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Abstract

Groundwater is the main source for water used in West Assiut Electric
Power Plant (WACCPP), so here we will study the hydrochemical class
and water type for WACCPP area’s groundwater, with respect to the
physiochemical, chemical elements and chemically related properties.
Hydrochemical formulae’s as Kurolov formula, hypothetical salts,
hydrochemical indices and water type identification programs as Piper,
Durov, Schoeller, Gibb, and Chadha will be applied for deciding the
water class and type.

Keywords: Groundwater, WACCPP, hydrochemical parameters,

Hypothetical salts, Hydrochemical indicators, Hydrochemical faces.

Introduction

Water is being used for electric power generation and different
purposes nowadays from traditional sources as Nile River and, non-
traditional water sources such as seawater, excessively hard or
brackish groundwater, poorer quality surface waters, and
wastewater [1]. These sources commonly require treatment with
high quality technologies before use. In West Assiut Combined
Cycle Power Plant (WACCPP) groundwater is used as the main
source for demineralized water production, for this purpose, 37
wells were drilled there. In this paper, we will examine the type and
hydrochemical class of the area’s groundwater. The groundwater is
considered the source of water for domestic, agricultural and
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industrial uses in many Arab countries [2]. This demand has faced
by the groundwater quality that affected by the following processes:
Chemical reactions with geological materials, geochemical
reactions, biodegradation, Dissolution [2] and exsolution of gases
[3] and anthropogenic pollution[4]. The water quality is in equal
importance to its quantity, so it is necessary to analyze groundwater
chemical, physiochemical and hydrochemical properties, any
deviation from the standard value for one or more of a water
quality’s parameters, water 1is considered polluted. Also,
determining water type and quality depend on the hydrochemical
parameters for the groundwater as hydrochemical formula (Kurolov
formula) and water type, hypothetical Salts, hydrochemical
indicators and index of base exchange.

On the other hand, methods are used for hydrochemical
classification of groundwater are Piper, Piper and Langguth, Durov,
Schoeller, Gibband Chadha, those are constructed depending on the
main cations and anions concentrations by unit equivalent weight of
ion in mills equivalent per liter(epm) and epm %.

Experimental
2.1. Materials and Methods
2.1.1. Study Area
Assiut is the largest town in Upper Egypt and lies about 234
miles south of Cairo. The city of Assiut is located at 27°11°00 N,

31°10°00 E and spread across 26,000 km2.WACCPP is located at
the northern west of Assiut city in Assiut governorate in Upper
Egypt, and allocated from Assiut city by 25 km and at about 5 km
from Bany Ghalleb and about 3.43 km from the nearest village
Jhdum, Located between the Petroleum Company in the north and
cement company in the south, it is on a 33.6 acres area. The wells
were lied in the south, east, and west sides of the area, the water
depth is about 80m and the overall wells deep is 200m. In
WACCPP, power plants use the demineralized water for : Steam
generation, cooling, sealing, de-NOx, washing and so on. West
Assiut power plant specifications, Table (1).
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Table (1): Description of WACCPP’s Constituents
Item Description

Simple cycle Two Modules of gas turbines, contains 8 gas turbine units, power
capacity.
Power capacity 125 MW/hr for each gas turbine

Exhaust gases temp.| 590°C
Water uses 176 ton/hr injection waters for d-NOx, Makeup water for closed
cooling system, Washing water for the turbine and compressor
offline washing
Description the constituents of combined cycle stage’s
Combined cycle | Two Modules of HRSGs, one on each module of simple cycle
Power capacity 250 MW/hr for each module
Exhaust gases temp.| 150 °C
Water uses Makeup water for closed thermal cycle, Makeup water for closed
cooling system, Washing water for the HRSGS offline washing
Steam ton/hr 840 ton/hr for each combined
Steam pressure bar | 116

2.1.2. Sampling and analytical procedures (Measure of
Parameters)

Water samples from the thirty seven wells and raw
water(mixture tank) in WACCPP (study area) were withdrawn and
sample’s bottles were prepared according the ASTM standards and
the water samples were taken under almost careful conditions after
the water was pumped out for about 10 minutes to remove the
stagnant water. All samples were preserved in refrigerator before
chemical analysis. The samples were analyzed for determining its
content of : pH, EC, TDS. Also trace elements were analyzed as
important cations like Calcium (Ca®"), magnesium (Mg?®"), sodium
(Na"), potassium (K*) and anions like bicarbonate (HCO™ ),
Chloride (CI'), Nitrate (NO™®), Carbonate (CO™®) and Sulfate (S0,?).
the measurements were conducted according to the standard
specification using; HANA (HI9811-5) instrument volumetric
method[5], flame photometer[6], titration[7], ultraviolet spectra
(U.V), atomic absorption [8].All concentrations were expressed in
milligrams per liter (mg/L), except for pH and EC. lonic-balance-
error was checked for accuracy of each groundwater sample, which
is generally within acceptable limit of £5 %.
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2.1.3. Determination of groundwater type was done using :

1- Hydrochemical formula (kurolov formula)
It depends on the ratio of cation and anions, which have ratio of
availability more than 15% as in Eq.(1) [9]:

TDSmg /L
_ Anions epm% decreasing order

" cations epmY%decreasing order o

2- Hypothetical salts
Hypothetically, the ions of strong acids ClI" and SO,*, form a
chemical combination with alkalis, Na* and K" and the rest of acid
radicals combine with alkaline earths Ca®‘and Mg?[10]. If the
cations of alkali and alkaline earths all in epm % are surplus in
groundwater [11], they will combine with anions of the weak acids
CO5% and HCO5[10,12].

3- Hydrochemical Indicators
They were used to determine the origin of the groundwater;
meteoric or marine water and helped in discovering the previous
hydrochemical processes affecting water quality [9]. These
indicators are a ratio between the different major ions. CI" ion is
considered a well defining mean in determining the origin of water,
(where the ratio of main elements to CI" gives geochemical behavior
for the main elements) [13].

4- Index of Base Exchange
The exchange between alkali metals cations and alkaline earth
metals cations in the water and its host environment during
residence or travel periods could be determined by the chloro-
alkaline indices (CAl) [14, 15]
2.1.4. Hydrochemical classification of groundwater
Using Aquachem v3.7 software for better understanding of
hydrochemistry, water quality and its evaluation by comparing the
water types and to interpret variation in hydrochemical processes.
Piper [16], Durov [17], Schoeller [18], Gibb [19] and Chadha [20]
diagrams were constructed depending on the main cations and
anions concentrations by unit equivalent weight of ion in mille
equivalent per liter (epm) and epm % [20].
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2.1.5. Hydrochemical Faces

The hydrochemical faces has been studied based on Chebotarev
sequence[4, 21]. In Chebotarev sequence, he proposed a
geochemical classification of water based on anion occurrence and
prevalence as they are regarded as independent ingredients, the
chemical quality of groundwater is classified into three major
groups according to major anions and TDS, respectively [21].

3. Results and Discussion

3.1. Physical Specifications Results

Wells and Raw water sample’s physical analysis results as odor,
color, taste, pH, TDS and EC were analyzed and determined as in
Table (2)

Table (2): Analysis of physical parameters of water samples

Item| 1A |1B |2A|2B | 3A |3B|4A |4B|5A | 5B | 6A | 6B |7A |7B|8A| 8B |9A | 9B [LOA(10B

EC | 2540 (498027003300 | 1924 (5130|1034 [1446|2060 | 2260 | 1736 | 2580 |1323 |1393|3120| 1557 (2650 | 1469 [1730|2980

pH | 83 |7.75(8.39|7.71| 83 |7.55| 8.4 |8.34|8.37 | 7.59 8.4 7.61 |7.85|8.02|7.34| 7.88 |7.67| 7.75 [8.39|7.82

TDS | 1625 318717202112 | 1231 [3283| 663 |925 1319 | 1438 | 1114 | 1651 | 846 |891 |1997| 996 [1696| 940 [1104|1910

Table (2); continued

Item |11A |11B[12A| 12B | 13A | 13B | 14A | 14B | 15A | 15B |16A| 17A |18A [19A| 19B | 20A |20B Raw

EC | 2120 [26101690| 2940 | 4000 | 4165 | 5061 | 4080 | 1473 | 1847 [2190| 1283 |1156 [1170| 1914 | 1004 |1509 {4680

pH | 7.89 |7.05|7.81| 7.74 7.65 79 7.7 7.8 8.1 7.87 |7.45| 7.94 |8.38 [8.46| 7.89 | 833 |7.6 |7.38

TDS | 1356 |16691081| 1881 | 2400 | 2707 | 3280 | 2652 | 943 | 1182 [1404| 821 | 740 |749 | 1224 | 643 |966 [2858

From Table (2), it can be noted that PH values vary between 7.05
and 8.46, reflect neutral to slightly alkaline water, electric
conductivity varies between 1004 and 5130 ps/cm, so wells and raw
water are excessively mineralized water, TDS content ranging from
643 to 3283 ppm, so wells and Raw water are fresh to slightly
brackish water.

3.2. Chemical Specifications Results

Water samples were analyzed for major cations, major anions, and
heavy elements, as shown in Table (3).
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Table (3); Analysis of chemical parameters of water samples
Item| 1A | 1B| 2A| 2B| 3A| 3B| 4A| 4B| 5A| 5B | 6A| 6B | 7A | 7B | 8A | 8B | 9A | 9B | 10A
Cl | 580 |1320| 748 | 825 | 540 |1420| 192 | 305 | 508 | 505 | 457 | 573 | 279 | 260 | 682 | 325 | 587 | 288 | 399
CO; |16 | 0 | 0 | O |26 |0 |2 |10 |13 |0 |26 |0 |00/ |0/ 0|00 | 12
HCO; | 268 | 180 | 150 | 278 | 217 | 241 | 250 | 225 | 252 | 225 | 322 | 214 | 325 | 285 | 229 | 225 | 175 | 310 | 320
NO; |59 |74 |02 |88 |11.2|02 | 0 |37 |57 |56 |82 |135[0.7 | 0.2 |655(12.3|33.6 6.2 | 10
SO, (1856|285 | 160 | 80 [38.6 | 163 [20.3 | 25 | 116 | 82 |60.6 | 165 |11.8 | 22 | 300 | 32 | 130 |28.3 | 60.3
Ca |75.7 183|715 747 |47.2|171 | 17 | 20 |65.2| 60 |33.5| 77 |14.4 |24.6 | 154 |[25.7 | 66 | 31 | 53.3
K |205(5 | 3 |5 | 4 |8 | 3 |4 |308|6 |55|11| 3 |4 |3 |3 |5 |7 |244
Mg |257 | 15 |24.2| 15 |22.6 |56.9 |132| 8 [159| 15 [(9.81 | 22 [9.72 (142 |43.7| 8 | 21 | 10 | 13.8
Na | 424 | 885|500 | 620 | 370 | 800 | 200 | 280 | 380 | 385 | 282 | 435 | 270 | 250 | 450 | 292 | 534 | 285 | 327
Table (3); continued

Item [10B| 11A |11B | 12A |12B | 13A | 13B |14A| 14B [15A[15B | 16A | 17A |18A | 19A |19B | 20A | 20B |[Raw
Cl [774] 510 | 661 | 380 752 |1134 |1250 (1449|1153 {320 |340 | 534 | 250 | 253 | 231 |425 | 154 | 338 |1160
CO; | O 0 0 0 0 4 4 4 4 0| O 0 0 24 | 25 0 | 13 0 (204
HCO3; |259| 250 | 195 | 240 |243 | 111 | 145 | 85 | 150 |200 |326 | 235 | 290 | 200 | 207 |275 | 260 | 231 | 505
NO; |6.2|135 |47 | 7.1 |39| 60 [53.6|60 |31.2 |20.2(0.2 |153 (029 | 0 (092 |0.2| 0.2 [ 0.6 |11.4
SO, |110| 100 | 110 | 93.7 |104 | 235 | 185 | 327 | 187 |59.8| 44 | 138 | 34 |31.9| 32.8 |62.3| 57 | 41 |250
Ca 80.7|76.4 |64.2|62.2 |48.2| 160 | 153 |183 | 136 |29.7(52.1| 110 (20.4 |29.3 | 276 | 35 | 26 | 33 | 200
K 5 5 7 |265| 6 [46 |59 |5 [57 |4 | 4 4 2 2 | 117 3 |1.26| 3 | 40
Mg |15(16.2 | 17 (269 |33.8] 61 | 61 |73 | 49 (3.49|12.2| 40 |10.2 (16.3|16.8 | 14 (147 | 9 50
Na [575| 350 (485|254 |500| 611 [ 610 |721| 616 |280|280 | 310 | 240 | 204 | 200 [370| 175 | 290 595
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3.2.1. Data Processing

The results in ppm, epm (meg/l) and in epm% is as shown in Table (4). Also, it was subjected to correctness
and instrumentation validity and hydrochemical classification.

Table 4); (major ions+ CO, and NO,) as epm and epm%o

Item 1A 1B 1A 1B JA 3B 44 |4B 5A |5B 6A |6B [TA | 7B 8A 8B 94 |98 10A
€03 epm 053 |0 0 0 0.87 |0 0.93 1033 |043 |0 087 |0 0 0 0 0 0 0 0.4
CO3epm% [ 211 |0 0 0 4.3 0 Bo |251 |01 |0 43 |0 0 0 0 0 0 0 12
Clepm 163 (371 |1 132 151 |40 54 |86 143 | 142 129 [ 161 (786 |732 (192 [%15 [165 |81 11.2

Clepm%a 647 | B05 | TR4 | TRS [ T3T7 M5 (498 | 652 | 665 | T 631 |69.2 [584 [SBB [ 635 |59 719 | 584 | 613
HCO3epm | 439 | 295 [ 146 456 |[356 | 395 |41 369 (413 | 369 528 | 351 [533 [467 375 |369 | 2E7T |S5.08 | 525
HCO3 pm% | 174 | 64 9.2 154 |172 (834 (378|279 |193 [I187 58 [ 151 396 [375 | 124 | 238 [ 17 | 366 | 287
NO3 epm 009 (02 0002 | 004 (008 | 0003 | O 006 | 0.09 | 0.09 0.3 | 0217 [0.011 | 0.003 | 1056 | 2 0.54 0.1 (.16
NO3em% | 036 | 025 | 001 | 047 | 087 (001 |0 045 | 041 | 046 064 (093 (008 (002 349 | 119 [14 0.72 | 0.87
S04 epii 387 |59 1333 | 16T |08 34 042 1052 (242 | 171 1.26 [ 344 (025 (046 | 625 [067 | 271 |0.59 | L2b
S04epm¥* | 154 | 128 | 124 |56 JBR | TI8 | 387 |39 |13 | 8.8 616 | 148 |1B6 [ 369 [206 |432 |12 415 | 6.89

Sum epm 251 (462 268 | 296 206 | 474 108132 |14 | 197 W4 (233 (135 [ 135 [303 | 155 |22.6 (182 [ 138

Caepm 38 915 |36 373 236 | B55 |05 )1 36 |3 L7 385 (071 |13 |17 1.3 13 155 |17

Caepm%a 153 | 187 | 1%l |1L6 |ILS |I7.7 |7.93 (716 |154 |14.2 114 | 155 (541 (918 |248 |88 (116 | 104 | 149
Kepm 0.55 [ 013 (008 | 013 |01 0.1 0.08 | 0.1 0.08 | 015 0.14 | 028 |0.08 [0l 0.08 |0.08 |0.03 |0.18 | 0.06
Kepm®% 221 (027 029 (041 (049 (041 [0I5)071 | 038 |0.71 093 | L13 06 (075 [026 [0543 (046 (1.2 0.33
Mgepm 1.1 1.2 199 | 123 |[186 | 468 |LOB 066 [131 [1.23 0.81 | L8L |08 L17 |36 (066 | 172 |08 | L13
Mgepm®a 845 | 245 727 383 (W11 |97 101|473 |6l 5.83 541 (129 | 601 | RT3 [ 1062 | 448 | 607 [548 | 624
Naepm 184 | 385 |17 |17 161 | 348 |87 [122 [165 |16.7 123 [ 189 [ILT [109 (1946 |127 |232 | 124 | 142

Na epm%o T4 TB6 | 793 | 841 | 788 | TLI | BLY |BT4 |78 79.2 823 |76 [ 8797 [ BL34 | 63.27 | BG.l6 | 1B | B2.9 | THS
Sum epm 21485 | 48.98 | 27.37 | 3209 | 20.42 | 4813 13.96 | 2115 [ 2108 | 14.95 | 24.84 133 [ 134 | 3098 | 1474 | 2835 | 18.09 | 1495
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WB [IIA [1IB |12A |12B |I13A |13B |14A | 14B |I5A |15B |[16A |17A |I8A |19A |19B |20A |20B | Raw
COyepm 0 0 0 0 0 003 (003 1001 (003 [0 0 0 0 08 (083 |0 043 [0 0.68
CO3epm®% |0 0 0 0 0 03 (03 (002 |033 |0 0 0 0 674 | 727 |0 41 |0 145
Clepm 2.8 144 186 [I07 212 319 |35 408 |35 9001 |96 |15 |7 713 (65 |12 433 |45 31T
Clepm® To.7 (693 |77 (64l |73 803 |B3  |Ble [BL |65 | 605 | 6B2 (562 |60.0 | 569 |674 [424 670 | 695
HCO3epm [425 |41 |31 393 |398 LB [238 139 |[246 |328 [534 385 475 (328 |34 | 451 |46 370 |81
HCO3 epm®% | 15 19.7 (132 |135 (145 | 458 (561 |178 |6l3 |26 |336 | 175|381 (276 | 2979|253 |4L7 |68 (174
NO3 epm 0.09 | 021 (007 (001 (006 |09 |08 |09 |05 |033 | 0003|025 |0.004 |0 0.014 | 0.002 | 0.003 | 0.009 | 0.16
NOJ epm 034 | LOI (029 (066 (022 (242 (203 (192 |LIT 134 [002 |LI4 (0082 |0 0123 | 0.01 (003 | 0064 | 034
504 epm 119 [ L08 (119 [195 |[LIT |49 |3BS |oRl |39 125 |092 |188 [O71 |[0.66 |068 |13 [ LI9 |08 |52
S4epm®% | 805 |10 (948 |ILT |79 123 (907 |16 |99 |9 58 131 [569 |556 | 595 |73 |1l6 |6 11
Sum epm 843 | 2079 | 2406 | 1669 | 2741 | 3071 | 4241 | 4997 | 3949 | 1386 | 1586 | 2198 | 1246 | 1187 | 1142 | 17.81 [ 1021 | 14.14 | 47.01
Caepm 403 |38 |3l (31 |41 |8 765 (915 (68 |15 |6 |55 [L02 146 | 138 |L75 (13 | L65 | 119
Ca epm'a 131 | 186 |124 |IB9 (B91 |20 (194 (196 |18 106 |16 |245 |828 (114 |12 |%17 |12B |104 (277
K epm 0.13 013|008 [007 015 002 J005 (003 [005 |00 |01 j00 (005 |[0.05 [0.03 |[0.08 [0.03 |0.08 |L02
K epm% 0428 | 0.635 | 0.69 | 0427 |0.55 | 0303 | 038 |0.279 [ 0397 | 071 | 0.629 | 0446 (0400 | 0427 | 0261 |0.42 |0.2% | 053 |17
Mg epm 1.3 |13 |14 |22 |78 |50 |50 |@ 403 |02 |1 310 (084 |13 |13 |LI5 (L2 074 |41
Mgepm®e | 405 | 649 (54 | 135 (103 |17 [1&7 |129 | 107 | 206 |629 | 147 |68 | 114 |I200 603 |1L9 (491 |9.57
Na epm 15 151 |11 |11 7 [ 165 |65 (313 |268 |IL1 |13l |135 |04 |RAT |87 |16l |76 | 1L6 |259
Na epmta BLl |41 |B15 [6T0 |02 | 668 | 674 [671 |T09 (866 | 7673|603 |B4S | 7AT | TAT |B44 749 | 836 | 603
Sut epm 3039 | 2048 | 2589 [ 1639 | 1704 | 39.64 | 3931 | 4658 | 3778 | 14.09 | 159 | 2139 [ 1131 [ 1172 | 1149 | 19.08 [ 10.04 | 1507 | 4293
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3.3. Analyses’ Correctness and Instrumentation Validity

A few samples with ionic concentrations above 50 epm have been
excluded from the analysis, the procedures for checking analyses’
correctness and instruments’ accuracy as ionic balance and TDS-to-
EC ratio were applied to water samples analyses’ results.
1- lonic balance error %:

The anion and cation sums must balance because water is
electrically neutral, the ionic balance % (U), is equal to the absolute
difference between total of cations and anions concentration on total
for these concentrations in epm, and calculated using Egs. (2,3)
[22,23]. When U<5, the result could be accepted, but if 5<U<10 the
result will be accepted with risk [24].

U = (r cations — r 2. anions/r2. cations + 2. anions)x100 2)
A=100-U (3)

Where; U, is the uncertainty; r is a value in equivalent per mile
(epm), and A is the certainty or accuracy.
As shown in Table (5), the ionic balance of nearly all and Raw
samples are < 5%. Which indicates that there is an electro-
neutrality, i.e the concentration of negative and positive ions is
nearly similar with nearly 100% certainty [22, 25]. So, the accuracy
of the results could be used and dependent on it in hydrochemical
interpretation [24].

2- Measured TDS and Conductivity Ratio
The TDS,, - to - EC ratio could be used to determine the analyses’
correctness and instruments’ accuracy and the standard ratio ranges
from 0.55 to 0.7. If it is out, then either TDS or conductivity is
suspect and needs to re-analyze [5]. The results in Table (5) reveals
that all samples are within limit, i.e. accurate & accepted.
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Table (5); ionic balance, accuracy and TDSm-to-EC ratio

Item 1A | 1B |24 | 2B | 3A | 3B | 4A | 4B | 5A | 5B | 6A [ 6B | 7A | 7B | 8A | 8B | 9A | 9B | 10A
L Anions 1518 | 46.21 26.792) 29.57 | 20.61 |47.353 | 10.85 | 13.2 | 21.37 | 19.69 | 20.44 | 23.267 |[13.451 | 12.453 | 30.256 | 15.51 | 22.62 | 18.27 | 13.87
¥ cations 24.85 | 4898 |27.37| 32.09 | 20.42 | 48.23 | 10.71 |13.96| 21.15 | 21.08 | 14.95 | 24.84 | 133 | 134 | 3098 | 14.74 | 28.35 | 18.09 | 1495
Y Cat+ X Ani | 50.03 | 95.19 54.162| 61.66 | 41.03 |95.583 | 21.56 |27.16| 42.52 | 40.77 | 35.39 | 48.107 |26.751 | 25.853 | 61.236 | 30.25 | 50.97 | 36.36 | 28.82
T ecat-X Ani | -0.33 | 277 |0.578) 2.52 | -0.19 | 0.877 | -0.14 | 0.76 | -0.22 | 139 | 549 | L573 |-0.151 | 0.947 | 0,724 | -0.77 | 573 | -0.18 | 1.08
ionic balance |-0.0066 | 0.0291 0.0106| 0.0409 | -0.005 | 0.009 | -0.006 |0.028 |-0.0051| 0.034 | -0.155 | 0.0327 (-0.005 | 0.037 | 0.012 | -0.025 | 0.112 | -0.005 | 0.037
U -0.66 | 2.91 |1.067| 4.087 | -0.46 | 0.917 | -0.65 |2.798|-0.517 | 3.409 | -155 | 3.27 |-0.56 | 3.663 | L.18 | -2.54 | 11.24 |-0495 | 375
A 1006 | 97.1 | 989 | 959 |100.46 | 99.08 |100.65 |97.20 [ 100.51 | 96.59 | 115.5 | 96.73 |100.56| 96.34 | 98.81 | 102.5 | 88.76 | 100.5 | 96.25
TDSm/EC 064 | 064 |0.63 | 064 | 064 | 064 | 064 | 0.64 | 0.64 | 063 | 064 | 0.64 | 0.64 | 064 | 064 | 064 | 064 | 064 | 0.03
Table (5) ; continued
Item 0B | 11A | 1B [12A | 12B | 13A | 13B | 14A [14B| 15A | 15B [16A| 17A | 18A | 19A | 19B | 20A | 20B [ Raw
T Anions | 2844 | 2079 | 2416 | 1669 | 2741 | 3971 | 4242 | 49.97 [39.49(13.86 | 1586 |21.98| 12464 | 1187 | 1142 | 1781 | 1021 | 1415 |47.01
Tcations | 3039 | 2048 | 2589 [ 1639 | 2704 | 3064 | 3932 | 4658 [37.78] 14.09 [ 159 [22.39 1231 [ 1072 [ 1149 | 19.08 | 10.14 | 1507 [42.93
TcatL An | 5883 [ 4127 [ 5005 [33.08 | 5445 | 7935 | 8174 | 96.55 [77.27(27.955 |31.763 [44.37| 24.774 | 23.59 [22.914 | 36892 | 20.353 | 20.219 | 89.94
TeaLAn | 195 | 031 | 173 | 03 | 037 | 007 | 30 |-339 |70 0.225 | 0.037 [0.41 | 0154 | -0.15 | 0.066 | 1.268 | -0.073 | 0.921 | -4.08
ionic balance | 0.033 | -0.0075 | 0.0345 | -0.009 | -0.0068 |-0.0008 | -0.0379 |-0.0351}0.022| 0.008 | 0.001 [0.009| -0.006 |-0.006 | 0.003 | 0.034 | -0.0036 | 0.0315 |-0.045
U 330 | 075 | 345 | -09 | 068 | -008 | -379 [-350 [-22| 080 [ 01 [09| 06 |06 | 03 | 34 | 036 | 315 | 45
A 96.69 | 100.75 | 96.54 | 100.9 | 100.68 | 100.08 | 103.79 |103.51 [102.2] 99.2 | 999 [99.1| 1006 | 100.6 | 99.7 | 966 | 10036 | 96.85 | 1045
TDSm/EC | 0.64 | 064 | 0.64 | 064 | 064 | 06 | 065 | 0.65 [0.65] 0.64 | 0.64 [0.64 ] 064 [ 064 [ 0.64 | 0.64 | 064 | 064 | 0.61

3.4. Hydrochemical Properties
1.Hydrochemical formula (Kurolov formula) and water type
Kurolov formula and water type was determined for results Tables (2, 4) using Eq. (1),as shown in Table (6).
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Table (6): Hydrochemical formula

tem| CI HCOg | 8O4 | Ca K Mg Na Hydrochemical Formula Water type Pred. |No. &%
epm% | epm% |epm%o|epm% epm% | epm¥ |epm% salts
1A 66.3 17.9 157 | 153 | .21 845 74 |1625 (Cl(66.3%)HCO3(17.9%)S04(15.] (Ca-Sodium-SO.-HCOx- | NaCl | (1)2.7
Na(74%)Ca(15.3%)8.3 Chloride)
8A 65.7 1284 | 214 | 2485 | 0.26 1162 | 63.26 1997 (CI(65.7%)S04(21.4%) (Ca-Sodium-80,-Chloride) | NaCl | (1)2.7
/Na(63.279%)Ca(24.8%) 7.3
1B 80.7 6.41 129 | 187 | 0.26 245 78.6 3187 CI(80.7%) (Ca-Sodium-Chloride) NaCl (6)
/Na(78.6%)Ca(18.7%) 7.75 16.21
B 84.5 8.3 718 | 17.73 | 041 2.7 7215 3283 (Cl(84.5%) (Ca-Sodium-Chloride) NaCl
/Na(72.1%)Ca(17.7%) 7.55
13A| 826 4.71 12.68 | 20.18 | 0.3 12.66 | 66.85 2400(C1(82. 6%) (Ca-Sodium-Chloride) NaCl
/Na(66.8%)Ca(20.2%)) 76.5
13B| 849 5.76 9.29 [ 1945 | 0.38 1077 | 674 2707(C1(84.9%) (Ca-Sodium-Chloride) NaCl
/Na(67.4%)Ca(19.4%)7.9
14A( 832 .83 13.89 | 19.64 | 0.28 1288 | 67.2 3280 (C1(83.2%) (Ca-Sodium-Chloride) NaCl
/Na(67.2%)Ca(19.6%) 7.7
14B| 836 6.33 10 18 0.4 10.67 | 70.94 2652(Cl(B3. 6%) (Ca-Sodium-Chloride) NaCl
/Na(70.9%)Ca(18%))7.8
2A 84 9.2 124 | 131 | 029 127 79.3 1720 (CI(78.4%)/Na(79.3%)8.4 (Sodium-Chloride) NaCl 4)
9A 4.7 13 12.27 | 11.64 | 046 6.07 | 81.83 | 1829 (Cl(74.7%)/Na(81.8%))7.67 (Sodium-Chloride) NaCl 10.81
1IB| 772 13.3 9.5 124 0.7 54 81.5 1669 (CI(77.2%)/Na(81.5%))7.05 (Sodium-Chloride) NaCl
12B| 715 14.55 793 | 891 | 055 10.28 | 80.25 1881(C1(77.5%)/Na(80.2%))7.74 (Sodium-Chloride) NaCl
B | 788 155 | 567 [ 11.62 | 04 383 | 841 | 2112 (C1(78.8%)HCO3(15.5%) (Sodium-HCO,-Chloride) | NaCl | (19)
/Na(84.1%)7.71 51.35
3A 7 182 409 1.5 | 049 9.1 7838 1231 (CI(77.7%)HCO3(18.2%) (Sodium-HCO3-Chloride) | NaCl
/Na(78.8%)8.3
4A 544 413 423 | 793 | 075 10.1 81.23 | 663 (Cl(54.4%)HCO3(41.3%) (Sodium-HCO;-Chloride) | NaCl
/Na(81.2%)8.4
4B 67.1 188 406 | 716 | 0.71 473 | 87.39 | 925 (Cl(67.1%)HCO3(28.8%) (Sodium-HCO;-Chloride) | NaCl
/Na(87.4%))8.34
5B 724 188 871 | 141 | 071 583 792 | 1641 (CI(72.4%)HC03(18.8%) (Sodium-HCO;-Chloride) | NaCl
/Na(79.2%)7.59
6A 66.3 171 6.5 | 1137 | 0.94 542 823 1114 (Cl(66.3%)HC03(27.1%) (Sodium-HCO;-Chloride) | NaCl
/Na(82.3%)8.4
TA 58.5 3.6 1.86 | 541 0.6 6.01 87.97 | 846 (CI(58.5%)HC03(339.6%) (Sodium-HCOs-Chloride) | NaCl
/Na(87.97%))7.85
B | 58.8 37.51 369 [ 9.08 | 0.74 873 | 81.34 | 891(CI(58.8%)HC03(37.5%) (Sodium-HCO;-Chloride) | NaCl
/Na(81.3%)) 8.02
8B 67.7 27.31 496 | 882 | 0.54 448 | 86.16 (996 (CI(67.7%)HC03(27.3%) (Sodium-HCOs-Chloride) | NaCl
/Na(86.16%))7.88
9R | s8R 69 | 428 | 1037 ] 12 548 | R2.04 | 940 (CI(5R K%%)HC03(36 9%) (Sadinm-HCOO-Chlaride) | NaCl
/Na(82.9%))7.75
10A | 63.2 29.64 TAL | 1492 | 033 6.24 78.51 | 1104(C1{(63.2%)HCO3(29.64%) (Sodium-HCO3-Chloride) | NaCl
/Na(78.5%))8.39
10B| 769 14.99 808 | 13.26 | 0.43 4.05 82.26 | 1910 (Cl(76.9%)HCO3(15%) (Sodium-HCO,-Chloride) | NaCl
/Na(82.2%)7.82
15A| 665 24.22 9.23 | 10.64 | 0.71 206 86.6 | 943 (CI(66.5%)HCO3(24.2%) (Sodium-HCO,-Chloride) | NaCl
/Na(86.6%))8.1
17A | 56.1 38.12 57 8.28 0.4 6.82 84.48 | 821 (CI(56.1%)HCO3(38.1%) (Sodium-HCO,-Chloride) | NaCl
/Na(84.5%)) 7.94
18A | 644 2963 | 596 | 1246 | 043 | 1143 | 75.68 | 740 (CI(64.4%)HCO3(29.6%) (Sodium-HCOy-Chloride) | NaCl
/Na(75.7%))8.38
194 614 324 643 | 1201 | 0.26 12.01 | 75.72 | 749 (CI(61.4%)HCO3(32.14%) (Sodium-HCO-Chloride) | NaCl
/Na(75.7%))8. 46
19B| 674 25.32 7.3 217 | 042 6.03 84.38 | 1224 (CI(67.4%)HCO3(25.3%) (Sodium-HCO,-Chloride) | NaCl
/Na(84.4%))7.89
20A| 442 4356 | 1217 | 1282 | 0.3 1193 | 74.95 | 643 (Cl(44.2%)HC0O3(43.56%) (Sodium-HCO3-Chloride) | NaCl
/Na(74.9%))8.33
0B | 67.1 26.8 6.01 | 1095 | 0.53 4.91 83.61 | 966 (Cl(67.1%)HCO3(26.8%) (Sodium-HCO3-Chloride) | NaCl
/Na(83.6%))7.6
S5A | 686 19.8 1.6 | 1541 | 038 | 619 78 1319 (C1(68. 6%)HCO3(19.8%) (Ca-Sodium-HCO3- NaCl | (6+raw)
/Na(78%)Ca(15.4%))8.37 Chloride) 16.21
6B 69.8 152 1492 | 155 113 7.29 76.1 1651 (C1(69.8%)HCO3(15.2%) (Ca-Sodium-HCO3- NaCl
/Na(76.1%)Ca(15.5%) 7.61 Chloride)
11A| 6997 19.92 10.1 | 1865 | 0.63 6.49 74.22 1356 (C1(69.97%)HCO3(19.92%) (Ca-Sodium-HCO3- NaCl
/Na(74.2%)Ca(18.65%))7.89 Chloride)
12A] 645 237 1176 | 1897 | 0.43 1348 | 67.11 1081(Cl(64. 5%)HCO3(23. 7%) (Ca-Sodium-HCO3- NaCl
Na(67.1%)Ca(18.97%)) 7.81 Chloride)
15B| 6.5 33.67 5.8 1635 | 0.63 6.29 76.73 1182 (C1(60.5%)HCO3(33.67%) (Ca-Sodium-HCO3- NaCl
/Na(76.73%)Ca(16.3%))7.87 Chloride)
16A 69 17.71 13.25 | 24.56 | 045 14.69 60.3 1404(C1(69%)HCO3(17.7%) (Ca-Sodium-HCO3- NaCl
/Na(60.3%)Ca(24.5%))7.45 Chloride)
Raw| 708 1791 | 1126 | 27.72 | 237 | 9.57 | 6033 2858 (C1(70.8%)HCO3(179%)/ (Ca-Sodium-HCO3- NaCl
Na(60.3%)Ca(27.7%))7.38* Chloride)
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Kurolov formula showed that there are six hydrochemical formula in the study area and the predominant salt
is NaCl, sodium chloride water type, as shown in Table (7) the six hydrochemical formula are:

Sodium-HCO3 Chloride 51.35%
Ca-Sodium-HCO3-Chloride 16.21%
Ca-Sodium- Chloride 16.21%

Sodium-Chloride10.81%
Ca-Sodium-SO,-HCO3-Chloride 2.7%
Ca-Sdium-SO,-Chloride 2.7%

2.Hypothetical Salts

Water hypothetical salts for results in Table(4) were calculated by correlation between anions and cations Table(7).
Table (7); Hypothetical salts for water samples of study area

Hypothetical salts 1A 1B A 2B IA 3B 4A 4B SA 5B 6A 6B TA B 8A 8B DA 98B 10A 108
KC1 2.21 0.26 0.29 0.4 0.49 | 041 | 0.75 0.71 0.38 | 0.71 | 0.94 1.13 0.6 0.74 0.26 0.54 046 1.2 0.33 043
NaCl 6409 TR.6 T8.A1 | 784 | 7721|7215 |53.65 | 66.39 |68.22 |T6.69 6536 68.67 57.9 58.06 63.26 67.16 T4.24 57.6 6287 |T6.47
MgCl, 0.0 1.84 0.0 0.0 0.0 9.7 0.0 0.0 [IX1] 0.0 0.0 0.0 0.0 0.0 2.18 0.0 0. 0.0 0.0 0.0
CaCl, 0.0 0.0 (1K1} 0.0 0.0 2.24 0.0 0.0 0.0 (1K1} 0.0 0.0 0.0 0.0 0.0 0.0 [ X1} 0.0 0.0 0.0
K; SO, 0.0 0.0 (1K1} 0.0 0.0 0.0 0.0 0.0 0.0 (1K1} 0.0 0.0 0.0 0.0 0.0 0.0 [IX1} 0.0 0.0 (1K}
MNax S0, 991 0.0 1.19 | 5.67 | 1.59 0.0 4.23 4.06 9.78 | 2.51 6.5 T.43 1.86 3.69 0.0 4.96 T7.59 4.28 T.11 5.79
Mg SO, 5.79 0.61 11.21 | 0.0 25 0.0 0.0 0.0 1.82 | 5.83 0.0 7.29 0.0 0.0 944 0.0 4.68 0.0 0.0 2.29
CasS0y, 0.0 12.29 0.0 0.0 0.0 T.18 0.0 0.0 0.0 0.38 0.0 0.z 0.0 0.0 11.96 0.0 0.0 0.0 0.0 0.0
NaHCO; 0.0 0.0 (1K1} 0.03 0.0 D0 |2335| 16.94 0.0 oo 1044 0.0 28.21 19.59 0.0 14.04 (X1} 21.06 8.53 (1K1}
Mg(HCO ;) 2.66 0.0 (1K1} 3.83 [ XY .6 10.1 4.73 4.37 (1K1} 5.42 0.0 601 8.73 0.0 4.48 1.39 5.48 6.24 1.76
Ca(HCO;), 15.24 641 5.26 |11.62) 11.5 8.3 T.85 T7.13 15.41 |13.82 |11.24| 15.2 5.38 9.18 12.84 8.79 11.61 10.36 14.87 |13.23
Table (7): continued
Hvpothetical salts 108 11A |[11B | 12A 128 13A 13B 14A 148 15A 158 16A 17TA 18A 194 198 20A 208 Raw*®
KCl 0.43 0.63 | 0.7 | D43 | 0.55 0.3 0.38 | 0.28 0.4 0n.71 0.63 0.45 0.4 .43 0.26 0.42 0.3 0.53 237
MNaC'l T6.47 6934 | 76.5| 64.07 | 76.95 ) 66.85 | 67.4 | 67.2 |70.94 | 65.79 | 59.87 | 60D.3 | 55.7 0©3.97 6114 6698 43.9 66.57 60.33
MegCl; 0.0 0.0 . [IX1} o0 12.66 |12.77 |12.88 | 1067 | 0.0 0.0 8.25 0.0 0.0 0.0 0.0 0.0 0.0 8.1
Call, 0.0 0.0 . 0.0 0.0 2.79 4.35 2.84 1.59 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (1K1} .0 LK1}
K; S0, 0.0 0.0 LI} 0.0 0.0 LI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (1K1} 0.0 0.0
MNa; SO, 5.79 4.88 5.0 3.04 3.3 0.0 0.0 0.0 0.0 9.23 5.8 0.0 5.7 5.96 6.43 7.3 12.17 6.01 0.0
Mg SO, 2.29 5.22 4.5 8.72 4.63 X1} 0.0 0.0 0.0 0.0 0.0 G444 0.0 0.0 0.0 0.0 (1K1} 0.0 1.47
CaS0y, 0.0 0.0 0. 0.0 0.0 12.68 | 9.29 | 13.89 10 0.0 0.0 6.81 0.0 0.0 0.0 0.0 (1K1} 0.0 9.79
MNaHCO; 0.0 0.0 LI} 0.0 0.0 LI 0.0 0.0 0.0 11.58 | 11.06 0.0 | 23.08 5.75 8.15 10.01 18.88 11.03 0.0
Mg[HCO_;h 1.76 1.27 0.2 4.76 5.65 0.0 0.0 0.0 0.0 2.06 6.29 0.0 6G.82 11.43 12.01 6.03 11.93 4.91 0.0
Ca(HCO;), 13.23 |I18.65|12.4) 18.94 8.9 4.71 576 2.83 6.33 |10.58 | 16.32 |17.71| B.22 12.45 11.98 217 12.75 10.86 17.91
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The combination between major anions and cations reveals the
formation of seven assemblages of hypothetical salts combinations
as shown in Tables (7, 8). About 45.95% of the groundwater
samples are characterized by assemblage |, about 24.3% are
characterized by assemblage Il, and about 10.8%characterized by
assemblage 111 and about 8.1% and raw sample are characterized by
assemblage 1V. They are characterized by the presence of NaCl,
Na,SO,, NaHCO;, Mg(HC03)2 and Ca(HCOS)Za NaCl, Na,SOy,
MgSO,4, Mg(HCO3), and Ca(HCOs),; NaCl, MgCl,, CaCl,, CaSO,,
and Ca(HCOs3), and; NaCl, MgCl, MgSO, CaSO,, and
Ca(HCOs;),salts respectively. Assemblages V characterize about
5.4% of the groundwater samples is characterized by the presence of
NaCl, Na, SO,, MgSO,, CaSO, and Ca(HCO,),. Finally; each of
assemblages VI and VII characterize about 2.7 % of samples are
characterized by hypothetical salt assemblage (I11) NaCl, MgCl,,
CaCl,, CaSO,, Mg(HCO3), and Ca(HCO;), and; NaCl, Na,SO,,
MgSQO,, and Ca(HCOs) respectively. Assemblages NaCl, MgCl,,
CaCl,, CaSQ,, and Ca(HCOs,),, in water samples 13A, 13B, 14A
and14B (localized in east side of the site) which is similar to that of
Nile water and forms only 10.8%, which confirms that the recharge
from River Nile in this region is very week .Generally, the aquifer
in this region is not belongs to the river Nile aquifer, Table (8).The
presence of marine salts of NaCl, Na,SO, and MgSQO, and CaSQ, is
may be due to the flushing of salt water by fresh water through local
heavy infiltration of rainwater in the past pluvial times. The long—
term contact time between rock matrix and water also, due to the
dissolution of these salts encountered in the quaternary and pliocene
water bearing sediments [11].
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Table (8); Assemblages of hypothetical salts for wells and raw water
samples of study area

Assemblages of hypothetical/Classifi Sample no. Number| %
salts combinations -cation
NaCl, Na2 SO4, NaHCO3, | 2B, 4A, 4B, 6A, 7A, 7B, 8B, 9B, 10A, 17  |45.95
Mg(HCO3)2, Ca(HCO3)2 15A, 15B, 17A, 18A, 19A, 19B, 20A, 20B
NaCl, Na2 SO4, Mg SO4, I 1A, 3A, 5A, 9A, 10B,11A, 11B, 12A,12B 9 24.3
Mg(HCO3)2, Ca(HCO3)2
NaCl, MgCl2, CaCl2, 11 13A, 13B, 14A, 14B, (localized in East 4 10.8
CaS04, Ca(HCO3)2, side)
NaCl, MgCI2, Mg SO4, v 1B, 8A, 16A, and (Raw) 3 8.1
CaS04, Ca(HCO3)2
NaCl, Na2 SO4, Mg SO4, Vv 5B,6B 2 5.4
CaS04, Ca(HCO3)2
NaCl, MgCl2, CaCl2, VI 3B 1 2.7
Caso04,
Mg(HCO3)2,Ca(HCO3)2,
NaCl, Na2 SO4, Mg SO4, | VII 2A 1 2.7
Ca(HCO3)2
NaCl, Na, SO4, Mg SO, 11 |1A, 3A, 5A, 9A, 10B,11A, 11B, 12A, 12B 9 24.3
Mg(HCO3),, Ca(HCO),
NaCl, MgCl,, CaCl,, 11 13A, 13B, 14A, 14B, (localized in East 4 10.8
CaS0O,, Ca(HCO,), side)
NaCl, MgCl, Mg SO, v 1B, 8A, 16A, and (Raw) 3 8.1
CaS0,, Ca(HCO,),
NaCl, Na, SO4, Mg SO, Vv 5B,6B 2 5.4
CaS0O,, Ca(HCO3),
NaCl, MgCl,, CaCl,, VI 3B 1 2.7
CaSO0y,
Mg(HCO3)2,Ca(HC03)2
NaCl, Na, SO4, Mg SO, VII 2A 1 2.7
Ca(HCO3),

3.Hydrochemical Indicators

Hydrochemical indicators ratios between the different major
ions,Table (5), as; rCa/rCl, rCa/rMg, rMg/rCl, rNa/rCl, rK/rClI,
rSOL/rCl, rNa+rK/rCl, rHCO/rCl and (rNa+rK)-rCl/rSO,4, were
calculated, Table (9).
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Table (9)Average of hydrochemical indicators for water sample.

Item 1A | 1B | 2A | 2B |3A (3B |4A | 4B [ 5A |SB | 6A | 6B | 7A | 7B [ BA | 8B [ 94 | 98B |10A | 10B
ri/rCl 0,034 [0.003 | 0.004 (0006 |0.007 0,005 [0.015 |0.012 [0.006 (0011 | 0.001 0017 | 0.010 (0014 (0.004 | 0.009 | 0.O08 [0.022 (0L005 [ 0006
rNa/rCl L13 [ 104 | 103 [ 116 [ 106 [087 [ 161 [ 142 [ 105 [ 108 [ 095 [ 107 [ 149 | 149 [ 102 [ 139 | 141 | 153 [ 127 L13
rCalrl’l 023 035 | 017 [ 016 [0a6 [0.20 [ 006 [0.02 [0.23 [ 0.21 | 0.3 [ 024 | 009 [ 17 [ o040 [ 004 [ 020 [ 019 [ 034 [INT]
rMg/rCl 013 | 003 | 009 [ 005 (002 002 [ 020 [ 008 | 0.09 | 009 | 006 [ 001 | 000 | el6 [ 009 [ 007 | e | 0o | oo .06
rCa/rMg LE1 [ 763 | 1A1 [3.03 [1.27 [ 183 [0.79 [ 152 [ 249 [ 244 [ 200 [ 213 [ 090 | 105 [ 204 [ 197 | 192 [ 189 [ 239 338
rMgrCa 055 | 003 | 055 [ 033 (079 [ 0.55 | 127 [ 066 | 0.40 | 0.41 | 048 [ 047 | LI1 | 095 [ 047 [ 051 | 0.52 | 053 | 0.42 031

rEOg/ril 0.24 | 016 | 016 07 [ 005 | 0.09 | g | 0.0 | 017 | 0012 | ol | 02l 003 [ e | 033 0.7 .16 W7 | 011 011
Ny 0T [0.000 ) Lo0T ] | un (O | Oueed | 0.00 ) 0.0l | 0001 | 001 | 001 ) 0.001 [ uooT | 006 0.22 003 XX .M
rHOCO/rCl 0.27 | 0.08 012 020 [ 023 | 000 | 76 | 043 | 029 [ 026 | 041 | 022 | 068 | 64 020 0.40 017 63 | 0.47 019
(CatMg)yHOO; | 1.34 | 3.51 227 L [ 119 | 335 | 047 | 045 | 111 | 115 | 048 | L6l 029 | sl 3. .53 L.75 047 | 073 1.24
(rMa+rk)rCl | 16 | 104 1.04 L17 [ 107 | 088 | 163 | 1.43 | 106 | L.19 | 0% | 1.19 1.50 1.50 1.03 140 1.41 1.55 | 1.27 115
CUVCOp+t HOOy| 331 [12.61 | 854 S0 [ 343 |13 | LT | 204 ) 304 | 385 | L0 | 4.59 1.47 1.57 512 2.48 5.75 1.59 | 198 5.13
Water Origin_ | Met. | Met. | Met. | Met. | Met. | Mar. | Met. | Mei. | Met. | Met. | Mar. | Met. | Met. | Met. | Met. Met. Met. Met. | Met. Met.
CAl-1 0006 -l | 0004 | -000T (007 | 0013 ) -0u6d |03 | 06 | 0 | o | -0 | -0S0 | -0s0 | 003 ) -0 | -0.40 | -DSS | 02T .15
CAl-2 =030 -6 | 0003 | -0i62 [ | 0.68 | -0062 | 080 | 032 | 048 | ke | 043 ] 070 | -T2 | 004 ) -0ST ] -2 [ -LTH | 43 .50

Table (9); continued

Item 1A 1B A 1B JA 3B 4A 4B SA 5B 6A 6B TA TB | BA [ 8B 24 9B 10A | 108
ri/rCl 0.034 | 0.003 | 0.004 | 0.006 | 0.007 | 0.005 | 0.015 | 0.012 | 0.006 | 0.011 | 0001 | 0.017 | 0.010 | 0.014 |0.004 [ 0.009 { 0.008 | 0.022 [ 0.005 |0.006
rNa/r(l L13 [ 104 | 103 | L16 | 106 | O.B7 | L6l 142 | 115 | LIR | 095 | 117 | 1.49 | 1.49 |02 | 139 [ 141 1.53 | 1.27 | 115
rCa/r(l 0.23 [ 025 | 007 [ 16 | 006 | 021 ) 006 | 002 | 023 | 021 [ 013 [ 024 | 009 | 007 [ 040 [ 014 | 020 | 019 | 024 | D18
rMgr(l 013 | 003 | 0.09 005 | 002 | 002 ) 0.20 ) 0.08 | 009 | 0.09 [ 006 [ 001 | 010 | 006 | 009 [ 007 | 000 | 0.00 | 010 | 0.06

rCarMg 181 [ 763 | LE1 | 303 | 127 | LB3 | 0.79 152 | 249 | 244 | 200 | 213 [ 090 | 105 (204 | 197 | 192 [ 1.89 | 239 | 328
rMg/rCa 055 [ 013 | 055 [ 033 | 079 | 055 | 127 | D66 | 040 | 041 | 048 [ 047 | LI1 | 095 [047 ] 051 | 052 | 053 [ 042 [ 031
r80y/r(Cl 0.24 | 016 | 016 | 007 | 0.05 | 0.09 | 0.08 | 006 | 007 | 012 | 0.10 | 0.21 | 003 | 006 (033 ] 007 [ 016 | 0.07 | 0.11 | 011
N0yl 0.01 | 0.001 | 0001 [ 0,01 | 001 | 0.001 ) 0.000 ) 0001 | 000 | 0001 000 | 0.01 ]0.001 | 0.001 | 006 | 022 ) 003 | 001 | 0.01 [0.001
rHCO4/rC1 0.27 | 008 | 012 | 020 | 023 | 000 | 076 | 043 | 029 | 026 | 041 | 0.22 | 0.68 | 0.64 (020 | 040 [ 017 | 0.63 | 047 | 0.19
(Ca+MgyHCO,| 134 | 351 | 2.27 [ 109 | 119 | 335 | 047 | 045 | LIl | 15 | 048 [ L6l | 029 | 051 |3.00 | 053 | 175 | 047 | 073 | LM
(rNat+rKyrCl | 116 | 104 | 104 | LIT | 107 | O.BF | 1.63 143 | L16 | L19 [ 096 | L19 [ 150 | 1.50 | 1.03 | 140 | 1.41 1.55 [ 1.27 | 11§
CIUCOg+HCOg| 331 | 1261 | B54 [ 509 | 343 [ 103 ) 10T | 204 | 304 | 385 [ 210 [ 459 | 147 | 157 |512 | 148 | 575 | 159 | 198 | 513
Water Origin | Met. | Met. | Met. | Met. | Met. | Mar. | Met. | Met. | Met. | Met. | Mar, | Met. | Met. | Met. |Met. | Met. | Met. | Met. | Met. | Met.

CAI-1 016 [ 004 | -0.04 [ 007 | -0.07 [ 003 [ -0.63 [ 043 | 006 [ -0.19 [ 0.04 | -0.19 [ -0.50 | -0.50 |-0.03 | -0.40 | 041 [ -0.55 | 0.27 [-0.15
CAl-2 -0.30 | 016 | -0.13 [ 062 | -0.18 | 0.68 | -0.62 [ -0.80 | -0.32 [ -0.48 | 0.06 | -0.43 [ -0.70 | -0.72 |-0.04 | -0.57 | -1.12 | -0.78 | -0.43 [-0.50
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Chloride ion used to know the geochemical behavior for
main elements by the ratio of main elements to chloride because
(Cl-) is the most dissolve ion and less influenced by physical and
chemical changes in water. In addition, it is not influenced by
adsorption process and exchange of ion by the clay minerals [13]. If
the indicators are greater than one then the water is from meteoric
origin and less than one is for water from marine origin [9]
Hydrochemical indicators’ ratios, Table (9) as; rNa/rCl range
between 0.75 in well no 13B and 1.76 in well no. 20A. that ratio of
81.1% of samples and raw water are >1 and of meteoric origin and
18.9% are <1 i.e. indicating halide dissolution. Also, it can be
attributed to the existence of a deep recharge from the deeper
aquifers in these wells, so it is of marine origin as reported [9].The
rK/rCl ratios range between 0.003 in well no.1B, and 14A, and
0.034 in well no.1A, also it is 0.031 in raw water sample. A ratio of
94.6% of samples are < 0.019 that excludes addition of K from
fertilizer application and other anthropogenic activities. And the
original source of Na and K ions are the dissolution of halite (NaCl)
and sylvite (KCI) minerals [9]. rMg/rCl ratios range between 0.03 in
well no.1B and 0.28 in well no. 20A, also it is a 0.13 in raw water
sample. A ratio of 64.9% of samples and raw water are > 0.1 and are
of meteoric origin [26]. rCa/rCl ratio range between 0.092 in well
no.7A and 0.37 in well no.16A, also it is a 0.36 in raw water sample
and that ratio of 100% of well samples and raw water are >0.02, and
are of meteoric origin [26]. The values of hydrochemical coefficient
rSO,4/rCl range between 0.03 in well no.7A and 0.33 in well no. 8A,
also it is a 0.16 in raw water sample and that ratio of 97.4% of well
and raw water > 0.05 are of meteoric origin. High value of this
coefficient is mainly due to the dissolution processes of local
terrestrial sulphate minerals present in aquifer materials [26].
rNO3/rCl ratios range between 0.001 in 14wells and 0.22 in well no.
8B, also it is a 0.01 in raw water sample and that a ratio of 100% of
samples and raw water are of meteoric origin as the rNO/rCl ratio
>1.0x10°[26]. The value of the coefficient rHCOs/rCl varies
between 0.03 in well no: 14A, to 0.98 in well no.20A, also it is a
0.25 in raw water sample. And all samples have value <1 which
indicates predominance of Cl over HCO3; due to leaching process of
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chloride from its bearing minerals. The coefficient rCa/rMg shows
high values varying from 0.79 in well no.4A, to 7.63 in well no.1B,
with an average of 2.06, also it is a 2.9 in raw water sample, which
is more related to rainwater value 3.08 than normal sea water 0.21,
and confirms the meteoric water origin of the aquifer in the study
area [11]. The coefficient rMg/rCa shows high values varying from
0.13 in well no.1B, to 1.27 in well no.4A, with an average of 0.61,
also it is a 0.35 in raw water sample, when the Mg /Ca ratio value
<1 then water is of meteoric origin [27]. The value of the coefficient
(rCa+rMg)/rHCO; in the groundwater varies between 0.29 in well
no. 7A to 10.9 in well no.14A, with an average of 1.81 in the area’s
groundwater. Also it is a 1.94 in raw water sample, and ratio of
83.78% of samples > 0.5, which could be attributed to depletion of
HCOs in the aquifer systems, while a 16.2% <0.5 and those around
0.5 are 32.42% and its source of Ca and Mg are mainly from the
carbonate minerals [28]. The value of the hydrochemical coefficient
(rNa+rK)/rCl varies between 0.76 in well no. 13B to 1.76 in well
no.20A, with an average of 1.196,also it is a 0.82 in raw water
sample, and a ratio of 81.08% of samples >1, which indicate other
sources of Na ions than halite and sylvite (KCI) minerals [29]. The
value of the coefficient rCl/(rHCO3+rCQOs3) in water samples have
values vary between 0.92 in well No.20A and 29.14 in well. No.
14A, with an average value of 5.2, also it is a 3.65 in raw water
sample. The wells are categorized into four categories; slightly
contaminated water 27%, moderately contaminated water 54%,
seriously contaminated water 13.5% and highly contaminated water
5.4% [30] as shown in Table (10).

Table (10): Wells samples classification

Category No. | 11 1l v
rCl{rHCO,+rC0y) 1-2 2-6 6-15 15-200
Category Slightly contaminated Muoderately Seriously Highly
description water contaminated contaminated | contaminated
water water water
Wells No. 4A, TA, 7B, 9B, 104, | 1A, 2B,3A, 4B, 5A, 5B, |IB.2A, 3B, 13B and 13A and 14A
158, 17A, 18A, 19A | 0A, GB.8A, 8b, 9A, 10B, 14B
and 20A 11A, 11B, 12A, 12B, 154,
16A, 198,208 and Raw
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3.5. Index of Base Exchange

The ion exchange between the groundwater and its host
environment during residence or travel were determined using data
Table (4), by calculating the chloro-alkaline indices (CAI) [14, 15].
The two chloro-alkaline indices have been calculated as shown in
Table (9) Both of CAl-1and CAl-2values indicate that 18.9% water
samples are positive indicates a direct exchange, whereas 81.1%
samples show reverse exchange (negative indices),i.e. the Ca and
Mg ions dissolute from adjacent rocks to the water reverse forward
reaction[20,31].

3.6. Groundwater Classification

For water classifications according to Piper, Durov and
Schoeller, the results in Table (4) were subjected to Aquachem v3.7
software program was used and for determining the area’s
groundwater type.

1. Piper’s Classification

The results in epm were plotted on piper’s diagram and the resulted
diagram was compared with Langguth Classification as shown in

Fig. (1).
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Figure (1); Piper’s Classification Diagram

Piper interpretation is based on the major chemical elements
of groundwater (Ca®*, Mg®*, K*, Na*, CI", COs* HCO; , SO,%), to
interpret general geochemical evolution pathways of groundwater in
the study area. According to piper diagram, the projected onto the
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third diamond field of diagram was compared with Langguth
classification revealed that all wells and raw water samples fall in
field G and are alkaline water with prevailing of sulfate and chloride
Na'+ K*-S0,%— CI type indicating halite weathering, as shown in
Fig. (1). The dominant cation and anion of groundwater are Na and
Cl, respectively, the predominant salts in water samples are (NaCl),
(Na,SO,4),(MgS0,4) and (CaSQ,), this is confirmed by hypothetical
salt combination as shown in Table(8) [32].

2. Durov’s Classification
The results in epm were plotted on two ternary diagrams where; the
cations values were plotted perpendicularly against those of anions;
the sides of the triangles form a central rectangular as shown in Fig.
(2

Durov Diagram
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Figure (2); Durov’s Classification Diagram

according to Lioyd and Heathcote division of Durov diagram all
wells and raw water fall in two classes as shown in Fig. (2). Field 7;
where, ClI" and Na" dominant frequently indicate end point down
gradient waters through dissolution and, in Field 8; where, SO,*
dominates, or anion indiscriminate and Na“ dominant, is a water
type not frequently encountered and indicates probable mixing or
uncommon dissolution influences [16, 17].

3. Schoeller’s Classification
Concentrations of major ions in epm, were plotted on Schoeller’s
diagram as shown in Fig. (3);
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Schoeller Diagram
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Figure (3);Schoeller’s Classification Diagram

Schoeller’s diagram revealed that the groundwater samples of the
study area nearly had the same trend of major ion increase and
decrease i.e. the similar waters exhibit similar “fingerprints” and all
water samples with high Na content with also has high CI content.
The samples showed a different ionic composition that was
dominated by Na*, with cationic order of abundance Na*> Ca®*>
Mg*epm, and the anionic composition was dominated by CI™>
HCO; > SOf‘epm,i.e, the chemical composition was characterized
by the Na-Cl type as shown in Fig. (3)

4. Gibb’s Classification

The results in Tables (2, 4) were subjected to Gibb’s diagram and
the results as shown in Table (11) Fig. (4).
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5. Chadha’s classification
It was constructed for the results in Table (4), by plotting the difference between alkaline earth and alkali
metals and the difference between weak acidic anions and strong acidic anions in epm% as in Table (11) and

~ =

,,

Fig. (5)
Table (11); Chad ha classification’s calculations
tltem IA [ 1B [ 24 [28[3A[ 3B 4A | 4B | 5A | 5B [ 6A [ 6B [7A [ 7B | 84 [ 8B | 94 [ 9B [ 10A [ 10B [11A
(HCOg+ COy) 1951 | 6.40 | 9.20 [1540]21.50] 8.34 [ 46.40 | 30.41 [ 2131 | 18.70 | 30.10 | 15.10 {39.60] 37.50 | 12.40 | 23.80 | 12.70 | 36.6 | 30.90 | 15.00{19.70
{C1+ 80,) 80.1 | 933 | 90.8 | 84.1 |77.58(91.68) 5364 | 69.09 | 782 | 808 | 69.26 | 84 [60.26] 62.49 | 84.1 | 63.32 | 84.88 | 62.6 [ 68.19 [84.75] 79.3
(HCOg+ COy) - Cl 50,)] -60.59 [ -86.9 | 816 [-68.7]-56.1]-83.3] -7.24 | -38.68] -56.9 | -62.1 [ -39.16 | -68.9 [-20.66] -24.99 | -71.7 [ -39.52 [ -72.18] -26 [-37.29]-69.73] -59.6
(Ca+Mg) 23.75 | 2015 | 20.37 [1543]20.61] 27.4 [ 18.03 | 1189 | 206 | 2003 | 16.79 | 2279 [in.424 17.91 | 3642 | 133 | 17.710 | 158 | 2114 [17.31]25.14
(Na+K) 76.21 | 78.865 | 79.59 [84.50979.29(72.51| 81.95 [88.116| 78.38 | 79.91 | 83.236 | 77.23 [88.57] 82.09 | 63.53 [ 86.703 | 82.26 | 84.1 | 78.83 | 82.62[14.83
(CatMg)-(Na+K) | -5246] -57.7 | -59.2 [-69.07] -58.7] 45.1]-63.92| -76.26 | -56.8 | -59.88 |-66.446| -54.44 |-77.15[ -64.18 | -27.1 | -734 | -64.5 |-68.2|-57.69]-65.32] -49.7
TDS ppm 1625 | 3187 | 1720 [ 2012|1231 [ 3283] 663 | 925 | 1319 | 1438 | 1104 | 1651 | 846 | 891 | 1997 | 996 | 1696 | 940 [ 1104 [ 1910] 1356
CUCHHCOgepm | 0.79 | 0.93 | 0.9 [ 084 | 081]091] 057 [ 070 | 078 | 0.79 | 071 | 0.82 [o60| 061 | 084 | 070 | 0.85 | 0.61 [ 0.68 [ 0.84] 078
Na+K/Na+K+Caepm | 0.83 [ 0.81 | 0.86 [0.88 | 087 [ 080 0.91 [ 0.92 ] 084 [ 0.85 | 088 | 0.83 [0.94] 090 [ 072 [ 091 [ 0.88 [0.89 [ 0.84 [ 0.86 ] 0.80
]
Table (11): continued
liem 11B 124 | 128 | 134 |13B| M4A | 4B | 154 | I5B | 16A | 17A | 1BA 194 198 | 20A 0B Raw
{HCOg+ CO5) 13.20 | 23.50 | 1450 | 488 (591 280 | 656 | 23.60 | 33.60 | 17.50 | 38.10 | 34.34 | 37.06 | 2530 | 4590 | 2680 | 1945
(Cl+ 50y 8648 | 758 | 852 | 926 |92.07) 952 | 922 | 74 | 663 | 813 | 61.BY | 65.66 | 6285 | 47 M 131 80.5
(HCOg+ €O, - CH 80| -73.28 | 523 [ 707 | 87.72 [-86.16] 924 | 8564 | 504 | 327 | 638 |-23.70]-3132] -2579 | 494 | 81 [ 463 | 6145
{Ca+Mg) 178 | 3247 | 1921 | 3.9 |31 325 | 287 | 1266 | 2259 | 39.2 | 151 | 238 | 2401 152 | 24.7 | 1581 | 31.17
{Na+K) 8219 | 67.5 | BO.TS | 67.0 |6T.78) 6748 [ 713 | BT.31 [ 77.36 | 60.7 | B49 | Te3 | 7596 | B4.81 | 752 | B413 | 6147
(CatMyg) -(Na+K) -64.39 | -35.06 | -61.54 | -34.2 |-35.68| -34.98 | -42.6 | -T4.65 [ -54.77 | -21.55 | -69.8 | -5233| 5195 | -69.62 | 505 | -6831 [ -254
TDS ppm 1669 | 1081 | I881 | 2400 2707 | 3280 | 2652 | 943 | 1182 | 1404 | 821 | 740 749 1224 | 43 966 1858
CUVCHHCOg epm 085 | 073 | 084 | 095 [094] 097 | 093 | 073 | 0.64 | 080 | 060 | 0.68 [ 066 0.73 | 050 | 071 (.80
Na+K/Na+K+(Ca epm 087 | 078 | 090 | 077 (078 077 | 080 | 089 | 083 | 071 | 091 | 086 | 086 0.90 | 0.85 | 038 0.69
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Gibb’s diagram showed that the distribution of sample points
residing in the central part of the plot based on ratios of
(Na+K)/(Na+K+Ca) and CI/(CI+HCO3) as a function of TDS,
reflected the supremacy of weathering of rocks with influence of
evaporation crystallization in controlling geochemistry of water
samples from the study area (Fig.4)[4]. None of samples lie in the
lower side of the boomerang, where water composition is dominated
by atmospheric precipitation process.
Chadha’s diagram showed that most of samples fall in seventh sub-
field of the diagram which reveals that alkali metals (Na, K) and
strong acidic anions (Cl, SO,) exceed over alkaline earths (Ca, Mg)
and weak acidic anions (HCO3), respectively Fig. (5). The positions
of data points in the diagram represent Na—CI'—SO,*type. The water
of this type has high TDS value due to dissolution of soluble
evaporated minerals such as halite and gypsum, and Na-Ca
exchange reactions occurring between the groundwater and fined
grain-sediments.
3.7. Hydrochemical Faces in the Study Area

Hydrochemical faces are a function of solution Kinetics,
rock-water interactions, geology and contamination sources, and are
identified from Kurolov, Piper, Durov and Chadha diagrams and
chebotarev [21, 33, 34, 35]. The Kurolov hydrochemical formula
reveals that there are six hydrochemical formulas and the main
water face is Na-Cl. But according a more distinct ways as;
Chebotarev classification depending on TDS content, Table (2), the
water type is ranges between HCOs—Cl fairly fresh water(F3), to
Cl-SOyface,slightly brackish water(B1).According Piper area’s
waters are alkaline water with prevailing of sulfate and chloride
Na+K- SO,+Cl face, also, according Durov Cl- SO4,- Na are
dominant face, but according to Chadha Na-CI-SO,type is the
prevailing face.
Conclusion

The hydrochemical class and water type of groundwater in
West Assiut Electric Power Plant’s area(with respect to the accurate
and valid physiochemical and chemically related properties) are
determined using the hydrochemical formulae’s (Kurolov formula,
hypothetical salts), hydrochemical indices and water type
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identification programs as Piper, Durov, Schoeller, Gibb, and
Chadha were applied for deciding the water class and type. Kurolov
formula showed six groups (assemblages) of salt combination, while
combination between major anions and cations reveals the
formation of seven assemblages of hypothetical salts combinations.
Hydrochemical indicators’ ratios revealed that the recharge from
Nile River is very weak and may be a deep recharge from the deeper
aquifers in these wells. The chloro-alkaline indices indicate that the
major reaction is the dissolution of Ca and Mg to groundwater
(negative indices) and the precipitation of sodium and potassium
into the soil is the minor reaction (positive indices).According to
Piper, area’s groundwater are alkaline water with prevailing of
sulfate and chloride Na+ K-SO,4+ CI face, also, according to Durov
Cl+ SO, Na are dominant face, also according to Chadha Na—
CI+SOgtype is the prevailing face. While Schoeller classified it to
Na and CI and the families are Na—Cl and Gibb reflected the
supremacy of weathering of rocks with influence of evaporation
crystallization in controlling geochemistry of groundwater in the
study area.

The finding of the above work is useful for Determination of

pollutants in the groundwater wells of the plant, and consequently
the method of water treatment, which is chosen according to the
type of use: for agriculture, irrigation, industrial and building
Purposes, human drinking and livestock Purposes.
The research is useful in guiding orgiving an idea for those who
want to use groundwater in the Western Desert region and the
borders of the Assiut Governorate region on water components and
how to treat .
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