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he main object of this paper is to elucidate the chemical

properties of the Quaternary aquifer groundwater in Delta
Wufii Dahab for uses in irrigation and domestic purposes. To
::IChlc’:VC this goal, several chemical parameters were discussed
including salinity, hardness, major constituents, ion dominance,
hypothetical salts and hydrochemical coefficients through the
analytical results of some selected groundwater samples.
Additionally, genesis and formation of water mineralization
were also discussed through the study of the main processes
affecting water quality and the standard methods of
groundwater classification. Eventually, the study revealed
meteoric origin for groundwater, most probably affected by
dissolution of salts of marine origin associated with the aquifer
matrix. Furthermore, the evaluation of groundwater for different
purposes showed the unsuitability of groundwater for drinking
but can be used for the irrigation of certain suitable plants that

tolerate high salinity.

Kevwords: Chemistry, groundwater, salinity, Dahab area, southeast Sinai,
Egypt.

consequent decrease of rainfall, beside, the

lac:. of information about water resources in many areas of South Sinai
(3C.500 km®), the optimum exploitation of all exis'ting. water resources is
necessary. The over growing developmental activities in the coasta} areas,
specially at Delta Wadi Dahab basin on the Gulf of Agaba, necessitate an
increasing demand of water supply for the cqmmumty at present. ’Ijhe
exploited water potentials are generally insufficient to meet .the excessive
increase in water demands required for civic, agricultural, mdustrl.al ?nd
touristic activities. Groundwater is considered the only source for drinking,
domestic uses and irrigation in the area, where it can be easily extracted from

the occurring Quaternary aquifer _
Deli%&’adi Dahab is located on the vxfestern suze of Aqgg? Bg,ug
between longitudes, 34° 28 and 34° 32 E and latitudes, 28°28 and

Du: io prevalence of aridity and
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evaporill]m valuec; (45-56%) in winter months while
maxim ¢ ;
32%) are recorded in summer.

FIELD AND LABORATORY MEASUREMENTS

GPS is used for determination of the We”St]]]O
Latitudes) (Fig. 1-B). Measurements of the deﬁ t
conductivity (EC) and temperature for the cc? e]c e sar s it
carried out in the field. In the laboratory: chemical ana yse y o ucte
for major and minor constituents accordm.g to the methoc.is adopted by US
Geological survey, (Rainwater, 1960, Elshman and Friedman, 1985 fnd
ASTM, 2002). Measurements were. carried out by EC meter model Oriop
150 A+, pH meter Jenway 3510, Flame photometer Jenway Pfp 7
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outcrops. The subsurface scepage through the

represents the main recharge source of the

. fractured basement rocks
Quaternary aquifer in Delta Wadi
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recorded thickness of the water body by EL-Refaci (199,
¢ rec

. . r
O 0.86m with an average of about 3m in the DeJyy u“"l‘im
¢ g a4y

Th

bldwccni‘ftf-:,ield of the aquifer material amounts to 15%. !
the spec

In the present study, the meu.sm:ed ,d?[?lhrl.o wuzllc(l)' in ?5 shalloy, "

wells tapping the Quaternary aqunfel,‘ YAros 'Ioml I well N, M
21 in well No. 19 from ground sur.tace. A m.dp showing (fcplh (o Wil
égﬁ;[:uclcd according to the data that is shown in table (2). Such map Shoy,

that this depth decreases generally towards the coastal area of the Gulr

Agaba (Fig. 3)-
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Table (1. Chemical analysis of the groundwate
aquifer in lklla Wadi I)uhuh area in
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CHEMICAL CHARACTERISTICS OF GROUNDWATER

The chemical characteristics of the groundwater in the studied area
are discussed under the following topics:
salinity distribution,
- Total hardness,
ion dominance,
- Hypothetical salt combinations,
- Hydrochemical coefficients,
- Major ions relationship between surface water and groundwater,
- Genesis and formation of groundwater mineralization.
1- Salinity Distribution . :
According to Chebotarev classification (1955), the salinity content in
84% of the studied water of wells belongs to the brackish class (1500mg/1-
3000mg/l), while the rest 16% is related to the high saline clas§ (above
5()()()mg/l). This wide variation between salinity values can be attributed to
the following: _ o
- The wide range in transmissivity values of the aquifer jqed",“ems (T‘lrlei
from 72mzlday to 2326m*day) due to the change in lithology anc
thickness.

" The over-pumping of some wells due to the use of their waters in di
Purposes.

" The dissolution of some marine salts present in the by

e effect of evaporation particularly in the shallow dugl.\\cseS-O

e 0!_1 the other hand, to study the effect O,f . lhe' l‘dli)t 2
“4while the direction of salinity increase, two iso-salintty

fferent

aquifer sediments.

f time and
ptour mMaps
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are constructed ff)
November 2005 (Figs. 4, 5).

Well locations and depth to water of groundwater sam

¢ water samples collected in Novempe, 199

H 2).
Table (2) Delta Wadi Dahab area (November 2005),

«'lnd

Pleg al

|

|
’_.

pm— EC
well EC Lat. Long. |Depthto Well mgl, Lat. Long, m
mg/L E water(m)| No. N E |
No. ppm N ppm Wﬂlcr(m):,
5400 |34 3000 [28729°68"| - | 14 [12380] 34 30°71" |28 30907 o |
| 2920 | 34 29'69" [ 28°'2943"| 1475 | 15 | 8400 34730' 63" |28 30 90“\._ |
7m0 (302993 |28 2036' | 117 _| 16 | 3750 | 34°30'87° [283067 | g7
1 | 8240 | 347 29'04" | 28°2934" | 11.55 17 | 3550 | 34730'84" |28 3069‘“8\,8‘
s | 9850 |34 20'08" [2872934"| 117 | 18 [ 5460 | 3430'54" |28 3044' 15777 |
6 16020 | 34 31'03" [ 28°3040" | 7.0 | 19 | 6200 | 34 30' 70" |28 3045'] 51|
7 | 2750 | 34°30'00" | 28" 3075"| 6.4 20 | 6470 [ 34 30' 65" |28 304()““‘..\‘_
8 | 6490 | 34°30'84" | 28°2974" | 87 21 | 5820 [ 34730' 98" [28°3040' g3 ]
9 | 6590 |34°30'84" |28 3052"( 114 22 | 4220 | 34730'93" [28°3032"| 905
10 | 5800 |34°30'59"|28°3055"| 16.3 23 | 6090 | 34730'99" |28°3030"| 805
11 | 6830 | 34'30' 56" | 28" 30 62" 16 24 | 5790 [ 34 31'06" |28 3033"| 72
12 [ 12250 [34730' 77" [ 28" 30 62" | - 25 | 4820 [ 34731 12" [28°3006"] 62 |
13 | 13930 |34730' 73" | 28°3089" [ 5.3
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Fig. (4). Iso-salinity contour map of the Quaternary aquifer in Delta
Wadi Dahab, as ppm, mg/l (November 1996).

The comparison of the two maps shows more or less similar behaviour
regarding the direction of salinity increase which is confirmed by the
direction of groundwater flow towards the Gulf of Aqaba and also the slight
change in salinity values except for some wells in November 2005. Notably,
the changes in climatic conditions are considered main factors affecting the

water salinity in this semi-arid region.
2- Total Hardness
The obtained mean valu

temporary hardness are 1400, 13

groundwater samples show perm
hardness. The total and permanent hardness Incre
Desert Res., 58, No.1 (2008)

es of total hardness (TH), permanent and
00 and 100mg/las CaCOs;, respectively. All

anent hardness rather than temporary
ase as the water salinity
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increases while it decreases as the temporary hardnes§ increase:s (Ta

This is mainly attributed to the effect of leaching and dissoly
salts leading to the increase. of hardness wnfh Pamcular Importance ¢ the
effect of NaCl concentgalfon (effect of ionic strength) on i“CFEasing
solubility of Ca®* and Mg™" in water (Hem, 1989). Also, the hagiiness of the
groundwater increases with long res:den.ce time and the .Ca and Mg
concentrations are apt to change due to catlc?n exchange reactions. MOT@OVer
the fertilizers, the presence of carbonate sediments and gypsum in the &quife;
matrix cause an increase in the hardness of groundwater. The determineg
values indicate that the majority of groundwater (88%) is very extremely
hard and the rest samples (12%) are very hard water types (Stuyfzand, 193¢

ble 3).
tion of
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contour map of the

Wadi Dahab ( Quaternary aquifer in. ll)elta‘_».‘ . ,

PPM, mg/l) (November 2005).
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fable (V). Total, temporary ang Permane (

samples of Quaternary nquifer in Defgy yyog. < "W ater
T ’ Y

ST TN | Mlas | Temporary Permancen ] i Dahah area,
~. | ppm) | m maodedd ippm) pm) Well No P Ty ""”'1""““'";".
L e Eaas TR g S S— M omode/d | o ' &
' 4 W0 130 'S 124 1 %l L ‘ $iFTM) tppm)
| ] " — 190 42
+ 1 o1eTd 167 S| 1621 1% y | & ’ —
el — _‘-_.« ':_1_ 159 e s
Az | | S99 160 92 150 1Y OGN w(;.q T i -
B A SO o “" ﬂ-l,
| 1996 200 93 1808 % [ 63 | o t——
’ —‘“‘; | l7 _k_,‘(‘_‘, Hh3 182 Ty
s | 1840 IS4 78 1762 18 31 | 128 | —1—
‘,_; | 1252 .._I_'”‘ 6l 1190
. | 10m 108 270 797 19 Boo | g w |
7| sse 56 131 a4 20 s oo [ o7 T
s |oasis | oas2 89 1428 21 120 | 12 ol nsr |
i
9 | 1sM | 154 70 1464 2 857 R6 59 708
10| 16 | 112 78 1038 23 1193 1.9 64 1129
1| o126 | 1209 56 1230 24 1251 125 200
| 50 1200
12 1782 | 178 190 1592 25 1084 | 108 17 966
13| 2788 279 115 2671 average [ 1400 14.0 100 1300

3- lon Dominance
The sequence of major ions in the groundwater follow two main
orders:
C1>80,”>HCO;y /Na*>Ca*> Mg*
(detected in 96 % of water samples).
~CI'>80,">HCO;/Ca™>Na*>Mg*
(detected in 4% of water samples). o
Such sequence are directly affected the increase of salinity in all
groundwater samples where chloride - sodium and chloride - calcium water
types are dominating.
4 Hypothetical Salt Combinations ey
The hypothetical salt combinations of the groundwater, accolrdmg a(s)
'fhc Bar graph representation are distinguished into three assemblages
ollows, (Fig. 6):- t the
Ass.cmblagcgl )NaCl, MgCl,, CaCl,, CaSO, and Ca(HCO;); (92% of the
total samples). a, of the
Asscmblage I NaCl, M§C[2_, MgS0;, CaSO,4 and Ca(HCO,), (4% of t
A total samples).
$emblage I11 NaCl, Na,SO;,,
total samples).
Assemblage [ is encountered in most 0 o
les (92%) while assemblage II and Il characteriz

MgSQ,, CaSO; and Ca(HCO3); (4% of the

groundwater

f the investigated(s%) oF il

*imp ly
58, No.| (2008)
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samples regardless their salinities (medium o high sdlllm,d) B(I)th)::fjs:nh]n]g};h‘l
[ and 11 represent an advanced stage of Cl'll!l?]l(.d : L\lrc |(?I Ltk ,WIHIL
assemblage 111 represents an intermediale s(ugc.ol chcmtlca. u.vc. (!}p]m,cf] ,] _n‘
spite of the similarity of assemblages l_and Il. with sea 'tvalcn‘a:»b]u‘n ?'[flg]l., 1315
similarity is attributed to the dissolution of s';olublc salts in the ca C_]f]]Ln!
area of Wadi Dahab basin, which is charactcnz'cd {?y th_Cenpm:?man rocks
(marine environment) and the basement rocks (rich in z_naflc minerals).
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Fig. (6). Bar-graph representing the assemblage groups of groundwater
of the Quaternary aquifer in Delta Wadi Dahab area,

5- Hydrochemical Coefficients

The hydrochemical coefficients represent the sodium
groundwater (rNa' / rCI" ), the excess of sul
evaporite dissolution (rCa’ / rMg"),
/ rCI') and the contamination index
computed values revealed more so
close to that of rainwater, more calci

imbalance in the
phate (rSO4” / rCI"), the rate of
the activity of base exchange (rCl" - Na'
coefficient (rCI' //CO; + rHCO5). The
dium over chloride with a mean value
um over magnesium, more chloride over
sulphate, less base ¢xchange activity and high contamination rate,
Detailed discussion of such coefficients listed in table (4), is given in
the following;

I- The average value of Na'/rCI
rainwater which indicates meteo
leaching of old marine deposits
chlorides in the groundwater samp

becomes very near {o tha of
ric water origin with a partial
evidenced by the rich content of
les.
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2- The ratio of rCat++/tMg++ is very far from that of sea water (0.14)
but it is very near to rainwater standard (7.14). This may indicate
carbonate salt dissolution or CO,-CaCO; interaction where the water
bearing formation contains carbonate salt as (Aragonite, Calcite and
Chalice).

3- The low value of (rSO,/rCI) ratio in all groundwater samples
indicates the low content of sulphate salts in the leached sediments.

4- ‘The base exchange index (rCI'r(Na"+K")/rCI') has almost positive
value which indicates inactive base exchange process.

5- Regarding the value of (rCl /rCO," + rHCOy’) ratio, it indicates high
contamination water type according to (Simpson, 1946) and (Todd,
1959) categories for the values of this ratio.

0- ‘The chloride-bromide (CI/Br) and iodide-bromide (I/Br) ratios aim
to define if the groundwater has manine contamination or not. The
determined values in the groundwater with regard to their values in
both rainwater and sea water as listed in table (5), indicate that both
ratios in the groundwater are nearly similar to those of sea water
which means that the groundwater 1s affected by sea water or manine
salts dissolution of aquifer sediments.

Table (4). Range and average values of hydrochemical coefficients in the
groundwater of the Quaternary aquifer in Delta Wadi Dahab.

Hydrochemlcal Groundwater Bilnwiise Sea
coelficient range mean _ walter
rNa'/rCl 051 1 006 0 6% 068 oy

rCat* /rmgt 140 039 6138 Y 014

B SOOI 008 0 48 01) 082 010
{rCr-(Na K} /rCrr 004 047 018 035 016
Cl/r(HHCOY) 601 5714 215 068 220

Table (5). Range and average values of Br and I' concentrations (mg/l)
in the groundwater of the Quaternary aquifer in Delta Wadi

Dahab.
Groundwater ‘

5 .‘\ " e

Hydrochemical coefficlent | |Ralnwater €a waler
range nean o
§ o i X1 12% 17
CI/Br 60 ] 1Sl | N T  : [ W1 | —

 i/Br 00003 | 0006l | 00013 003 ] 0003

6- Major lons Relationship between Surface Water and (}ruumh.sjuter |
To define the relationship between rainwater and sea water from one

side and groundwater in the other side, a ‘rclu.non ldlstnlmtzun diagram 1s

constructed for the mean percentages of major ions in the groundwater and
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those in rainwater and sea water (%). This relation is discussed ,

- e (Fioure 7) .

fojl}ss :\15 ﬁdl;&l;trcgnmgc of CﬂH‘ ions in grounfiwaler l.S '36.5% higher thay
both rainwater and sea water. This increased concentration (?f calcu}m ion
is due to the rich content of calcareous materials in tth a_quer sedimepg
that dominated by silt and clay. On the other hand, Mg ;0" are very oy,
(6.4%) relative to Ca™" ions in. rain and sea water (10 to 20%, r espectively),
which may be attributed to its replacement in aqueous solutions by ion
>Xchange.

- 'LT‘t\lLe jloﬁcenmlli011 percentage of Na' ion ranges ﬁ'qm 39.9% 1.0.71.2-% with
an average percentage 57% which is three times its average I rainwater
and much less than sea water. This increased content of sodium in the
groundwater is due mostly to leaching and dissolution processes of salipe
deposits.

- The chloride content is 81.5% as a main value which is more closer to its
value in sea water,

- The sulfate content has an average value between rainwater and sea water
(15%).

- The average of bicarbonate concentration is very low and amount to 3.4%
which is much lower than that of rainwater but very near to sea water.

It can be concluded from the above discussion that the concentrations
of the different ions (cations and anions) in the groundwater are controlled

the

astal area in particular.
100 S
% @Raiowater |
00 | ;leundwatef

iusf—'éwater
70

Na+ +K4

HCQ3.

relationship betw
€en sea wate inw: and
r of Quaternary aquife I, rainwater

I'in Delta Wadi Dahab.
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7. Genesis and Formation of Groundwater Mineralization
Different methods have been proposed for genesis and classification
of groundwater quality. Some are based on anjons while

others make usge of
nt work four methods are used for

ater in the Deltg Wadi Dahab ag

both anions and cations, In the prese
classification of Quaternary groundw
follow:-

7-1 Trilinear plotting method (Piper’s diagram, 1944)

This system of classification represents an analysis by three plotting
points, one for cations, another for anions and the third point plotted in the
upper dinmond shaped field which indicates the character of water ag
represented by the relationships among Ca'', Mg, Na', K', COy~. 1 o,
SO,” and CI" 1ons.

From the plotted data shown in ligure (8),
noticed:

o All water samples are plotted in area (4) of the diamond shaped field
where strong acids exceed weak acids, i.c., (SO, +CI) > (CO;™+HCOy)
* 92% of the plotted points (23 s

the following could be

umples) is located in sub-arca (7) (primary
salinity) close to the sea water sample. This indicates that the chemical
composition of the groundwater samples is more or less resembles that of
sea water which can be attributed to the effect of {he Gulf of Aqaba
water or the dissolution of marine

salts encounter in {he aquifer
sediments.

One sample is located in the secondary salinity sub-area (6) and one
more is located in sub-area (9) near the location of rainwater  which

indicated rainwater origin.
e 50 0
®50®

60 \ Subdivisions of dinmond shape

5 b B ] i 5
AV VIRV \"’ﬂ"f =Ny LN N2 Ng
100 0 60 40 £ 0o W 4 50 [
CATIONS O Cl==>  ANIONS
! PERCENTAGE REACTING VALUES

~ Fi iline - diaor or . ater chemical analyses of the
& (8). Trilinea diagram for the glound\?atel che
Quaternary aquifer in Delta Wadi Dahab.
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7-3 Schoeller’s semi logarithmic diagram (1962)
The (‘?hCIT\ini] compositions of groundwater samples are represe

on the semi logarithmic diagram by connecting lines bet;vecn ]L'i)febglltcfi
Fach line represents the chemical composition of sin rl:‘lj(?r lOTllh-
Accordingly, the plot of chemical data of some selectéd E’n'our:,?ir\:\:gté.
tgamplesL as shHown ig(Fig.lO), indicates one category of chemic:l properticzr
i.e. Na >Ca " >Mg" / CI>SO4” >HCO; with the exception of sonic;
deviation of sample No.17 and 2. Moreover, the comparison with the lines of
both rainwater and sea water indicates near relation to sea water
composition rather than rainwater (as evident from the figure). \

1000

™

Fig. (10). Semi-logarithmic graph diagram for the groundwater of
Quaternary aquifer in Delta Wadi Dahab.

7-4 Stuyfzand water classification (1986 and 1989)

In this method, the groundwater quality is studied through the
evaluation of the geochemical processes t0 which groundwater have been
subjected such as mixing and ion exchange processes that result from the
freshwater and saltwater. In addition, the determination of the sum of {Na",
K and Mg>} deficit or surplus compared to (Ca**+Mg™) are taken as
diagnostic criteria.

The explanation of water type classes will be discussed on the base of
the empirical cation exchange reaction. The groundwater types affected by
leaching and dissolution processes of marine salts and mixing between the
different water zones in the Quaternary aquifer (leading to an increase in
water salinity) are possibly accompanied by cation exchange processes
(related to clay minerals assemblage, dominated by montx'nonllom‘te, illite,
hydrous mica and kaolinite as well as amorphous inorganic materials) that
lead to slight decrease in water salinity (equation 1) as follows:
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|
o

Freshwater intrusion

B LT U e

1) Ca + [@Na. + BK + (1- ¥ - ¥4f) Mg]-clay [Cal-clay + a Na + pg

Salt water intrusion  + (1- Y - Y4P) Mg

An additional formula is applied in order to differentiate Detweep
freshwater or saltwater Intrusion.

Na K’ +Mg"] corrected = [Na' +X '+ Mg™'] measured —(1.049) Cf

The factor 1.049 is equal to ([Na' + K" + Mg*'1/CT) in me/l (epm) for
the sea water at Dahab area. ,

During sea water intrusion, the Na', K", and Mg cations are
adsorbed, while some Ca’’ cation is desorbed and becomes in a solution.
During freshwater intrusion, the Ca®" is adsorbed to the exchange sites and
the others are expelled. Na', K', and Mg2+ cations do not always been
adsorbed or desorbed simultaneously during saltwater or freshwater
intrusion, respectively, (Laeven, 1991). These deviations from the empirical
1on exchange reactions are quantitatively insufficient to influence the sign of
[Na” + K’ + Mg**] corrected, (Stuyfzand, 1989). In some cases, the [Na' +
K + Mg™] parameter cannot be applied, especially when ions are added or
removed from the groundwater by other processes than adsorption or
desorption, e.g., de- mineralization. Table (6) is used to indicate either
freshwater or saltwater intrusion.

Table (6). Subdivision of subtypes into classes according to [Na + K +Mg]
corrected for sea water .

Class Code Condition (me/l)
[Na” + K™ + Mg™"] deficit B [Na®+ K"+ Mg*'] corr. < - VCI/2
| [Na™ + K" + Mg*] equilibrium 0 -VC12 < [Na'+ K™ + Mg®"] corr <V C1/2 ’
[Na" + K* + Mg*'] surplus + [Na" + K" + Mg®'] corr. >V Cl1/2 j

Where the codes denotes;

(E)) often pqintg ata (former) saltwater intrusion (somewhere)
E+; mfostly indicates sufficien flushing water or stagnant condition
often points at a ( former) freshwater intrusion (somewhere)

: S€a water u i d
that ; pon spraying can be neglected, an
co?n}::l(lglri]s: Egt}::z:s f}?nservatwely' The class boun%;aries at + %/ (Cl/2) are
1986). € expected errors in chemical analysis, (Stuyfzand,

This classificati
1cation method : !
freshwater infrusion, dy g oce saltwater intrusion, as well as

: € 0 cation exch 1011
oints (880 : 1 ange. The majority of groundwater
P | (88% of investigated samples), that gives 4 deﬁchI Otfy[Na'iTK‘*F Mg™']
Egyptian J. Desert Res. 58, No.1 (2008)
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i VATER QUALITY |
B A IFFERENT PURPOSES

llll("lt“nl 1\‘ “ )l“l' )ll“(l | ) ’1 ‘ \t - [ ~

luation of water quality for various intended uses is based oy
N u‘ l‘t “ 3 ' ~ p ‘ 3 .
(1\‘ l slved solids (TDS), and the concentration of major, miney
aISSotved S N )

components. Following the Egyptian standards for drinking
uses, adapted by Higher Committee for Water (1995) and

and
Wor

Organization (1996) standards for drinking water and the characte;

used by livestock and poultry according to Mckee and Wolf (1963)

as the suitability for laundry usage by Durfor and Becker (

discussion for evaluation of Delta Wadi Dahab groundwater is give
A- Suitability of Groundwater for Human and Anim

Laundry Uses

From the chemical data and standards o
in Delta of Wadi Dahab area, the followi

tables 7, 8 and 9.

Table (7). Evaluation of the groundwate
Dahab for drinking and laundry uses.

—_—
) Evaluation for Evaluation Evaluation for Evaluati
- Evaluation - , . "o
L drinking of for 1 Water E‘a:”zinon ELnE of o
points dvinking livestock and laundry points drinlin. livestock and laundry
poultry use ¥ poultry use
\\\_\\ =SSN |
s i i '
I Unsuitable Very satissfactory Unsuitable 14 Unsuitable Unfit Unsuitable
\\_\\\\
2 | Unsuitab ' i i ' |
nsuitable Satissfactory Unsuitable| 15 Unsuitable Satissfactory | Unsuitable
L e ey _
3 | Unsuitable Satissfactory Unsuitable 16 i \ ‘
Unsuitable Very satissfactory| Unsuital
\\\\
4 | Unsuitable Satissfactory Unsuitable 17 i \ |
Unsuitable Very satissfactory| Unsuital !
S | Unsuitable Salety Unsuitab] ' R, |
¢ 18 | Unsuitable Satissfactory | Unsuit
6 Unsuitable Satissfactory Unsuitable 1 i B e, | -
9 | Unsuitable Satissfactory | Unsuit
7 Unsuitable Verysatissfaclory Unsuitable I oy |
| 20 | Unsuitable Satissfactory | Unsuit:
8 Unsuitab]e Satissfactory Unsuitable 2 i e 7
1 Unsuitable Satissfactor Unsuit:
: . Y
Unsuitable Satissfactory Unsuitap)
_\_‘.‘_._ ‘ |
£ ' | 22 | Unsuitabe Very satissfactory| Unsuital
Unsurlable Satissfacl i ;
ory Unsuitabe 23 Unsuj iat
o nsuitable Satissfactory Unsuital
nsuitable Satissfact i S
- e Y| Unsuitable| 5, Unsuitable|  gayi Unsuita
12 Unsuitaple s o K 010 atissfactory nsuitab
il Unfit Unsuitable | 55 Unsui ab
\]3 e i Ml i Nsuitable Very satissfactory| Unsuitab!
QN\J,
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%Wﬁw suples for reigation processes in

O types necording (o Sodium Adsorngio
o 10) and salinity levels, (Table 11), 1:?;&:31;

WO Water samples are located in (C8,) o
nts moderate water while four v«(mtler i)mi];ls:s
mﬂ (o intermediate water, The water of such
ipation under ordinary conditions due fo high
il 1eteen water samples are located outside such
ity more than 5000 pmhos/em,

i \ Agriculture suilubilitﬁ
4 | ﬂ Rk Unsuitable
‘ 0

| V. High salinity-medium Na
S0 Maderate water |hazard requires highly permeabl
) class O soil with high leaching, Suitable
iph salt tolerant erops.
V. High salinity and Na
To be used only in highly
| Intermediate water | permeable soil considerable
class Casy leaching and drainage are
requited. Suitable for high salt
tolorant erops.

cording to salinity levels, for crops types
his table, the majorty of the groundwater
ange from 4000 to 10000 mhos/em and
ypes while (12%) have salinity

hos/em and are suitable for tolerant
undwater samples (12%0) have

Jom are suitable for all crop types
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Delta and the second s the sal@ne water }(lupbto 81312;)1 n“l,i{tle)r A
the coastal plain at the eastern part. T 8e4(yr)ac sh wates
most groundwater of the sampleq wells ( ¥%). Lo
- The distribution and relationship of major € : ‘ i i
aquifer sediments represent the major source o

groundwater. These elements are provided .throuh_* r"
dissolution processes of evaporates and old marine se

hypothetical salt assemblages. ‘ "
- It was proved that the groundwater was.subject'ed. to s
metasomatic changes for long period of time until it reacheall
most advanced stage of mineralization, represented by the sequ
>S0,">HCO;" in all groundwater samples. | : :
- The application of the international methods for water uses -
revealed the unsuitability of water for drinking and laundry due -
salinity and hardness regardless of its low content of trace e m
addition, it is suitable for irrigation under certain conditions
plant types.

RECOMMENDATIONS

From the aforementioned study,
worked out;

* Drilling of wells near the coasta] area of the delta should be forb
avoid highly saline groundwater supply. |

* Drilling operation shou]
to the fractured baseme

* The extraction of grou
stalinization,

the following recommendations are

d be directed to the western part of the delt
nt rocks to catch directly the percolated rain
ndwater from wells should be controlled to r

Sec. 11, Vol. 11.01 : st Conshoh
Burdon, D. 1., (1958 a). Metas ' ’ ot
course on Hydrology, Desert Institute, Cairo, Egypt.
L I.,] (1955). Metamorphism of natural waters i
Weathering. Geochim Cosmochin, 4¢t
137-170 and 1953 - 212, e

Chebotarev,
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