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he main object of this work is to study the chemistry of

groundwater hardness in the carbonate aquifer in EL Arish —
Rafah area and its relationship with the groundwater flow type.

Generally, the water chemistry including the salinity, hardness
(total, temporary and permanent) and the controlling factors
affecting them (leaching, dissolution, CO,, water pH, temperature
and ion exchange processes) were studied in details.

The study revealed that the total hardness of the continental
kurkar groundwater is generally less than that of marine kurkar
groundwater, The groundwater hardness in the continental kurkar
aquifer is more temporary than that of permanent hardness and
vice versa in case of the marine kurkar aquifer.

The effect of leaching, dissolution, longer residence time
in continental and old marine sediments, CO,, alkaline pH (7-9),
water temperature and catich exchange leads to an increase of
total hardness compared to the marine facies groundwater types
more than that of the continental facies. Also, the permanent
hardness of marine facies groundwater types exceeds permanent
hardness of the continental facies and the reverse is true in case of
temporary hardness.

The variation coefficient of hardness has been used to detect
the mode of water circulation within the carbonate aquifer. The
high temporal variation coefficient of groundwater hardness of
continental kurkar aquifer at EL — Sheikh Zewied — Rafah coast
and marine kurkar at the southern parts, indicates fast flowing
system. On the other hand, the low temporal variation coefficient
of groundwater hardness of continental kurkar aquifer at South
Rafah inland and marine kurkar of west EL - Kharouba indicates
slow flowing system. These results are also confirmed by
determination of the velocity groundwater movement from the
hydraulic parameters of both continental and marine kurkar
aquifers. Another trial was performed by using the variation in
total hardness relative to salinity (TH/ TDS). The obtained data
follow the same pattern obtained by variation in total hardness.
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The carbonate (kurkar) aquifer can be distinguished into two main
facies; continental and marine aquifers (Taha, 1968, EL Said,1994,
and ACSAD, 1998 ).

The chemistry of groundwater in porous carbonate aquifer and
the variation in some hydrochemical properties with time are related
to the nature of the carbonate aquifer and to ihe type of groui.lwater
circulation. Several indices are used for the identification of water that
is involved in exchange processes, among them the alkali number and
the cation exchange index (Schoeller, 1962, Atwa, 1979, Matthess,
1982 and EL Said, 1994).

The variation in the hardness have been used to detect whether
the carbonate system is of diffused (slow) flow or of the conduit type
(fast) flow, (Shuster and White, 1971, Ternan, 1972, and Sadik and
Karam , 1986). They used the coefficient for variation of hardness
rather than its values to describe the characteristics of carbonate
groundwater. Furthermore, the variation in the water salinity value is
used to assist in detecting the relative residence time of the circulating
water (Jacobson and Langmuir, 1970).

In the current work, the distribution of two carbonate aquifers,
total salinity, total hardness and the general trend of groundwater
flow, were studied. The frequency distribution of total salinity, and
total, temporary, permanent hardness, factors controlling them in both
continental, marine carbonate aquifers and their groundwaters were
evaluated. The hypothetical salts combination of both continental and
marine facies groundwater types is used as an indicator for leaching
and dissolution, as well as, the cation exchange processes. Alkali
number and cation exchange index were applied on both continental
and marine groundwater facies types. Also, the variation coefficients
of hgrdness (V) have been used to detect the mode of water circulation
within the carbonate system (diffused or fast- flowing system).
:z?;géer tt(;lal was. gerformed .us.ing the variation in total hardness as
determination gl:fun ;Nat'er se o NS G5 Seslimmad Gy whs
sl hydmutis velocity of groundwater movement as calculated

parameter of the carbonate aquifers.
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Materials and Methods

1) Measurement of the depth to water (during March 1995) was
conducted for about 40 wells representing the two mean aquifers
(continental and marine kurkar aquifers ) within the study area.

2) Water levels were estimated through determination of ground
elevation at each water point using precise Altimeter.

3) Aquifer thickness was determined through lithological study of
ditch samples collected from about 40wells.

4) Chemical analysis of (Ca + Mg) carbonate for the aquifer rock
samples(40 sample) were determined.

5) The cation exchange capacity(C.E.C. me/100a)of the two
sediment facies was determined by using Na-NH; acetate,
Richards (1954).

6) Water samples (117 sample) were collected during 1996 from the
available water wells in the studied area to study the
hydrochemistry of groundwater hardness. Another 52 water
samples were periodically collected during 1995 — 1999, to study
variation in hardness to detect the mode of water circulation
inside the carbonate system Fig. (1). The analysis of the collected
samples was carried out according to the methods adopted by the
U.S. Geological Survey Rainwater and Thatcher (1960),
Tables (1-3).

7) The Pcoz valuzs of the groundwater in both aquifers were
computed by WATEQF program, Plummer et al. (1984), Tables
(1-3).

Results and Discussion

1-Water bearing formations (aquifer system):

EL Arish — Rafah area is located at 50 Km East of EL Arish city
and is extended to the Eastern Egyptian border. It is bound by
longitudes 33° 55" and 34°15"E and latitudes 31° 05 and 31°20" N. It
occupies about 1000 km? and is geographically bound by the
Mediterranean Sea to the North and the tableland to the South ( EL
Gora, Gabal EL Dalfa — EL Amr belt ). The distribution of the two
types of aquifers within the study area, as well as, their
hydrogeological conditions are largely affected by a number of faults
that dissect the area either parallel to the shore line (e.g. F3, F4 and
Fs) or normal to the shore line (e. g. F2 and Fg), Fig.( 1).

Desert Inst. Bull., Egypt, 50, No. 1 (2000)

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

M. H. EL SAYED

178

[ ((*0omED™ OSED"OSTWTIDTWIOON A | ror | vur gy Fl 6] | wt] 1 | oo se| ron | woor | e | x| e |
[ ("001mMe2"0Ss®D IO TIDIWIDEN 1A | erzc | szr 99 t| ot | osm Iec tor o1 | o s | ez | zers | v | et (14
[ (‘021150 FOSED 10w D T IDTWIDEN A geec | ost 1} | o | ot Wwr | ot | rer 6 | ceer | wses | se | x| em pi |
[ {(*00H)EDTOSTDMIDuD DTN TOUN A | peec [ onc 12 r| or | ussi ovr | ser 91 | oest | oz | wo | on | s | em Y
' H'02H)ED"OSEDTIORDTIDTIIIDEN 1A | gorc | om 65 r| 01| nsi 567 | cic o1 | srs1 b5 | zest | wmseo | s | rr | o A
H(*021)EDTOSFITIOUDTIDTWIOEN 1A | geer | onc 24 ] 6] oos1 | wr| o | o] um ser | aemy | sens | s | vz | om b))
H'00H)ED"OSEDTOSTWTIDTW IDBN A | gizc | oa T pl e oour | wst| e | e | osu 9o | o | wuo | 2| ez [y n,
H'021)ED 0SB TOSTW TIDFIN'IDEN A | zroz | sent 56 vl on | osti | x| ee| ve| au su | eom [ wses | re | wr t bl
0210 "0seDTOSTWTIDTWIOEN A | weir | oot s6 wl e | oo | wwz| sez| ey | cem t6 | ey | otm | e )| 1
UE_—I.-.'
i Coo)ED"0OSED"OSTWTIDTIN IOBM A | cosz | ooz [24) s | o1 | wst eo [ se| wr| e i | nos | user | ow | 9r| e
H'0211ED"0S D TOSIW IO IDEN A | arer | ore £ el s vomi | zor | wer $1 | e se | o6 | cxzv | o | st | e
02 H)EDT0SBDTOSTW TIDTINIO®M A | crer | et 911 el o] wn 09 | et 1| s vat | 80| geoc | w| sz | oic
(T0DH)EDTOSEDTOSTINTIDTIIDBN A | zzar | st It o | 9| amn | en | osc 551 tes | oese | ee | ez | sic c
0D H)ED"0SEDTOSTWTIDFWIDOBN A | sr os1 ot s ¢ | oom I ¥ &1 911 ozr ocs | soer | sw | 9z | sr N
T'0OH)ED"0SEDTOSIW TIDINIOBN A | womr | oo Lol o1 | s| osor| et | | x| e sin | ose | esre | ee | re | omx I
TODHEDTOSEDTOSSINTIDTIOEN A | gonr | onc Lol 91| 6| oson €11 LT1 oy | soe sit | ete | eere ] e rz| roz U
IF0D)EDT0SEDTOSIW TIDTN' IDEN A | cort | ost ) ol w| o 19 e8| su| oir ts | oer | zsez| ee| vz | om ¥ ~
TToOMEDTOSED TOSIATIDZWIOEN A | crs1 | o9 9H rl 6] oo | 1o | e 1| st orn | ase | rere | 62| sz m W m
- [RRELZ e
TTODINEDTOSED DD TIDB N IOBN 1A | gy o 14 g| e o e | | s eoc 6ir ) ser ] meon | er | rz| L
QOH)ED"OSTDOSIN IDINTIDBNA | yip | nzs 1t ul| | o 6 | o o | o o | vze | oo | vm | ez r X i
0D H)EDTOSEDTOSSIN DI IDBM A | 760 | nuc 821 z | t| e | om 1| e o | ser | ssor | rw | m 9+ x &)
TTOOH)EDTOSEDTOSSI DB IDBEN A | gz | ose z11 vl sl ore| om 951 rr | et 66 | tzn1 | zac | s | me or m N.
: [OLELT I~
[ TToDH)EDTOSED TOSIN  IDSI'IDENA | oo | o 16 p| ef on 65 es | wmo| o ve | oee | 9 | wn | sz| pez 5..
ﬂ TOOHIEDTCODHISINTOSTIAI TIDE A IDEN Al 107 s 1 st | ¢ ngc sr L1 70 s 991 eriz | 9an | re | sz | sz ) .
[ TOOMEDTTODIMPWTOSTWTIDTWIOEN AT | or | oo 591 | z| o] ec| e| 1| 5w o9t | wrz | ero | o | sz| ow H 5
[ TooEd"TOOHFWTOSTWTIDIW'IDEN A | iz ed o1 vl z] om ot £C Il e iz | wor | eer | rw| sz emr 1 X
{ TTOOH)EDTOSFD TOSIW IDdIN'IDBN A so1 | ooz oL s| ¢ oL o5 ur o | ez s | we| ses] o] rz] en | ~
{ oD H)EDTOSEDTOSIIN TIDIAI'[DBN oo | sm 1 r| ] oz s 60| e[| i 66 | sec | eus | rz | sz .62 : n.W.
[ ea; ..W
# suoljzulquod jjes _nu_uo—_gon_h_“_ d .CH ox — Soan _ L0 _ M _ N _ T _ 3 _ .m_.._u_.“ _ sy _ snduiay, _ n _ SO, — 0] _’.: __u..n_ E....3.. W.
—
“xapuy 3qumpxa uonws Jo anjua saysed pus gny oy dn saquny gwgpe 3y a) JuIpaodon pajuagao (75u) aaprapunosd sagauy suriew Ay Jo sisApuun [eannagy (1) ajqe, m
- S
Q

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

179

DIVALENT ION CHEMISTRY AS INDICATOR...

ﬁo.u:vuu.:qou_:uzvOmME._,Omurz._Uuz | 1| su st | o] v om| | e 1| e ost | st | o | ve| st| e
000D H)INTOSTINTOSTENIOON 11 | 196 | orc | wet | er| 9| oo | ws| rc| ci| e os1 | soc| onzz | e st| om -
"(00)¥*D"05E0TOSTWTOSTEN'IDEN Tl | 9o | ozc - o] »| os| w| ]| ro| | we| ovu] en] sz]| o b
02H)E3"('0OH)IW'OSINTOSTEN'IDEN T1 | sor | ooz 151 il ¢ o | es| | oot 951 | Ioc | feev | e ] ot em 4
0OH)BD*('OOH)INTOSTINTOSTEN'IDEN 11 165 | oot 11} i) v | otr w or | m 113 e | | wn | es| st| o “
(*0OH)® D" 0O H)TINTOSTINTOSTENIDEN 11 roo1 | ouc I oz | | or ) 15| ec| ez ist | nee| mer| s | w2 m
CoOH)=D OO MIWTOSTIWTOSTENTOEN 11 | ss9 | su1 st | ] er| w w| wr| e o9 | we| un | re| sz| 1
“(00H)E3'0OH)TWTOSTWTOSTEN'IDN 11 | ais | osr wi] 2] s| | e]| e 1w 6s1 | oor | ecor’| zm| st| su v
"ODH)®D"0SED " OSTWTOSENIDEN (11 | 69 | ncr 01 ] 2] o] e e 1| e wr | ev | som | ve| st| s %
"00H)®D"0SE3TOSTWTOSTENIDEN TIT | 165 | osc 16 g | o] w] | n| uc se | oo | mun | ew| st] e -4
: ysppg N
ODH)*IN"OSW"OSEN'IDBN 11 | sm | om e | o | sz ore| sc| ]| so]| osi oc | orr| s ] s st| m 1
("0 M 0O HIINTOSTINTOSTENIOEN 11 | e | w ot vl v oz wm| | e 0 i | vz | oee | ze| sz| r__.
(*001D®070SEDTOSTNTOSTENTIDEN 11T 52| o st ul| T iz] 1o 1 o | ]| sic] os| st st o
{"0OH)BD ("0OH)SINTOSTIWTOSENIDEN  ii | oo ot AT v v| ox ¥ ic| su 8 vor | e | ec| en| st 19 b}
(2]
suonewquiod yes (LINIUIOAAH | 4 | vos | soom | ton | il o] o] oo | ioos | s | sebwes | me| sar|wa] D] wa| smbv

UONJE JO IN[BA 3AN)ESIU puE (7] 0} OQ[ WO I Junu fjey|e 3y} o) JuIPI03IL PIjUALIO

(1/3w) 19jempunoad sae) [ejudunuod Iy) Jjo

*xapuj adueydxa
siskjpue earway) (z) dyquL

TT0OH)®ED"0SEDTOSTWTIDTINIDEN A

sore | osu eon | o | o oot ] sez| s &1 | wsm oer | amst | wooc | s | sz | e

001D 70SEDTOSTNTIDBWIDEN A | oger | ose 99 ol ol oo | | w| c1| eon | ocorn | v | sr| st| et r
'C0D1ED 08 D" OSTNIDIW'IDENA | size | wonr | eu| of @ | wr | wn | | 15| wou oo | e | oeus | ee | v sa b
T02MEDT 0SB DD DN IDEN A | 1oz | oie o8 vl o] oner | est] wor| ov| wa ] por | voer | v | st| et __"

(0011827 0SBD ™ IDEDTIDIW IDEi 1A | gper | suz o o] | osm| | 0| | s st | cos | torr [ s | vt | ot ¥

(T'021NTD"0SEDTOSIN TSN IDEN A | zarz | 006 o pl o] osm | e | sce| wo| osu | wa | e ow| 2| sa h
0BT 0STOTOSIWTIDTWIDCA | 1257 | oout :_ | o] osm| e | ]| s | e se | s | oo | o | re| ret 1
(' 00182 0SB OSINTIDIW D8N A | ge1z | sinn 201 ol o] mer| e | | ws| wan | oo wis] o] 2| e -~
€0DH)ED"0SED OSSN DTN DN A | ngez | o9 n v o] omse| ez mr] wel| s w)] som | oos | e sz| we W

(1) alqm "jue)

"

Desert Inst. Bull., Egypt, 50, No. [ (2000)

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

M. H. EL SAYED

oM TOOINTW OSAWTOS SN'ID®N 11 [ " 181 v | _t]| en 7] | e 5 wi| st | e |oew| st|
OO OO IWTOsTW " OSIN'IDON 11 w| o " r| ¢ » 1 ]| vo| s | | x| cn| se] u
OS"®*NIOVN 1 0 1 11 ‘w| ¢ [ 3 r 0 » w | v ]| en| rx| e
TOOHTFS™MOOHTWTOOHNTOS NIOPNT | wer | o5 | | ec| ¢ o] o] w| 1| o m| w| || w| o "
oS ™MOOHITWTOOHIN"OSINIDENT | ar | o o7 ] v| ex| m s| w0 ° ss| s | s | ww| se| sue v
oo M OIIWTODHN" AwM...-.z._u..:,_ 1| eos| sa I os | | oo T o | o » wer | e | zors | we | x| enz "
OO " VOOHIEW OSAWTOS™™NIDPN 11 | i | oar wi | | ] wm | wu| en] | roc| wew | vw ]| ] e u
T OSHRS TOIITWTOOHINTOS N NT | yoc | _om 101 | e ec]| o £ 1 ° o | e | we| ew| st] im n
Moo ™MOSHITW OSTWTOS ™ NIDEN 11 | e | s ra1 o cf et] n| x| so| wo se| 1| | on| st | ou ']
 TToon* > "00H N OONN"OFNID"N T [ v | oo ot er| ¢ om 1 1] (&) n s | s | wer | e | | o
ToSH ™ OOITWTODIIPNTOSSNIO¥N T | ¢ | st su | o | 1| em] w| 1 ° var | oor | ses| cw| gr|
oS OO HIEWNTODIMNTOS NI | £ 41 sat ¥ 1 ol " r n 0 [0 [ we | sw | s [nd)
Moo oS 0STW oS NIDeN 11 orc | oer 101 e | t] e I oL 1 | ser i | sec| s | ew | rx ]| e
OO TTOOHITWTOOT*NTOST*NID*N T | et o 5" v |t e ot T o 0 | | o] ev]| | e
OO T OOHIEWTOOHNTOSTENIDYN | ad) 2 1) 0| u ¥t 2 (11 ™ s »1 vy sar | o] st ”i
oo oD ITWTOONTNTOS™NID"N | o o $c1 | 1 56 T ]| o ] v sn | coe | wn | se| e |
MOIHIEF OO HITATOD N OSSN ID®N | sor sLI 114 (14 r ory 41 1 e [ ¥11 s10 | ceen | ew | st [14]
CMOOHIT ) TTOOHTWTODHINTOSNTID"N T | o1 | o o | | v| sm| wm| =m| = a | | e ]| |
o5 ™ MO HITWTOOH"NTOSTENID"N T | w1 » i | v| eu o) " re o str | su | s | ex| ]|
OO T OMTWNTODHNTOSENIDN T | ot o ot i | | wm ¥ s 51 0 or | o] ser | en| s | en
Mo TOOHITWTOOHNTOSTNIO*N T | ac | su 51 )| z] mec| @ | o a | e | e | e ] w| o em
OO TOOINTATOOHNTOS™=NID*N | ” ot i rl [0 ‘ rt] e a tor | tm | wer | ew ]| s ame "
MTOHOHIEITOOIHAWTOSTWTOSENTO*™N 11 | s | o w| oo ] o] | wm| wo| o) <en]| sm| vo|ov]| w| « v
T OO OSTOTOSTWTOSTNIDON I | i | oic 5 v| r| om a3 wl wol| m | woe| v v » L
O S U 0590 OSTWTOSTINIDN 111 51 " " v| ]| w P n| e T ~ s | wr] o] w - N
G511 T TOTWTOON'NTOSTNIONT | o | = w | e | s su " o |  we " @t | e | ver | ow] | e 4
OO OSTOTOSTWTOSTENIDI®N T | oe | sue sl sl sl el o] o} )l wm vef coc} etuifwef st v N
éj?ém-.uﬂ&ﬂ%ﬁiﬂﬂﬂ@.ﬁ 1D%N 11 5o | o (4 w| » - 1] t 3] ” me | ern | e | aw | o “ 1
!ﬂcﬂﬂaﬁﬁﬂmﬁw:”.ﬂ.mn..d....:lzacmw.-Za_UMZ U AL e Ll af | w n ot re ) " | e | ew| m n L
OO 04 >TOSTWTOSTN DN 1T | pie | ser s | w| w| sa| ew| o] e | m te | s | st | we| wt| we N
G TTOTINTOONONTOSNIONT | e | w| v | o] eer] w] | 0 | | e | e | e o
Jauul_._.ﬂn.u_qa:..wa_uﬂia.ﬂwﬂiaam_.-m-_.b.mz H | o1 | »m “ st | t] ¥1 | wn (1] s | e | e | re | owm .t o
.d_..C.U..s-d.-l..waAﬂmUl_'_wﬂwm.qcmﬂuvm:@aqﬂl-_.uuz 11 38 " “ " | m 4 (1] e v (an 11 irg | v | wr "
L - CTEIT |
B EUOT)BUIUIOD J|NE _Iu:u-:aahﬂ. ‘:..—: .:.Ll "o w.h.ral.bh.ll_l.mwh:“: — u? _w.“v-h — -y ﬁl..l... — __...u—.lr.,_. .\~ "4 _ .w. !‘.u I..HMI
e asgesns =
L

sTumgars 1

Xapui aduwyaxa uoned jo onjea aanuidau pue gz aaoqu quinu
1y ap 0 Juipaodde pajuarto ([/w) dageapunosd saaeg [EpuauRued g Jo siskpEue eanwag) (f) THav.y?

Desert Inst. Bull., Egypt. 50, No. 1 (2000)

CamsScanner . Ligs > guadll


https://v3.camscanner.com/user/download

181

DIVALENT ION CHEMISTRY AS INDICATOR...

3anss32d [s11a8d 3pjxojp U0qIEI IG = 'Q:) ] PUE FEIUPIRY JUINVIUIIY = "WIF,] ‘ssaupen] Lretodwa] = *1odma] ‘ssauprey [8j0L= HL

pIay 3q) af aamperadud) 1)Ep = I L ‘(e1mq)

‘s)[8s paAjossip [®10L =5AL

O3 7055 TOSIWOS N NI | ssic] s ] ] o] sl wu] m] m] el en] m] oo s ol nl u
2u|[eS
TTOOH*O70S¥DOSTNTOSTENTDINTIT | ser | oot 101 vl o] s o] s ] we] coun ]| e | v | we ] st o
T'OOH)*D"0S*DOTOSSNTOSEN IOBN T | roer | sest we| ul sl wa| w| w| wi| m ot | reo| asr | 1wl ;|
0D TOOHPWTOOHIN"OS® A\ IONT | 909 | oor sLe ts| 5| ew| os| e | o7 [] ot | em | ooz | re| sr| ur
TTOOH)* D™ TOOH)TIWTOSTNTOST®N'II®N 11 | porr | oor I wl ol osm 59 | 1] om mr| 1| ow | a| st] oz b |
OO H* D™ FOD1DZNTOOHNTOSNIDSNT | orc | oo | w| o] o[, o] wu| oo 0 per | won | wvor | ww | st| et Y
TTOOH)ED OB OOHSNTOS A 1D N T | cec | oz e el r| ers 5T st | ¢ 0 sst| ssi| vomr | oo | sz| et b |
COOH)* O ("0 I TOOHINTOSTWIDEN | sis | osc T 101 c| ose ol y | oo 0 1) | vt | er | st (1] o
OO M (*ODIDINOSTNTOS™ EN'IDEN 11 | o | stz st | c| o o] x| ] e | ase| eser | 0w st| n
OO H)ED ™ FODH)PINTOSTINTOS™N'ID®N IL | sz | oo 091 st| «] ot " 1| 90 “ een | sz | sesr | suf ot | s H
TODOHI*D™ FOOH)ZINTOSTINTOSTEN'ID®N 11 | o5 | vor w | s| eu " | er]| oor | azv | wn| o] | s
Moo= (" 0OTINTOSTNTOSTENTOEN 1T | - 1m o5t sc1 " 5 o8 " o 5 s¥l 107 e | ooz | | et 14
00H* D ('0DI)ZWTOSENTOS™NIDEN 1T | i | et 101 | c| oo . 5 rt| e w1 ] | wic] e st L%
021D (*OOH)ANTOSSINTOS'EN' DN 11 | 1r| ors 1] oz| c| o% t I 90 14 71] siz | s | sw| st [
TOOH)*D"0SETOSSINTOSENION L | wc | oo 1) s| 8] o o s | sr| wr ‘o | sec| ro | | n "
TTOOH)*DT0S®DTOSTATOSTSNIOENTIT | sor | wer m | ] ex| o ] ez] e | ver| sem | o) st o
TTooH)*D"(F0DID3NTOSIWTOS' N (D8N .11 | (5| oo "1 sl 81| o £s wl wz| o cet | eee] wer | ] st o
SLELAL .
021120 0O H)TINTOSEINTOSTEN"IJEN 11 |11 or L] o] ¢ (] ol 1 ro 1l Wl (31 ot | e st 419
ioo:TU_A”OUauE_OwE"_Om:Z._U-Z H | rez| osc [31] r| s| e " ot | os1 “tn tor | cvon | we | ez | sez 1
0oH) D' (*0DI3 N "OSANTOS EN'IDEN 11 sir | et 1”1 n| e | o It of ro 2] o051 214 e | en | ez | 52 v
TooH)* D (TODINEW 0O HENTOS : I'IDEN I | 531 % 1 | 3| W ol | eo o e | eor | o5 | ve] ex] st L
0o H)*DTCODH)TWTODIIPNTOSTPN'IDENT | " w1 n| s| m I ml 9o () sot | sor | vos | »wf| st| we N
uﬂ.cua-U_AuOu_wumxcuzaz..cm:z._u-z I fL 5T sit 1] » [ 1 ]| » 0 | o) exc ) ra| st| e q
¥D70SYOTOSTNTOSEN'IONTIT | 50 | sur el m| o] ee] o] ul ec| om m | ore ] sen | | st| s N
_H_OUE-U TTOOH)SIWTODHENTOSTNIONT | iz | su we | o vl e el _ul e 0 o] o] we|lre| st| o I
oI COOMIATODHNTOSTINIOONT | ac | sz | or| vl ec| s| ] o ° i | en| voflo| ] e L
02H)eD" ("ODH)IN 0DIIENTOST*N'IDEN | ot | s 1] 14 1| ot 1] 91 o [ 13 e we | te| st Iz N
O0OH)EDTTODHZWTOSENTOS BN IDEN 11 ne | su §91 Ic | eu 12 13 1 % m [ Me | cx | st 14 (o]
OO D7T0S*DTOSTNTOSEN'IDYN I | a1 | 51 co1 o] ] o] @ wl vo| s6| - sa] o | o w] st| mz o]
oo =0 F0OHINTOSZINTOS ENTOEN I % o st 1| 1] u ] ve 1 m | | e ]| ;2| w2
oD INED " 08*D 0SSN TOS N 1DBN III % | on 1) ul t wl| 5| sl on su | vz | oo | vn] e e

(€) 219%) "Juc)

Desert Inst. Bull., Egypt, 50, No. I (2000)

CamsScanner  Ligs d>guaall


https://v3.camscanner.com/user/download

THIAE PIIPIN)S IYJ Bl SIS PUE saagmmbe a1y jJo HOIpNgLIsIp jusae 3¢ 5.:(1)

,90]-¥C

“d .y

wnjanjje pue

< supmw muaupuod
uaasmiag Aicpunog

puafia— — 3=

M. L EL SAYED

s Py |

ouv
-I!A.g
> > -
»d S g -~
TS
cor 7

p— " n-th\

e

14

‘&xﬁwn T

L]
[ 14 ’, L60
i

Rsser
T i  Lor- rep
I et 1
> L
el
e o
- ﬂ‘ ’
. ao.?l..’_‘ 2 Py
=N
v‘ia.a.&‘

i e

T Ligd d>guaall

CamScanne

Ovwert Inse, Bull EQipe, 50, No. } (2000)


https://v3.camscanner.com/user/download

DIVALENT ION CHEMISTRY AS INDICATOR. . 183

The carbonate aquifer (calcareous sandstone) represents the
main exploited aquifer in EL Arish - Rafah area. This aquifer exhibits
a high potentiality where the present groundwater extraction rate is
estimated as much as 100,000 m? / day. The carbonate aquifer
(kurkar) can be distinguished into two main facies namely:

A-The upper kurkar (continental kurkar) having a thickness of about
(10 — 45 m) and is particularly developed in EL Arish — Rafah
coastal plain except at the West of EL Sheikh Zewied and El
Kharouba areas, (Fig.1). It is formed of coarse to medium quartz
grains coated with Ca and Mg carbonates (55 - 92 %), together
with few shell fragments and intercalations of loamy materials.
The continental Lurkar aquifer is undeclain cither by the marine
kurkar aquifer or by the Miocene carbonate rocks, and overlain by
clay layer or alluvium or sand dunes aquifer.

B- The lower kurkar (marine kurkar), having a thickness of about
(10-30 m) and characterizes the subsurface of EL Arish — Rafah
coastal plain. This kurkar is also recorded in the Southern part of
the studied area, (Fig.1), which is overlain either by a clay bed or
alluvium deposits. 1t is composed of shell — rich calcareous
sandstone (4 — 82 %) as well as quartz grains with intercalations
of loamy materials.

The depth to water from ground surface being (3 — 40 m) in the
continental kurkar aquifer and (24 — 80m) in the marine one. The
groundwater in the kurkar is confined or semi confined to unconfined
according to locality. The general trend of the groundwater flow is
from South to North, (F ig.2). The deviations from the general trend of
water flow are either due to hydrogeologic features (as buried
channels) or intensive well exploitation. The water table contour lines
show that the zero line is missed allover the area of study which
means that a real sea water intrusion did not take place until March
1995. In the marine Kurkar (South), the hydraulic gradient of the
water table is gentle where it amounts to 0.0067 and 0.0003, while at
the southern and northern parts of continental kurkar, the hydraulic
gradients of water tables is steep where it amounts to 0.0015 and
0.0004, respectively. This supports the assumption that the main

recharge comes from the direct rainfall and subsurface flow from
South to North and through the old wadis.
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2- Hydrochemistry of water:

1-Total Salinity: Correlation between the total dissolved solids
(TDS) and the corresponding values of the ionic strength (U) of the
investigated groundwater within the study area revealed that three
categories could be recognized:

A-Fresh water category, having TDS values less than 1500 mg/I
and U less than 0.03.

B-Brackish water category, having TDS values between 1500 and
5000 mg/l and U 0.03 - 0.1.

C- Saline water category, having TDS values more than 5000 mg/1
and U more than 0.1.

The frequency distribution of water salinity of the continental
and marine kurkar aquifers is presented in Table (4).

TABLE 4. The frequency distribution of ionic strength (U) of

groundwater in continental and marine kurkar
aquifers in the studied area.

Kurkar aquifer | No. of Distribution %
Type ‘S"a“’rl Fresh water Brackish Saline
TR <0.03U water water
- 0.03-0.1U | >0.1U
Continental 89 64 35 1
Marine 27 --- 37 63
From this

table, it is clear that in the continental kurkar aquifer,
the fresh water dominates, followed by brackish water, while saline
water is nearly absent.
The dominance of fresh water at the coastal area is caused by the
relatively high amount of rainfall (200 - 300 mm / yr.) which has
direct contribution to the groundwater recharge in addition to the
continental nature of this aquifer (mean water salinity, 1231 mg /).
With regard to the marine kurkar aquifer, the fresh water is
st absent while saline water dominates and brackish water is less
pronounced. This pattern is attributed to the subsurface flow (from
south to north) with the possible leakage of saline waters from the
Eocene rocks that dominate the catchment area together with the
marine environment of this aquifer (mean water salinity, 5076 mg /).

almo
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o — salinity distribution in the

Based on July 1996 samples, the is . ' -
continental and marine kurkar aquifers of the studied area is shown in

Figure (3). The irend is the same as the regional flow di'rection of
groundwater in the area between West EL- Kharf)uba (marine kurkar
aquifer) and West EL — Sheikh Zewied at fault pl«:;lln.F| (marine kurkar
aquifer). On the other hand, the iso - salinjty distribution follows an
opposite trend to the regional flow direction o‘f groundwater in .the
area between fault plain Fs and the coastal plain from EL — Sheikh
Zewied to Rafah, due tothe direct effect of the local rainfa!l on the
coastal plain (continental kurkar aquifer). From the iso — salinity map,
the following could be concluded:

a) A general increase of water salinity from South (3000mg/l) to
North (7500mg/l) in the area between West EL-Kharouba (marine
Kurkar aquifer) and West EL — Sheikh Zewied at fault plain F,
¢marine kurkar aquifer). On the other hand, water salinity decrease

to North (< 500mg/l) in the area between

from South (6000mg/l)
fault plain Fs (marine kurkar aquifer) and the coastal plain from
FL — Sheikh Zewied to Rafah (continental kurkar aquifer).This

can be explained on the basis of the integrated recharge of
,ubsurface flow that contain relatively high salinity water from
alluvium aquifer in the southern parts at fault Fs towards the
marine kurkar and also towards the coastal area (continental
kurkar aquifer), as well as the effect of the local rainfall on the

coastal plain.
b) The low salinity water (< 1500 mg / 1) at the coastal area is

expected as a result of the relatively high rate of direct
precipitation in the coastal area (200 -300 mm / yr.) which feeds
the continental kurkar aquifer with a considerable amount of fresh
water. This is stimulated by the high rate of infiltration in sand
dunes dominating this area.
¢) The occurrence of brackish water in the continental kurkar aquifer
could be attributed to the possible leakage of saline water from the
deep marine kurkar aquifer, as well as, intensive groundwater
withdrawal at South of EL - Sheikh Zewied — Rafah and South
Rafah city. .Similarly, the occurrence of brackish water in the
shallow marine kurkar aquifer at South, near the fault plainFs, is
due to the p?ssible leakage of saline water from the Southern
alluvium aquifer. Such explanation is based on the data obtained
rrom different wells tapping the marine kurkar aquifer which have

brackish and highly saline waters (3000 — 6000 mg / 1).
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d) The occurrence of saline water in the marine kurkar aguitjer is due
to the nature of water bearing formation itself which is formed
under marine environment, as well as, the possible leakage of
saline water from the Eocene rocks that dominate the catchment
area in the south. Likewise, the presence of saline water in the
coastal area at EL- Kharouba reflects the influence of marine
water bearing formation which is diluted by the local rainfall on

the coastal area of EL- Kharouba (salinity from 7500 to 3000
mg/l),

2) Total hardness:

Generally, the total hardness(TH) tends to increase with
increasing groundwater salinity in the continental and marine kurkar
aquifers of the area (Table 5) .For instance, in the continental kurkar,

mean values of total hardness reached 164, 386 and 1217 mg /1 in the

fresh, brackish and saline groundwaters, respectively, while became at

659 and 1692 mg / 1 in the brackish and saline groundwaters of the
marine kurkar, respectively,

The rates of increase in the tota
continental and marine kurkar groundw

according to change of water type from fresh to brackish to saline.
When total hardness is divided by water salinity in the continenta]
kurkar, the obtained ratios are 23, 19 and 20 % in the fresh, brackish
and saline groundwaters, respectively, while in the marine kurkar

these ratios reached 17 apd 30 % in the brackish and saline
groundwaters, respectively. It is evid

continental kurkar groundwater (mean TH =
21.2
(mean TH = 1347 mg /1, TH/TDS =27

to the effect of leaching and dissolution of salts leading to increase of
hardness with particular importance to the effect of NaCl
concentration on increasing solubility of Ca** and Mg** in water
(Richards, 1954, Freeze and Cherry, 1979 and Hem, 1989). This does

not exclude the contribution of the CO,, pH, sea water in older marine
sediments and cation exchange process.

| hardness with salinity of the
aters are about 3.2 to 2.4 folds

%). This is mainly attributed
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TABLE 5. Mean total hardness (mg/l) and total hardness /total salinity in
groundwater samples of the study area.

o, Groundwater type
Kurkar Fresh Brackish Saline
aquifer T TH
Type |TDS| TH TDS TDS | TH ps | TDS TH TH;:DS
% %
Continental |698 164 |23 2038 |382 |19 5995 1217 |20
Marine |-— |- |- 3848 [659 {17 (5687 [1692 (30

TDS = Mean values of water salinity, TH= Mean values of total hardness

The distribution of the total hardness of the kurkar aquifer in the
studied area is shown in Fig. (4), which reveals that:
1) The distribution of total hardness shows a considerable increase

from South (<600 mg/l) to North (>1800mg/1) in the area between
West EL-Kharouba ( marine kurkar aquifer) and West EL —
Sheikh Zewied at fault plain Fj(marine kurkar aquifer) while
decreases from South(>1200mg/l) to North (<200mg/l) in the area
between fault plain Fs(marine kurkar aquifer) and the coastal
plain from EL — Sheikh Zewied to Rafah (continental kurkar
aquifer).This behavior could be explained on basis of the same
reasons already mentioned.
2) The distribution of total hardness shows a considerable decrease
from West (marine kurkar,>1800mg/l) to East (continental
kurkar,<200mg/1).
3) The total hardness distribution follows, more or less, the same
trend of total salinity.

TABLE 6. The frequency distribution of temporary and permanent hardness in
groundwater of both continental and marine kurkar aquifers.

Fresh Brackish Saline
Kur_kar State Groundwater Groundwater groundwater
Squifer | e hardness N 0 % No
Type o.of | % of of | Noof | %of |%of| ~ | % of | % of
w.s'. |Fresh w.s . |Brachish| total | '+ |Saline| total
total W.S .
Temporary 21 147 30| 4 13 5 = = 'l ==
Continental [Temporary | 18 32 | 20| 8 26 9 |- |- |---
>permanent
Permanent | 12 12 [ 14[19 |61 21 1 [100] 1
>Temporary
Marine  |Permanent | ... - |--- (10 |100 |37 | 17 |[100 |63
>Temporary

* w.s. = water samples
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From the data in Table (6) one finds the following:
In case of the continental kurkar:

- Where total hardness is ma;
and brackish aquifer represents 47and 13%, while being 30 and 5%
out of all the water samples collected.

- Where temporary hardness exceeds the permanent one, the hardness
in the fresh and brackish aquifer represents 32 and 26%, while
being 20 and 9% of the total water samples, respectively.

- Where permanent hardness exceeds the temporary one, the hardness
in the fresh, brackish and saline aquifer is 21, 61 and 100% , while
being 14, 21 and 1% of the total water samples, respectively.

In case of the marine kurkar:

- Where permanent hardness exceeds temporary one, the hardness
in the brackish and saline aquifer represents 100 and 100%, while
being 37 and 63% of the total water samples, respectively.

continental and marine kurkar aquifers (0.1 - 5.7 and 0.3 - 46 %102
bars) suggest an open (Pco; is less than 0.32x 10°bar) and closed
System (Pcoz is more than 0.32x]0? bar), indicating an equilibrium
and disequilibrium conditjons with the atmospheric CO; in the former
and |latter systems, respectively. This is in agreement with the
hydrogeological conditions of the continental and marine aquifers
where the hydraulic condition of the groundwater varies from
unconfined (open System) to confined (closed system) according to
localities, [t is therefore believed that the recharging conditions of the
confined carbonate aquifers are more related to the Pco, than to the
type of water circulation inside that aquifers and vice versa in the
unconfined carbonate aquifers.

The pH of water in both aquifers is normally between 7 and
9,indicating that the dissolved inorganic carbon exists almost entirely
as HCO%, Freeze and Cherry (1979). The concentmtioqs of I'?CO.J
(temporary hardness) are widely variable, being much higher in the
continental (mean temporary hardness=124mg/l) than to the marine

Desert Inst. Bull,, Egypt, 50, No. | (2000)
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kurkar aquifer (mean temporary hardness=102mg/1). Since the water

temperatures of both aquifers are unique (mean water temperature.=
25°C), it is expected that Pcoa and water pH play the major role in

HCO’; dissolution. -
The solution equilibrium reaction of Ca*" and Mg®" carbonates

which contributes to temporary hardness is influenced by H,CO3 (CO,
and H,0) in percolating rain water, water pH anc;l temperature. This is
generally reflected on the temporary hardness in the contmer.ltal ax}d
marine kurkar aquifers, i.e. temporary hardness is more dominant in
the continental kurkar aquifer. In the marine sediments, beside the
temporary hardness, because of the longer residence time and
influence of older salty marine waters, sulfates and chlorides of
calcium and magnesium are increased in groundwater, i.e. permanent

hardness is more dominant in the marine kurkar aquifer.
In conclusion, 64% of the analyzed water samples show

temporary hardness rather than permanent hardness in the continental
kurkar. This is attributed to the leaching and dissolution of the
terrestrial salts of continental kurkar matrix (Ca + Mg ) CO; beside the
contribution of CO,, water pH, and cation exchange process which
play an important role in the chemistry of groundwaters hardness to
give either temporary hardness salts Mg(HCOs), and Ca(HCO;), or
permanent hardness salts MgSO,, CaS04,MgCl, and CaCl, ,
(Tables1-3) . An opposite trend is seemingly displayed in the marine
kurkar where, 100%of the investigated water samples show permanent
hardness rather than temporary hardness. This is attributed to the
leaching and dissolution of the marine salts of marine kurkar matrix
(Ca + Mg) CO; beside the contribution of longer residence time in the
marine sediments, CO,, water pH and cation exchange process which
play an important role in the chemistry of groundwaters hardness to
give either permanent hardness salts MgS0y, CaSO4; MgCly and
CaCl, or temporary hardness salts Mg (HCO3), and Ca(HCO3), ,
(Tables1-3).
~ From the hydrogeochemical study on both aquifers, (Tables1-3),
t1}tl elS ;:(l)tr:leg ;:?3:; lfel‘i\l/l rgkround\gatc;;' samples (12% of the total samples) of
e o e :rfan' all groundwaters of the marine kurkar
e {1t etlmes (marine salt assembl.ages IV, V and VI,
ot fa(,:ies fo : .glroundwaters of the continental kurkar have
~ghomrnd f;re§ ria tlassemblages I, Mand II, tNa/CI> 1).
N cies of some groundwaters in the continental
probably due to eithe
r upward leakage from deep
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horizons (subsurface marine kurkar) through the faults plains or the
recharge from marine facies

groundwater of sand aquifer that
hydraulically connects with the kurkar aquifer.

Considering salinity of both continental and marine facies
groundwater types, generally it is observed that in the mean total and
permanent  hardness tends to increase with increasing the
groundwaters salinity and the mean temporary hardness tends to
decrease with increasing salinity of groundwaters, (Table 7).

TABLE 7. Average and relative values of total, temporary and permanent

hardness compared to the water salinity in the continental and
marine facies groundwater types.

Groundwater salinity

W TDS TH TH/ | Tempor. | Tempor. | Tempor. | Perm. | Perm. | Perm.
ater
mg/l mg/l | TDS% | mgn /TH% | /TDS% | mgn |/TH% | /TDS%
Type
FRESH

Continental
facies 690

148 [ 21 | 111 | 75 | 16 | 37 | 25 | 5
Marine faces | 762 | 298 | 39 | 113 | 38 | 15 | 186 | 62 | 24
BRACKISH
el 12030339 | 17 | 147 | 43 7 | 192 57| 10

aine i 3309|665 | 20 | 131 [ 20 | 4 |34 | 80 | 16
SALINE

ontinental

e 1599511217| 20 | 128 | 11 | 2 |[1089] 89 | 18
marine facies | 5687 1692| 30 | 77 | 5 | 2 |1613] 95 | 28

It is evident that the groundwater types, affected by leaching and
dissolution of terrestrial salts, are possibly accompanied by cation
exchange processes (related to clay minerals assemblage, dominated
by montmorillonite, palygorskite, hydrous mica and kaolinite as well
as amorphous inorganic materials, cation exchange capacity ranges
from 20 to 167 me./100g clay in both aquifers) that lead to an increase

or a decrease in the temporary(equations 1 and 2) and permanent
hardness(equations 3) as follows:
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1) Ca (Mg) (HCO;)z + 2 Ng* cation exchange 2NaHCO; + Ca? (Mg2+)

in solution colloid —— in solution colloid
2) Ca (HCOJ)Z + Mg+2 cation exchange Mg (HCOJ)Z + Ca2+
m solutior}_ colloid in solution colloid

3) Ca (Mg) 504 +2 Na+ cation exchange N2a,SO, + Caz+ ( Mg2+)
in solution colloid —— p jin solution colloid

On the other hand, the groundwater types affected by leaching
and dissolution of marine salts are possibly accompanied by cation
exchange processes that lead to an increase or a decrease of the
permarnont hardness (equation 1 ) as foliows:

2Na® + Ca(Mg)Cl, _ o exchange  co MY Cl, + 2Na'
in solution colloid 4¥—— in solution colloid

The presence of NaHCO;, Mg (HCO;);, Na,SOy, MgCl; and
CaCl, gives a good evidence of cation exchange in the studied
groundwaters, (Tables 1-3).

Several indices are used for the identification of water that have
undergone cation exchange processes (Schoeller, 1935, Schoeller,
1962, Atwa, 1979, Matthess, 1982 and EL Said,1994). The alkali
number is expressed as 100 (Na+K) / Cl (me / 1). An increase or
decrease of the alkali number is mainly attributed to cation exchange
which takes place under three conditions as follows:

I) Up to alkali number 100, alkalis (in solution) replace Ca and Mg in
their halogens (on the surface of clay minerals in aquifer matrix).

II) From 100-120, alkaline earths Ca and Mg in their sulphates and
part of their carbonates(in solution) replace alkalis(on the surface
of clay minerals in aquifer matrix).

IIT) Above 120, alkaline earths Ca and Mg in their carbonates (in
solution) replace alkalis (on the surface of clay minerals in aquifer
matrix).

From Table (8), it is clear that the alkali number of all
groundwater samples in the marine kurkar aquifer and 12 % of the
continental kurkar groundwater aquifer range from 56 to 100. These
groundwater types are characterized by the assemblages of salt
combination VI, V and IV which reflect the effect of leaching and
dissolution of marine salts with some contribution of cation exchange
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phenomenon, forming the following hypothetical salt combinations in
such groundwaters, (Table 1).
1V- NaCl, MgCl,, MgS0s4, Mg (HCO3),, Ca(HCO3),.
V- NaCl, MgClz, MgSO4, CaSO4, Ca (HCO;;); :
VI - NaCl, MgCl,, CaCl,, CaSQ4, Ca (HCO3),. . N

In this case, the high concentration of alkalis (Na” and K") in
solution replaces Ca*" and Mg?* in their halogens (on the surface of
clay minerals in aquifer matrix). \ .

As a result of cation exchange processes, Na concentration

decreases, this is accompanied by an increase of Ca®* and Mg?*.
concentrations in solution, leading to an increase in salts causing
permanent hardness (MgCl,, CaCls, MgSQy, and CaSQy) rather than
those causing temporary hardness {Ca and Mg (HCO3); } which is in
equilibrium with Pco,. Nevertheless, an opposite trend (temporary
hardness > permanent hardness) is observed in case of some marine
facies groundwater types of the continental kurkar which exhibits an
assemblage of marine hypothetical salts.

Few groundwater samples (16%) of the continental kurkar
aquifer have an alkali number that ranges from 100 to 120. These
groundwater types are related to the salt combination assemblages of

ct of leaching and dissolution of
oundwaters) with some contribution
rming hypothetical salt combinations,

terrestrial salt (terrestrial facies gr

of cation exchange processes, fo
(Table 2), as follows:

II: NaCl, Na,SO,, MgSO, , Mg(HCO5), ,Ca(HCO;)z.(63%,temporary
> permanent)

III; NaCl, N32804, MgSO4, CaSO4, Ca(HCO3)2.
(37%,permanent>temporary)

In this case, the alkaline earths Ca2* and Mg*" in their sulfates
and part of their carbonates in solution replace the alkalis (Na" and
K") on the surface of clay minerals in the aquifer matrix.

As a result of cation exchange processes, the increase of Na"
concentration and decrease in Cal* and Mg** concentrations in

solution, lead to a decrease in salts causing temporary and
permanent hardness.

On the other hand, about 72%
continental kurkar display an alkalj
groundwater types have the assembla

and I which reflect the effect of
terrestrial  salts  (terrestria]

of groundwater types of the
number above 120. These
ges of salt combinations I, II
leaching and dissolution of
facies groundwaters) with some
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contribution of cation exchange processes, forming hypothetical
salt combinations, (Table 3), as follows:

[: NaCl, Nast4, Na (HCOJ), Mg (HCO3)2 ’ CH(HCOJ)z. (48%)

II:NaCl, Na2804, MgSO4, Mg (HCOz)z , Ca(HCO3)2. (33%)

III: NaCl,, Na;S04, MgSO, , CaS04, Ca(HCO3), (19%)

In this case, the alkaline earths Ca®* and Mg®" in their carbonates
(in solution) replace alkalis Na* and K* (on the surface of clay
minerals in aquifer matrix).

As a result of cation exchange processes, the increase of Na*
concentration and decrease in Ca®* and Mg2+ concentrations in
solution, lead to a decrease in salts causing temporary hardness only,
Ca(HCO;): Mg(HCO:;),.

In brief, one can conclude that in most cases, cation exchange
phenomenon in the continental kurkar aquifer is expected to decrease
the temporary and permanent hardness, while in the marine kurkar
aquifer cation exchange processes are expected to increase the
permanent hardness.

For further elucidation of the data, the cation exchange index
is employed where:

rCl -r(Na +K)

"Cl

This ratio has either negative or ?ositive values. The nzgative
value means that, the alkaline earths (Ca** and Mg?") in water replace
the alkalis (Na" and K*) on the surface of clay minerals in aquifer and
vice versa in case of positive value.

All groundwater types of the marine kurkar aquifer and few
groundwater types (12%) of the continental kurkar aquifer have
positive values of cation exchange index, while most groundwater
types (88%) of the continental kurkar have negative values regardless
of water salinity (Table 8).

Combination of alkali number, cation exchange index and
hypothetical salts data revealed that, all groundwaters of the marine
and some groundwater types of the continental kurkar (marine facies
groundwater) have an alkali number up to 100, positive values of
cation exchange index and marine salts ( IV, V, VI). Also, long
residence time in the older marine sediments, cation exchange
processes and concentration process through dissolution or
evaporation lead to considerable increase in permanent hardness more
than that of temporary hardness which is equilibrium with Pco,. On

cation exchange index =
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the contrary, most groundwaters of the contincnla! kurkar (continental
facies groundwaters) are characterized by an alkali ngmber above I“O(),
negative value of caton exchange Index and terrestrial salts (I, 1, and
D). Also, CO; and pH of the medium, cation cxchgnge‘prmessgs,
Ie5ching and dissolution of terrestnal salts lead to a shght increase in
temporary more than permanent hardness. _ o

In conclusion, the effect of CO,, pH, longer residence time in the
older marine sediments, leaching and dissolution processes
dccompanied by cation exchange process leads to increased total
hardness in the marine facies groundwaters (mean TH / TDS = 27 %),
more than that of the continental facies groundwaters (mean TH / TDS
= 19 %%). Moreover, the permanent bardness of the marine facies
groundwaters (mean Perm. / TH = 91 %) exceeds that of the
continental facies groundwater types (mean Perm. / TH = 46 %). On
the other hand, the temporary hardness of the continental facies
groundwater types (mean Temp. / TH = 54 %) exceeds that of the
marine facies groundwaters (mean Perm./ TH =9 %) (Table 8).

TABLE 8. Mean total hardness, TH / TDS, temporary and pPermanent
hardness, Temporary /TH, permanent/TH, alkalj number and
cation exchange index in both continental and marine facies

groundwaters,

T‘a-wnp-‘rt‘ii ™| v T Temp Temp
! 1

Temp/ | Perm | Perm, Perm/ | Alkaly Cation Salt

zﬂ,.ig.!*msa; mel | /TH% | TDS% | mgt | /v | TDge No. | exchange | asseblages
] i Index
Commenssl 11207 IO |9 4 4 o 104 |45 9 Abovel00 [-ve INTTT
Facwes | i |
RE—— 4053 [1108 |7 162 9 215 1003 [9] 243 Upto 100 [+ve IvV,v,vi
Facaes i i ..

. flowing water(conduit
‘hile low temporal variations reflect a rather diffuse
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V = X
( E ) X 100
Where 6 is the standard deviation of the total hardness values and X is
their mean.

Values (V) less than 5% are considered as indicative of the
diffused flow type, and hence a long contact residence time. High
‘values are associated with fast-flowing water. However, exceptionally
high coefficient of more than 10% were also reported by Shuster and
White (1971)as diffused flow. The same authors described the
coefficient of variation as the most important parameter while Ternan,

(1972) relied compietely on it for describing the mode of reciiarge of
carbonate aquifers.

In the present work, the data obtained (Fig.5), revealed that, the
variation coefficients of groundwater hardness ( V) of the marine
kurkar aquifer, ( Permanent hardness > temporary hardness) in the
southern parts range between 5 —42% which indicate fast — flowing
system. Some exceptional cases in the western part of EL-Kharouba
area and South Rafah inland are recorded where the variation
coefficients of groundwater hardness of the marine kurkar is less than
5%, indicating slow — flowing system. With respect to the variation
coefficients of groundwater hardness (V) of the continental kurkar
(temporary hardness > permanent hardness) at CL Sheikh Zewied —
Rafah coast range between 5 — 65.7 % indicating fast -flowing system.

On the other hand, the variation coefficients of groundwater
hardness at South Rafah inland are less than 5% which is considered
within the diffusion flow system. As mentioned before, the general
trend of groundwater flow is from South to North (Fig.2).

The change from diffused to fast flow system in both continental
and marine kurkar aquifers depend on the variations of hydraulic
conductivity and hydraulic gradient. Furthermore, the fault plain plays
an important role in groundwater flow in the studied area as it may act

as a source of recharge from the deep - seated aquifer as well as the
buried channels.

These results are confirmed by the determination of velocity of
groundwater movement as follows:
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V=K —
di

i t
here V = the velocity of groundwater movement. .
" K = the mean hydraulic conductivity wluch 1s 16.9 m{day in
the marine kurkar aquifer at (South) and 5.1 m/day in the continental
kurkar at (North), (EL Tablawi, 1 997).

2 = the hydraulic gradient which is 0.0015 in the continental

dl kurkar at the coastal plain (North), between the
shoreline and fault (F3) plain;0.00042 in the continental
kurkar at South Rafah, between the fault plain (F;) and
(Fs) and; 0.00067 in the marine kurkar
(South),between the fault plain (F4) and (Fs5),0.0003 in
the marine kurkar at South Rafah, between the fault
plain (F,) and (Fs).

From the above equation it is obvious that the velocity of
groundwater movement is (2.79 and 4.1m/yr. , fast flow system) in
the continental kurkar at the coastal plain between the shoreline and
fault (F3) and marine kurkar between the faults plain (F4) and (F;),
while being far below such velocity (0.74 — 1.85m/yr. , diffused flow
System) in the continental kurkar at South Rafah between the faults
plain (F;) and (Fs) and marine kurkar at South Rafah between the
faults plain (F4) and (Fs). The results of the velocity obtained from this
equation stand in agreement with the variation coefficient of the total

carbonate aquifer,
Another

hardness relative to their salinity (TH /TDS). The obtained data,

(Fig.6), follow nearly the Same pattern obtained by variation in total
hardness (TH).
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Conclusion
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The main target of this work is to elucidate the chemistry of
groundwater hardness and the hydrochemical factors controlling them
in EL Arish- Rafah area and its Southern extremities'.

Also, the variations in total hardness have been used to detect
the mode of water circulation within the carbonate system.

In the continental kurkar, the fresh water dominates 64%,
followed by brackish water while saline water is nearly absent. With
regard to marine kurkar aquifer, the fresh water is almost absent,
while saline water dominates 63% and brackish water is less
pronounced. Water salinity generally increases from South
(3000mg/l) to North (7500mg/l) in the area between West El-
Kharouba (marine kurkar aquifer) and West EL — Sheikh Zewied at
fault plain F, (marine kurkar aquifer). On the other hand, water
salinity decrease from South (6000mg/l) to North (<500mg/l) in the
area between fault plain Fs (marine kurkar aquifer) and the coastal
plain from EL - Sheikh Zewied to Rafah (continental kurkar
aquifer).The total hardness (TH) tends to increase with increasing
salinity in the continental and marine kurkar aquifers. A mean total
hardness in the continental kurkar, reaches 164, 386 and 1217 mg/1 for
fresh, brackish and saline waters, respectively, in the same time it
reaches the mean of 659 and 1692 mg/l in the brackish and saline
groundwaters of the marine kurkar, respectively.

The ratio TH/TDS reaches 23, 19 and 20 % in the fresh, brackish
and saline groundwaters of the continental kurkar, respectively, while
in the marine kurkar this ratio reaches 17 and 30 % in the brackish and
saline groundwaters, respectively. The mean hardness of the
continental kurkar groundwater (TH = 253 mg/l, TH/ TDS =21.2 %)
is generally less than that of the marine kurkar groundwaters (TH =
1347 mg/l, TH / TDS = 27 %). The distribution of total hardness
shows a considerable increase from South (<600mg/l) to North
(>1800mg/l) in the area between West EL-Kharouba ( marine Kurkar
aquifer) and West El — Sheikh Zewied at fault plain F| (marine kurkar
aquifer) while decreases from South(>1200mg/I) to North (<200mg/l)
in the area between fault plain Fs(marine kurkar aquifer) and the
coastal plain from EL - Sheikh Zewied to Rafah (continental kurkar
aquifer).The distribution of total hardness shows a considerable
decrease from West(marine kurkar,>1800mg/l) to East(continental

kurkar,<200mg/l). The total hardness distribution follows, more or
less, the same trend of total salinity.
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Women’s Role in Decision Making within Family
and Farm in some Desert Areas (Salah EL Dijy
and Omar Makram Villages in South Sector of

EL-Tahrir)

Nabila, A. M. Hendi
Rural Society Department at Desert Research Center, El Matareya,

Cairo, Egypt.

oman participation in decision-making has its impact on the

developmental plans. The study aimed at defining women's
role in the decision-making process within the family. farm
activities. raising cattle and poultry as well as defining the relevant
factors. Data was collected by a questionnaire filled out in
personal interviews with 210 ladies chosen at random from both
Salah EL Din and Omar Makram villages in South sector of
ELtahrir.

The questionnaire in its items included three ranks each:
low medium and high. The response to each rank was calculated
as percentage of the total sample size. The data have been
analyzed using percentages and Chi Square Test. Study Results
can be summarized as follows:

1- Highly ranked women participation in family decision-
making scored 79.5% of the total sample . Highly ranked
women participation in farm activities decision-making
scored 30.5% of the total sample. Highly ranked women
participation in raising cattle decision-making scored
63.8% of the total sample. And highly ranked women
participation in raising poultry decision-making scored
87.6% of the total sample.

2- There was a significant relation between women’s role in
the family decision-making process as independent
variables and the difference in age between husband and
his wife at significant relation with 0.1% while at 0 5%
level with each of educational status. family type. and the
wife is financially independent. _

3- There was a significant relation between women's role 1f
the farm activities decision-making process a5
independent variables and the difference in educational
status. marital status, family type. house environmental
health status. cultural and civilized exposure. frequency
of attending at service centers at significant relation with
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0.1%, while at 0.5% level wit
participation in the work farm,

There was a significant relation between women's role in
the raising cattle decision-making process as independent
variables and the difference in the wife is financially
independent, and house environmental health-status at
significant relation with 0.5%.

There was a significant relation between women’s role in
the raising poultry decision-making process as
independent variables and the difference in family size,

family type, house environmental health-status, at
significant relation with 0.5%.

h each age, and woman

The study recommends increasing the role of women in

the decision-making process in family and farm
activities.
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