0.244 21.9 24.80 533 1247.15 8.910
0.350 1.95 2620 7253 443 1535  40.1 0.350 1.94 2610 720 3000.30 7.360
0.128 3.69 0.81 2.16 66.97 7.50 2445 1940 55.91 1230 327 245.90 1.030
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Precipitation in the area is irregular, unpredictable and long dry periods are
common. Rainfall in Al-Yamaniyah is of two types namely continental in winter
and monsoonal in summer. The annual rainfall exceeds 300 mm in the
mountainous area, whereas in the wadi it averages between 50 to 100 mm. The

Table 2. The water chemical analysis of the year 1987

Coacentration in mg/L Conceatration

Well] pH EC T.DS Ca**> Mg*? Na*! K*! HCO;!' SOt at Cat? | Mg*?  Na*!
No.

4A | 79 1323 926.1 118.63 43.78 107.82
4B 85 - - 12663  37.94 104.83
5 7.8 1500 10500 141.08 48.64 167.82
81 1110 777.0 105.8t  36.97 109.66
8 8.0 1108 7756  91.38  36.00 99.77
805 1364 9548 113.82 4572 154.49
10 7.95 787 3509 6092 2821 103.45
1 7.85 2380 1666.0 169.95 102.14 151.72
13 7.70 5010 3507.0 351.10 163.14 218.86
14 815 807 5649 80.16 2432 103.45
16 810 1435 100450 14108 38.91  44.83
17 8.00 825 5715 7855 3502 71.27
8.15 914 6398 7374 3600 97.25
8.0 1028 719.6 10420 2724 99.09
835 1034 723.8 9298 3697 90.58
8.25 884 6188 7698 29.18 108.05
8.15 836 5852 8L76 2432 109.20
8.25 913 639.1 8336 3113 95.40
29A | 81 1749 12243 16032 10.04 81.84

43197 109.70 191.42 592 36 4.69
umn 11154 223.30 6.32 31 4.56

9.62 116.07  239.28 7.04 4.0 7.30
163.69 8232 143.57 5.28 3.04 4.77
m 95.08  159.52 4.56 2.96 4.34
463.69 11472 199.40 5.68 3.76 5.85
3471.717 59.86  119.64 3.04 2.32 4.50
440.51 22843 4272 8.48 8.40 6.60
¥m 198.80 116.63  17.52 | 13.42 9.52
431.97 55.15 95.71 4.00 2.00 4.50
Mn 88.08  145.47 7.04 3.20 1.95
370.95 60.09 95.71 392 2.88 3.10
370,95 70.38  129.74 3.68 2,96 423
431.97 91.55  143.57 5.12 2.24 431
394.14 65.44  143.57 4.64 3.04 3.94
394.14 59.68  129.74 3.84 2,40 4.70
431.97 5474  111.66 4.08 2.00 4.75
347.77 6832  143.57 4.16 2,56 4,15
394,14 165.87  271.18 8.00 5.76 3.56

BE38¥BRS

28B 8.15 - = 168.33 5642  94.72 359.36 176.58  283.59 8.40 4.64 412
30 8.2 963 6741 9298 2724 8575 324.58 72.14  143.56 4.64 2.24 .73
31 8.35 928 6496 8336 3405 84.83 2471.717 7615 127.61 4.16 1.80 3.69
35 8.1 968 6276  96.19 2335 96.70 324.58 90.14 143,56 4.80 192 4.21
37 8.15 970 679.0 7695 35.02 94.26 347.77 87.67  127.61 3.84 2.88 4,10
38 83 928 649.6 8336 33.08 8276 324,58 86.85  127.61 4,16 272 3.60
39 81 865 6054 80.16 21.40 8552 278.21 79.44  127.61 4.00 1.76 172
40 8.15 851 5957 7214 2918 9633 324,58 74.09  127.61 3.60 2.40 4.19

41 8.15 820 5740 7695 2626  80.01
2 7.90 766 636.2 6573 2918  90.58
43 7.2 812 568.4 70.54 2723 8391
7.8 770 5390 6412 2529 9748
7.6 735 5145 5612  26.26 10598
81 889 6223 7214 2821 8161
7.75 79 5572 6573 2724 91N
7.9 1162 813.4 102.60 269 91711
7.95 950 6650 9138 2821 73.80

324.58 71.62  103.69 184 2.16 3.48

44.58 69.56  111.66 3.28 2.40 394
324.58 58.86  111.66 3.52 2,24 3.65
41m 67.09 95.71 3.20 2,08 4.24
324.58 69.15  111.66 2.80 2.16 4.61
312.99 48.16  127.61 3.60 232 3.55
301.40 76.15  127.61 3.28 2.24 4.25
301.40 94.67  207.37 512 3.04 4.25
324.58 59.68 95.711 4.60 2.32 321

(- R Y BV - R B T R S - NV IR IV SN RS B IV R P - SR RV R - I I N R N R T Y - N )

8 &E&GER

— not measured
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available records of annual precipitation and evaporation of a station located
nearby the area are presented in bar graphs, (Figs. 2 and 3). These figures show
that, the amount of rainfall reached its highest value in 1985, whereas in the same
year the evaporation losses were less compared with the previous years.

in epm Ions Percentage

T™H SAR
K*'  HCO;? S0;2 q Ca*? | Mg? Na*! K*' HCO;' 807 a7 ppm epm
13 7.08 2.21 5.40 41.3 25.1 327 9 48 15.39 36.61 476.1 2.15
13 5.70 2.32 6.30 479 | 2197 3232 92 7.80 1620 43.99 ma 2.10
15 9.50 2.42 6.75 38.07 | 21.63 39.48 81 10.88  12.96 36.15 3521 i
13 7.60 17 4.05 3994 | 2299 36.68 .98 56.89  12.80 30.31 416.1 2.34
13 570 1.98 4.50 38.03 | 2469 3620 1.08 46.8 16.26 36.95 376.0 2.24
13 7.60 2.45 5625 3684 | 2438 3794 .84 43.5 15.63 35.90 472.0 2.70
.10 5.70 1.08 3375 3052 | 2329 4518 1.00 56.16  10.64 33.25 268.0 2.74
.08 7.22 476 11925 3599 | 35.65 28.01 34 3021 1991 49.90 843.6 227
.10 570 414 3150 4320 | 33.09 2347 25 13.80  10.02 76.27 1546.6 2.42
.05 7.08 1.15 2.70 3791 | 1896 42.65 47 8478  10.52 24.70 300.1 2.60
18 5.70 1.83 4.95 5691 | 25.87 15.76 1.46 45.67 14.66 39.66 512.2 0.86
10 6.08 125 2.70 3920 | 28.8 31.00 1.00 60.62  12.46 26.92 340.0 1.68
13 6.08 1.47 3.60 3345 | 2691 3845 1.18 64.53  13.18 32.29 3320 2.32
13 7.08 2.03 4.05 4339 | 1898 36.52 1.10 53.80 15.43 30.717 322 2.25
15 6.46 1.36 4.05 39.42 | 2583 3347 1.27 6442 11.46 34.12 384.0 2.01
13 6.46 1.24 3.6 3469 | 21.68 42.46 117 6717  10.97 31.86 312.0 2.66
13 7.08 1.14 315 3723 1825 434 118 62.23  10.03 2110 304.1 2.72
13 5.70 1.42 4.05 3782 | 23271 3173 1.18 61.03 127 36.26 336.0 2.26
18 6.46 3.45 7.65 4571 | 29 2034 1.03 3679 19.65 43.56 441.9 1,36
18 5.89 3.60 8.00 4844 | 2676 23.76 1.04 38.49  20.64 45.81 652.1 1.61
13 532 1.51 4.05 4320 | 20.86 3473 1.21 4390 13.888 37.22 3441 2,01
13 5.70 1.59 3.60 385 | 2597 3423 121 5234 14.60 33.06 348.0 1.98
13 5.32 1.88 4.05 4340 | 1736 38.06 1.18 4729 16.71 36.00 336.2 2.30
15 5.70 1.83 3.60 35.00 | 2635 3737 137 5121 16.44 32.35 336.0 2,24
13 532 1.81 3.60 39.21 | 25.64 3393 1.22 49.58  16.87 33.55 344.0 1.94
13 4.56 1.65 360 4162 | 1831 387 135 48.48 16.82 36.70 288.1 2.19
13 5.32 1.54 3.60 3483 | 2325 40.60 1.26 50.86 14.72 34.42 300.0 2.42
13 5.32 1.49 2925 3996 | 2247 36.21 135 54.68 1531 30.06 300.0 2.01
13 5.32 1.45 3.15 33.64 | 2462 4041 133 53.63 14.62 31.57 283.9 2.34
13 5.32 123 3.15 36.70 | 23.48 38.26 1.36 5485 12.68 32.47 288.0 2.15
.10 5.70 1.40 2.70 33.26 | 21.62 4407 1.04 58.16 14.29 27.55 264.0 2.61
.10 5.32 1.44 315 28.96 | 22.34  47.67 1.03 53.68 14.53 31.719 248.0 293
13 5.13 1.00 3.60 37.50 | 24.17 3698 1.35 5272 10.28 37.00 296.0 2.06
13 4.94 1.59 3.60 3313 | 2.60 429 131 4876 15.70 3554 276.0 2.56
13 4.94 197 3.85 4083 | 424 3.8 1.04 3871 13.09 56.85 367.0 2.10
15 5.32 1.24 2.70 475 | 2257 3123 1.46 5745 1339 29.16 4.1 173
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Data Discussion

The hydrochemical analysis of the water samples in years 1981 and 1987, are
summarized in the following form:

Concentration Range in epm
Ion

(1981) (1987)
Ca 28 — 66 28 — 56
Mg 4 — 30 17 — 35
Na 16 — 60 16 — 47
K 0.12 - 34 0.25 — 1.46
HCO,4 8.2 — 53 14 — 67
SO, 8 — 40 10 — 20.6
CI 30 — 74 25 — 76
pH 62 — 7.4 7.6 — 8.35
E.CMS/cm 700 — 10000 770 — 5010
T.D.S (ppm) 453 — 7000 514 — 3507
TH 98.5 — 3000 248 — 1547
SAR 0.6 — 8.71 0.86 — 3.11

The above table demonstrates, in general, that the concentration decreased in
1987. However, the graphical relation between the ranges of each ion (cations and
anions) individually and the frequency of water samples, for the years 1981 and
1987 (Figs. 4 and 5) indicate that, there is an increase in the frequency of the
lowest range concentrations of the year 1987.

The evaluation of the ground water quality in Al-Yamaniyah area for
domestic and agricultural supplies, is deduced on the basis of the methods
proposed by Sawyer and Mc Carty (1967), Davis and De Wiest (1966) and
Richards (1974). The first one used the total hardness (TH) to evaluate the water
for household cleaning purposes, while the second method applied the total
dissolved solids (TDS) for ordinary water supply uses and the third one considered
the sodium absorption ratio (SAR) for agricultural supply. The class ranges of
each method are plotted against the frequency in bar forms (Figs. 6 and 7)
respectively. The constructed figures exhibit the development of the water quality
from the year 1981 to the year 1987. They show that most of the water are of a
fresh-type for ordinary use, and some are excellent for agriculture. In general over
the period investigated the water become softer.
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For a general water classification, the data are plotted in trilinear diagrams
(Figs. 8 and 9). These figures show that the anions concentration of Cl and SO, are
high in the two sets of analyses whereas the concentration of HCOj; increased in
year 1987, i.e. the water became more alkaline. This is also confirmed by Figure
No. 10, which shows that the frequency in the pH class from 8 to 8.5 is more than
other classes. On the other hand, the Mg is slightly increase which is taken as an
indication of precipitation recharge (Matthes 1982). But commonly, both sets of
water analyses lie in one class of the trilinear classification.

SO,+Cl+Ca+Mg

Ca 80 60 40 20 Na+K HCO, 20 40 60 80 Cl

Ca Cl—
Cations Anions

Fig. 8. Trilinear diagram for the water analysis of the year 1981



Evaluation of Ground Water Quality in Wadi... 35

Conclusions

The evaluation of wadi Al-Yamaniyah ground water chemistry has been
studied by comparing data sets from 1981 and 1987. The interpretation has been in
the form of tables, histograms and trilinear relationship related to other available
records such as precipitation. The abstruction from the aquifer in year 1987
increased to an extent that the ground water level has been lowered seven meters
compared to measurements made six years before but the recent water analyses
show that the ground water of Al-Yamaniyah has been lower in salinity in 1987

VAR VA A VL V A V AN Y R .V
80 60, ca 40 20
-——

Cations Anions

Fig. 9. Trilinear diagram for the water analysis of the year 1987
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and gave a better water for domestic and agriculture uses. This could be due to the
removal of some salts precipitated before the year 1972, as later that year the
discharge of water from the hand-dug wells began, i.e. the movement of water in
the aquifer of Al-Yamaniyah cleaned out the evaporite salts.

In the future, the ground water of Al-Yamaniyah is expected to have good
quality and will be an excellent water as an aid to the important cities of Makkah
and Taif.
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