T ITOnLCTBS: T 13. BhInyck 2 (48)

MHXEHEPHBIE CUCTEMbI. QKCMNNYATALUNA
3O0AHUW. MPOBNEMbI XKK.
OQHEPITO3®dPEKTUBHOCTDb

N QHEPITOCBEPEXEHWE. BE3OMACHOCTb

3O0AHUM N COOPYXEHUWW. 3KONOIrmnsa

HAVUYHAS CTATBSI / RESEARCH PAPER
VIIK 556.116.4:[628.11:69](620)
DOI: 10.22227/2305-5502.2023.2.7

BiiusiHMe JIMBHEBBIX IABOJAKOB HA CTPOUTEIHLCTBO
COOPY:KeHHMH 110 cO0PY 10K1eBOIi BOIBI

Mocraga E3zeanun’?, EBrennii Koncrantunony CHUHMYEHKO',
Nnbs Uropesuy I'pumyk’*
! Poccutickuil yHugepcumem Opyrcovl Hapoooe umernu Ilampuca Jlymymowr (PY/IH); e. Mockea, Poccus;
2 Vuueepcumem Menyghuu; 2. Iubun-sno-Kom, Ecunem;
3 Unemumym 00nvix npobnem Poccuiickou akademuu nayx (MU PAH), 2. Mocksa, Poccusi;
* Mockoeckuil asmomoouibHO-00POACHDBLU 20CYOApCmeeHnbill mexHuyeckuil yHueepcumem (MAH),
2. Mockea, Poccus

AHHOTALNA

BBepgeHue. HexBaTka npecHoON BoAbl CTana cepbesHon npobnemoi. OCHOBHbIE MPUYMHBI BOAHOIO KpM3nca — pocCT Hacere-
HWS 1 n3MeHeHne knumata. Ermnetr — 3acywinmeas ctpaHa, koTopas crankveaercsi ¢ AedMUMTOM BOAbl B pesynbTaTe pa-
CTYLLIEro Cnpoca v orpaHW4eHHOro nNpeanoxexHus. B aton cutyaummn Tpebyetca npyMeHeHne HOBbIX MOAXOA0B ANS PeLleHns
npobnem HexsaTku Boabl. Baan Batup Ha CuHalickom nomnyocTpoBse, BblIOpaHHbIvi B kKayecTBe 0bnactn uccneqoBaHust, —
BaXXHbIN TYPUCTUYECKNIA 1 KOMMEPYECKMNIA BOAOPa3aen, B KOTOPOM OTMEYalTCA HeAOCTaToOK BOAbI U yrpo3a BHe3arnHbiX
HaBOOHEHUN.

MaTepuansbl n metoabl. Bnepsble nccnenyercs BnusiHAe HenpeackasyeMblx NaBoAKOB Ha BHegpeHue cuctem cbopa fo-
xpaesov Boabl (COB). KapTbl pucka BHe3arHbix HaBogHeHW 1 cTpykTypbl COB paspaboTaHbl ¢ NOMOLLBI0 reoMHpopMaLm-
oHHow cuctemsl (F'MC).

Pe3ynkraThl. YCTaHOBUNM, YTO NSATb NEPKOMSILIMOHHBIX Pe3epByapoB, NTb KOHTPOSbHbBIX NNoTWH, 11,15 KM? nnowaaun Ha-
3eMHbIX pe3epByapoB Ans nepkonsauun n 0,48 km? nnowaam ans epMepcKkux NpyAoB ABMSIOTCS ONTUManbHbIMU Nog cbop
BOAbl BO BPEMS BHE3aMHbIX HABOAHEHN.

BbiBogbl. Onpegenunu passutue Bagn Batup u Beigenvnu Tpu atana. lNMokasanu, 4To BO3HUKHOBEHWE HEMPOrHO3MpyeMbIX
HaBOAHEHWUI BAVSIET Ha MnaHbl pa3suTus. BosaencTaune BHe3amnHbIX HABOAHEHWI criedyeT y4nTbiBaTb Npy pacyeTe NpoeKT-
HOW MOLLHOCTM coopyxeHu COB.

KIMKOYEBBIE CJIOBA: 3acywwnuBbI pervoH, BHe3anHoe HaBoaHeHue, MMIC, pesepByap Ansi nepkonsaumm, coop 4oxaeBomn
BOAbI, AUCTAHLMOHHOE 30HAMpPOBaHWe, Baan Batup
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ABSTRACT

Introduction. The lack of fresh water has become a serious problem. The main causes of the water crisis are population
growth and climate change. Egypt is a very arid country which is facing water scarcity due to increasing demand and limited
supply. Applying new approaches is required in this situation to deal with water scarcity. Wadi Watir in the Sinai Peninsula,
chosen as the research area, is an important tourist and commercial watershed. It experiences water scarcity and the threat
of flash floods. The residents are losing their crops and sheep. Roads are deserted, and their lives are in danger due to
the periodic occurrence of flash floods.

Materials and methods. For the first time, the current research investigates the impact of flash floods on the implementation
of rainwater harvesting (RWH) systems. The flash flood risk and RWH structure maps were overlaid using GIS.

Results. The results showed that five percolation tanks, five check dams, 11.15 km? of area for on-ground percolation tanks,
and 0.48 km? of space for farm ponds are optimal for water harvesting during flash floods.

Conclusions. The development of Wadi Watir was prioritized and divided into three phases. Therefore, the occurrence
of flash floods clearly affects the development plans. The impact of flash floods should be considered during the calculation
of the design capacity of the RWH structures.
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BBEJAEHUE

BonbmmnceTBO Moaeit Ha 3emiie UCTIBITHIBAIOT MPO-
6nembl ¢ Bonoi, comtacno ordyetaMm OOH u npyrum
MHOTOYMCIIEHHBIM HccaenoBanusMm [1, 2]. OCHOBHbIMU
MIPUYHHAMH HEXBATKH BOIBI, 0COOCHHO B 3aCYIILTUBBIX pe-
THOHAX, SIBJISIOTCS] POCT HACEJICHHs, U3MEHEHUE KJIMMaTa
u miobanpHoe noteruieHue [3—5]. [loatomy HeoOX0MMMO
HCKAaTh aJIETCPHATUBHBIC UCTOUHHUKHU BOIBI. COOp HoXKIC-
Boit Boztbl (CZIB) — 3T0 MOJIe3HbIH M TMHAMHYHBIA OTBET
Ha MPOOJIEMBI ¢ BOJION, KOTOPBIC CYIICCTBYFOT BO MHOTHX
gacTsax mupa. CIIB — 310 3¢ dexTuBHbIi criocod coopa
MIPECHOM BOJbI, MOTIOJHEHHS 3allaCOB I'PYHTOBBIX BOJ
Y CHI)KEHHUSI pUCKa BHE3AHbIX HAaBOAHEHUH [6—9].

IToxxapsl 1 TMBHEBBIE NMABOJIKU B TIEPBYIO OYEPEb
BBI3BaHbI U3MCHCHHEM KIIUMAaTa U M00aTbHBIM ITOTE-
neHueM. JIuBHEBbIe MAaBOAKH UPE3BBIYAHHO OMACHBI,
MOCKOJIbKY MPOUCXOASAT BHE3AMHO U HEMPEICKa3yeMO.
JIMBHEBBIC MABOJKYU YIPOXKAKOT KAK JFOISIM, TaK U UMY-
mectsy [10]. Uudpactpykrypa, reorpadus u reomopdo-
JIOTHSI OKa3bIBAIOT BIUSIHUE HA BHE3AITHbIC HABOJHEHHUS' .
I'eomopdomornueckue nccae0BaHus IIPOBOAMIIACH IS
VAYYIICHHs CTPATETUi CMATYCHHUS MTOCIICICTBUI HABO-
THEHUH U JEMOHCTPALUHU IICHHOCTH TeoMopdorormye-
CKUX HFCCIICIOBAHMIA TIPH TUTaHUpOoBaHuH [ 11, 12].

s xkaptupoBanus npuronaocti C/IB u omacHo-
CTH HABOJHCHHH MCIONB3YIOTCS IBE OCHOBHBIC METO-
JIOJIOTAN — reorpadudeckie HHHOPMATHOHHBIE CHCTe-
™Mbl (ITYIC) n qucrannmonnoe 30HaupoBanne (/3). Ouu
HCTIONTF30BAJIHCH B PA3IMYHBIX HccienoBanusx [ 13—18].
Kpowme Toro, T'C u /I3 ceromHs sBISIOTCS KITIOYEBEIMA
WHCTPYMECHTAMH JIJIsl OLIEHKHU T€0IKOJIOTUIECKOTO PHCKa
U OCHOBHBIM MCTOYHHUKOM JIaHHBIX ISl OIICHKHU OTIac-
Hoct: [10, 19]. Ins onpenenenus npuronnocta C/IB
HCTIONB3YETCS TTOIXO] «CITyK0a OXpaHbI TOYB — METOJT
gucna kpuBblx» (SCS-CN), ruaposornueckoe Moje-

muposanue (I'M) 1 aHaJIM3 MHOXKECTBEHHBIX COOTBET-
cteuit (AMC) [9, 18, 20, 21]. [InanupoBanue u Mpu-
HATHE PEIICHUH B 000K 00JacTH MOAAePKUBACTCS
TaKUMH HCCIeTOBaHUAME [22].

Eruner — 3acymmBasi cTpaHa ¢ BEICOKHM YpPOB-
HEM HCIapeHUs] U MaJIbIM KOJIMYE€CTBOM OCaAKoB. Eru-
MeT MCIBITHIBACT MPOOJIEMY HEXBATKU BOABI B PE3YJib-
TaTe POCTa HACEICHUS U JS(PUIUTA BOJHBIX PECYPCOB.
B pesynbrare npaButensctBo Erunra BegeT nouck Ho-
BBIX pEIIeHUIl BOAHOro Kpusuca, Takux kak CJIB. W3-
MEHEHHE KIIMMaTa TaKke BbI3BAJIO CUJIbHBIC JINBHEBBIE
HaBOJHEHUS B PA3JIMYHBIX 4YacTsx Erunra, ocobeHHO
Ha CuHalickoMm mosryocTpoBe. Paiion nccrneqoBaHus
(Bamgu Barup, Cunaii, Erumer) siBrseTcs 3aCyIIITHBBIM
peruonoMm. Bonel B Bagu Barup mano, 3emnenenue
M nacTOuINa CTaju Xyxe. [3-3a nepecedeHHOi MECTHO-
CTH 1 OOJBIINX BBICOT PETHOH TaKXKe IOIBEPKEH BHE-
3anHbIM HaBogHEHUsAM. [lepuonnuecku B Bagu Barup
MIPOUCXOISAT BHE3AITHBIC HABOAHCHHSI.

Bonopasnen Bagu Barup Obut mpengmeTom pas-
JIMYHBIX UCCIIEOBAaHUHN M3-3a €r0 BaXXHOCTH. AJb3aiient
u ap. [23] oneHnIM BEepOATHOCTH cOOpa BOIBI C IOMO-
mpto TYIC 1 J13. OHu paccunTani, CKOIBKO BOIBI MOYKET
6bITH coOpano. [lorennman C/IB Obur u3ydyen myrem
nnterpannu /13, 'MC, CMB (cucrema moznenupoBa-
Hus BojopasnenoB) u ITAU (mpouecc aHamuTHYECKON
nepapxun) [9]. beun npeanoxeHsl MecTa Uit Coopy-
xkeawnit C/IB (uuctepusr u iotunsn). Kymne u ap. [24]
CO3/JJaJIN CHCTEMY PaHHETO OTOBEIICHHS O BHE3AIMHbIX
HaBopHeHUsX. Kpome toro, Capoit u ap. [25] Obuia
MIPOBE/ICHA TEONPOCTPAHCTBEHHAS OIIEHKA PHUCKa BHE-
3arHBIX HABOJHEHUH B pernone HyBseiiba.

HWcnone3ys meroasr I'C, E. Mocrtada u mp. [17]
omnpeneniy npurogHocts Bamu Batup s 'BC. beum
OTIpe/IeTICHbl ONTHMAJIbHBIE MECTa Ul COOPYXXCHHU
CIIB. bbinu npeoskeHs! NEpKOISIIMOHHbIE pe3epBya-

! Saleh A.S. Flash floods in deserts. A geomorphic study of desert Wadis Institute of Arab Research, Special Studies Series.

1989. Vol. 51. Pp. 1-93.
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Pbl, KOHTPOJIbHBIE 1aMObI U (pepmepckue npysl. Pruck
BHE3aITHBIX HaBOgHEHWI B Baam Barup Opin msyden
MocrTadoii [26]. s KaKI0T0 TTOIBOAOpa3Iesia CTEIICHb
OMacHOCTH ObIIa OLIEHEHA M pa3JieieHa Ha TPH KJacca:
BBICOKAsl, YMEPEHHAsl M HU3Kasl. Pe3ynbrarsl ABYX Mpe/bl-
JIYIINX MCCIIEI0BAaHNH OBUIN MCIIOIB30BaHbI B KaUECTBE
HCXOAHBIX TaHHBIX JUISl TAHHOTO MCCIIEIOBAHMSI.

Hackonpko M3BECTHO aBTOpaM, BIUSHHUE JIMBHE-
BBIX NABOJAKOB Ha peanuzanuio cTpykryp C/IB panee
He o0cyxaanoch. [1o3ToMy 1enbI0 JAHHOTO HCCIIEN0-
BaHMS SIBIIAETCS ONPEIENICHUE MOPSIIKA YCTAHOBKH CO-
opyxennit CIIB B 3aBUCHMOCTH OT CTETICHH ONACHOCTH
JIMBHEBBIX MMABOAKOB. V3ydeHne BO3SHUKHOBEHHUS JIHB-
HEBBIX MABOJKOB SIBISIETCS] OHOM M3 3a]a4 UCCIIE0Ba-
HUs, 9TOOBI MaKCHMHU3HPOBATh KOJTUIECTBO coOmpae-
MOH BOJIbI M CHU3HUTh PHUCK JINBHEBBIX MTABOAKOB.

MATEPHUAJIBI U METO/bI

Paiion ucciaenoBanus

Tepputopust uccienosanuss — Baau Batup.
OH pacnionoker Ha CrHaHCKOM moiryocTpoBe B Erurre,
Mexay 33°53" u 34°44’ BocTOUHOH MONTOTHI U 28°46'
n 29°33’ ceBepHOit UPOTHI. CYUTAETCS CaMBIM 3HAYH-
TeNBHBIM BosiopasznenioM B Akada [omed. ['opon Hyseii-
0a pacrmoyoKeH Ha BBIXOZE W3 BoJOpa3ziena. ITO Baxk-
HBIM TYpUCTUYECKUI U TOPrOBBII rOpO, IOCKOIBKY €I0
raBaHb cBs3bIBaeT Eruner, Mopnanuio u CayqoBCKyIO
Apasuro. [Tostomy BomocOop Banu Barup m3yqancs
B pa3Hoe Bpems [9, 17, 25-28] (puc. 1).

Kurenu Baaum Batup cTpanaror or HeXBaTKH
BOJIBI, B PE3YJbTATE YETO Y HUX I'MOHYT OBIIBI M TTOCE-
BEI. beIcTpoe m3meHenne kinnmata Ha CiHae ycyryos-
€T BOJHBIN KPHU3HC, MOCKOIBKY CPEIHsS TeMIlepaTypa
TTOBBIMIACTCSI, @ KOTMYECTBO OCAIKOB yMEHbIaeTces [3].
Bocrounsrif TekToHIUECKUi paznom Ha CuHAe SBIIS-
ercs mectoM oOpa3oBanus Baam Barup. TexTonnde-
ckuil pudT UACHTUPUIHPYETCS CEpHeil CABUTOBBIX
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pa3ao0MOB, KOTOpPBIE CO3JAI0T CTPYKTYPHO BBITAHYTBHIE
BHU3 pu(TOBBIC MOTMHBI. OCHOBHBIMU HCTOYHHKAMHU
MOJI3eMHBIX Box B Bamm Barup aBnsrorcs kanan Db
eiix Artust u ncrounnku Oyprara. BogocOopHbiii
pesepByap obpasyercs B pe3ynbraTe HHOUIBTPAINH
MOA3CMHBIX BOJ Y€pPE€3 pas3jiOMbl, IIBLI U TPCHIMHBI
[9, 29]. TTosTOMy KpaliHe BaXHO MPOBOJUTH DKCIEPU-
MEHTAJIbHbIE HCCIIEJOBAHUS TEKCTYPBI TOUBBI B Ka’KI0M
uccienyemom peruone [30, 31]. B paiione uccnenona-
Hull exxeronHo Beimagaet 200 MIIH M° 0CaKOB, a BBICO-
Ta HaJl ypoBHEM Mopsi kosebmnercs ot 4 o 1630 m [28].

CoOpaHHbIe TaHHbIE

VcxonHble qaHHBIC /ISl HACTOSILETO UCCIIe10Ba-
HUS OBLTH cOOpaHbI CISTYFONIM 00pa3oM:

* pe3ynbTarhl oueHkH npurogHoctu CHAB Opumm
nonyd4ensl ot E. Moctada u ap. [17];

* pe3yJbTaThl OI[EHKH OMACHOCTHU JMBHEBBIX I1a-
BOJIKOB OBLIIM MCIIOJIb30BaHbI 110 MaTepuaiam MocTta-

da [26].

Onpenenenue NPUroAHOCTH K ucnojab3oBannio C/IB
[purogrocts Banu Barup nins C/IB 6puta omnpe-
nmeneHa ¢ momoIieo kKomounaruu I'MC, 13, AMC
u I'M [17]. beur ucnonp3oBans! 11 6moduzmueckux
(Hampumep, 3eMIIeTIoIb30BaHue, TUIOMAaL Oaccelina,
VKJIOH M CTOK) U COIIMaJIbHO-9KOHOMHYCCKUX (Halpu-
Mep, pacCTOSTHUE 10 HACEJICHHBIX ITYHKTOB, OCIyWH-
CKUX OOIIMH M J1opor) napameTpoB. JlaHHbIe O cTOKe
OBLIH paCCYUTAHBI IO TAHHBIM 00 0cajKax ¢ MCIIOIb30-
BanueMm Metoaa SCS-CN. [[ist co3nanust KapThl IPUTO/I-
Hoctu ana CIIB ncnonb30Baquch METO B3BELICHHOM
THEeHHOW KoMOnHamu U Metox byiesa (puc. 2).

Omnpenenenne oNTUMATBHBIX MECT /ISl pa3MelleHust
coopy:xenuii CIB

Borunranue ucxonnoi [IMP u3 3anonmuaennoit [IMP
JaeT DIyOnHy BraauHbL. [TyOnHa BHaauHbL, OyIeBCKUHA
anamm3 u meron BJIK (B3BemeHHas JTMHEHHAS KOMOHWHA-
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Puc. 1. PacnionosxeHue 1 0CHOBHbIE XapakTepucTuky Baau Batup

104



BAMsIHWE AMBHEBbIX MTABOAKOB Ha CTPOUTEALCTBO COOPYXEHUI M0 CO0pPY AOKAEBO BOAbI

C. 102-116

34°Q‘0"E 34°1|5'0"E 34°3p‘0"E 34°4l5’0"E
Z Z
> IIpuronnocts C/IB >
2 2
j% - OrpaHudeHHast ::%\
- OueHb HU3Kas
- Huskas
- - VYmepennas -
o l:l Bricokast o
Gk =
o - OueHb BbICOKast o
N (o]
Z z
o o
[=hy =
& o
N (@]
N
[ = m as BV
0 5 10 20 30 40
34°0'0"E 34°15'0"E 34°30'0"E 34°45'0"E

Puc. 2. Kapra npurognoctu C/IB. N3menenus, saecennsie E. Mocrada u ap. (2022)

1s1) ObUTH OOBEIMHEHBI JUIS ONPECNICHHS] ONITUMAITBHBIX
mect s coopyskernii C/IB. Mecra ¢ BbICOKOIH IPHTOIHO-
crbto st CJIB 1 cMeXHBIMY 30HAMH IEMPECCHH SBIISIOTCS
JydIIUMH MecTamu 11 coopyxenuii CJIB. Bynes noaxor,
co3maaHbd CuarXoM 1 1ip. [ 18], 11t onpeneneHus MecTo-
nonokeHus coopyxenuit CJIB omnpenensiercs: B mepByro
odepeib 3eMIICTIONIb30BaHIEM, XapaKTePUCTHKAMH TI0UYBBI
u Toriorpacgueii. Paccmarpusaemsie ¢ oopyxerns C/IB —
9TO O0OpaTHbIe IUIOTHHBI, (PepMEPCKHE MPYAbl U MEPKO-
JSILMOHHBIE pe3epByapbl (Ha 3emie U BIoJb pyubeB). Cy-
IIECTBYET JIBEHA/ALATh MECT, MOAXOAIINX I YCTAHOBKU
o0parsbIxX 1am0. Hansmyuiime mecra Jyist pa3MerieHs ep-
KOJISIMOHHBIX PE3EPBYapoOB BIIOJIb PyYbEB OOHAPY’KEHBI
B YETBIPHAIATH PAa3IMIHBIX MECTaX. 25,9 KM — IUIoIa b
pEervoHa, oAXo/sIIast Ui pa3MeIeHUsT Ha3eMHBIX TTepKO-
JSIIMOHHBIX pe3epByapoB. 1,34 km?> — wIeansHOE MECTO
Jutst hepMepcKux TpymnoB (puc. 3).

CocTasJjieHHe KapThl 0MACHOCTH HABOTHEHU

E. Mocrada [26] co3nai kapTy OIacHOCTH HaBOJHE-
HMH, UCTIOJIb30BAaHHYIO B IAHHOM HccleoBann. Lingpo-
Bast MOJIeNb pesibeda Obl1a odpadorana ¢ momorso ['NC
JUIsl OTIpezieieHsT MOP(OMETPUIECKUX XapaKTEPHCTHK
TeppUTOpUH HcclenoBaHUsA. Bomopasnen ObL1 pasze-
JIH Ha TTOJBOAOPA3/IEIIbI, M MOPSIOK OTOKOB B KaXKJOM
HOJBOIOpa3zene ObLI ONpefeseH ¢ IOMOILIBI0 METOAa
Crpastepa’. YsI3BUMOCTB K)K/I0TO MOJIBOJIOPA3/Ieia K BHE-
3aIHbIM HABOIHEHUSIM ObLiIa MCCIIEA0BaHA C TIOMOLIBIO
MeTozia MOpQOMETPUIECKOro parxkupoBanust. st mpu-
MEHEHHsI MOP()OMETPHUECKOro aHaIM3a UCIOIb30Ba-

nock 17 mapamerpoB. [lapameTpsl 3aBUCAT OT pa3MepoB
JPEHaXHOW ceTH u OacceiiHa, popMbI U MTOBEPXHOCTH
(Hampumep, MIOIIab, JIHHA OacceiiHa, KodP(UIUCHT
TEKCTYPBI, K0O3QOHUIIMEHT OKPYIIIOCTH, TNIOTHOCTh Jpe-
Ha)ka, 4acToTa I0TOKa, YKIIOH OacceiiHa u kod(huieHT

perbeda). Kak nmokazano Ha puc. 4, cTeNeHb OMacCHOCTH

34°0'0"E 34°15'0"E 34°30'0"E 34°45'0"E
Z| No 510 20 30 %
o W KM '—O
& o
& I Hasemubie b a
o TCPKOJIALMOHHBIE PE3EPRYAphl. "~ ™
depmepckue npysb SO
® IlepkoisAMOHHEIH PE3 ap ) ‘VK"‘[ Z
Z | e KourponbHas o OT%gy I, =
S : Fio
7S N -
&, Topsziok notoka G &
[S | S} )
— 4
5 &
z|—6 S
=
(2]
&
z
. >
| <
%
N

34°00"E  34°15'0"E  34°30'0"E
Puc. 3. Jloxanuzauus crpykryp CB. M3meneHus, BHeceH-

uble E. Moctada u ap. (2022) [17]

2 Strahler A.N. Quantitative geomorphology. Geomorphology. Encyclopedia of Earth Science. Springer, Berlin, Heidelberg,

1968. DOI: 10.1007/3-540-31060-6_304
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Puc. 4. Kapra onacHocTr BHe3anHbIX HaBoJHeHU. V3MeHe-
Hus, BHeceHHble E. MocTtaga (2022)

JIMBHEBBIX MABOJIKOB ObLIa OLIEHEHA U KJIacCU(UIMPOBaHA
Ha TpHU KJlacca: HU3KUH, YMEPEHHBINH U BBICOKHH.

BiiusiHue JIMBHEBBIX MABOIKOB HA PeaN3alHI0 KOH-
crpykumii C/IB

B cucreme 'MC xapra omacHOCTH JIMBHEBHIX ITa-
BOJIKOB ObLiIa paszesieHa Ha TPU YacTU B COOTBETCTBHU
CO CTENEHBIO ONACHOCTH. AHAJIOTUYHO, NIpEJIaracMble
koHCcTpykuuu CJIB Obutn pasmencHsl Ha TPU YacTH.
Kapra onmacHocTH OblTa creHepupoBaHa Kak 0a3oBast
KapTa, a cTpykrypsl C/IB OblIM HAJI0XKEHBI CBEPXY.
B 3aBrucHMOCTH OT CTENEHH OMacCHOCTH, 3TOT METOJ
MIO3BOJIHJI TTOJTyYUTh TPH PA3HBIX ClIydas. YCTaHOBKA
npemaaraemMbix coopyxkenuit C/IB Oblia mpuopurer-
HOH. bpin onpenienensr Hanbdosee MOAXOISAIINE COOPY-
JKEHUsI U151 cOOpa BOJIbI BO BPEMsI JIMBHEBBIX NIABOJIKOB.

PE3YJIBTATHI HCCJIEJOBAHUA

PC3yJ'II>TaTLI HCCIICAOBAaHNA pa3aCJICHbI HA TPU CITYy-
4gasd B COOTBETCTBHHU CO CTCIICHBIO OIMAaCHOCTH JIMBHEC-
BBIX ITaBOJKOB.

Koncrpykunun C/IB, pacnosiosxkeHHbIe B 30HAX ¢ HU3-
KOIi cTeneHbI0 ONACHOCTH JIMBHEBBIX MABOKOB

Teppuropust ¢ HU3KOW CTEIICHBIO OITACHOCTH JIMB-
HEBBIX MABOJIKOB cocTapisieT 19 % uccnemyemoit Tep-
putopuu [26]. BeisicHWIOCH, 4TO JBE 00paTHBIC TLIO-
THHBI U J[Ba NEPKOJISILIMOHHBIX pe3epByapa HaAXOISTCs
B MaJIOOTIaCHBIX 30Hax. Kpome Toro, 2,13 km? (8,22 %)
TUTOIIA M HAa3eMHBIX MMEPKOJISIIIMOHHBIX pe3epByapoB
u 0,11 xm? (8,21 %) rutormaan hepMepCKHx MpyI0B Ha-
XOJISATCS B 30HaX HU3KOH OMACHOCTH, CM. pHcC. 5 (Ta0m.).
DTU COOpYKEHUS HaUMeHee TIPUTOIHBI IS COOpa BOJBI
BO BpeMs JINBHEBBIX MaBOJKOB. [ToaToMy cTpouTess-
CTBO 3THX COOPYKEHUH JJOJKHO OBITH MTOCIIECHUM JTa-
oM pazsurtusi Bagu Batup.
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Puc. 5. Coopyxenust C/IB B ManoomnacHoii 30He

Koncrpykuuu C/AB, pacnoJio:keHHbIe B 30HAX yMe-
PEHHOI OIIACHOCTH JTUBHEBBIX NABOJKOB

E. Mocrada [26] yrounu, uro 44,2 % BomocOop-
Horo OacceiiHa Bagu Barup ymepeHHO ysS3BUMBI 1JIst
JUBHEBBIX MaBOAKOB. Kak moka3aHo Ha puc. 6, B 30He
YMEPEHHO! OITaCHOCTH JINBHEBBIX MTABOJAKOB HAXOIST-
Csl IATH TUIOTUH, CEMb MEPKOJISAIIMOHHBIX PE3ePBYapoB,
12,62 xm? (48,73 %) miommaau st HA3eMHBIX MEPKO-
JISIIMOHHBIX pe3epByapoB u 0,75 km? (55,97 %) mioma-
i pepMepckux npynoB (Tadm.). [IpumepHo momoBrHA
npenaraeMsix coopyskenuit C/IB HaxoauTcs B 30HaX
YMEpPEHHOH ONacHOCTH. B cirydae BHE3aITHOTO HaBO-
JTHEHUS BEPOSTHOCTh UCIOJIB30BAaHUSA 3TUX COOpYKe-
HUN U1 cOopa BOABI BO3pacTaeT. Peamm3anus 3TuX
CTPYKTYpP JOJKHA CTaTh BTOPHIM MPHOPUTETOM IpPU
pa3paboTKe HaNpaBIEHHsI UCCIECIOBAHUI.

Coopy:xenns C/IB, pacnoJio:keHHbIe B 30HAX € BbI-
COKO¥i CTeNEeHbI OMACHOCTH JUBHEBBIX MABOJIKOB

TeppuTopusi ¢ BBICOKON CTENEHbI ONACHOCTH
JUBHEBBIX MAaBOJIKOB cocTaBisieT 36,8 % BomocbOopa.
[14Th TIOTHH, MATH MEPKOJIANHOHHBIX PE3epBYyapoB,
11,15 kM? myI0IIa i Ha3eMHBIX MEPKOJIAIUOHHBIX Pe-
3epByapoB u 0,48 km? momanu GepMepeKux MpyaIoB
PaCIOJIOKEHBI B 30HE BBICOKON CTENEHM OMACHOCTH
JUBHEBBIX MTABOJKOB, KaK MOKa3aHO Ha puc. 7 (Tadm.).
Coopyxenust CIIB B 3TOM paiioHe SBIISIOTCS HanOoIee
MOIXOIAIIUME 1151 cOOpa BOIBI B CIIydae JINBHEBOTO
naBonka. PazButue BomocOopa Bamu Batup momxuo
HAYMHATHCS C ATOTO PETHOHA.

3AKJIIOYEHUE U OBCYXJIEHUE

B HacrosiiiieM UCCIICIOBaHN M U3Y4allOCh BIMSHUE
CTETICH! OMACHOCTH JINBHEBBIX ITABOJIKOB HA BBIMTOITHE-
Hue xoHctpykiuit C/IB mans Bomoc6opa Bagu Batup
(Cunaiickuit momyoctpos, Erumer). O6bequHeHNE Kap-
torpadupoBanus npurogaoctu C/IB u onacHOCTH JTUB-
HeBbIX MaBoAKoB B cucteMe [ IC 6bu10 3 PekTHBHBIM
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Puc. 6. Coopyxenust C/IB B 30He yMepeHHOH 0IIaCHOCTH

Puc. 7. Coopyxenust C/IB B 30HE MOBBIILICHHON OMTACHOCTH

Pacnipenenenue coopyxenuit coopa noxaeBoit Bojsl (C/IB) mo creneHu onacHOCTH

Hasemusble depmepckue
Crenenb Paznenenue IIepkonsiunoHHbIE Kountposbubie
OIIaCHOCTH 10 IUIOLIAa 1 TICPROTALHONHKIE TIPYAbI pe3epyapsr (14) rotuHbI(12)
pesepByapsi (25,9 km?) (1,34 xm?)
2,13 km? 0,11 km?
2 0, > >
Huskas 680,2 xkm? (19 %) (8.22 %) (8.21 %) 2 2
VMenerias 1582.4 km? 12,62 xm? 0,75 xm? 7 5
P (44,2 %) (48,73 %) (55,97 %)
Bhicokas 1317,4 xkm? 11,15 xkm? 0,48 xkm? 5 5
(36,8 %) (43,05 %) (35,82 %)

METOZIOM U TO3BOJIMJIO TOCTHYb OCHOBHBIX LIEJIeH HC-
cIie1oBaHust. MeTo/| onpeesnl epUOIN3aIHI0 Pa3BU-
THSI UCCIIEAYEMON TEPPUTOPHUH BO BPEMsI JINBHEBBIX ITa-
BozKOB. [Ipornece pazsutust Bagu Barup Obu1 paznenen
Ha TpH (a3l B COOTBETCTBUH CO CTEIICHBIO ONACHOCTH
JIMBHEBBIX MTABOJKOB CIEAYIOIINM 00pa3om:

* ¢aza I: peanuzanus koucrpykuuii C/IB, pac-
MIOJIOKEHHBIX B PETMOHAX C BBHICOKOHM CTENEHBIO OIlac-
HOCTH. DTa 00JIACTh BKJIIOYACT 5 MEPKOIAMUOHHBIX
pe3epByapoB, 5 oOparHbix gaM0, 11,15 km? muromaau
Ha3eMHBIX MEPKONAIHOHHBIX pe3epByapoB u 0,48 km?
Ut pepMEPCKUX MPYAO0B. DTH COOPYKEHHST ONTHMAITb-
HBI JUTs cOOpa BOJIbI BO BPEMsl JINBHEBBIX MABOJIKOB;

* ¢aza II: cTponuTeNILCTBO COOpPYKEHNH B 30HAX yMe-
PEHHOM OITAaCHOCTH. TO 7 NMEPKOIALMOHHBIX PE3EPBYapOB,

5 o0patHbIx 1aM0, 12,62 KM? Uil HA3EMHBIX MEPKOJISIIH-
OHHBIX pe3epByapoB u 0,75 km? st pepMepcKHX Ipy/IoB;

* (paza III: ycTaHOBKa COOpY>KEHHI B Majoomac-
HBIX pailoHaX, KOTOpas BKJIOYaeT B ceds JBa MEpKO-
JSIUOHHBIX pE3epByapa, IBE KOHTPOJBHBEIE JAaMOBI,
2,13 kM? 1St HA3EMHBIX MTEPKOJIAIMOHHBIX PE3EPBYapOB
u 0,11 xM? 17151 hepMepCKuX IPYAOB.

Pe3ynpTaThl JAaHHOTO HCCIEIOBaHUS MOMOTYT
JIMLAM, bl TPUHUMAIOIIUM PELICHUs, pa3paboTars IIaH
pasButus Bagu Barup. Brenpenne cuctem C/IB nume-
€T pa3INnYHbIE YKOJIIOTHUECKUE U COLUATbHO-IKOHOMHU-
YeCKUe MOCIEACTBUS, TOATOMY MOCIEICTBHS JOJKHBI
OBITH TOYHO M3y4deHBI. Kpome TOTO, CTPOUTEIHCTBO
crpoernii C/IB TpeOyeT pa3nuuHbIX JeTaIbHBIX HCCIIe-
JIOBaHUIl, TAKUX KaK MOJEBbIE U3bICKAHUSI.
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Brrao asmopos:

Eszenoun M. — xonyenyus ucciedoganus, pazgumue mMenmoooiocu, yiacmue 8 paspadomre yueOHbIX npOSPamm u ux
peanuzayuu, HanUCaHue UCXOOH020 MEKCMA, UMOo208ble 8blG00bL.

Cunuuenxo E.K. — konyenyus uccneoosanus, dopabomxa mexkcma, umoz2ogule 8bl800bl, HAYUHOE PYKOBOOCMEO.

Tpuyyk U.U. — koHyenyus ucciedosanus, yuacmue 6 paspabomie yueOHblX nPOSpamMm U ux peanuzayui, dopabomra
mekcma, umo206bie 8bi800bI.

Asmopul 3as61510m 06 OMcymcmeuu KOHGIUKMa uHmepecos.

INTRODUCTION

The majority of people on Earth experience water
challenges, according to reports from the United Na-
tions and other numerous researches [1, 2]. The main
reasons of water scarcity, particularly in dry regions,

are population expansion, climate change, and global
warming [3-5]. Therefore, it is necessary to look for
alternative water sources. Rainwater harvesting (RWH)
is a useful and dynamic answer to the water issues that

exist in many parts of the world. RWH is an effective
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way to collect freshwater, recharge groundwater, and
lessen the risk of flash floods [6-9].

Fires and flash floods are primarily caused by
climate change and global warming. Flash floods are
extremely dangerous because they happen suddenly
and unpredictably. Flash floods threaten both peo-
ple and property [10]. Infrastructure, geography, and
geomorphology all have an impact on flash floods'.
Geomorphic studies were carried out to enhance flood
mitigation strategies and demonstrate the value of geo-
morphic studies in planning [11, 12].

For RWH suitability and flood hazard mapping,
the two primary methodologies employed are geographic
information systems (GIS) and remote sensing (RS).
They have been employed in a variety of studies [13—18].
In addition, GIS and RS are now the key instruments
for geoenvironmental risk assessment and the princi-
pal data source for hazard evaluation [10, 19]. The soil
conservation service-curve number approach (SCS-
CN), hydrological modelling (HM), and multi-criteria
analysis (MCA) are coupled to identify RWH suitability
[9, 18, 20, 21]. Planning and decision-making in any area
of study are supported by such investigations [22].

Egypt is a dry country with high rates of evapora-
tion and little precipitation. Egypt is experiencing a wa-
ter shortage issue as a result of its expanding popula-
tion and scarce water supplies. As a result, the Egyptian
government is making a search for novel solutions to
the water crisis, such as RWH. Climate change also
caused severe flash floods in various parts of Egypt,
particularly in the Sinai Peninsula. The research area
(Wadi Watir, Sinai, Egypt) is an arid region. Water is
scarce in Wadi Watir, farming and grazing have got-
ten worse. Due to the region's rugged terrain and high
heights, it is also susceptible to flash floods. Periodi-
cally, flash floods happen in Wadi Watir.

The Wadi Watir watershed has been the subject
of various studies because of its importance. Alzayed et
al. [23] assessed the probability of water collection using
GIS and HM. They calculated how much water may be
gathered. The potential of RWH was studied by integrat-
ing RS, GIS, WMS, and AHP [9]. Locations for RWH
structures (cisterns and dams) were suggested. Cools
et al. [24] created a flash flood early warning system. Ad-
ditionally, a geospatial flash flood risk assessment was
carried out in the Nuweiba region by Sara et al. [25].

Using GIS techniques, Mostafa et al. [17] deter-
mined Wadi Watir’s suitability for RWH. The opti-
mum locations for RWH structures were determined.
The suggested structures were percolation tanks, check
dams and farm ponds. The risk of flash floods in Wadi
Watir was studied by Mostafa [26]. For each sub-wa-
tershed, the hazard degree was estimated an divided
into three classes: high, moderate, and low. the results

of the two previous investigations were utilised as
the initial data for this study.

To the authors’ knowledge, the impact of flash
floods on the implementation of RWH structures hasn’t
been discussed before. Therefore, this research aims to
pertiorize the installation of RWH structures according
to the flash flood hazard degree. Exploiting the occur-
rence of flash floods is one of the study’s objectives in
order to maximize the amount of water harvested and
reduce the risk of flash floods.

MATERIALS AND METHODS

Study area

The research area of the current study is Wadi Wat-
ir. It is located on the Sinai Peninsula in Egypt, between
longitude 33°53" and 34°44' E and latitude 28°46" and
29°33" N. It is regarded as the most significant water-
shed in Aqaba Golf. Nuweiba City lies at the outlet
of the watershed. It is an important tourist and com-
mercial city, as its harbor links Egypt, Jordan, and Saudi
Arabia. Therefore, the Wadi Watir watershed has been
studied at different times [9, 17, 25-28] (Fig. 1).

The residents of Wadi Watir are suffering from wa-
ter shortage issues, and as a result, they are losing sheep
and crops. The rapid climate change in Sinai exacer-
bates the water crisis as the average temperature rises
and the amount of precipitation drops [3]. The eastern
tectonic rift in Sinai is where Wadi Watir was created.
The tectonic rift is identified by a series of shear faults
that produce structurally prolonged downfault rift val-
leys. The primary groundwater sources in Wadi Watir are
the El Shiekh Attia canal and Furtaga Springs. The wa-
tershed reservoir is created by groundwater infiltration
through faults, joints, and cracks [9, 29]. Therefore, it is
crucial to conduct experimental investigations on the soil
texture of every study region [30, 31]. The research area
receives 200 million m? of rain annually, and its eleva-
tions range from 4 to 1630 m above sea level [28].

Data collected

The source data for the current study was collected
as follows:

* the RWH suitability findings were obtained from
Mostafa et al. [17];

* the results of the flash flood hazard assessment
were used after Mostafa [26].

The Identification of RWH suitability

The RWH suitability of Wadi Waitr was identified
via a combination of GIS, RS, MCA, and HM [17].
Eleven biophysical (e.g., land use, basin area, slope,
and runoff) and socioeconomic (e.g., distance to built-
up areas, Bedouin communities, and roads) parameters
were used. The runoff data was calculated from the pre-
cipitation data using the SCS-CN method. The weighted

! Saleh A.S. Flash floods in deserts. A geomorphic study of desert Wadis Institute of Arab Research, Special Studies Series.

1989; 51:1-93.
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Fig. 1. The location and main characteristics of Wadi Watir

linear combination method and the Boolean technique
were used to create the RWH suitability map (Fig. 2).

Identification of the optimum locations for the RWH
structures

Subtracting the initial DEM from the filled DEM
gives the depression depth. The depression depth,
Boolean analysis, and WLC method were combined
to locate the optimum sites for RWH structures. Loca-
tions with high suitability for RWH and contiguous
depression zones are the best sites for RWH structures.
The Boolean approach, created by Singh et al. [18], for
locating RWH structure is primarily determined by land
use, soil characteristics, and topography. The considered
RWH structures are check dams, farm ponds, and per-
colation tanks (on the ground and along streams). There
are twelve locations that are suitable for check dams.
The best locations for placing percolation tanks along
the streams are found to be at fourteen different locations.
25.9 km? is the area of the region thought to be appropri-
ate for on-ground percolation tanks. 1.34 km? is the ideal
space for farm ponds (Fig. 3).

Flash flood hazard mapping

Mostafa [26] created the flash flood hazard map
used in the current research. The digital elevation
model was processed using GIS to ascertain the re-
search area’s morphometric properties. The watershed
was divided into sub-watersheds and the stream orders
of each sub-watershed was determined using the Strahl-
er method?. The vulnerability of each sub-watersheds to
flash floods was investigated using the morphometric
ranking method. Seventeen parameters were used to
apply the morphometric analysis. The parameters vary
between the drainage network and basin dimensions,
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shape, and surface (e.g., area, basin length, texture ratio,
circularity ratio, drainage density, flow frequency, basin
slope, and relief ratio). As shown in Fig. 4, the hazard
degree for flash floods was estimated and classified into
three classes: low, moderate, and high.

The effect of flash flooding on the implementation
of RWH structures

In a GIS environment, the flash flood hazard map
was separated into three parts according to the haz-
ard degree. Similarly, the proposed RWH structures
were divided into three sections. The hazard map was
generated as a base map, and the RWH structures
were overlapped at the top. Depending on the degree
of hazard, this method produced three distinct cases.
The installation of the proposed RWH structures was
prioritized. The most suitable structures for water
harvesting during flash floods were identified.

RESULTS OF THE RESEARCH

The results are separated into three cases accord-
ing to the flash flood hazard degree.
RWH structures located in low-hazard areas for
flash floods

The low-hazard area for flash floods represents
19% of the study area [26]. It is found that two check
dams and two percolation tanks are in low-hazard areas.
In addition, 2.13 km? (8.22 %) of the space of the on-
ground percolation tanks and 0.11 km? (8.21 %)
of the farm pond area are in low-hazard areas, see
Fig. 5 (Table 1). These structures are the least suitable
for water harvesting during flash floods. Therefore,
the construction of these structures should be the last
phase of the development of Wadi Watir.

2 Strahler A.N. Quantitative geomorphology. Geomorphology. Encyclopedia of Earth Science. Springer, Berlin, Heidelberg,

1968. DOI: 10.1007/3-540-31060-6_304
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RWH structures located in moderate-hazard areas
for flash floods

Mostafa [26] clarified that 44.2 % of the Wadi W
atir watershed is moderately vulnerable to flash floods.
As shown in Fig. 6, the moderate area for flash
floods contains five check dams, seven percolation
tanks, 12.62 km? (48.73 %) of space for the on-ground
percolation tanks, and 0.75 km? (55.97 %) of farm
pond area (Table 1). Approximately half of the pro-
posed RWH structures are in moderate-hazard areas. In
the event of a flash flood, the likelihood of these struc-
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tures for water harvesting increases. The implementa-
tion of these structures should come as a second priority
during the development of the research area.

RWH structures located in high-hazard areas for flash
floods

The area with high hazard degree for flash floods
accounts for 36.8 % of the watershed. Five check dams,
five percolation tanks, 11.15 km? of the on-ground perco-
lation tanks, and 0.48 km? of the area of the farm ponds
are located in high hazard region for flash floods, as
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Fig. 4. The flash flood hazard map. Modified after Mostafa [26]

shown in Fig. 7 (Table 1). The RWH structures in this
area are the most suitable for water harvesting during
the event of a flash flood. The development of Wadi Wat-
ir watershed should start from this region.

CONCLUSION AND DISCUSSION

The current research studied the effect of flash
flood hazard degree on the execution of the RWH struc-
tures for the Wadi Watir watershed (Sinai Peninsula,
Egypt). Merging the RWH suitability and the flash flood
hazard mapping in a GIS environment was an effective
method and achieved the main goals of the research.
The method identified the periodization of the study ar-
ea’s development during flash floods. The development
process of Wadi Watir was divided into three phases ac-
cording to the hazard degree for flash floods as follows:

* phase I: the implementation of RWH structures
that are located in high-hazard regions. This area
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Fig. 6. The RWH structures in the moderate-hazard area
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includes 5 percolation tanks, 5 check dams, 11.15 km?
of the area of the on-ground percolation tanks, and
0.48 km? for farm ponds. These structures are optimal
for harvesting the water in flash floods;

» phase II: the construction of structures in
moderate-hazard areas. They are 7 percolation tanks,
5 check dams, 12.62 km? for the on-ground percolation
tanks, and 0.75 km? for farm ponds;

 phase III: the installation of the structures in
low-hazard regions, which involves two percolation
tanks, two check dams, 2.13 km? for the on-ground
percolation tanks, and 0.11 km? for farm ponds.

The findings of this study will help the decision
makers arrange the development plan of Wadi Watir.
The implementation of RWH systems has different en-
vironmental and socio-economic impacts, therefore,
the consequences should be studied accurately. In addi-
tion, the construction of RWH strictures requires differ-
ent detailed studies, such as field surveys.
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Fig. 7. The RWH structures in the high-hazard area
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The distribution of RWH structures according to hazard degree

Hazard S On-ground Percolation tanks Farm ponds Percolation
degree Area division (25.9 km?) (134km?) | tanks (14) | Checkdams(12)
Low 680.2 kn? 2.13 kn?? 0.11 km? ) )
(19 %) (8.22 %) (8.21 %)
1582.4 km? 12.62 km? 0.75 km?
Moderate (44.2 %) (48.73 %) (55.97 %) 7 >
. 1317.4 km? 11.15 km? 0.48 km?
High (36.8 %) (43.05 %) (35.82 %) 3 >
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