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Land reclamation projects represent one of Egypt strategic polices to meet
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establishment of agricultural communities in this critical area which will be
considered as a good strategic issue. This study aims to study the potentiality of
ground water and development plan at this triangle. The examined seventy ground
water wells tapped the Quaternary, Basement, Miocene and Nubian Sand Stone
Aquifers.

chemical analyses and their related representations-which is considered as a
pioneer research in this area-were used to answer many questions about the capability
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Key Words: Halaieb, Shelateen, Abu Ramad, Abu Saafa, Ground Water, Water
Type, Genesis, Evaluation, Agricultural usage, Drinking of live
Stock and Poultry.

Supervision Committee: Signature
1-Prof. Dr. Yousry Moustafa Issa
2-Geologist: Ali Mahmoud Werwer
3-Prof. Dr. Aida Lotfy El-Ansary
Prof. Dr. Sadek El-Said Ibrahim Abdou

Chairman of Chemistry Department
Faculty of Science, Cairo University



Acknowledgement

The author wishes to express her deep thanks, appreciation and sincere
gratitude to Dr. Y. M Issa, Professor of Analytical Chemistry, Vice Dean for
Postgraduate Studies, Chemistry Department, Faculty of Science, Cairo University;
Geologist A. M. Werwer, Chairman and Managing Director, General Company for
Research and Ground Water (REGWA); Dr. A. L. El-Ansary Professor of Inorganic
Chemistry, ~ Chemistry Department, Faculty of Science, Cairo University for
suggesting the problem, valuable guidance, helpful comments, kind interest and

fruitful discussion throughout the present work.

Many thanks also to Dr. Kh. A. Guindy Assis. Prof. of hydrogeochemistry
Hydrology Department, Desert Research Institute, for the kind help and

encouragement.






CONTENTS

Page

List of Figures

List of Tables

A 0F The WOTKE .- cvonhihvininmsmins v ran s nran =5t s sny e o p it « S e & o 1

CHAPTER I: Introduction
1.1, General BUHING. . s vssrrssorercssnsosmrsonymnmymns s sspsnsonsmnsnsnmstin s Al s iasase s 1
1.2 LORREOR o siremmain syt s i s as sawanmnrie s ol i 1 45 55620 ]
1.3 Previots WIOTK. ..irsrsnassssmssesamnsssis rsmesnessmmnsesses sasss dsinisieootled «soaa o 14 o o 5ues 3
1:4. Clitnatic COontiion e skt et wrs st omn st s SR o sy st i 4
1.4.1. AL TeMPEIAtUTE. ..cvvrvusnsssnorssasssnamssmsmsesshshonsssvsnsssusnonosnsdiirsosnirinesesss 4
18 2. Rain Ball i iiiasviisinior ong biushes i s s s scenais mamarh o s S b oo o 4
1.4.3. Relative Hmiaity. ... . cr«cosssinsissrsannsnsominsns vossanniainnnnonnns il 1 b um s 4
1.4 4. BYAPOTRYION. . s vrvanmssmsns s s mbbsnie men R By ais sty siomce e it S o OB ool o o v ibaifin 5
145 Kiridity COCFRRTENtS . vuss wohanim sy s e aisinnsnvabiaonswaes aanl ko gutesewssanss 5
1.5. Regional Geological Setting..........ocviuiuieiinenimaiieinnniiriiiiieeiaibenciiiaiennn. 5
1.5.1 . SITatiEuanhiy ..o . cuaimuiswvasss animss vainiss duamins'ssimuntio s ns s s G sy RN s s amsa s s nmas 5
1.6. Hydrogeology . ... ccuvvureuveneusennerneennnnenannsnnsssssssssaenssnssaneshlonsssinensennsenne 5
1.6.1. Hydiogeological Seting ....a..ovarsansssimnsnan oo snssiys sovensstindllien o spmensssonssns 7
1.6.1.The Quaternary AqQUifer SYSteIm. ... . ouivmmiiiioimressvossnmasavsaneatlosesessosssarnsrs 7
162, WHOBEIIE ..\, uvsome s nnsnsmsmnnsis e ateien e e smersns snm na s oak s o aies S oot aiss L iy 44108 7
1.6.3. The Nubian Sand Stone AqUIEE.... .o sioiersmsinneiamniaxssbatin 1 dosnsne sssssins 7
1.6.4. The Precambrian Aquifer SYSteM . -c.ooiiiiissiencsse souinsssunonvussqlinessamrssiissavas 8
1. 7. Gronmg Water THOW. . oo conmmims s rpriammees s sommensa s onss pasmrnsnis S b0 o 80 o oody s 8
CHAPTER II: Experimental
1. 00 TRETHCIA. ... ... . vonmensnsnnssmnnsrmaemalimne stsss S simr s o e e b o n 5ite b ol s ey o1 4 oo 10
1.2 1 The LabOTatory. - . oo u isuiven musntesin s sxamusasusnssssismennsmnoss S L Eo s oxsnynons 10
1.2.3. Sampling ProcedUles. . ... vesssiase i imsmivsayuissovsoms ivnves iy sisgtonsasiosss 11
I1.2.b. Preparation of SOIGtONS. - .ccquciescrrsnmmsasnsnsnssnassosssnsnssonsie Mol osssnss vasssons ]
112 6.1, Standard SOlIGONE . iv i ovn i s s sms s sessimsansag s« By e st s sxn s 11
I1.2.b,2, Reagent Solutions ... .. .oconessressesiesnssus s sass s sonnsapinsolhss vannsse s 12
11.2.b.3, Ammoniacal Buffers SOIIONS < v csrsrmensrsssrmmsmnnssonbive s dBcassomamnssssses 13



Page

L2544 THAERIONS - vini mmenmnsmn st et et A e e R s ohths s nsa na Ot ML TR o 13
J1.3. Solid ReaBeiils . o isoss venkisivet sorsuiins s iagstoswan e ibionms aaniey SRR 03 b o visis 14
1.4, Working Procedures ... ... ccssmots saihasssonsassnssnessns vosshiossporeilie ssismanysiss s 14
1L 42, Water TEMPErAtULe .. .uoimccs iveiatvrssibhisnsssnsnoies bnvevosssmestans M o0 ciovails vsvns 14
114 5. Electrical ConduOVILY .. ..esvasiueinia s wiiosmesssssmsnsisossis i giculs ohll v el 14
I1.4.¢. pH vale MeasureIments. ..« vssnvsassisiansssnsnnenssnasnnnmiiibro LT vusons oo saey 14
IL.4.d. Total dissolved solids, TS L i e aeees s s e S UL T s 15
[1.4.e. Determination of Carbonates and Bicarbonate ... 15
AL Determmation of Chlotide ...l catnvansaesswaess sanatbisis K o eesvassiiics 15
I1.4.g. Determination of Sulphate ..........cccoiiiiiiiiiiiiiiiiinafo 15
I1.4.h.Major and Trace Elements Determinations .........ccevveevirvrsnveseddoeinicinn.... 16
11.4.h.1. Flame Photometric Determination of Sodium and Potassium....................... 16
11.4.h.2. Compleximatric Determination of Calcium and Magnesium........................ 16
I1.4.h.3. Spectrophotometric Determination of Iron............ocoovviiiin i 16
I1.4.h.4. Spectrophotometric Determination of Boron..............cccooiiiiiiiiiiinns 17
I1.4.h.5. Spectrophotometric Determination of Silica................ooiiiiiiin. 17
[1.4.h.6. Atomic Absorption Determination of Trace Elements.............c.......ooooie. 17
[1.4.h.7. Standared Solutions for Atomic Absorption Spectrotometry..................... 18
¥ s 1o NI DI 0 EVR R () | 1 S SRR 18
2, MAHSANEES ... v oo viivaniod i tadid ik sk aasvasionis wewvaistoven s it ss SOV o3 sldis s xwoies 18
b - T ARSI e e et o s SR 18
L O I s o SRR R L, S PR 18
5 B EnI s s S e s i e e R LR 18
B ARG s st oot srn A e M o enioiaids e el L, S8 L i 18
CHAPTER III: Results and Discussions
I1I. Ground Water Quality of Triangle of Halaieb, Shelateen and Abu Ramad ............ 19
II1.1. The General Chemical Characters of Ground Water ...............oiieiiiiiiiinnn 24
HE 1T “Total Dissolved Solias. v mipinsnrs sesnimrssesssaimmaisnsrntoys Bl bos e visasisas 25
[11.1.1.1. The Dug Wells in Quaternary AQUITET ......... oo iasionsnbasve dlliaiosbnssy ssvsss 25
1I1.1.1.1.a. Wadi Hoddien (Quaternary AGUITEr)......cooviireermsnomvnsons ool cosaiisnssrsasns 26
II1.1.1.b. Delta Wadi Kraff. .. ....coooioiii liie s dasimsoisinunsaoninnis s SR (ol asaniuivssayise 26



[11.1.1.0.c. Wadi SeEMIAtAY ... ..noaeumsisasbomusmmnnnssstassmnrannnss o v ssiubok s gl b owsatssiovssds 27
I11.1.1.2. The Dug Well in Miocene Aquifer ..............oooiiiiiiiiiiiiiine 27
[11.1.1.3. The Dug and Drilled Wells in Nubian Sand stone Aquifer ......................... 27
.11 3 a, Wadi HoAdIen ... wvvmissnsmsmamssousianonunimssssasisssaen fat AN, b o5 o e o o2 vaien 27
I11.1.1.4. The Dug Wells in Basement Aquifer ...............ooooiiiiiiii 30
111 dia, Wadt BaRBaL. ..oommeswnsmsabisstaiibh s siessnsss vaneats s sensanite sl § ias gt ss s s 33
TM1.1.14.b: Wadi Hodtien. .. cuisvies s chussvemsssmassesissss i sonsnuaisus Rl s e oo sie oo 34
00 T oY O SO O o T R D 35
I.1.1.4.d, Wadi Kaall, . L coouiiinmeinrini doin s simsmnnsmeisimss bt duse il o Sds s a3 vms 35
I11.1.1.4.e. Wadi Aquamattra (Albaa Mountain).............cooeuviviiiiiiiiininn, 36
T LT AL Wl OOBBAD. v s sbsvnin o sindaaiisisn sbmatsss s oiwce s e nuismaog it OB Lo oo o4 450 0 36
IIL1.1.4.g. Wadi BebWay. ......ceeiennivsisiiiiainiisnahisemimmissonssnsprsipliissssnssiome 36
TIL. 1.1 4.0 WWadi MeSeh. .. .oovvnmnmssmsasiumpinibe bannsssnsenonsssansnsinsnssuon o Hlot b o osgsss v 36
HE 1.1 A0 Wadl AKOGH ccoovyims i v besasinbislisssos dislainisissans s oaumigens s o s o5 7 whe 37
[11.1.2. The Ionic Distribution and Water TYpe...........cooiveiiiiaiienmanadlooiieiaasso: 37
[11.1.2.1. The Dug Wells in Quaternary Aquifer.............cooiiiiiiiiiiiiiii.. 37
TM1.1.2.0.8. Wadi HOMAIEN. . ....cvne vonmssonmesunsnonose snssinyississilss sissangins 4@ o= e s v vasonas 3
T 208 Wadi Krafl ..covimivemvimons bhtnmbes cosamnunmmns s i wopmrgsm . G 02 oo oo sl 44
ML.1.2.1.c. Wadi Sermatay. .. ... ... iccaasuinsminsnsnsmmisnvisvaisssomvnpioss (R eainasa anuos 46
111.1.2.2. Tonic Distribution and Water Type of Water for Miocene Aquifer ............... 49
I11.1.2.3. lonic Distribution and Water Type in Dug and Deep Wells in

Nubian Sand Stone (Wadi Hoddien).......cocvvviiimrinneianacaddoneniiiiiiian 51
[11.1.2.4. The Ionic Distribution and Type of Water for basement Aquifer ................ 62
1.2 4.8 Wadi Bahba oooiiviicniiinsmmio vrsveians sissnns s bad esaosanmstiion Sl x o b vusiy s sem ik 62
[11.1.2.4.b. The lonic Distribution and Water Type in Wadi Hoddien........................ 68
[11.1.2.4.c. The lonic Distribution and Water Type in Wadi Abb....................oooeiin 76
[11.1.2.4.d. The Ionic Distribution and Water Type in Wadi Kraff..................oooii 76
[11.1.2.4.e. The lonic Distribution and Water Type in Wadi Aquamattra.................... 79
I11.1.2.4.f. The Ionic Distribution and Water Type in Wadi Osear.......................... 82
I11.1.2.4.g. The Ionic Distribution and Water Type in Wadi Bebway......................... 84
I11.1.2.4.h. The Ionic Distribution and Water Type in Wadi Meseh.......................... 85
I11.1.2.4.i. The Ionic Distribution and Water Type in Wadi Akoan........................... 86
I11.1.3. Ground Water Genesis or OIiZin ........ocvvviiriiiiininiiiirirideeieiein 89

(¥8]



[11.1.3.a. The Trilinear Analysis DIaGIam .. oo uiesaisacusmssusisnissssvnbas s (s dnpgs s vanns 89
I11.1.3.b. Suline’s Diagram (1948) ..........oiiiiiiriiiiinrieireireiiiieieiee oo, 90
111.1.3:c. Hydrochemical RELOS . ioousimsemmmamsniressssnasmsmsmsnsnsnsasisinr gl s idensn s ons 91
I11.1.3.a.1. Groundwater Genesis or Origin (Piper Diagram) in Dug Wells in Quaternary

b V51T R L RO ¢« 10| 3 W R e | N e e 92
I11.1.3.a.1.a. Wadi Hoddien (Quaternary Aquifer)..........cccocviveiniiiandifoiiiiiinicnine 92
[11.1.3.b.1. Groundwater Genesis or Origin (Suline’s Diagram) ...........ccccoiiiiiinnn. 93
I11.1.3.b.1.a. Wadi Hoddien (Quaternary AqUIfer) ..........co.icovevemnonsorsiBunossosecinsnnee 93
I11.1.3.c.1.a. Hydrochemical Coefficients of Wadi Hoddien ...............cooooiiinnn. 95
[1.1.3.a.1.b. Groundwater Genesis or Origin (Piper Diagram) of Wadi Kraff (Quaternary

Pt 1111 o T T R o T SR 95
[11.1.3.b.1.b. Suline’s Diagram in Wadi Kraff .................ooooiiiiiin, 95
[11.1.3.c.1.b. Hydrochemical Coefficients of Wadi Kraff (Quaternary Aquifer) ........... 96
[11.1.3.a.1.c. Groundwater Genesis or Origin (Piper Diagram) of Wadi

Sermatay (Quaternary AQUITE) . .cvosisenvronssonmenssasmetions AL e cavonceonnas 96

I11.1.3.b.1.c. Suline’s Diagram in Wadi Sermatay ............coceevviveienidoiiiiinn. 96
I1.1.3.c.1.c. Hydrochemical Coefficients of Wadi Sermatay (Quaternary Aquifer) ...... 99
I11.1.3.a.2. Groundwater Genesis or Origin (Piper Diagram) of (Miocene Aquifer)........99
I11.1.3.b.2. Suline’s Diagram in Dug Wells in Miocene Aquifer ...........c..c.oooeeennin 99
I11.1.3.c.2. Hydrochemical Coefficients of Miocene Aquifer .............oeeeeeiens ennns 99
[11.1.3.a.3. Groundwater Genesis or Origin (Piper Diagram) of Dug and Deep Wells in

(Nuzbian Sand Stone AQUILBEY ...oumumunsayensnnnrmns snosmssodoss ML b idbasssi cris 100
I11.1.3.b.3. Suline’s Diagram in Dug Wells and Deep Wells in (Nubian Sand Stone

AGILETY 1ot ononninmnnnnies trrantas e s o ss i st sk et s o Al Ve iy v 100
I11.1.3.¢c.3. Hydrochemical Coefficients of Nubian Sand Stone Aquifer (Wadi

HOGAIEN) .. ..o tarho i pmiten v aissin s e G s i 103
[11.1.3.a.4. Groundwater Genesis or Origin (Piper Diagram) of Dug Wells in

(Basement AQUITET) ... . ciitieiiiinsconss e eussnmmons v innmens alllsi oo cuwass 103
I11.1.3.a.4.a. Wadi Rahba (Basement AQUIfer) ......ccivavvnveeiooneranvunevinsisaioimcenees 103
[11.1.3.b.3.a. Suline’s Diagram in Wadi Rahba (Basement Aquifer) ............. W 104
[11.1.3.c.3.a. Hydrochemical Coefficients of Dug Wells in Basement Aquifer (Wadi

RANDAY « 015 0vw0wssmmmesivesmmmmsnsssmmensnss s anss e nssssonsdies albesos spasssssnose 104



