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ABSTRACT

The objective of this paper is to study the present hydrogeochemistry of the area between El Daba’a and Ras El
Hekma. Two main water-bearing formations are recognized, thefirst isthe Pleistocene at both El Daba’aand RasEl
Hekma areas, while the second is the Miocene aquifer at EI Daba’a only. The recharging source isthe rainfall. The
groundwater flow directionismainly northward. Fifty groundwater sampleswere chosen to evaluate aquifers’ quality
the groundwater varies from fresh to saline, moderately hard to very hard. The groundwater salinity and the concen-
tration of major constituents increase in the same direction of the groundwater flow, particularly in the Miocene
groundwater. The main water typeis Cl-Na, reflecting the mature phase of groundwater metasomatism. The study of
ion ratios as well as the hypothetical salts reflects the impacts of marine sediments rich in Ca and magnesium on
groundwater quality. The investigated water is super saturated with carbonate minerals, which cause a scale forma-
tion, so it is recommended to be treated beforeuse.  © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Now-a-days, greet attentionispaid by different au-
thoritiesfor the establishment of the new settelments
and land reclamation projects, to overcomethe over
population crisis, which represent thegreater chalenge
to Egypt’sfuture. Inthisrespect, prioritiesaregivento
the northwestern coastal zone of Egypt, whichiscon-
sidered apromising strip dueto itsmild weather easy
accessibility aswell asthe availability of remarkable
precipitation. Theinvestigated arealies between El
Daba’a and Ras El Hekma (longitudes 27°40' and
28°40'E and | atitudes 30°50' and 31°30'N), (Figure 1).
It isgeographically bounded by M editerranean Seadue
north, the el evated plateau duesouth, El Alamain area
to the east and MersaMatruh to the west. The study
areaischaracterized by mild climatic condition. Rain-
fall is considered as the main source of recharge to
groundwater aquifer and affects grestly theamounts of
water goredin such aquifers. Themediterranean coastd
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zone of Egypt recel ves noti ceable amountsof rainfall
especidly inwinter, and therainfal inthe coastal zone
isusually restricted to the coastal, but may extend few
kilometersinland. Themaximumannud rainfal recorded
274.6 mm during 1989 and 1990. Theannual mean of
rainfal isabout 139.2 mmi*4,

Hdr ogeomor phology

The areais dominated by mild topography. It is
dividedintotwo man geomorphicunits; thecoastd plain
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and theelevated plateau (Figure 2).

Thecoagd plain occupiesthe northern narrow strip
adjacent to the present mediterranean shoreline. It
dopesgradualy due north and exhibitselevation rang-
ing fromthe mean sealevel up to about +60m. It dis-
playsdifferent morphol ogic featuresdueto theinflu-
enceof loca physographic and lithologic conditions.
Thelandformsrepresented withinthisplanarethefore-
shoredunes, which congtitutethe out standing land fea
turestretched at severd locdlities(e.g. El Daba’a, Fuka
and Bagqush). These dunes cover portion of the near
shoreridges (composed mainly fromlooseoolitic car-
bonate sands). The foreshore dunes act as a water-
bearing a El Daba’aand Bagqushlocalities. Thelithic
nature of thebinding materid acce eratestheinfiltration
of rainwater, forming afresh groundwater lensesabove
themainwater TABLE.

Thecoastd plainisdominated by severd € ongated
ridges, whichform gentle sweeping curvesrunning sub-
paralle to the present coast. The coastal ridges are
mainly composed of oolitic limestone possessing dif-
ferent degrees of hardness as well asindurated sur-
faces. Accordingtotheir hydrologicresponse, theridges
aredistinguishedinto thenorthern near shoreridgesand
the southerninland ridges. Theformer ridgesare built
up from friable cemented limestone, interbeded by loose
carbonate sand lenses. Such ridges are charecterized
at MersaMatruhlocdity by tidd inletsallowing thedi-
rect connection of seawater with theinland depres-
sion. Thelatter ridgesare mainly composed of moder-
ately hardto hard ooliticlimestone. Theouter portion
of theseridgesisdeveloped into very hard siliceous
crust, which minimizesthevertica percolationof rain
water into theridges. Accordingly, theseridges act as
water divides, wherethe surface water seepstowards
thelow hollowsand depressions. The coastal depres-
sonsarelocated between the el evated ridges and con-
stitute the el ongated shallow topographic depressions.
The surface of these depressions dopesgently north-
ward (amost plateto gently undul ated). Such depres-
sionsareoccupied by thedluvid depositsintermixed
with variable amount of carbonate and quartz sands.
Thedepressionsare considered as collectorsfor sur-
facewater runoff.

Theelevated plateau congtitutesa prominent geo-
morphic unit bounding the coastal plainat itssouthern
sde. It risesto about +100 m abovethemean sealevel
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and regionally slopes northward. Such plateauisbuilt
up of fissured limestones. Itstop portionishighly weath-
ered and devel oped into avery hard pink crust. The
elevated plateau representsthe watershed areain the
western coastal zone (Figure 2).

Geology

Inthewestern mediterranean coastal zone, the ex-
posed rocksare entirely of sedimentary origin ranging
inagefrom Tertiary to Quaternary (Figure 3).

Tertiary deposits

Tertiary rocks are represented by Miocene and
Pliocene sediments. Generally, the exposed Miocene
sediments occupy about 11% of Egyptianland (Figure
3). Thesesedimentsexhibit greater facieschangeswith
alargenumber of conformities, reflecting the nature of
thetectonically formed basinsinwhichthey wereformed.
Intheinvestigated area, Miocene depositsarediscrimi-
nated into two horizons, namdy Mamuraand Marmarica
Formations. Thelower oneisMamuraFormation (lower
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Figure 2: geomor phological map (M odified after Said,
1962)
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Figure 3: Geological map (smplified after CONOCO,
1986)
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Figure4: |dialized stratigraphic section at El Daba’a ar e,
(After El Shamy,1968)

Miocene), which can betraced a ong the northern mar-
gin of El Qattara Depression. Therecorded thickness
isabout 900 m at El QattaraDepression withamean
thickness of 750 m®. The upper horizon is the
MarmaricaFormation (Middle Miocene). It hasaplat-
formfeatures, and exhibitslateral and vertical facies
changes. Itiscomposed of shallow marinelimestone
(distinguishedinto upper whitefossiliferouslimestone
member, middlewhitechalk member and alower mem-
ber of aternating cross-bedded carbonates and fossi
shaewith marls). It isworth mentioning that, the Mi-
ocene sedimentsalong thenorth littoral part of Egypt
have acomposite thickness of about 400 m.

Pliocene sedimentsareof limited distributioninthe
investigated area (Figure 3). Locd Pliocene exposures
arerecognized at somelocalitiesasMersaMatruh®,
Ras El Hekmd™ and El Daba’d“. These depositsare
composad of whiteshdlow marinelimestone, interbedded
with marl, gradinginto pink marly limestonetowardsEl
Daba’ainthewest. Inthesubsurface, the Pliocene sedi-
ments aredominated by creamy limestone and cal car-
eous sandstonewith shae.

Quaternary deposits

TheQuaternary depositsarerelated to Pleistocene
and Holocenetimes. Pleistocene depositshaveawide
distributioninthearea. These depositsare differenti-
ated into pink and cardium limestones. Pink limestone
isexposed at thetopmost portion of the northern edge
of theelevated plateau, whereit overliesMarmarica
Formation. On the other hand, cardium limestone ex-
poseslocaly at El Daba’a, RasEl Hekmaand Mersa
Matruh localitieswith athickness not more than one
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meter (Figure4).

Hol ocene depositsare represented by avariety of
unconsolidated deposits, differentiated into alluvial,
aeolian aswdl asbeach deposits. Alluvid depositsare
predominant intheshalow topographic conditionscom-
posed of quartz, sands, silt and clay, showing enrich-
ment in carbonate grainsduenorth and rock fragments,
pebbleswith gravel due south. Aeolian depositsare
recogni zed asthe coastal dunesof carbonate nature or
astheinland dune composed of quartz sands. Beach
deposits occupy a narrow strip along the shore and
composed of |oosewhite carbonate sand grainsinter-
mixed with few quartz grainsaswell asfossil remains.

Hydr ogeology

Two water-bearing formationsarerecognizedinthe
investigated area. Thefirg isthePleistoceneoadliticlime-
stone aquifer, while the second isthe Miocenelime-
stone aquifer (Marmaricaformation), whichisdeve -
oped asasecondary aquifer inthearea (Figure 3).

Pleistocene oolitic limestoneaquifer

It hasawidedistribution and considered to bethe
most important aquifer along the coastal strip. It ex-
tends about 10 km southward. Theforeshoreoolitic
limestone ridges are characteri zed by less cementing
materiasif compared with theinland ridges, which ac-
quire the former one more porous nature. Also, the
flanksof theridgesare covered by looseforeshore sand
accumul ations, which permit adirect infiltration and
percolation of rainfal. Such foreshore sand accumula
tionsarewitnessed asnoticed at El Daba’aand Bagqush
locdlities. The oolitic limestone aquifer isrecharged
throughinfiltration of annua rainfal ontheoaliticlime-
stoneridgesand/or from therainwater falling on the
elevated tableland area. The groundwater existsasa
freewater table(phreatic condition). Thegroundwater
tableattainsaltitudeclosetothemeansealevd. Itisa
result of thelocal percolationin the coastal plain and
theinflow from seawater.

At El Dabaalocdlity, thedirection of groundwater
flow isduenorth and south. Thehydraulic gradient is
gentleinthenorthern part (0.0002), whileat the south-
ernoneit records (0.0003)12. At Ras El Hekmalocal-
ity, theinvestigated aquifer ischaracterized by perme-
ability (0.0015 m/min), Transmissivity (0.03 m?/min)
and storativity (6.31* 10°).,
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Miocenelimestoneaquifer

MarmaricaFormation isdevel oped as asecond-
ary aquifer dongthe coastal areato thewest of Alex-
andriaand isexplored a El Daba’a, Fuka, Matruh and
El Sdlumlocdities. It iscomposed of limestone, dolo-
miteand shal e sequencere ated totheMiddle Miocene.
Thisformationislargdly fractured and existsin succes-
svehorizons separated by imperviousclayswith occa
sional bandsof sandstone.

Thegroundwater inthisfractured limestoneexists
intheform of thin sheets accumul ating at the contact
with theimperviousclay and dependsonitssupply by
local rainfall (semi confined water). The groundwater
of theMarmaricaaquifer isnaturally discharged up-
ward through theflowing springsand by subsurfaceflow
into the M editerranean Seadue north. Thelateral and
vertical facieschanges affect the productivity of the
aquifer, particularly along the coastal area. However,
thetransmissivity of theMarmaricaaquifer rangesbe-
tween 104 and 102 m?/sect?.

M ethodology

Fifty groundwater sampleswerecollected fromthe
investigated area. The depthsto the groundwater sur-
faceweremeasured using an dectriclinesounder (Rich-
ter measuringtool, 100-200 m) and wells’ locations
wereestimated using afiedd GPSinstrument (Magellan
colour trak). Sampleswerecollected usingaperigatic
pump at the surface. Samplesfor andyseswereimme-
diately filtered through 0.45 micrometer cellulosemem-
branefilters. The performed chemica andysesincluded
thedetermination of E.C, pH, T.D.S, Ca, Mg, Na, K,
Alkdinity, SO,, Cl, | and Br. hydrochemical analyses
were carried out at the central |ab of Desert Research
Center according to the methods adopted by®°, The
instruments used were apH meter, EC meter, Flame
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Figure6: Salinity distribution of the pleistocenegroundwater (M ay, 2004)
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photometer, Spectrophotometer and lon Sdlective Elec-
trode (Orion), Plasma Optical Emission-Mass spec-
trometer (POEMSIII)

RESULTSAND DISSCUSION

At El Daba’aarea, two aquifers are recognized,
Miocene and Plei stocene. Mioceneisrepresented by
tensamples(Nos. 1-10inclusive) and Ple stocene aqui-
fer isrepresented by ten samples (Nos. 11-20 inclu-
sve) (Figureb).

At RasEl Hekmaareathe Pleistocene aquifer is
represented by thirty samples(Nos. 21-50inclusive).

Groundwater salinity

Thepliestoceneaquifer

At El Daba’aarea, the groundwater sdinity ranges
between 523.86 ppm (No0.20) and 7484.7 ppm
(No.15) (TABLE 1) with an average of 3238 ppm.
According to thefrequency distribution of groundwa-
ter salinity (Figure6), itisclear that about 40% of the
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Figure5: M ap showingwdls’ locationsand aquifers’ dis-
tribution
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TABLE 1: Chemical analysisdatain ppm

Well no. salinity Hardness Alkalinity Ca Mg Na K CO3 HCO3 S04 Cl
Pleistocene aquifer (El Daba'a area)
11 4760.22 1377.403 466.9876 132.65 254.15 123333 54 32 504.26 400 2401.96
12 5170.462 1275505 416.9588 81.632 260.35 1449.86 71 28 4514 750 2303.92
13 262254 765.1847  306.872 81.63 136.37 650 65 28 317.2 400 1102.94
14 3320.508 1020.342 650.4438 81.63 198.36 850 48 32 7279 325  1421.568
15 7484.745 1571.279 316.8666 155.1 287.63 2200 72 36 313.13 950 3627.45
16 2722.63 867.2643 510.3446 81.63 161.17 650 64.5 40 540.86 450 1004.9
17 852.871 50.9952  413.6118 8.16 7.438 300 13 36 431.066 160 112.74
18 1930.608 152.9873  880.6027 20.4 2479 67142 31 68 93533 157.143 490.19
19 2999.6 407.9885 296.8483 81.63  49.59 950 42 40 280.6 250 1446.08
20 523.85 203.9612 1934597 40.81 24.79 108 11 20 1952 104 117.65
Pleistocene aquifer (Ras El Hekma area)
21 3525.986 918.2736  366.877 91.836 167.37 925 47 56 333.46 675 1397.05
22 1499.165 459.0531 300.1787 61.22  74.38 350 43 40 284.66 200 588.235
23 3257.825 749.9788  150.0736 60 145.8 900 64 32 11793 600 1397.06
24 3063.14 999.5339 206.793 216.32 111.58 750 42 28 1952 200 1617.64
25 7038.565 1683.398 340.2236 204.08 285.15 2000 66 32 349.73 600 3676.47
26 3286.83 918.2382 246.8138 102.04 161.17 900 335 32 235.86 200 1740.19
27 3639.79 1061.131 250.1551 106.12 19341 1000 25 28 248.06 325 1838.23
28 14125.76 1877.159 160.0998 306.12 270.31 4500 140 16 16266 1500 7312
29 14266.03 2602.106 303.5174 14285 5455 4450 115 40 288.73 660 8168.316
30 8578.41 1377.58 433.6018 81.63 28515 2700 110 56 414.8 800 4338.23
31 4596.95 1199.99  343.5674 88 238.14 1300 51 24 370.06 333.33 2377.45
32 5919.945 1549.944  240.1446 128 29889 1700 57 32 227.73 600 2990.19
33 3723565 979.6177 263.4859 61.22 200.85 1000 43 40 239.93 54285 1715.68
34 4655.88 1346.931 490.3237 102.04 265.32 1266.66 62 48 500.2 333.33 232843
35 6755.46 1530.633 270.1658 102.04 309.95 2050 48 36 256.2 650 3431.37
36 1820.149 714.2586 473.6359 44.89 146.29 42857 18 52 47173 85714 808.82
37 7023.035 1632.556 2434701 142.85 309.95 2100 46 40 21553 600 3676.47
38 3695.36  959.07 3135386 102.04 171.09 1000 385 32 317.2 600 1593.13
39 3770.192  918.37 226.8113 61.22 18597 1050 42 24 227.73 700  1593.137
40 5151.135 1306.027 356.8982 11836 24548 1400 37 36 361.93 633.33 2500
41 7122.04 1556.062 273.4805 12244 30375 2050 51 48 235.86 875 3553.92
42 3522.23 1520.257 3135437 151.02 277.71 750 165 24 333.46 200 1936.27
43 637.788 336.6078 286.0958 59.18  45.87 110 19 24 300 50 179.738
44 676.51 351.9402 340.4451 4897 5579 1125 20 32 350 95 137.25
45 593.04 265.2271 163.0479 36.73  42.15 110 85 24 150 130 166.66
46 7726.58 1887.916 547.0033 7142 41533 2050 140 68 528.66 1500 3217.5
47 6870.36 2142.876 250.1658 132.65 440.12 1750 120 24  256.2 550 3725.49
48 5195.01 2112.182 253.4912 163.26 414.09 966.66 97 32 244 1600 1800
49 1698.047 612.1874 2535096 65.31 109.102 400 29 16 276.53 235 705.37
50 2559499 6378.029 2335121 28571 137617 7500 205 O 284.66 1625 14460.78
Miocene aquifer (El Daba'a area)
3855.507 1624.24  240.1629 270 230.78 800 42 20 252133 700 1666.66
5360.645 2040.099 190.1368 367.34 272.75 1083.33 45 8 21553 1466.66 2009.8
3785.895 2294.853 130.0736 510.2 24796 3125 25 20 11793 1925 686.27
3736.354 2295.032 150.1052 448.979 285.15 375 29 8 166.73 1600 906.86
4350.887 1734.059 166.7772 326,53 223.16 816.66 40 16 1708 1250 1593.137
36007.89 7141597 220.1605 91836 1177.81 10750 160 8 25213 3750 19117.65
9509.3 1019.963 286.8562 204.08 12397 3125 62 28 2928 11875 4632.35
2275849 4336.858 1534173 265.31 892.65 6875 190 24 13826 21875 122549
14309.63 4298.552  146.7556 780 571.05 3700 42 20 138266 3000 6127.45
10 11335.98 3315.039 216.806 653.06 409.13 3000 40 20 22366 2200 4901.96

total samplesrangebetween 2622 ppmand 3320 ppm  with an average value of about 2916 ppm, 30 % range
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Figure7: Salinity distribution of themiocenegroundwa-
ter, El Daba’aarea (M ay, 2004)
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Figure9: 1so-salinity contour map of theMioceneground-
water (M ay, 2004)

between 523 ppmand 1930 ppmwith an averagevaue
of about 1102 ppm and about 20 % range between
4760 ppm and 5170 ppm with an average value of
about 4965 ppm, only 10% records 7484 ppm
(No.15). Fromtheiso-sdlinity contour map (Figure8),
itisclear that thegroundwater salinity increases gener-
alyfromwest to east. Thisismainly dueto dissolution
and |eaching processesduring groundwater movemen.

At Ras El Hekmaarea, the groundwater salinity
varies between 593.04 ppm (N0.45) and 25594 ppm
(No.50) withan average va ue of about ppm reflecting
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awidevariation. About 30% of the samplesrange be-
tween 3063 ppm and 3770 ppmwith an averagevaue
of about 3498 ppm.(Figure 6). Fromiso-salinity con-
tour map (Figure8) itisclear that the groundwater sa-
linity in Fukaarea(Nos. 21- 25 inclusive) increases
from south to north dueto leaching and dissolution (the
samedirection of thegroundwater movement), whileat
RasEl Hekmaarea, thewater point arelocated within
the southern flank of thefore-shoreridge (inthefirst
depression), sotheprecipitated rainwater causesleach-
ing and dissolution, and consequently groundwater sa-
linity increases southward.

Themioceneaquifer

As mentioned before, Miocene aguifer was de-
tected asawater-bearing formation at E| Daba’aarea.
About 50% of the total samples (at samalous area)
(Nos. 1-5inclusive) range between 3736 ppm and 5360
ppm with an average va ue of about 4217ppm, about
30% range between 14309 ppm and 36007 ppm with
an average value of about 24358 ppm and 20% range
between 9509 ppm and 11335 ppm with an average
valueof about 10422 ppm (Figure 7). According to the
constructed iso-salinity contour map (Figure9), itis
clear that, the groundwater sdinity of theMioceneaqui-
fer increasesnorthward in the samedirection of ground-
water movement. Thisreflectsthe most important role
of leaching and dissolution for aquifer sedimentsduring
water movement.

Groundwater hardness
Thepleistoceneaquifer

At El Daba’aarea, thetotal hardnessof thePleis-
tocenegroundwater rangesbetween 50.99 mg/l CaCO,
(No. 17) to 1571.27 mg/l (No.15) with an average
value of 769 mg/l as CaCO,, whileat Ras El Hekma
areq, it ranges between 265 mg/l as CaCO, (No. 45)
and 6378 mg/l CaCO, (No. 50) withanaveragevaue
of 1398.28 mg/l as CaCO,.

Themioceneaquifer

In the Miocene groundwater it ranges between
1019.96 mg/l CaCO, (No. 7) and 7141.59 mg/l CaCO,
(No. 6) withan average vaue of 3010 mg/l as CaCO,,

Groundwater alkalinity
Thepleistoceneaquifer
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At El Daba’a area, the alkalinity of Pleistocene
groundwater ranges between 193.45 mg/l as CaCO,
(No. 20) and 880.62 mg/l asCaCO, (No. 18) withan
averagevaueof 445.29 mg/l asCaCO,. At RasEl Hekma
areq, it rangesbetween 150 ppm (No. 23) and 547 ppm
(No. 46) with an average val ue of about 296.48 ppm.

Themioceneaquifer

At El Daba’aarea, the dkalinity of the Miocene
groundwater ranges between 130.07 mg/l as CaCO,
(No.3) and 286.85 mg/l as CaCO, (No.7) with an av-
eragevalueof about 190.12 mg/l as CaCO,. Accord-
ing to the obtained resultsof alkalinity, itisclear that,
theakalinity of the Miocenegroundwater islower than
that of the Pleistocenegroundwater. Thisismainly due
to thehigher salinity of theformer one.

Major ion distribution
Thepleistoceneaquifer

At El Daba’aarea, the concentrations of cations

and anionsincreasein the samedirection of theground-
TABLE 2: lon dominanceand chemical water typeat thesudy
area(May, 2004)
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water salinity, which confirm theleaching and dissolu-
tion role, except the carbonate and bicarbonate con-
centration which have no definite trend sinceits con-
centrationismainly affected by thelocal precipitation
which actsasone of themain sourceof carbonate and
bicarbonateinthe groundwater. At RasEl Hekmaarea
the concentration of the mgor cationsand anionsaso
increasein thesamedirection of thesalinity except the
potassi um and carbonate and bicarbonate.

Themioceneaquifer

At El Daba’aarea, the concentration of cationsand
anionsincreaseinthesamedirection of thesdinity, ex-
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Figure10: (b)- | so-contour mapsof theMiocenegroundwater, El Daba’aarea (M ay, 2004)

cept the carbonate and bicarbonate concentration
(Figures10aandb). Thisreflectstheimpact of leach-
ing and dissol ution process.

Chemical water type
Thepleistoceneaquifer

At El Daba’aarea, themgority of the Pleistocene
the groundwater samples (70%) are characterized by
categories| andV so, the chemical water typeisCl-
Na(TABLE 2) and therest of the samplesexhibit cat-
egory VI showing HCO_-Natype. The bicarbonate
type reflects the initial phases of metasomatism in
groundwater. On theother hand, & RasEl Hekmaarea,
four category arerecognized (TABLE 2). Themgority
of thesamples (93.3 %) are characterized by catego-
riesl, Il and I1l. So, the chemical water typeisCl-Na
whichindicates advanced stage of groundwater meta:
somatism. Only 6.7 % of sampleshaveNa-HCO, type
(category V1) indicating the effect of thedilution dueto
ranfal precipitation.

Themioceneaquifer

In the Miocene aquifer, 80% of the samples are
characterized by categories| and 11 so, the chemical
water typeisCl-Na, reflectingamature stage of ground-
water metasomatism, 10 % exhibits category |11 rep-
resenting Ca-SO, type and 10 % exhibits category IV
showing Mg-SO,, which represent intermediate stage
of groundwater evolution.

Concluson

The percent of the sampleshaving Cl-Nachemical
water typein Miocene aquifer isgreater than that of
Pleistocene aquifer reflecting theless advanced stage
of thegroundwater evolution in thelatter, and the ap-
pearance of 30% of thesampleswith Na-HCO, typein
the Pleistoceneaquifer ismainly dueto precipitation.

lonratios
rNa‘/rCl-
Theplestoceneaquifer

At El Daba’aarea, Sixty percent of the Pleistocene
groundwater sampleshave valueslessthan unity and
40% of the samplesare morethan unity (TABLE 3).
Theincreasein the sodiumion concentration reflects
meteoric and deep meteoric water recharges (reflect-
ing theimpact of fresh water on groundwater quality).
At Ras El Hekma area, about 86.7% of the samples
have va ueslessthan unity, 10% approximately equal
unity and 3.3% s morethan unity, reflecting the effect
of marinesdts.

Themioceneaquifer

At El Daba’aarea, the Miocene groundwater has
90% of sampleswith rNa'/rCl-valuelessthan unity,
reflecting marine sat leaching (marinefacies ground-
water types) and 10 % nearly equal unity (No.7)

rCazIrMg*
Thepleistoceneaquifer

At El Daba’aarea, the Plei stocene groundwater
hasratio ranges between 0.19 and 0.99 with amean
valueof 0.49. At RasEl Hekmaarea, rCa?/rMg? is
ranged between 0.1 and 0.78 (lessthan unity), only the
sampleNo. 19 haveratio equa 1.17. About 56.7% of
the samplehavetherCa*/rM g <or = 0.29 reflecting
seawater contamination.

Themioceneaquifer

At El Daba’aarea, the Miocene groundwater has
ratio ranges between 0.18 and 0.99 with an average
value of about 0.8, reflecting theimpact of sediments
richindolomitewithintheaquifer sediments.
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TABLE 3: Thevaluesof theionsratiosof thestudy area, May rSO42‘/r Cl-
2004

Thepleistoceneaquifer

++ rSO4“ (Cl._ Na+)

No.rNa'/rCl  rCa™/rMg r(CI/Br?) r(17Br")

= / _ffC"(EI I/Dfa%" ; At El Daba’aarea, the Pleistocene groundwater
e stocene aquiter a’aarea . .

o 079 032 012 021 o1 o1 hasratiosranging between 0.12 and 0.65 (except No.
12 097 0.19 024 003 70 001 17 hasavaue of 1.04). At Ras El Hekma area, the
ﬁ 8-3; 8-22 8?; 8'82 gg 8'82 vaues of theratio range between 0.05 and 0.65 with
15 094 0.33 019  0.06 113 001 anaveragevalue of about 0.21. This meansthat the
i? 411 8-2% Cl)-gg 301 2; 8~8§ groundwater ismore comparablewith seawater than
18 211 05 024 -111 76 o003 Incaseof ranwater.

19 1.01 1 013 -0.01 79 0.01 : :

20 142 1 065  -0.42 85 004 | hemioceneaquifer

Pleistocene aquifer (Ras El Hekma area) At El Daba’aarea, the Miocene groundwater has

No. rNa'ircl rca Mg "ook (9" 1) vcrusry r7Br)  ratio ranges between 0.13 and 0.58 (except Nos. 3

21 1.02 0.33 036 -0.02 88 0.02 and 4 have values 2.07 and 1.3, respectively), this
22 092 05 025 008 84 002 megnsthat 80% of the sampleshaveva ueslessthan or
23 099 0.25 032 001 78 0.01 L

24 072 1.18 009 028 75 001 €equa 0.58whichismoreclosedtothesecawater rather
25 084 0.43 0.12 0.16 74 0.01 thantotherainwater.

26 08 0.38 008 0.2 84 0

27 084 0.33 013 0.16 89 0 rCl/r(HCO,+CQO,?)

28 095 0.69 015  0.05 92 0 _ _

29 084 0.16 0.06 0.16 103 0 Theplestoceneaquifer

30 096 0.17 014 004 101 0 , _

31 084 022 01 0.16 94 0.01 At El Daba’aarea, 30% of the Pleistocene ground-
gg %%8 8?2 8- %g 0(-)112 1%79 o% ) water ischaracterized by normal good groundwater,
31 084 023 011 016 g ool S0%aremoderately contaminated water, 30% arese-
35 092 0.2 014 008 108 0 riously contaminated water and 10% are highly con-
36 08 019 008 018 /8 001 taminated water. At Ras El Hekmaarea, about 6.7%
37 088 0.28 012 012 84 0.01

38 0097 0.36 0.28 0.03 926 0.01 of the groundwater &ampl esarenormal good water,
39 102 0.2 032  -0.02 92 0 3.3% of thegroundwater samplesaredightly contami-
40 086 0.29 019 014 %5 0.04 ated 13.3%of th dwat I od

41 089 024 018 011 g1 oo01 Nae&d 15.5700l thegrounawaler samplesare moder-
42 06 0.33 008 04 84 0.01 adycontaminated, 46.7% of thegroundwater samples
ﬁ g-gg 8-;2 8-3 _%'%% gi 8-(1’5 are seriously contaminated, 30 % of the groundwater
45 1:02 0: 53 0: 58 _0:02 65 0:04 sanplesar ehi gh contaminated. ThePleistooeneground—
46 8-92 00-18 8-34 8-% gg 8-81 water in Ras El Hekmaareahaveless percent of the
47 07 A 11 ) .01 :

48 083 0.24 066 017 45 0.04 norma_i g_ood water due_:to the pr@enceo_vf thedll wvium
49 087 0.36 025 013 68 0.02  depositsinthedepression betweenthefirst tworidges
0 08 013 008 _ 02 9 O inwhichthemost of thewellsarelocated.

Miocene aquifer (El Daba’a area)
#+ 1SO04” (CI=Na) | ogy rypry T NEMioceneaquifer

No.rNa'/rCl  rCa™/rMg rel o rer
1 074 0.71 031 026 8800 0.0 At El Daba’aarea, 50% of the Miocene ground-
2 083 08 054 017 9300 001  waerjscharacterized by seriously contaminated water
3 070 125 207 030 8400 0.0 ) .
4 0.64 0.96 1.30 0.36 78.00 0.01 (744- 149) andtherest arehi ghly contaminated wa-
5 079 0.89 058 021 8000 000 ter. Thehigh percent of normal good groundwater in
6 o8& 047 014 013 9600 00l e pyegtocene groundwater isdueto theeffect of the
7 104 100 019 -004 10400 001 \ ceneg _ Lo
8 087 0.18 013 013 10000 o000 ranwaterrichincarbonateand bicarbonatewhichdis-
9 09 083 036 007 12700 000  gyyefromtheair during precipitation. Theabsenceof
10 0.94 0.97 033 006 11700 0.00

good groundwater in the Miocene groundwater isdue
totheleaching and dissol ution of theaquifer matrix rich
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TABLE 4: Assemblagesof thehypothetical saltsof thestudy
area (M ay, 2004)
Assemblage The hypothetical salts

Well no. Percent %
category assemblage
Pleistocene aquifer (El Daba'a area)
NaCl, MgCl,, MgSO,, o
' Cas0,CaHCO,), = 10%
NaCl, MgCl,, MgSO,, o
1 Mg(HCO,),.Ca(HCOs), 11,12,13,14  40%
NaCl, Na,SO,;, MgSO,, o
v Mg(HCO,), CA(HCOs), 16,19,20 30%
NaCl,Na,SO,,Na(HCO5) 0
Y MgHcop,CaHco), 018 2%
Pleistocene aquifer (Ras El Hekma area)
25, 26, 28,
| NaCl, MgCl,, MgSOy,, 29, 32,37 36.7%
CaS0,,Ca(HCO,), 41, 42, 47,
48,50
27, 30, 31,
i NaCl, MgCl,, MgSOy,, 33, 34,35 33.3%
Mg(HCO3),,Ca(HCO5), 36, 38, 40,
49,
v NaCl, Na,SO,4, MgSO,, 21,22,33, 39, 26.7%
Mg(HCO3),,Ca(HCOs), 43,44, 45, 46
NaCI, MgCIz, CaC|2, 0,
VI CaS0,,Ca(HCO,), 24 3.3%
Miocene aquifer (El Daba'a ar ea)
I NaCl, MgCIz, Mg%m 1,2,34,5, 90%
Cas0,,Ca(HCOy), 6,8,9, 10
NaCl, Na,SO,, MgSO,, o
I CaS0,,Ca(HCO,), ! 10%

with marine deposits, which decrease bicarbonate salts
andincreasethechloridesats.

rCl/rBr-andrl/rBr-
Thepleistoceneaquifer

At El Daba’aarea, the Pleistocene groundwater
has bromide concentration ranging between 1.39 ppm
(No.20) and 32.9 ppm (No0.12) with an averagevalue
of about 16.47 ppm. Theconcentration of iodideranges
between 0.0085 ppm (No.17) and 0.29 ppm (No0.14)
withan averagevaueof about 0.18 ppm (except No.13
hasavaueof 0.92 ppm). Theaveragevaueof r(Cl/
Br) ratiois81.3 ppm, reflecting seawater impact. The
averagevaueof r(I/Br) ratiointhe Plei stocene ground-
water is0.03 ppm (more close to the seawater). At
Ras El Hekmaarea, bromide concentration ranges be-
tween 1.7 ppm (No.44) and 49.4 ppm (N0.25) with
an averageval ue of about 24.17 ppm (except Nos.29,
28 and 50 which havevauesequal 79.4, 79.7 and 146
ppm, respectively). Theiodide concentration ranges
between 0.04 ppm (N0.43) and 1.38 ppm (N0.43)
with an averageof about 0.28 ppm. Theaveragevalue
of r(Cl-/Br?) is85.13 ppm which ismorecloseto the

ESAIJ, 4(1) January 2009

seawater indicating groundwater contamination. The
averagevaueof r (I/Br) ratiois0.01 ppm, whichis
intermediate val ue between seawater and rainwater.

Themioceneaquifer

At El Daba’aarea, the Miocene groundwater has
bromide concentration ranges between 8.21 ppm
(No.3) and 48.1 ppm (N0.9) with an average value of
about 26.83 ppm (except Nos.6 and 8 have bromide
concentration equal 200 and 122 ppm, respectively).
The concentration of iodideranges between 0.026 ppm
(No.3) and 0.32 ppm (No.7) with an average value of
about 0.15ppm (except well No 12 hasiodide con-
centration of 1.02 ppm). Theaveragevaueof r (Cl/
Br) ratiois96.7 ppmwhichismore closed to seawa-
ter than the Ple stocene groundwater dueto thedilution
effect of rainwater onthelatter. Theaveragevaueof r
(I/Br) ratiois0.0045 ppmwhichislessthan that of the
rainwater and morethanthat of the seawater.

Thehypothetical saltsassemblages
Theplestoceneaquifer

At El Daba’aarea, 90% of the Pleistocene ground-
water samples belong to assemblages|il, IV and V
which contain two or three bicarbonate salts. Thisis
dueto thedilution effect of therainwater. Samplesin
assemblage || considered intermediate stage of chemi-
ca development (threesulfate sdts), reflectingatrans-
tion stage between assemblage{ I} and{11l,IV and V}.
At Ras El Hekmaarea, about 73.3 % of the samples
contain two or threechloridesats(group |, 11l and V1)
indi cating the presence of seawater intrusion, about
26.7 % contal n two bicarbonate saltsreflecting the ef-
fect of therainfal ontheaquifer recharging. Group 111
represent mixed water sinceit containtwo chlorideand
two bicarbonate salts(TABLE 4).

Themioceneaquifer

In the Miocene aquifer 90% of the groundwater
samplesarereated to group | which contain two chlo-
ridesdts(especialy theMgCl, sdt) reflecting the effect
of marinesalt dissolution and two sulfate saltsshowing
theeffectsof leaching and dissolution of terrestrid salts
(continental groundwater) dueto thelocd precipitation
with some contribution of cation exchange process.
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Figurell: (a)- Semi Iogarithfﬁicgraph of the Pleisocenegroundwater, El Dabaa area (M ay 2004); (b)- Semi logarith-
mic graph to the Pleistocene aquifer, Ras El Hekma area (M ay 2004); (¢)-Semi logarithmic graph of the Miocene

groundwater, El Dabaaarea (M ay 2004)

Concluson

Thegroundwater of Pleistoceneaquiferisinearlier
stage of chemica devel opment (two or three bicarbon-
atesdts) thanthat water in Mioceneaguifer whichisin
more advanced stage (assemblage |, wheretwo chlo-
ridesaltsarerecognized) (TABLE 4).

Schoeller’sdiagram (1962)

From plotting of each component of the chemical
constitution of different localitiesof thestudy areaon
the semi-logarithmic graphs (Figure 11(a-c)) thefol-
lowing descriptionisgiven:

Three main groups are distinguished on basis of
relationshipsof thegroundwater of the Plei tocene aqui-
ferinEl Daba’aarea

Group one: Na>Mg>Caand CI>S0,>HCQO,, it rep-
resents 30% of thetotal samples, whererNa/rCl <1.
Thischaracterizesthe groundwater samplesNos. 12,
13, 15. These groundwater samplesare saline water
type.
Group two: Na> Mg > Caand Cl > HCO, > SO,
(40% of thetota samples) whererNa/rCl <1, it char-
acterized groundwater samples Nos. 11, 14, 16, 19
these groundwater samplesare brackish water type.
Group three: Na>Mg>Caand HCO_>CI>S0, (30%
of thetota samples) whererNalrCI>1. Thischaracter-
izesthegroundwater ssmplesNos. 18, 17 and 20 where
these groundwater samplesarefresh water type.

In Ras El Hekmaarea, four maingroupsof ionre-
|ationship asfollowing represent the plel stocene aquifer
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TABLE 5: Classfication of thewater corroson potential based
onthecalcite(Sl) valuesand recommended treatment

Saturation
indices

(8
-5.0  Sever corrosion
-4.0  Moderate corrosion
-3.0 Moderate corrosion
-0.2  Moderate corrosion
-1.0  Mild corrosion
-0.5 Mild corrosion
0.0 Balanced
0.5  Somefaint coating

Describtion General recommendations

Treatment recommended
Treatment recommended
Treatment recommended
Treatment should be considerec
Treatment should be considerec
Treatment probably not needed
Treatment typically not needed
Treatment typically not needed

1.0 Mildscdeforming  Some aesthetic problems

2.0 Mildscalefoming Some aesthetic-considered

3.0 M odgrate scde Treatment should be considerec
forming

4.0 Severscdeforming  Treatment probably required

5.0 Severscaleforming  Treament required
TABLE 6: Theclassfication of thewater samplesin thestudy
areabased onitstendency tobeorrosve
Well (S1) Well  (31)

no. calcite Corrosivity no. calcite Corrosivity

1 066 Mildscadeforming 26 0.68 Mild scaleforming

2 -066 Mildcorrosion 27 0.66 Mild scale forming
0.83 Mildscaeforming 28 0.48 Mild scale forming
0.64 Mildscaeforming 29 0.58 Mild scale forming
-0.15 Mildcorrosion 30 0.82 Mild scale forming

Mild scale forming

Mild scale forming

3

4

5

6 0.67 Mildscaeforming 31 0.8
7 07 Mildscaeforming 32 0.8
8
9

0.43 Mildscaeforming 33 0.68 Mild scale forming

0.64 Mildscaeforming 34 1.08 Mild scale forming
10 0.8 Mildscaleforming 35 0.62 Mild scaleforming
11 1.45 Mildscaleforming 36 1.04 Mild scale forming
12 0.95 Mildscaleforming 37 0.78 Mild scale forming
13 1.09 Mildscaleforming 38 1.01 Mild scaleforming
14 1.49 Mildscaleforming 39 0.62 Mild scale forming
15 0.91 Mildscaleforming 40 1.03 Mild scale forming
16 1.48 Mildscaleforming 41  0.78 Mild scale forming
17 0.42 Mildscaleforming 42 153 Mild scale forming
18 1.35 Mildscaleforming 43 1.11 Mild scale forming
19 0.81 Mildscaleforming 44 1.15 Mild scaleforming
20 0.68 Mildscaeforming 45 0.53 Mild scale forming
21 097 Mildscaeforming 46 0.99 Mild scale forming
22 092 Mildscaeforming 47 0.83 Mild scaleforming
23 0.25 Mildscaeforming 48 1.01 Mild scaleforming
24 0.82 Mildscaeforming 49 1.02 Mild scale forming
25 0.87 Mildscaeforming 50 0.66 Mild scale forming

groundwater:

Group one: represents 70% of thetotal groundwater
samples, whererNalrCl <1, thischaracteri zesthe ground-
water samplesNos. 21, 23, 25, 26, 27, 28, 29, 30, 31,
32, 33, 35, 37, 38, 39, 40, 41, 46, 47, 48 and 50.
Group two: represents 20% of the total samples, it
characterized groundwater samplesNos. 22, 34, 36,
42, 45 and 49.

Group four: Na>Ca>Mgand Cl > SO,>HCQ,, it
represents 3.3 % of thetotal samples, whererNa/rCl

ESAIJ, 4(1) January 2009

<1, it characterizethegroundwater sampleNo. 24 which

have brackish nature

Group five: Na> Mg > Caand HCO,> SO, > Cl

(6.7% of thetotd samples), it characterizesthe ground-

water sample No.43 where rNa/rCI<1 and No. 44

whererNalrCl >1, where both are gpproximately fresh

nature.

TheMiocenegroundwatersin El Daba’aarea, dso
threemaingroups of ion rel ation ships arerepresented
asfollowing.

Group one: represents 20% of thetotal groundwater

samples, where rNalrCl<1, this characterizes the

groundwater samplesNos. 1, 2, 5, 6, 8, 9 and 10.

Group six: Na>Ca>Mgand CI>S0O,>HCQO, (10%).

whererNalrCl<1. Thischaracterizesthe groundwater

No. 7.

Group seven: Ca> Mg > Naand SO,>CI>HCO,

(10%), whererNalrCl<1, thischaracterize the ground-

water sampleNo. 3, whereit isbrackish groundwater

type.

Group eight: Mg > Ca>Naand SO,>HCO,>Cl,

whererNalrCl <1, this characterized the groundwater

samplesNo. 4. Whereit isbrackish water type.

Consequently, there are two main classes of
geochemica charactersfor groundwater of theaguifers:
1. Thegroundwater which acquiresitsquality from

leaching and dissol ution of theaquifer materia by

direct rainfall or subsurfacerunoff.

2. Thegroundwater of marinechemicd facies, result-
inginaspecificion relationship with prominent in-
creaseintotal sdinity dueto salt water intrusion or
marinesat contamination.

Geochemical modding

Thesaturationindices (Sl) of thecollected samples
of thestudy areawere cal culated for themajor minera
phases using the software package (WATEQF). They
show asuper-saturated with respect to themain car-
bonate minerds (aragonite, cdcite, dolomite, and mag-
nesite) nearly inal water samples. Theseminerdscom-
posethe main aquifer sedimentsinthestudy area(lime-
stone deposits). Also 72.6 % of the groundwater
samplesshow asuper saturationwith respect to huntite
minera CaMg,(CO,),.

Thesaturationindiceswereused asanindicator of
water agressvity or scdeforming. (TABLES5) presents
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atypical rangeof Sl of calcitethat may be encountered
inadrinking water and adescription of the nature of
thewater and genera recommendeati onsregarding treet-
ment*3,

Based ontheclassification usng the saturationindi-
cesasindicator of water agressivity or scaleforming, the
water of the different samplesof the study arearange
between mild corrosion (Nos.2 and 5), balanced (Nos.
42 and 44) and most of the samples (93.5%) aremild
scdeforming (TABLE 6). Thismay (by thetime) leads
to clog the pi peswhich trangport thewater to theinhab-
itants. So, itisrecommended to betreated beforeusing.

CONCLUSION

Thegroundwater charactersof the Pleistoceneand
Mioceneaquifersat El Daba’aand RasEl Hekmaar-
easreved thefollowing:

1. TheQuaternary depositsrepresent themain wa-
ter-bearing formation (Ple stoceneaquifer) but the
Tertiary depositsact as secondary aquifer (Miocene
aquifer) inthestudy area.

2. Regiondly, thegroundwater flow directionisnorth-
ward. Therecharging sourceisthe meteoric water.

3. Thegroundwater sdinity inthe Pleistoceneaquifer
rangesfrom freshto sdine, butintheMioceneaqui-
fer it variesfrom brackishto saline. Generdly, the
salinity of the pliestcene groundwater islessthan
that of Miocenegroundwater.

4. Thehardnessof thePle stocenegroundwater ranges
from soft tovery hard, whileinthe Mioceneground-
water it rangesfrom hard to very hard. The very
high hardnessva uein both aguifersisstrongly at-
tributed to the predominance of the Ca2and Mg*
minerd swithintheaguifersmatrix.

5. Themainchemica water typeisNa-Cl, reflecting
thefind stageof groundwater evolution.

6. From shodler’sdiagram, itisconcluded that the
groundwater acquiresitssdinity fromleaching and
dissolution of theaquifer materids.

7. FromWATEQF program, thesamplesin both aqui-
fers are super saturated with calcite, aragonite,
magnesite, dolomiteand huntitemineras.

8. Comparingthesaturationindicesof cacitewith tan-
dardvaluesin TABLE 4 it isfound that 93.5% of
thetota groundwater samplesaremild scaleform-
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ing and should betreated should betreated before
use.
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