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Groundwater in Wadi Qena Basin — Egypt A Study in Applied
Geomorphology Using Geospatial Techniques

Abstract

Groundwater in the Wadi Qena Basin is declining due to declining rainfall
and increasing population growth, which increases the demand for this resource.
This research paper presents a unified methodology for identifying potential
groundwater areas by integrating remote sensing and GIS techniques with multi-
criteria hierarchical analysis to identify 15 spatial criteria for monitoring
groundwater presence, The study included geological formation, slope, drainage
network density, proximity to drainage lines, elevations, and density of fault lines,
in addition to other factors such as rainfall and land uses and covers. The study
relied on expert opinions and criteria derived from references to prepare the
groundwater potential index using the AHP method, The area was classified into
five categories: very high (11.75%), high (29.30%), medium (8.86%), low
(47.55%), and very low (2.50%). The results showed that the southwestern part of
the Qena Valley Basin has very high groundwater potential. The model was
validated by comparing the map of potential groundwater areas with daily
productivity data for 42 wells in the basin, The study revealed that 45.71% of the
wells are located in areas with high groundwater potential, reflecting the reliability
of the methodology used. The study also reached conclusions and
recommendations aimed at making informed decisions to conserve groundwater,
by integrating GIS and hierarchical analysis techniques to identify potential
groundwater areas in an effective and low-cost manner, with the potential for
application in similar environments.

Keywords: Groundwater - Wadi Qena - Geographic Information Systems -
Hierarchical Analysis - Groundwater Potential Index.
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§5aaall 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 1 ]225.00] 100

lSal) elidanall clidal papgd) Jelal) : jaaal)
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Principal Eigen $aY) digiad dued)ll 45030 Lodll Claa 5 438 ¢dung 3l 4ladl)
o~ Consistency Index(Cl) @l jise lus &5 (3) 5 (2) ds2» — Eigen value
—aall) e aledll DA

CR=Cl/RCI & — 3, ilstas
o = fmax—n (A)-errrrerrenne 5, il
n—1

Amax = 225/15 =15

sl b Asad) uled) se N uds Gue

2\5\;_9)&\ :LDM\ @ JM qu}abd\ &M\ = Amax
Amax = (4.07x0.23)+(7.26x0.14)+(7.26x0.08)+(14.25x0.08) +(14.25%0.08)
+(16.50x0.04) +(16.50%0.04) +(16.50x0.04)+(16.50%0.04)+(16.50x0.04)+(16.50x0.04)

+(16.50%0.04)+(45.00x0.02)+ (45.00x0.02)+ (45.00x0.02) =15.1202
Amax = 15.1202
« CI = (15.1202 — 15) /(15 — 1) = 0.008

CI = 0.008

¢(3) daledl Pla 4 Consistency Ratio (CR) (Blual) daws Gl dalas ) 13l

o~ Random consistency Index value (RCI) JAlséall SN jdge zhatial &5 aild

Slo bl alaiey Blaig cdariieall Suleall 22 e ading 2 2008 ¢ leladl Jean
(4) s> B mage 4 LS (1.58) 50 (RCI) daid (8 Hles (15)
Random Index (RCI) dlsdall clil) jdisa (4) Jo2a

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

RCI | 0.00 | 0.00 | 058 | 0.90 | 1.12 | 1.24 | 1.32 | 1.41 | 1.45| 1.49 | 151 | 1.48 | 1.56 | 1.57 | 1.58

Random Index for n =15

Saaty, T. L., 1990

CR =CI/RCI
CR=0.008/1.58
CR = 0.0054

Cialy 8y LalSal ubeall opell Jabailly Aalall LY A dad e Jseanll I
ol CR 2 (555 Lavie Cm ¢ oapell bl Al oY) aall (530 W15 (0.0054)
ST L) dad cil€ 1) Wl ol Alalgay Waalaie) 2ig malully 3350 4ld & o 0.10
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o) i S edabiaall Ul A5l el il ae @l Lo Aol uledll il
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e i el (4) B cangia AW el (3) B (midie LEE nds (2) W)
SEBI 8 a5 U daaliue 401Sa) pa il elldy s wine B ) (5) GBI nde gs
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Glaglall aiaad cOEA e sl L gal) sluall Aldinall K] dla A - 1Y Lo liadl)
72 &5 Weighted Overlay sl alasiubis 5 1 1) 2a5e ebie Ao lgaiaan 2l Al
alaiiuly Arc GIS zaliy (b Ggisall CSIA il Lyl ZalSall uleal) Clids gpes
Gt Bale) DA (e Alaiad) Ldsall sliall i) dana e Jsamall 235 ¢(5) Aslaal
¢« ArcGIS & duyll dahias Ldgal) sbad) UK e Sige dale (15) chuiealy man i
(5) ol Bmmse s LS

GWPZ = Z(XA X YB) (5) ................. e§) MJL‘A

Y caul€al clblarall caliaa (59 X Jiatg cdudgall sbuall dlainall dahidll = GWPZ Gus
- Al Gldaaall Cilide el due ) 2l A5, Jia

LAl dalie i) dadsall sball 3hlie o 855all Jalgall Canias (5) Jsan

a Ail<al) cildanall Aot cilial) halll 45 % &l Lsaad uj
(Rank) ShisY)
dv-ga-gn-gy-ms-rc-Tv- Jia (mbdia 1
o0-ha-KI-Te-md-mv Ukl 2
1 Tonslguall il oKl g 23.17739
) Km-Tp Lgia 3
J-Kn-Ku-Qn-Tpl e 4
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29.99 - 74.23 Jia midie 5

18.64 - 29.98 Uakdia 4

2 Dl 10.2 - 18.63 Lugia 14.23859 3
4.076 - 10.19 iy 2

0-4.075 las adipe 1

0-0.5573 135 (aiiie 1

0.5574 - 1.115 Uaiiie 2

3 i o) ZES 1.116 - 1.672 Lacssie 14.23859 3
1.673 - 2.229 iy 4

2.23-2.787 I aie 5

0-917.1 135 (abiie 1

917.2-1,834 Laiiie 2

4 GSlaad) e dileall 1,835 - 2,751 Jacigia 7.56374 3
2,752 - 3,668 iy 4

3,669 - 4,585 I g 5

944.6 - 1,926 lia (nidie 1

675.6 - 944.5 Ualdia 2

5 il 515.6 - 675.5 Luigia 7.56374 3
348.4-5155 iy 4

72-3483 I adie 5

0-0.3835 13 Laidia 1

0.3836 - 0.7671 Uaidie 2

6 L&YY kS 0.7672 - 1.151 L gie 3.85567 3
1.152-1.534 iy 4

1.535-1.918 las adije 5

3.125-12.79 135 (mbiie 1

12.8 - 16.94 Uaidie 2

7 BN 16.95 - 22.46 Jauigia 3.85567 3
22.47 - 29.92 iy 4

29.93 - 38.34 > gy 5

ol jsiea Uabdia 1

8 Auigall ) ot b —— 3.85567 ‘
s O3 i 2

=l Al las witipe 5

308.46 - 893.81 13 (mbiie 1

154.24 - 308.45 Uaiiie 2

9 Gl e ubl) 22 70.104 - 154.23 Lauigia 3.85567 3
21.032 - 70.103 iy 4

0-21.031 s gy 5

el jshia s (=biie 1

10 ) Glaladialy il Aglyee 3hlie atiie 3.85567 2
Llo) g pe el Hsia Laigia 3
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-5.068 e 4
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) Jalailly Arc GIS gali alaiiuals &lSal) cbanal) clads isiaas © jucaal)

GWPZs :dlaiaall 48 gal) sleall daiial) day i) Julas -3
Aadgall sladdl O Ayl (mgad dadgall sleddl CllKa) aaat] Aol juleal) e llas CadSs
Dlsal (3835 Juata pudd ) dals cllia JGIb ¢ ooil) Glayadly el ghhall adloa & S50
STl Aoyl Baadal g cAadoall sluall Ay b lgade alaie W) S Al juleally cdadoad) sl
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—:‘_A.) LASGQJ ¢ \3.;2\&53)43 cz\.a.é'.'a)a
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A0LinY A yal) FaeDlall 458 dalise Cualy (Andipall L sal slaall LISA]) Alal) 254l
sl e %29.30 Aoty 28 4568.45 sai Al dilaiey Dbl oliall 253
alsal Jaiiy IV &8lL Jams Al ghliall sy cdushall dalaial 200 dalil)
obaall 33inal) dnaiall clingSall g sy daugiall

Labpal) dilaiey A5l 0da dalie Jeai ¢(Aacegiall Lugal) olual) lISA)) ZEN 25l
Sl pilgall Jadiy cdibidl dalee Jla) 0 %8.86 i 2:81382.55 i
c Y] Adaugial) cahasially A0kl Ao gie Ljaal) il

LD 3 ailsall dalioe Jesi o(Laminiall Ldgal) sluad) LK) dadyll 45l
Ly 28741397 sai auhl) dahies Adeall sbadl agag AdlaaY Laisidll
Ayl dilaia ey Apds Libaa £i50s cdihaidl dalie sl e %47.55
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