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ABSTRACT

The present work aims to evaluate the water resources chemicaly in ElI-Minya governorate for drinking. The
hydrochemical characteristics, as well as evaluation of surface and groundwater also for irrigation. The study
includes chemical analysis of 25 surface water samples (River Nile and, | brahimiya and Bahr Yousof canals and
moheet drain) and 208 groundwater samples (148 samples tapping the Plio-Pleistocene aquifer and 60 samples
tapping the Eocene aquifer) during Jun and September, 2005. Most of the groundwater samples of the Plio-Pleis-
tocene and Eocene aquifers lie in the fresh zone, while the brackish water is less pronounced. There is a general
direction of increasing water salinity from the River Nile to the Plateau along the study area. The higher values of
water salinity is strictly confined to southwest of Samalut locality due to over-pumping activity. This reflects the

impact of land reclamation projects on the groundwater figure 1.

INTRODUCTION

Thestudy areaoccupiesthemiddie portion of Nile
Valley in Upper Egypt and it islocated between | ati-
tudes 27°30" and 28°45’ N, and longitudes 30°30'and
31°00" E. The area occupies part of the Nile Valley
(14-20Kmwidth) and it isbounded by Beni-Suef gov-
ernorate at the North, Assiut governorate at the South
and surrounded with the Eastern desert from the East
and theWestern desert fromtheWest. Thestudied area
comprisesthe Eastern and Western desert fringesaong
thelimitsof EI-Minyagovernorate. According to the
present groundwater studiesit can divided into two
aquifers.

Theplio-pleistoceneaquifer

Thisaguifer representsthemainwater bearing for-
mationinthestudied area. Thisaquifer hasawidedis
tributionin NileValley and a so in the adjacent areas.
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The concerned aquifer isrepresented by Prenile sedi-
ments (Qena formation) and composed mainly of
coarse, massiveand thick sand and gravel . These sedi-
mentsareinterca ated with clay lenses. Thethickness
of thisaquifer variesfrom onelocation to another ac-
cording to thetopography of theunderlying Pliocene
clays. Thethick part (200-300m) of themiddlePlio-
Pleistocene existsmostly at themiddle part of theval-
ley, while, towardsthe valey fringes, the thickness of
thisaguifer becomesgradually thinner (50to 100m.),
andisbounded by fault plains. Generdly, thethickness
of thisaguifer varies between 110m at Mallawi and
245m at Samalut?.

The sedimentsof thisaquifer aremostly underlain
by Pliocene clay and/or Eocenefractured limestone,
which form the base of Plio-Pleistocene aquifer. The
Fio-Pleistoceneaquifer isoverlain by Holocenesilt and
clay layer (semi-permeablelayer) in somelocalities
nearby the River Nile. So, thegroundwater of the Plio-
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Figure1: Well location map of thestudy area

Pleistocene aquifer occursunder semi-confined condi-
tionsin somelocalities, whilebeing under unconfined
conditioninthemagjor partsof thestudy areawherethe
semi-previoussilt and clay layer isabsent. The present
study statesthat the depth of water ranges between 1.5
and 26 meter from theground surface.

Thewater flow intheRiver Nileandthemainirri-
gation canadsand drainsintheareaisgenerdly fromthe
south to the north with small and lateral distributions
having other flow directions, i.e., the seepage from the
River Nileandthemainirrigation canalsand drainsto
the adjacent aquifers®.

Therechargeof the Plio-Pleistocene aguifer inthe
studied areatakes place mainly frominfiltration of the
surfacewater (Nilewater) after irrigation of theagricul-
tural lands, local inflow fromtheirrigation canalsand
upward recharge from the deep aquifers (Eoceneand
Nubian sandstone) through thefault planesexistingin
theregion®. Sometimes, thereisarechargefromthe
occas ond water-runoff of thedifferent wadis. Thebulk
of the present groundwater principaly consistsof irri-
gation water infiltrated beforetheimplementation of the
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high Dam at Aswan, and of the groundwater seepage
fromtheancient aquifers.

Thedischargefromthe Plio-Pleistoceneaquifer in
theNileValley takesplacethrough direct and indirect
routes. Among theseare; thelatera seepagetotheNile,
and through the drainage system, and the discharge
throughtheweIsdrilled for drinkingandirrigation pur-
poses. Theindirect onesarerepresented by evapora
tion and evapotranspiration from the surfacewater of
the Nile, irrigation cands, open collector drains, and
fromtheirrigated water beforetheinfiltration tothe
aquifer, bes dethe evaporation of thegroundwater. The
major part of the subsurfacewater outflow isthedis-
chargethrough the aguifer intotheRiver Nil4.

ThePlio-Plestocene aguifer haseffective porosity
that varies between 30% and 35%4°. Thetransmissiv-
ity of thisaguifer ranges between 3500 and 21000m?/
day™ indicating high potentiality. Theaverage storage
coefficient amountsto about 0.15%.,

Theeocenefissured limestoneaquifer

The Eocene carbonate water bearing formation
underlies both the Plio-Pleistocene and overliesthe
Nubian sandstone water bearing formation®. The
Eoceneaguifer occupiestheextreme eastern and west-
ern sidesof thestudy area.

Eocene limestone aquifer unit isrepresented by
Samd ut formation andismadeup of hard, white, highly
fossliferouslimestonewithshdeand marl intercdations.
Eocenelimestoneisfractured and isprobably affected
by network of faulting system (Said, 1981). Theground-
water of the Eocene aquifer occursunder unconfined
conditionswhereit isoverlain by the permeable Plio-
Me stocene sediments.

Thedepth of water of Eoceneaguifer varieswidely
between 2m and 80m, from the ground surfaceand it
decreases towards the East direction (East Beni-
Mazar). The possi blerecharge of the Eocenelimestone
aquifer inthe study areamay occur from thefollowing
SOUrces.

1. Direct recharge by downward seepagethrough per-
colation of the atmospheric precipitation and the
occasiond flashfloods.

2. Direct rechargefrom the percolation of irrigation
water and from thelocal seepage of the overlying
younger aquifers. In addition, therecharge of this
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TABLE 1: Chemical analysesof surfaceand groundwater samplesinthestudy areain ppm

Sample no. pH TDS ca™ Mg”* Na' K* COs” HCO; SO/ cl
Surface water
River Nile
1 7.72 219 28 14.58 24 5 6.06 166.35 21 14.57
2 7.85 222 28.56 9.92 25 4 12.12 140.63 22 14.57
3 7.76 187 24 12.15 23 5 6.42 145.76 19 14
4 7.82 225 24 12.39 23 5 12.12 140.36 17 14.57
5 7.88 191 28 12.15 23 5 6.06 160.19 20 14.57
6 7.80 203 28 12.15 24 5 6.06 151.16 21 14.57
7 7.80 206 28 12.15 25 5 6.06 151.16 27 1457
Irrigation canals
8 7.66 219 24 12.15 27 5 6.42 145.76 20 14.57
9 7.70 193 24 12.15 24 5 12.84 137.07 17 14.57
10 7.90 204 24 12.15 25 5 6.42 140.36 17 19.43
11 7.34 195 32.32 7.36 21 5 26.09 106.09 8 15
12 7.70 210 28 12.15 25 5 6.06 151.16 21 1457
13 7.72 203 24.48 12.39 23 5 0.00 156.56 22 14.57
14 7.75 202 24.48 14.58 22 5 0.00 172,51 21 1457
15 7.75 191 28 9.72 25 5 6.06 151.16 20 1457
16 7.72 211 28 14.58 24 5 6.06 160.19 21 1457
17 7.69 201 24.48 12.39 25 5 6.42 156.68 18 1457
18 7.80 222 28.56 14.87 25 5 0.00 182.76 20 19.43
19 7.73 216 32 12.15 25 5 0.00 167.35 28 14.57
20 7.72 246 32 12.15 30 5 0.00 172.75 32 19.43
21 7.57 237 28 14.58 31 5 0.00 167.35 29 25
Drains
22 7.20 365 40 19.44 45 16 0.00 215.94 47 50
23 7.32 571 52 29.16 88 11 0.00 275.82 200 14.75
24 7.60 524 52 24 90 6 12.12 259.13 100 68.01
25 7.48 468 48 26 74 6 12.12 210.51 120 48.58
Groundwater the (Quaternary aquifer)

26 7.80 1025 12 60.75 260 11 6.06 496.66 240 116.6
27 7.53 525 12 51.03 90 8 6.06 264.53 130 58.3
28 7.63 487 44 36.45 65 5 18.18 323.91 10 14.57
29 7.61 445 8 48.74 65 7 6.06 237.53 120 24.29
30 7.68 402 8 41.31 55 8 24.24 134.96 120 29.15
31 7.83 249 16 26.73 25 4 24.24 161.96 18 14.57
32 7.68 455 28 31.59 63 8 6.06 215.94 140 19.43
33 7.69 374 24 29.16 54 6 6.06 161.96 130 19.43
34 8.00 1930 76 46.17 500 6 30.3 178.15 720 370
35 7.59 426 56 21.87 38 15 24.24 140.36 110 43.72
36 7.72 426 44 24.3 64 7 18.18 205.14 100 43.72
37 7.65 578 64 24.3 80 8 24.24 199.75 160 58.3
38 7.62 334 52 17.01 26 6 18.18 140.36 90 24.29
39 7.47 483 61.2 37.18 49 6 24.24 264.53 120 24.29
40 7.23 537 16 55.89 80 9 0.00 323.91 120 43.72
41 7.51 517 57.12 42.14 50 6 0.00 318.51 130 38.87
42 7.50 1102 122.4 54.53 160 8 12.12 221.8 290 267.2
43 7.41 445 20 43.74 60 8 6.06 237.53 120 34.01
44 7.30 410 8 55.89 50 9 6.06 242.93 120 19.43
45 7.71 403 53.04 27.27 36 6 12.84 199.95 100 38.87
46 7.97 400 48 24.3 51 6 25.68 188.95 90 24.29
47 7.96 424 32.64 27.27 67 4 25.68 194.35 80 34.01
48 7.72 415 32.64 39.66 55 5 12.84 221.34 100 38.87
49 7.73 438 32.64 44.62 48 7 6.42 291.52 70 48.58

To be countinue table 1
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Sample no. pH TDS ca* Mg* Na* K* CO> HCO; SO/ cl
50 7.88 1628 89.76 64.44 360 12 32.1 183.55 520 369.22
51 7.89 1327 102 84.27 200 15 32.1 134.96 480 286.63
52 7.82 908 36 38.88 180 17 6.42 129.56 320 145
53 7.87 1962 61.2 69.4 480 14 32.1 365.51 540 437.23
54 7.48 365 48 19.44 25 4 12.84 242.93 20 14.57
55 7.61 1151 204 52.05 300 5 6.42 361.44 380 165.18
56 7.98 765 40.8 14.87 190 4 44.94 448.08 120 24.29
57 7.72 728 48.96 22.31 160 8 19.26 437.28 140 38.87
58 7.63 531 69.35 27.27 60 6 24.24 226.74 120 38.87
59 7.32 500 61.2 24.79 60 7 0.00 232.14 130 48.58
60 7.66 252 36 24.3 21 2 121.12 221.34 20 14.57
61 7.57 659 8 77.76 100 9 24.24 248.33 170 106.88
62 7.60 699 69.36 42.14 100 9 0.00 367.1 180 58.3
63 7.66 320 53.04 24.79 21 4 12.12 268.68 21 14.57
64 7.67 213 36.72 12.39 23 5 12.12 156.56 21 14.57
65 7.66 406 69.36 24.79 23 5 24.24 210.54 90 14.57
66 7.70 497 12.12 39.66 100 10 32.61 318.27 59 38.87
67 7.50 977 44.44 31.91 220 18 13.04 104.43 280 245
68 7.53 771 44.44 46.63 120 18 6.52 172.4 185 175
69 7.28 614 8.08 83.73 60 10 6.52 318.27 100 91.13
70 7.63 1868 90.9 67.49 460 8 0.00 149.19 340 7125
71 7.50 3173 248 96.8 750 25 19.56 132.61 860 1130
72 7.57 2181 165.64 78.54 480 10 6.52 165.77 680 612.13
73 7.57 1193 129.28 51.54 310 7 6.52 112.72 410 470
74 7.20 1533 113.12 44.18 230 6 13.44 106.09 340 350
75 7.48 4769 363.6 73.63 1200 19 19.56 99.46 1180 1748.9
76 7.63 1505 220 46.17 160 13 13.44 92.83 700 184.61
7 7.52 1658 251 56.45 180 19 32.61 165.77 60 242.5
78 7.62 1993 343.4 73.63 150 23 26.09 132.62 960 223.48
79 7.47 1975 258.56 61.36 300 15 19.56 152.51 620 510.11
80 7.57 1440 202 54 140 26 13.44 145.88 660 140
81 7.62 1478 173.72 41.72 210 15 6.52 139.24 660 170
82 7.74 250 16.16 14.73 35 5 20.09 125.98 30 14.57
83 7.67 273 16.16 17.18 40 7 19.56 152.51 30 14.57
84 7.75 324 16.16 17.18 55 7 19.52 192.3 34 14.57
85 7.85 282 36.36 17.18 35 4 39.14 132.16 40 14.57
86 7.75 344 48.48 17.18 35 4 32.16 179.03 40 14.57
87 7.73 410 24.24 17.18 75 6 26.09 152.51 76 38.87
88 7.52 1563 121.2 66.27 300 13 19.56 152.51 500 364.36
89 7.60 3163 251 127.44 650 26 32.61 92.83 950 981.35
90 7.48 4419 270.68 111.78 1100 16 39.14 152.41 1300 1389.4
91 7.58 2772 145.44 80.99 680 16 32.61 119.35 1000 660.71
92 7.70 1768 72.72 59.49 450 11 32.61 132.61 420 563.55
93 7.71 891 40.4 51.54 180 11 13.44 152.41 210 252.62
94 7.82 2786 129.38 90.81 660 9 19.56 119.35 1200 548.97
95 7.75 887 404 36.81 210 6 6.52 159.14 130 330.35
96 7.57 365 20.2 22.09 55 15 6.52 205.55 50 35

Groundwater (Quaternary aquifer)

Sample no. pH TDS ca* Mg® Na* K* COs# HCO;  SOF ol
97 7.75 316 24.24 14.73 50 11 19.56 192.3 37 10
98 7.73 387 44.44 17.18 40 7 19.56 172.4 77 25
99 7.59 353 32.32 12.27 43 13 6.52 172.4 52 25

100 7.59 553 72.73 14.73 60 10 6.52 192.3 165 29.15
101 7.75 662 56.56 19.63 110 13 19.56 165.77 230 50

To be countinue table 1
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Cont. TABLE 1
Groundwater (Quaternary aquifer)

Sampleno.  pH TDS Ca® Mg* Na’ K* COsZ HCO; SO/~ cl
102 7.59 503 1826  14.73 120 10 3914 1724 110 38.87
103 7.90 440 20.2 17.18 85 17 3261 21881 52 25
104 7.97 1669 40.4 19.63 500 7 19.56  165.77 520 390
105 7.84 2349 11312  47.09 900 19 1956  159.14 1050 885
106 8.00 2093 3232 1227 680 8 3914  119.35 620 535
107 7.58 1416 5252  19.63 400 22 1344 22544 380 365
108 8.00 2293 5252  34.36 680 12 3261 15251 860 460
109 7.75 1929 40.4 24.54 600 15 26.09 20555 490 525
110 8.00 2758 11312  68.72 750 19 39.14  106.09 600 1025
111 7.93 2186 4444 2454 660 19 58.7  132.61 620 605
112 7.69 2045 21816  112.9 600 27 39.14 15251 900 865
113 7.54 3362 160 80.19 900 24 3261 13261 1050 960
114 7.70 2497 11312 3191 700 24 39.14 14588 650 762.73
115 7.83 3023 23432 13253 600 29 19.36 11935 1040  834.95
116 7.84 1711 76.76  73.63 380 19 1631  182.34 700 320.64
117 8.00 626 20.2 27 160 16 26.09 26523 31 170
118 8.00 920 5252  56.45 180 15 3261  165.77 200 265
119 8.00 303 20.2 22.09 45 11 3261  198.92 8 20
120 7.91 423 1212 44.18 60 15 39.14  165.77 75 55
121 7.77 415 20 26.73 70 13 39.14  179.03 55 38.87
122 7.71 745 8.08 51.54 160 17 3261 22152 220 110
123 7.78 325 3232  22.09 30 9 1956  179.03 29 25
124 7.80 757 40.4 24.54 180 7 652  198.92 190 170
125 7.74 453 36.36  31.91 60 12 1341 22544 120 30
126 7.72 270 20.2 19.63 40 9 19.56  165.77 20 25
127 7.79 274 3264  12.39 25 6 000  199.47 18 14.57
128 7.89 326 36 31.59 25 5 652  159.58 65 43.72
129 7.60 274 32.64 9.91 20 8 19.26  134.96 17 14.57
130 7.90 628 40.8 34.7 110 11 6.42  307.71 150 53.44
131 7.67 406 36 36.45 40 9 32.1 207.4 90 19.43
132 7.90 453 69.36  24.79 42 9 321 18355 100 38.87
133 7.70 608 61.2 29.74 110 6 19.26  307.71 140 58.3
134 7.74 831 32 29.16 210 8 19.26  480.47 190 43.72
135 7.79 419 52 26.73 37 4 321 18895 90 24.29
136 8.00 320 4896  19.83 34 5 25,68  205.14 36 19.43
137 7.97 344 72 9.72 30 4 12.84 23753 38 19.43
138 7.80 381 4488  14.87 33 6 321 17815 21 14.57
139 7.97 570 44 19.44 99 30 19.26 21054 180 24.29
140 7.59 276 44 14.58 25 4 19.26  167.35 23 19.43
141 7.75 411 52 24.3 40 5 2568  194.35 90 19.43
142 7.77 666 61.2 29.74 110 20 4494  259.13 170 43.72
143 7.80 249 2448  14.87 20 2 12.84  139.63 23 9.72
144 7.80 424 28 17.01 80 4 25,68 27532 32 19.43
145 8.00 686 36.72  27.27 160 2 4494  248.33 150 82.59
146 7.90 558 24.48 34.7 100 13 4494 25373 125 29.15
147 7.90 829 4488  64.44 130 6 12.84 33471 260 82.59
148 7.70 577 24.48 37.2 110 5 3852  250.13 130 29.15
149 8.00 469 69.36  12.39 40 14 2568  145.76 90 48.58
150 7.90 457 44 41.31 56 9 12.84 21942 65 95
151 7.68 545 36 24.3 80 11 19.26  152.93 90 82.59
152 7.77 553 56 38.88 60 11 12.84 21594 120 77.87
153 7.60 546 69.36  27.27 40 5 12.84  208.86 100 58.3
154 7.76 553 52 41.31 60 15 12.84  261.08 130 55

To be countinue table 1
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Sample no. pH TDS ca® Mg Na* K* COs>® HCO; SO/ cr
155 7.73 544 48 31.59 45 6 25.68 86.38 60 121.45
156 7.94 541 77.52 17.35 40 8 19.26 113.37 170 53.44
157 7.97 563 48 31.59 65 15 19.26 91.78 180 92.31
158 7.52 428 57.12 22.31 30 8 25.68 159.58 90 34.01
159 7.80 442 68 24.3 30 8 2568  205.14 90 34.01
160 7.95 638 56 29.16 90 6 321 237.53 130 48.58
161 7.80 906 32.64 74.36 150 2 12.84  418.26 260 43.72
162 7.60 1347 12 43.74 380 1 12.84  490.14 500 97.16
163 7.50 428 52 29.16 25 4 51.36  237.53 19 9.72
164 7.90 491 12 65.61 60 5 2568  302.32 95 34.01
165 7.61 743 36 12.15 25 2 6.42 189.1 13 9.72
166 7.80 333 36 14.58 40 4 19.26 210.54 15 14.57
167 7.61 1377 138.7 71.88 190 21 6.42 189.1 450 291.49
168 7.30 788 88 36.45 110 15 25.68 242.93 200 130
169 7.79 574 40 19.44 100 9 6.42 26834 105 48.58
170 7.60 588 60 26.73 100 10 25.68 242.93 110 82.59
171 7.80 454 48.96 19.84 70 5 321 188.95 90 34.01
172 7.82 371 36.72 17.35 55 8 19.26 199.75 70 24.29
173 7.70 1262 142.8 74.36 160 17 6.42 205.14 500 218.62

Groundwater (Eocene aquifer)
174 7.58 673 28 48.6 130 10 12.2 226.7 180 116.6
175 7.40 1846 124 99.6 340 21 24.24 209.47 500 514.97
176 7.39 430 8 60.75 40 11 0.00 280.72 100 30
177 7.30 3055 392 155.5 400 11 19.26 70.18 950 1049.4
178 7.65 408 48 24.79 40 8 24.24 119.56 90 68.01
179 7.73 2114 44.44 34.36 660 12 26.09 205.55 490 660
180 7.75 1075 40.40 34.36 300 6 13.44 1724 110 450
181 8.00 3633 133.3 84.27 1000 9 13.44 125.98 1140 1140
182 7.53 409 16.16 19.63 90 5 6.52 152.51 14 125
183 7.65 361 16.16 19.63 55 9 26.09 106.09 7 80
184 7.60 431 12.12 19.63 80 9 6.52 128.98 14 110
185 7.67 1283 44.44 34.36 380 7 6.52 225.44 82 580
186 7.90 527 12.12 3191 120 5 19.56 165.77 7 175
187 7.68 1615 73.44 54.53 400 9 6.52 185.66 320 580
188 7.75 754 8.08 44.18 170 5 13.44 179.03 70 245
189 7.67 437 20.20 24.54 72 4 13.44 125.98 15 125
190 7.53 1756 96.96 64.4 440 10 13.44  179.03 240 745
191 7.50 1642 121.2 39.66 380 10 6.52 172.4 285 615
192 7.73 420 16.16 27 55 5 6.52 198.92 8 70
193 7.78 384 20.20 24.54 70 5 12.86 137.07 18 121.36
194 7.78 401 16.16 27 80 5 6.52 172.7 8 130
195 7.83 861 8.08 41.72 240 7 13.44 179.03 40 380
196 747 548 20.20 34.36 120 6 19.56 159.14 41 190
197 7.45 621 28.28 3191 115 9 13.44 198.92 33 180
198 7.27 1667 52.52 44.18 460 17 6.52 218.81 190 710

Groundwater (Eocene aquifer)

Sampleno.  pH TDS Ca* Mg* Na' K* COs¥ HCO; SO2 cl
199 7.57 1144 60.6 61.97 240 7 6.52 198.92 145 450
200 7.36 2053 246.4 76.84 320 20 6.52 185.66 560 655
201 7.84 4003 173.7 109.4 1100 19 39.14  145.88 760 1630
202 7.82 2408 28.28 31.91 840 15 6.52 145.88 140 1205
203 7.69 2605 105.0 86.75 700 15 26.09 119.35 340 1225
204 7.82 2097 72.72 81.79 570 15 26.09 145.88 170 1000
205 7.54 2010 72.72 73.63 570 15 6.52 198.92 150 950

To be countinue table 1
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Groundwater (Eocene aquifer)

Sampleno.  pH TDS ca” Mg* Na' K* CO® HCO; SO/ cl
206 7.66 2631 65.45 80.63 750 12 20.09 125.98 380 1204.8
207 7.90 1602 60.60 61.36 420 11 32.61 139.24 260 650.91
208 7.76 981 44.44 46.63 210 20 45.65 139.24 100 378.64
209 7.80 1023 40.4 46.63 260 10 19.56 15251 110 425
210 7.68 1212 121.2 49.09 220 10 39.14 124.01 320 330.35
211 7.45 1098 80.8 41.72 240 9 6.52 159.14 210 390
212 7.75 1442 177.8 57.01 220 11 26.09 132.61 540 291.49
213 7.82 1438 52.52 44.18 370 20 13.44 139.24 140 645
214 7.60 809 32.32 46.63 180 7 32.61 15251 110 280
215 7.33 962 48.48 46.63 210 13 26.09 139.24 210 300
216 7.63 1150 92.92 44.62 210 17 13.44 179.03 410 205
217 7.70 824 52.52 39.27 160 7 6.52 139.24 220 225
218 7.67 1536 80.8 49.09 400 9 26.09 112.72 170 660
219 7.79 624 36.36 34.36 130 5 13.44 139.24 55 225
220 7.60 1383 92.92 56.45 300 12 19.56 86.2 460 364.36
221 7.50 2452 222.2 86.75 440 13 19.56 139.24 1020 514.96
222 8.00 1331 80.8 49.57 300 9 26.09 139.24 320 440
223 7.88 1536 48.48 27 420 10 32.61 15251 520 340.1
224 8.00 808 36.36 31.91 200 6 19.56 15251 120 270
225 7.60 1672 76.76 54 440 16 26.09 165.77 410 525
226 7.52 1967 109.1 68.72 440 13 19.56 15251 640 514.96
227 7.39 1355 88.88 66.9 270 10 26.09 132.61 380 408
228 7.82 1634 1454 88.36 280 13 19.56 192.3 420 480.96
229 7.98 665 36.36 29.45 140 9 19.56 15251 70 225
230 8.00 711 48.48 31.91 130 5 32.61 15251 85 210
231 7.91 339 24 26.73 45 5 19.26 169.7 24 60
232 7.86 425 28 31.59 60 5 12.84 166.23 34 97.16
233 7.40 1293 76 48.6 310 11 12.84 202.34 175 505.25

aquifer may occur from the Nilewater passing the
Plio-Pleistoceneaquifer especially the areaaffected
by thefault plains.

Groundwater of thefissured limestone aquifer isof
lower potentiality than that of the Nubian sandstone
aquifer®. Thedischarge of thisaquifer occurs essen-
tidly through the pumping wellsfor irrigation purposes,
aswell as the seepage towards the Nile through the
fractured™.

1. Evaluation of surfaceand groundwater quality
for humandrinking

Applying thewater quality guidelinesfor human
drinking uses® andthechemicad data(TABLE 1), itis
clear that;

A. River Nileanditscandswater (Ibrahimiya, and Bahr
Yousof canals) aresuitablefor drinking, sincethey
havewater salinity and concentrationsof mgorions
lessthanthat of the permissiblelimits (1200mg/l).
Likewise, most groundwater samples of the Plio-
Pleistocene and Eocene aquifers (77% and 52%,

B.

respectively), aresuitablefor drinking Sncethey have
water salinity and concentrationsof mgorionsless
than that of the permissiblelimits. In contrast, the
rest of thegroundwater samplesof Eoceneand Plio-
Pleistocene aquifers (48% and 23%, respectively),
areunsuitablefor drinking becausethey havewater
sdlinity and concentrations of mgor ionsmorethan
that of thepermissiblelimits (1200mg/).
Themajority of the surface (River Nileanditsca
nals) and groundwater samples of both aquifers
(62% and 66%0), respectively, are suitablefor drink-
ing sincethey have concentrations of soluble heavy
metals and trace constituents (Fe**, Cd*, Co*,
Cu?, Cr®, Pb?* and Ni?") lessthan the permissible
limits. Ontheother hand, therest of the surfaceand
groundwater samples (38% and 34%, respectively),
areunsuitablefor drinking becausethey havesoluble
iron concentrations more than that of the permis-
siblelimits (0.3mg/l), so they must be treated by
availabletechniquesbeforeusefor drinking.
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TABLE 2: Theevaluation of groundwater samplesin thedifferent aquifer sof thestudy ar ea accor ding to Doneen’smethod

(plio-pleistoceneaquifer)

Total cation Permeability

Total cation Permeability

Sampleno. . . Evaluation Sampleno. . . Evaluation
in epm index in epm index

26 17.18 5.79 CLASSIII 100 7.70 2.54 CLASSI|
27 8.91 3.00 CLASSII 101 9.55 3.80 CLASSII
28 8.15 1.45 CLASSI| 102 7.60 2.24 CLASSI|
29 7.00 1.93 CLASSI| 103 6.55 1.25 CLASSI
30 6.39 2.07 CLASSI| 104 25.55 16.41 CLASSIII
31 4.19 0.60 CLASSI| 105 49.14 11.18 CLASSIII
32 6.94 2.01 CLASSI| 106 32.40 21.54 CLASSIII
33 6.10 1.90 CLASSI| 107 22.19 13.83 CLASSIII
34 29.49 17.93 CLASSIII 108 35.33 21.92 CLASSIII
35 6.63 2.38 CLASSI| 109 30.51 19.91 CLASSIII
36 7.16 2.27 CLASSI| 110 44.40 35.15 CLASSIII
37 8.88 3.31 CLASSII 111 33.43 23.52 CLASSIII
38 5.28 1.62 CLASSI| 112 46.96 33.76 CLASSIII
39 8.40 1.93 CLASSI| 113 54.33 38.00 CLASSIII
40 9.10 2.48 CLASSI| 114 39.33 28.28 CLASSIII
41 8.64 2.45 CLASSI| 115 49.43 34.37 CLASSIII
42 17.76 10.55 CLASSIII 116 26.90 16.33 CLASSIII
43 7.62 0.42 CLASSI| 117 10.60 5.12 CLASSIII
44 7.45 0.28 CLASSI| 118 15.48 9.56 CLASSIII
45 6.61 2.14 CLASSI| 119 5.06 0.65 CLASSI|
46 6.77 1.62 CLASSI| 120 7.23 2.33 CLASSI|
47 6.89 1.79 CLASSI| 121 6.57 1.67 CLASSI|
48 7.41 2.14 CLASSI| 122 12.04 5.39 CLASSIII
49 7.56 2.10 CLASSI| 123 4.96 1.01 CLASSI|
50 25.74 15.83 CLASSIII 124 12.04 6.77 CLASSIII
51 21.10 13.08 CLASSIII 125 7.35 2.10 CLASSI|
52 13.26 7.42 CLASSIII 126 4,59 0.91 CLASSI|
53 29.99 17.95 CLASSIII 127 3.89 0.60 CLASSI|
54 5.18 0.62 CLASSI| 128 5.61 1.91 CLASSI|
55 18.47 8.61 CLASSIII 129 3.52 0.59 CLASSI|
56 11.62 1.93 CLASSI| 130 9.95 3.07 CLASSII
57 11.44 2.55 CLASSI| 131 6.76 1.48 CLASSI|
58 8.47 2.35 CLASSI| 132 7.56 2.14 CLASSI|
59 7.88 2.72 CLASSI| 133 10.44 3.10 CLASSII
60 476 0.62 CLASSI| 134 13.33 3.21 CLASSII
61 11.37 4,78 CLASSII 135 6.50 1.62 CLASSI|
62 11.51 3.52 CLASSII 136 5.68 0.92 CLASSI
63 5.70 0.63 CLASSI| 137 5.80 0.94 CLASSI|
64 3.98 0.63 CLASSI| 138 5.05 0.63 CLASSI|
65 6.63 1.35 CLASSI| 139 8.87 2.56 CLASSI|
66 8.47 1.71 CLASSI| 140 4.58 0.79 CLASSI|
67 14.87 9.62 CLASSIII 141 6.46 1.48 CLASSI|
68 11.73 6.86 CLASSIII 142 10.80 3.00 CLASSII
69 10.15 3.92 CLASSII 143 3.37 0.51 CLASSI|
70 30.30 23.63 CLASSIII 144 6.38 0.88 CLASSI|
71 53.59 40.19 CLASSIII 145 11.08 3.89 CLASSII
72 35.86 24.34 CLASSIII 146 8.76 2.12 CLASSI|
73 19.43 13.41 CLASSIII 147 13.35 5.04 CLASSIII
74 24.35 17.52 CLASSIII 148 9.19 2.18 CLASSI|
75 76.87 61.60 CLASSIII 149 6.58 2.31 CLASSI|
76 22.07 12.49 CLASSIII 150 8.26 3.36 CLASSII
77 25.48 13.71 CLASSIII 151 7.56 3.27 CLASSII

To be countinue table 2
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Sample Total cation Permeability

Total cation Permeability

) : Evaluation SampleNo. . : Evaluation
no. in epm index in epm index
78 30.30 16.30 CLASSIII 152 8.88 3.45 CLASSII
79 31.38 20.84 CLASSIII 153 7.60 2.69 CLASSI
80 21.27 10.82 CLASSIII 154 8.99 2.90 CLASSI
81 21.62 11.66 CLASSIII 155 7.10 4.05 CLASSII
82 3.67 0.72 CLASSI 156 7.24 3.28 CLASSII
83 4.14 0.72 CLASSI 157 8.20 4.48 CLASSII
84 4.79 0.76 CLASSI 158 6.19 1.90 CLASSI
85 4.85 0.83 CLASSI 159 6.90 1.90 CLASSI
86 5.46 0.83 CLASSI 160 9.26 2.72 CLASSI
87 6.04 1.89 CLASSI 161 14.32 3.94 CLASSII
88 24.88 15.48 CLASSIII 162 20.75 7.94 CLASSIII
89 51.94 37.56 CLASSIII 163 6.18 0.47 CLASSI
Q0 70.95 52.71 CLASSIII 164 8.73 1.95 CLASSI
91 43.90 29.04 CLASSIII 165 3.93 0.41 CLASSI
92 28.37 20.26 CLASSIII 166 4.84 0.57 CLASSI
93 14.36 9.31 CLASSIII 167 21.63 12.90 CLASSIII
94 42.85 27.97 CLASSIII 168 12.56 5.75 CLASSIII
95 14.33 10.67 CLASSIII 169 8.17 2.46 CLASSI
96 5.60 151 CLASSI 170 9.80 3.47 CLASSII
97 4.88 0.67 CLASSI 171 7.25 1.90 CLASSI
98 5.55 151 CLASSI 172 5.86 141 CLASSI
99 4.91 1.25 CLASSI 173 20.63 1.62 CLASSI

TABLE 3: Theevaluation of groundwater samplesin thedifferent aquifer sof thestudy ar ea accor ding to Doneen’smethod
(Eoceneaquifer)

Total cation in Permeability

Total cationin  Permeability

Sample no. : Evaluation  Sample No. : Evaluation
epm index epm index

174 11.30 5.16 CLASSIII 204 35.53 29.97 CLASSIII
175 29.70 19.73 CLASSIII 205 34.86 28.35 CLASSIII
176 7.42 1.89 CLASSI 206 42.82 37.93 CLASSIII
177 50.03 39.48 CLASSIII 207 26.62 21.06 CLASSIII
178 6.38 2.85 CLASSI 208 15.70 4.07 CLASSII
179 34.05 23.71 CLASSIII 209 17.41 13.13 CLASSIII
180 18.04 13.84 CLASSIII 210 19.91 12.65 CLASSIII
181 57.30 44.02 CLASSIII 211 18.13 13.18 CLASSIII
182 6.46 3.67 CLASSII 212 2341 13.84 CLASSIII
183 5.04 2.33 CLASSI 213 22.86 19.65 CLASSIII
184 5.93 3.25 CLASSII 214 13.46 9.04 CLASSIII
185 21.75 17.21 CLASSIII 215 15.72 10.65 CLASSIII
186 8.58 5.01 CLASSIII 216 17.87 10.05 CLASSIII
187 25.78 19.69 CLASSIII 217 12.99 8.64 CLASSIII
188 11.56 7.64 CLASSIII 218 25.69 20.38 CLASSIII
189 6.26 3.68 CLASSII 219 10.42 6.92 CLASSIII
190 29.53 2351 CLASSIII 220 22.63 15.06 CLASSIII
191 26.09 20.31 CLASSIII 221 37.69 25.14 CLASSIII
192 5.55 2.06 CLASSI 222 21.39 15.74 CLASSIII
193 6.20 361 CLASSII 223 23.16 15.00 CLASSIII
194 6.63 3.75 CLASSII 224 13.29 8.86 CLASSIII
195 14.45 11.13 CLASSIII 225 27.82 19.07 CLASSIII
196 9.21 5.78 CLASSIII 226 30.56 21.18 CLASSIII
197 9.27 5.42 CLASSIII 227 21.94 15.46 CLASSIII
198 26.69 22.00 CLASSIII 228 27.03 17.94 CLASSIII
199 18.74 14.20 CLASSIII 229 10.56 7.07 CLASSIII
200 33.04 24.30 CLASSIII 230 10.82 6.81 CLASSIII
201 65.99 53.88 CLASSIII 231 5.48 1.94 CLASSI
202 40.95 35.44 CLASSIII 232 6.73 3.09 CLASSII
203 43.20 38.08 CLASSIII 233 21.55 16.07 CLASSIII
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TABLE 4: Relative standar dsof effectiveirrigation water
salinity accordingto Doneen™

Grades of effective salinity
as me/l

Class(l) Class (I1) Class (111)
Soil with low permeability,

less leaching and slow <3
shallow drainage.

Soil with moderate permea-

bility, limited leaching, dow <5
and deep drainage.

High permeable soil with
deep and easy drainage.
TABLE5: Evaluation of thegroundwater samplesof different
aquifersinthestudy areafor irrigation accordingtotheef-
fectivewater salinity asme/l, Doneen™

Soil conditions

35 >5

5-10 >10

<7 7-15 >15

Soil with low per meability, lessleaching and

con?i)tlilons slow shallow drainage
Plio-pleistocene El Minya Eocene El Minya
Class(l) 53% 26%
Class (1) 13% 12%
Class(l11) 34% 62%
Soil Soil with moder ate per meability, limited
- leaching, slow and deep drainage
conditions— . . .
Plio-pleistocene El Minya Eocene El Minya
Class (1) 65% 20%
Class(Il) 9% 20%
Class (I11) 26% 60%
Soil Soil with High per meable soil with deep and
- easy drainage
conditions Plio-pleistocene El Minya Eocene El Minya
Class(l) 70% 30%
Class(Il) 11% 25%
Class(l11) 19% 45%

2. Evaluation of surface and groundwater for
irrigation purpose

For thispurposewe usethefowling methods:

1. Evaluation of groundwater for irrigation accor d-
ingtotheeffective salinity classification

Thisdasgfication takesinto consderation mainfac-
torsuponwhichtheinfiltration and permeability rates
of soil depend.

Per meability index = Na+VHCO3x100/Ca+M g+Na
Whereall valuesin TABLES 2 and 3.

Applying thisclassification, (TABLE 4), for the
groundwater of the aquifers in the study area, and
TABLES 2 and 3 thefollowing can be deduced:

1. Some of the groundwater samples of the plio-
pleistocene aquifer (34%) can beclassified aswa
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ter of thethird grade (class 1) of irrigation water,
while(13%) of thegroundwater sasmplescanbedas-
sfiedin(classll) therest of the groundwater samples
(53%) can beclassified aswater of thefirst grade
(classl) incaseof soilsof low permeability. Incase
of irrigating soil with moderate permeability, (9%),
(26%) and (65%) of groundwater samples can be
classified aswater of the second grade (classl),
(classlll) and (class|) of irrigation water, respec-
tively, grade (classl). Onthe other hand, some of
groundwater samples (11%) can be classified as
water of the second grade (class 1) of irrigation
water while (70%) and (19%) of groundwater
samples can beclassified aswater of thefirst and
third grade(classl), (classllIl), respectively, for ir-
rigating soilsof high permeshility.

2. Some of the groundwater samples of the Eocene
aquifer (62%) can beclassified aswater of thethird
grade(classlIll) of irrigation water, while (12%) of
the groundwater samplescan beclassifiedin (class
I1) therest of the groundwater samples (26%) can
beclassified aswater of thefirst grade(classl) in
caseof soilsof low permesatiility. samplesof thelime-
stone aquifer (60%) can be classified aswater of
thethird grade (classIll) of irrigation water, while
(20%) of the groundwater samples can be classi-
fiedin (classll) therest of thegroundwater samples
(20%) can beclassified aswater of thefirst grade
(classl). samplesof the Eoceneaquifer (45%) can
be classified aswater of thethird grade (classllII) of
irrigation water, while (25%) of the groundwater
samplescan beclassfiedin (classil) therest of the
groundwater samples (30%) can be classified as
water of thefirst grade (classl)

Ingenerd, themgority of thegroundwater samples
inthe study area (42%) can be classified aswater of
thethird grade(classllII) of irrigation water, while 13%
and 45% of thewater samplescan beclassified aswater
of thesecond grade (class|l) and first grade (classl) of
irrigation water, respectively.

And second grade (classl ) of irrigation water, re-
spectively. Ontheother hand, thegroundwater samples
(26%) can beclassified aswater of thethird grade(class
[11) of irrigation water, while (58%) and (16%) of
groundwater samples can be classified aswater of the
first grade (classl) and second grade (classll) of irri-
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Figure2: Thewater quality classesaccordingtotheU. S.
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Figure3: Thewater quality classesaccordingtotheU. S.
salinity laboratory staff of (Eoceneaquifer) and surface
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gation water, respectively, for irrigating soilsof high
permesbility.

In brief, regardless of soil types, the majority of
groundwater samplesin the study areacan beclassi-
fied aswater of thethird grade (class|) of irrigation
water, whiletherest of groundwater samplescan be
classfied aswater of thefirst grade(classlil) and sec-
ond grade(classll) of irrigation water.

2. TheU.S. Salinity L abor atory staff classfication®

Thismethod cons stsof plot specific conductivity
for water (inmicro mhos/cm) asafunction of thetotal
dissolved s0lidg(TDS) against sodium adsorptionratio
(SAR) expressed inmilli equivaent/liti.e Na/\(Cat
Mg)/2

By applying thisclassification to the groundwater
samplesintheareaof study, (Figures2 and 3), wecan
concludethefollowing:-

1. Most of thegroundwater samples (49%) of theplio-
pleistoceneaquifer aregood water for irrigation (C2-
S1, C3-S1 and C4-S1), while about (37%) of the
samplesaremoderatewater for irrigation (C3-S2
and C4-S2) and (11%) of thesamplesareinterme-
diate water for irrigation (C3-S3 C2-S3- C4-S3-
C2-$4- C3-S4and C4-$4). Onthe other hand, the
rest of the groundwater samples (3%) are unsuit-
ablewater for irrigation (C,-S,, C,-S,and C-S))
(TABLES).

2. About 37% of the groundwater samples of the
Eoceneaquifer aregood water for irrigation (C2-
S1, C3-S1 and C4-S1) while about (35%) of the
samplesaremoderatewater for irrigation (C3-S2
and C4-S2) and (15%) of thesamplesareinterme-
diate water for irrigation (C3-S3 C2-S3- C4-S3-
C3-HAand C4-HA) (TABLE, 9). Ontheother hand,
therest of the groundwater samples(13%) areun-
suitableforirrigation (C,-S,and C-S)).

3. River Nileanditscanalswaters (Ibrahimiya, and
Bahr Yousof cana s) are moderatewater for irriga-
tion C2-S2 (TABLE 7).

In conclusion, all surface waters (100%) and, the
majority of groundwater samples (90%) are suitable
for irrigation under ordinary conditionswhiletherest of
groundwater samples (10%) aresuitablefor irrigation
under specia conditions. Infact, thewater suitability is
associated with soil propertiesand crop type. There-
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TABLE 6: Thewater quality classesaccordingtotheU. S. salinity labor atory staff method(®

Conductivity Quality Range Usage
- Can be used for irrigation of most crops in most soils with little
¢l Low salinity water 100-250 likelihood that soil salinity develops.
Cc2 Medium salinity water ~ 250-750 Can be used if a moderate amount of leaching occurs.
Cannot be used on soil with restricted drainage even with adequate
C3 High salinity water 750-2250 drainage, special management for salinity control may be required
and plants with good salt tolerant should be selected.
Is not suitable for irrigation under ordinary conditions, but may be
. - used occasionally under specia conditions as the soils must be
c4 Very high salinity >2250 permeable, and drainage must be adequate, irrigation water must be
applied in excess to provide considerable leaching.
SAR Quality Range Usage
: Can be used for irrigation of aimost al soils with little changes of
S Low sodium water 0-10 the development of harmful levels of exchangeable sodium.
Will represents an appreciable sodium hazard in fine-textured soils
S2 Medium sodium water 10-18 having high cation exchange capacity, especially under low
leaching conditions, unless gypsum is present in the soil.
May produce harmful levels of exchangeable sodium in most soils
S3 High sodium water 18-26 and will require special soil management, good drainage, high
leaching and organic matter condition.
54 Very high salinity 26-100 Is generally unsatisfactory for irrigation purposes except at low and

perhaps land perhaps medium salinities.

Note: 1. The C2-S3 and C3-S3 water can be improved by adding gypsum to the soil; 2. The C2-S4 may be improved by the addition

of gypsum to the water.

TABLE 7: Evaluation of groundwater samplesin thedifferent
aquifersof thestudy areafor irrigation pur posesaccording
toU. S. salinity labor atory staff

e >, 8 5 o2 > & &,
228 28 Fezds 22
5% 5 8 % 83 &
Sufacewater
1 C2 S2 Moderate 14 C2 S2  Moderate
2 C2 S2 Moderate 15 C2 S2  Moderate
3 C2 S2 Moderate 16 C2 S2  Moderate
4 C2 S2 Moderate 17 C2 S2  Moderate
5 C2 S2 Moderate 18 C2 S2  Moderate
6 C2 S2 Moderate 19 C2 S2  Moderate
7 C2 S2 Moderate 20 C2 S2  Moderate
8 C2 S2 Moderate 21 C2 S2  Moderate
9 C2 S2 Moderate 22 C2 S3 Intermediate
10 C2 S2 Moderate 23 C2 4 Bad
11 C2 S2 Moderate 24 C2 A4 Bad
12 C2 S2 Moderate 25 C2 4 Bad
13 C2 S2 Moderate

fore, at least some, if not al, groundwater inthe study
areacan beused for irrigation but the expected yield
productivity will not reachthe optimum level, TABLE
10.

3. Wilcox classification
Wil cox classification®, suggested that, the defini-

(Na%)

Total concentration (meg/l)
Figure4: Wilcox classification plio-pleistoceneaquifer

tion of sodium percentagerelativeto common cations
percentageisexpressed inthefollowing equation:

Na+ N
Ca+++Mg+++Na+

Thisclassficationisbased on therelationship be-

Na% = 100
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aquifer
g~ 8 5 g > 8 &
TR TR R |
§9°8 & §%° 8 &
Plio-pleistocene
26 C3 S1 Good 101 C3 S2 Moderate
27 C3 s1 Good 102 C2 S1 Good
28 C3 s1 Good 103 C2 Ss1 Good
29 C2 ¢s1 Good 104 C4 S3 Intermediate
30 C2 < Good 105 C4 S2  Moderate
31 C2 S3 Intermediate 106 C4 S2  Moderate
32 C2 S2 Moderate 107 C4 4 Bad
33 C2 Sl1 Intermediate 108 C4 4 Bad
34 C4 s Bad 109 C4 S3 Intermediate
3B C2 s Good 110 C4 S3 Intermediate
36 C2 S1 Good 111 C4 S3 Intermediate
37 C3 S2 Moderate 112 C4 A4 Bad
38 C2 s1 Good 113 C2 S1 Good
39 C3 S2 Moderate 114 C4 S2 Moderate
40 C3 S1 Good 115 C4 <2 Moderate
41 C3 <1 Good 116 C4 S2 Bad
43 C2 S2 Moderate 117 C3 S1 Good
4 C2 <1 Good 118 C3 S1 Good
45 C2 <1 Good 119 C2 S2  Moderate
46 C2 <1 Good 120 C2 s1 Good
47 C2 S2 Moderate 121 C4 4 Bad
48 C2 <1 Good 122 C3 S1 Good
49 C2 <1 Good 123 C2 s1 Good
50 C4 S3 Intermediate 124 C3 S2  Moderate
51 C3 S2 Moderate 125 C2 S1 Good
53 C4 S2 Moderate 126 C2 S1 Good
54 C2 <4 Bad 127 C2 S1 Good
55 C3 4 Intermediate 128 C2 S1 Good
5 C3 S2 Moderate 129 C2 S2 Moderate
57 C3 S2 Moderate 130 C3 S2 Moderate
58 C3 4 Intermediate 131 C2 S2 Moderate
50 C3 S2 Moderate 132 C3 S2 Moderate
60 C2 S1 Good 133 C3 Ss1 Good
61 C3 S2 Moderate 134 C3 S1 Good
62 C3 S1 Good 135 C2 sS1 Good
63 C2 <1 Good 136 C2 Si Good
64 C2 <1 Good 137 C2 sS1 Good
65 C2 S2 Moderate 138 C2 S1 Good
66 C3 S1 Good 139 C3 &4 Bad
67 C3 S2 Moderate 140 C2 S1 Good
68 C3 S1 Good 141 C2 S1 Intermediate
69 C3 S1 Good 142 C3 S1 Good
70 C4 S3 Intermediate 143 C2 S1 Good
71 C2 S1 Good 144 C2 S1 Good
72 C4 S2 Moderate 145 C3 S2  Moderate
73 C4 S2 Bad 146 C3 Sl Good

To be countinue right column

g > 8 & g2 > 8 S
sz 28 s:zdic o
© ©
§%° % & 8% 3% &
Plio-pleistocene
74 C3 S2 Moderate 147 C3 S2 Moderate
75 C2 S Good 148 C3 S1 Good
76 C4 S2 Moderate 149 C2 S1 Good
77 C4 S3 Intermediate 150 C3 S2 Moderate
78 C4 S2 Moderate 151 C2 S2  Moderate
79 C4 S2 Moderate 152 C3 S1 Good
80 C3 <1 Good 153 C2 sS1 Good
81 C3 S2 Moderate 154 C3 S1 Good
82 C2 < Good 155 C2 S2 Moderate
83 C2 <1 Good 156 C2 S1 Good
84 C2 <1 Good 157 C3 S1 Good
85 C2 Sl Intermediate 158 C2 S2  Moderate
86 C2 S2 Moderate 159 C2 Si Good
87 C2 Sl Intermediate 160 C3 S1 Good
88 C4 s1 Bad 161 C3 &4 Bad
80 C2 <1 Good 162 C3 &4 Bad
90 C2 < Good 163 C2 S2 Moderate
91 C4 S3 Intermediate 164 C3 S2 Moderate
92 C4 S2 Moderate 165 C2 S2  Moderate
93 C3 S2 Moderate 166 C2 S1 Good
94 C4 S2 Moderate 167 C3 $S4 Intermediate
95 C3 41 Good 168 C3 S1 Good
96 C2 S2 Moderate 169 C2 Si Good
97 C2 S2 Modeate 170 C2 Si Good
98 C3 31 Good 171 C2 S1 Good
9 C2 <1 Good 172 C2 S1 Good
100 C3 Sl Good 173 C3 S2 Moderate
TT\_ 5 "-‘_'Z. i1
N ' oy ',

s | :

= 8 : 1

Z

([ M— IS AR DA— |

]

Total concentration (meg/l)

Figure5: Wilcox classification (Eoceneaquifer) and sur-
facewater
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TABLE 9: Evaluation of groundwater samplesin thedifferent
aquifersof thestudy areafor irrigation pur posesaccording
toU. S. salinity labor atory staff’smethod Eoceneaquifer

2>, 8 & 2 2, 8 5
Bole 4 oscl: 28
o
§%°3 & §% 8 &
Eocene

174 C3 si1 Good 204 C4 S3 Intermediate
175 C4 S2 Moderate 205 C4 S3 Intermediate
176 C2 S Good 206 C4 HA4 Bad
177 C4 S2 Moderate 207 C3 S2 Moderate
178 C2 si1 Good 208 C3 S2 Moderate
179 C4 44 Bad 209 C3 S2 Moderate
180 C3 S2 Modeate 210 C3 S1 Good
181 C2 s1 Good 211 C2 <1 Good
182 C2 s1 Good 212 C4 s1 Good
183 C2 s1 Good 213 C3 S2 Moderate
184 C2 si1 Good 214 C3 <1 Good
185 C2 si1 Good 215 C3 S2 Moderate
186 C3 Si1 Good 216 C3 Ss1 Good
187 C4 S2 Moderate 217 C4 S2 Moderate
188 C3 Si1 Good 218 C3 S2 Moderate
189 C2 si1 Good 219 C3 s1 Good
190 C4 S3 Intermediate 220 C4 S2 Moderate
191 C4 S2 Moderate 221 C4 S2 Moderate
192 C2 s1 Good 222 C3 S2 Moderate
193 C2 s1 Good 223 C4 S3 Intermediate
194 C2 s1 Good 224 C4 S3 Intermediate
195 C2 s1 Good 225 C4 S3 Intermediate
196 C3 S Good 226 C2 s1 Good
197 C3 s Good 227 C2 sl Good
198 C4 S3 Intermediate 228 C4 Sl Good
199 C3 S2 Moderate 229 C3 S1 Good
200 C4 S2 Moderate 230 C3 S1 Good
200 C2 s1 Good 231 C2 s1 Good
202 C4 44 Bad 232 C2 s1 Good
203 C4 <4 Bad 233 C2 <1 Good

TABLE 10: Evaluation of thesurfaceand groundwater in the
study areafor irrigation accor dingto Richard’s®

Suitability of the

The percentages of the surface water

surface and and groundwater in the study area
groundwatersfor Surface . .
irrigation water Plio-Pleistocene Eocene
Good water class 0.00 49 37
Moderate water class 100 37 35
Intermediate water 0.00 11 15
class
Unsuitable water class 0.00 3 13

tween sodium percentage and total cations concentra-
tions (where cations concentrationsarein me/l), gov-
erning thesuitability of watersfor irrigation.

By applying thisclassification on thegroundwater
and surface samplesof different aquifersin the study

151

—== Qurrent Research Peper

TABLE 11: Evaluation of thedifferent aquifer sgroundwater
samplesinthestudy ar eafor irrigation accordingto Wilcox®

rilljjlrtlze\ll!:é(}for plio-pleistocene Eocenein Surface
g i rigation in El-Minya EI-Minya water
Et>écgelolgg t 41% 18% 88%
Good to permissible 29% 17% 12%
Permissible to 0.0%
0 0,
doubtful 8% 17%
Doubtful to 120 309 0.0%
unsuitable 0 0
0,
Unsuitable 10% 180 0%

areafigures4 and 5, we can concludethefollowing;

1. About 41% groundwater samples of the plio-
pleistoceneaquiferin El Minyaareexcd lent to good
water for irrigation, 29% of samples are good to
permissible, 8% of samplesare permissibleto doubt-
ful, 12% of samplesare doubtful to unsuitableand
thedseareunsuitable.

2. About 18% of the groundwater samples of the
Eocene aquifer are excellent to good water for irri-
gation, 17% of samplesare good to permissible,
8% of samplesarepermissibleto doubtful, 17% of
samplesaredoubtful to unsuitableandtheelseare
unsuitable.

3. About 88% of surfacewater areexcellent and 12%
aregood to permissible.

Generally, about 68% of the groundwater samples
indifferent aquifersinthe study area{ 78% and 43% of
plio-pleistocene and fractured limestone aquifers, re-
spectively} areconsdered suitablefor irrigation, while
therest of the groundwater samples(32%) indifferent
aquifersinthe study area{ 22% and 57% of theallu-
vium and fractured limestoneaguifers, respectively} are
unsuitableforirrigation, TABLE 11.

CONCLUSION

Therearetwo aquifersdetected in El Minyagov-
ernorate; Plio-Pleistocene and Eoceneaquifers. The
groundwater sourcesin the study areahave great ad-
vantages dueto thelow cost of production and their
high rdliability during emergencieswherethedepth to
water rangesfrom 2to 82.6m.

Most of the groundwater samplesof the Plio-Pleis-
toceneand Eocene aguiferslieinthefresh zone, while
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the brackish water islesspronounced. Thefresh water
typeinthePlio-Pleistoceneand Eoceneaquifersisdue
to the continental origin of thewater bearing formation
in caseof the Plio-Pleistocene aquifer and flushing for
thewater bearing formationin case of the Eocene aqui-
fer.

The presence of brackish water typeinthe Plio-
Pleistocene aquifer isdueto the Pliocene marine de-
positsintercalated with Plio-Ple tocenematrix, carbon-
ate materialsthat wastransported from the limestone
plateau by westhering aswell asover- pumping activi-
tiesespecialy at southwest Sama ut locality, whilein
the Eoceneaquifer; the presence of the brackish water
typeisdueto marinedeposits.

Thereisagenerd direction of water sdinity increase
fromtheRiver NiletothePlateauin dl thestudy area,
i.e, thereisrechargefromtheNileRiver, itscanasand
drainstothegroundwater of the Plio-Pleistocene aqui-
fer. The higher values of water sdinity isstrictly con-
fined to southwest of Samd ut locdity dueto over-pump-
ing activity. Thisreflectstheimpact of land reclamation
proj ects on the groundwater quality. Themgjority of
the surfaceand groundwater samplesinthestudy area
aresuitablefor drinking. All surfacewatersand, most
of groundwater samplesare suitablefor irrigation un-
der theordinary conditionswhiletherest of groundwa:
ter samplesaresuitablefor irrigation under specid con-
ditions.
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