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AHHOTALUMUA

BBeaeHue. PalioH B HWkHeM TeyeHumn pek CanroH — [JoHrHam B Uenom, v r. XOWMUH B YaCTHOCTU, ABMSIETCA KPYMHbIM,
ObICTPO pa3BMBAOLLMMCS 3KOHOMUYECKUM LeHTpOM BbeTHama. OH cTankvMBaeTcs CO MHOTMMM HacyLLHbIMKU npobnemamu,
13 KOTOPbIX HEPELLEHHbIMM OCTalOTCA HEXBATKA XWUbsl U HaBogHeHUs. MpuBoasTcs pesdynbTaTbl NCCNEefOBaHNSA HABOAHE-
HUS B HUXKHEM TeyeHun pek CanroH — [JoHrHam.

Matepuanbl u metoabl. O6nacTb nccnegoBaHUs — panioH HWXKHEro TedeHust pek CanroH — [loHrHan, rge pacnonoxeH
I. XOLWMMUH. DTOT parioH rpaHmnynT ¢ genbton MekoHra Ha 3anage n BocTouHbIM MOpeM Ha oro-BocToke. Ha peyHon cTok
B palioHe UCCnefoBaHNs HEMOCPEACTBEHHOE BNMUsIHNE Oka3biBaeT paboTta AByx BogoxpaHunumw, 3ay TueHr n Yun AH, pac-
MONOXEHHbIX Bbile Nno TeveHuto. Mcnonbaytotcs mogenu MIKE 11, MIKE 21 n MIKE FLOOD ansi oueHku nnowagun u rmy-
OWHbI 3aTONNEHNs C NPOTUBOMNABOAKOBLIMU COOPYXKEHUAMU U 6e3 HUX, UTO AaeT OPUEHTUP AN KaKOOro 34aHus U 30HbI
3aTonneHus.

Pe3ynbrartbl. Pe3ynsrartbl pacyeToB nokasanu, YTo BBOA B SKCNIyaTaLMio NPOTUBONABOAKOBbLIX COOPYXeHW byaeTt cnocob-
CTBOBaTb 3al4UTE OT HABOAHEHMS LiEHTparnbHbIX PAaloHOB ropoaa, YMEHbLUMTCS NoLanb 3aTonfeHns, Npu 3TOM 3atonne-
HME BHELLHUX TEPPUTOPUIA Npu paboTe rMAPOTEXHUYECKNX COOPY>KEHNI BO3pACTAET.

BbiBogbl. PacueTHoe o6ocHoBaHMe rnyOuHbI ANs KaXXOoW 30HbI 3aTOMMEHNS U YCTAHOBKA KOHTPOIbHbIX CTPOUTENbHbLIX
OTMETOK, HEOOXOOUMBIX AN TepPUTOPUanbHOro NiaHMPOBaHUS, MOTYT CTaTb Hay4YHO OBOCHOBaHHbIM BKIagoM B paboTty
FOPOACKMX OpPraHoOB NITAHMPOBAHUSA U YNpaBrneHUsi CTPOMTENBCTBOM XOLWMUMMHA NpU pa3paboTke MepOnpUsiTUA No MUHU-
Mu3auun yuepba ot HaBoAHeHMs B brivokanwem byayuem. OTmedas, YTo NPOTMBOMNABOAKOBbLIE COOPYXXEHUS He obecnevar
rapaHTUPOBaHHYIO 3aLLUTy TEPPUTOPUN XOLIMMUHA U MPUNEratLmx NPOBUHLMIA OT HABOOAHEHWUI U 3aTONMEHUIA, npeaso-
)KEHHblE HOBbIE KOHTPOMbHbIE CTPOUTENbHBIE OTMETKMN SBMSIOTCS CYLLECTBEHHLIM Hay4YHbIM BKAZOM B MPOEKTbl TEPPUTO-
puanbHOro NNaHNPOBaHNS NMPU CO34AHMM B HUXKHEM TEYEHUN pevHon cucTeMbl CalroH — [JoHrHawm KpynHenLero ynsrpaco-
BPEMEHHOIO0 LieHTpa A3naTcko- TMXOOKEaHCKOro permoxa.
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we Yn AH, MIKE 11, MIKE 21 n MIKE FLOOD
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ABSTRACT

Introduction. The lower Sai Gon — Dong Nai area in general and Ho Chi Minh City in particular is a major economic and
financial centre of Viet Nam, but faces many pressing problems, of which the unresolved are housing shortages and flood-
ing. This paper presents the results of a study of flooding in the lower reaches of the rivers Sai Gon — Dong Nai.

Materials and methods. This study uses the MIKE 11, MIKE 21 and MIKE FLOOD models to estimate the area and depth
of flooding with and without flood control structures, providing a benchmark for each building and flood zone.

Results. The calculation results showed that the commissioning of flood control structures will help protect the central areas
of the city from flooding, the flood area will decrease, while the flooding of external areas during the operation of hydraulic
structures increases.

Conclusions. Calculating the depth for each flood zone and establishing reference-building elevations necessary for spatial
planning can provide scientific input to the Ho Chi Minh City planning and construction management authorities in develop-
ing measures to minimize flood damage in the near future.

KEYWORDS: floods, downstream of the rivers Sai Gon — Dong Nai, Dau Tieng Reservoir, Tri An Reservoir, MIKE 11, MIKE
21 and MIKE FLOOD
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BBEJIEHUE

B nacrosiee Bpems KpynHbIE TOPOia MUpa CTal-
KHBAIOTCSI C Ype3MEPHBIM POCTOM HaceleHHsl, IpooJie-
MaMH 3aHSITOCTH ¥ COLMAIILHOTO 00eCreueH s KUTe-
JIell MerarnoJuCcoB, 3alIUThl OKPYXKarolieil cpeabl U Jp.
Bo BeeTtHame cTpeMuTeabHas YpOaHHU3AIUS MOCIE]-
HUX JECATUIETUH cTajla BaXHBIM 3TallOM Pa3BUTHSA.
B 1986 . roponckoe HaceneHue BreTHama cocTaBis-
70 MeHee 13 MJIH 4Yell., CerofiHs B Topojax MpoXHuBa-
et 6osee 30 MiH yes. XOMIMMUH SIBISIETCS KPYITHEH-
MM TOpoJIoM BreTHama ¢ HacesleHHEeM MO COCTOSIHUIO
Ha 2021 1. 9 166 800 uen. (uto cocrasuset 9,3 % Ha-
ceneHus BeeTHaMa), MIIOTHOCTH HACEIECHHUS B CPEIHEM
4375 yen/km? (caMblif BRICOKHUI TIOKA3aTellb B CTPAHE).
BbICTpBIN POCT HACENEHUS U BBICOKAsI INIOTHOCTD IIPU-
BEJIM K XXHJIMIHBIM MTPO0OJIeMaM | 3arps3HEHHIO OKpY-
skaromiert cpezpl. CornacHo cratuctuke @onga OOH
B obOnactu Hapononacenenus (UNFPA), B Xommmune
cBbie 300 ThIC. Yell. 10 CUX TOp JKUBYT B TPyH00ax.
st perieHust 3TOW mpoOieMbl BiIacTH XOIIMMHUHA,
B COOTBETCTBHH ¢ pemeHuem Ne 4834 ropoackoro Ha-
POIHOTO KOMHUTETA, 3asiBUJIN O HamepeHuu k 2030 r.
00€CTeYnTh HOBBIM JKMJIBEM CBBIIIE JIBYX MUJIJTHOHOB
YeJIOBEK, a TAKKe MIPOBECTH MACIITA0HYIO PEKOHCTPYK-
IIUI0 U MOAEPHU3AINIO JKIJIBIX JOMOB M HaOEepPEeKHBIX
BJI0JIb TOPOJICKHMX KaHAJIOB, TOCTPOSHHBIX 10 1975 1

[Tnanupyercst MPOBECTH MaCIITAOHYIO PEKOHCTPYK-
LMI0 ¥ MOZIepHU3alnio paiioHa Txy Txem, pacnonoxeH-
HOTO B LIEHTpanbHON wyacTu ropona. [lomyocTpoB Ha
p. CaiiroH cTaHeT HOBBIM yJIbTPACOBPEMEHHBIM KYJIb-
TYpHBIM, SKOHOMUYECKUM U TyPUCTHYECKUM LIEHTPOM
XommumuHa (puc. 1). Konnenrueit pa3sutust XommMuHa
orpenienieHo (GOpMUPOBAHIE COBPEMEHHOTO Merarnolica
C BBICOKMM Ka4€CTBEHHBIM YPOBHEM JKHU3HHU (pelIeHHe
Ne 5193 Haponnoro komuteTa XOIUIUMHUHA), TJe yCTa-
HOBJIEHO, 4TO K 2060 r. XOIUMHH CTaHET SKOHOMHUYE-
CKUM U MEXIYHAPOTHBIM TOPTOBBIM IIEHTPOM HE TOIBKO
Bretnama, HO 1 Bcero A3uaTcko-THXOOKEaHCKOTO peru-
oHa. HeoOXomMo OTMETUTS, YTO TUIaH Pa3BUTHS TOPOIa
YUUTBIBAET SKOHOMHUYECKHUII pOCT U KyIBTYpHOE pa3Ho-

Puc. 1. T'oponckoit paiton Txy TxeM B COOTBETCTBHH C TEKY-

oM cocTostHueM B 2022 1. (@) 1 TutaHoM pa3BHTHS (D)

o0pasue peruoHa v IperosaraetT COXpaHeHNe YHUKaIIb-
HOT'O PEYHOTO0 U JIaH (A THOrO HACIEHs IPU CO3IaHUH
YCTOIYMBOW FOPOJICKON HH(PPACTPYKTYPHI.

WuteHcudukanys HeraTHBHbBIX IPUPOIHBIX SIBJIE-
HUM, CBSI3aHHBIX C TNI00AIbHBIM U3MEHEHHUEM KIIUMaTa,
OKAa3bIBACT Pa3pyLIMTEIFHOE BO3ACHCTBHE B PA3TMYHBIX
pernoHax niaHeTsl. BeeTHAM ABIs€TCS OMHUM U3 Hau-
Oosiee MOCTPaaBUIMX OT CTUXMUHBIX OEICTBUM rocy-
napctB Asunarcko-THXOOKeaHCKOTO peruoHa; 0COOSHHO
TMOJIBEPKEHBI HABOJJHEHHUSIM IIPUOPEIHBIE FOPOJIa, TAKKE
kak XomuMuH, TalOunb, Hamauupe 1 aensra MeKoH-
ra. B mocneaHue roap! 3aTOMIICHHUS KaXKABIH pa3, Koraa
MPOUCXOAT MPUIMB WM cOPOC BOJIBI U3 BOIOXPAHH-
JIUIL, PACTIONIOXKEHHBIX BBIIIE 10 TEYCHUIO, CTAHOBSITCS
BCce OoJiee Cephe3HbIMU, MHOTHE PailOHbI 3aTallIMBAIOT-
Csl Ha MHOTO JIHEH, YTO CHJIBHO BJIMSET Ha TPAHCIOPT,
JKU3HB JTIOZIEH B KpyTHeH1eM ropojae BretHama (puc. 2).
B 2010 r. XomunMuH BoIIed B IE€CATKY TOPOJOB MUPA,
KOTOpbIe HauboJiee CHIIBHO CTPAJAIOT OT U3MEHEHHUs
knumara [1-5]. OnHako, coriacHO TJaHaM pa3BHU-
THS TIABHOM NMPOBHUHILIUU CTPaHBI, O KOTOPHIX TOBOPH-
JIOCH BBIIIE, IPOTHO3UpYeTCs, uTo K 2070 . XomumMuH
BOWJET B MATEPKY JyUIINX TOpoIoB Mupa [6, 7].

B 2016 r. mocie mpogoMKUTEIbHBIX UCCIeN0Ba-
HUHI U pEKOMEHAANN OTEYECTBEHHBIX U 3apyO0e)KHBIX
9KCIIEPTOB, COMIACHO PEIICHUIO NMPEMbEep-MUHUCTPA
Ne 1547/QD-TTg, B 1. XOMKMMUH NPUCTYITHIN K peasi-
3allMU METaNpoeKTa MO CTPOUTENHCTBY IPOTHBOMIABOI-
KOBBIX COOPYXXCHHH, BKIIf04as 6 MITI030B I 3aIUTHI
OT HaBOJHEeHMH, a MeHHO: ben Hre, Kait Kxo, MbloHr
Uyoii, @y Cyan, @y unb u Tan Txyan (puc. 3).

ITocne BBeaeHHS B IKCIIyaTallMIO THIPOTEX-
Hudeckux coopyxkenuit (I'TC) ydactku Tepputopun
3a MpeaesaMy ITI030B OyAyT 3aTorieHsl. [myOuna
3aTOIJIEHUs1 OyleT BapbUpOBAThCS B 3aBUCHMOCTH
ot Tonorpaduu paliona. OTo0 HEOOXOIUMO YUHTHIBATh
IIPY TUIAHUPOBAHUH U PeaTU3aIly IPOSKTOB MacIITao-
HOM 3aCTPOMKHU TOPOICKUX TEPPUTOPU.

Panee nmpoBoaMMEIE HCCIIETOBAHUS B 3HAYUTEIb-
HOH cTereHn ObLIM COCPEIOTOUSHBI Ha PEIICHUH TaKUX
BOIIPOCOB, KaK THAPOJHHAMUYECKHE PEKUMBI IOTOKOB,
KauecTBO BOBI, 3aCyXa, HHTPY3HUS COJEH UIIH OTIOXKE-
HUSI B OCTyapusiX U JIp., HO HE pacCMaTpuBajIn npooiie-

a b

Puc. 2. HaBoguenue B XommMuHe
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Puc. 3. Cxema pactonoxeHus IPOTHBOIIABOIKOBEIX COOPYKEHHUH (IILTIO36I)

MBI, CBsiI3aHHbIe ¢ HaBoaHeHUsIMU [8—16]. Hanmpumep,
B paborax Bao Thach [8], Hong Quan [9] yka3biBa-
JIOCh, YTO Ha THAPOJUHAMUYECKUN pexuM B Oacceil-
He HU30BbeB pek CaliroH — JIOHTHAH BIMSIIOT JTOXKIH
1 TIPUJIMBEI, MEHSIETCS CTOK. B 3aBHCHMOCTH OT peryiu-
POBaHUS BOIOXPAHIUTUINA B BEPXHEM TCUCHUU YPOBCHb
3arpsi3HeHUs BoAbl Ha p. CaliroH OoJyiee cephe3HBIN,
yeMm Ha p. JlOHTHa#l, U MOCTENEHHO YBEJINYUBAECT-
cs OT BEPXHEro TeueHHsl K HIkHemy. MccienoBanue
Thuy Linh u coasr. [10] nokassiBaert, uro B Oacceiine
p. JoHrHail B cyXoil ce30H IJIOLaAb MOABEPKEHHBIX
3acyxe 3eMeNb YBEITMUHNBACTCS B COOTBETCTBHH CO CIIC-
HapusMu n3MeHeHus kiaumara. Thai [11], Hoang [12],
Ngoc [13], Viet [14], Phung [15], Quynh [16] oneHu-
JI1 U3MEHEHHUs1 00bEMOB CTOKa U YPOBHEH MaBOIKOBBIX
Box B Oacceitne pek Caiiron — JIOHrHa# Ipyu U3MCHE-
HAW MOPCKOTO KJMMAaTa 10 MHOKECTBY PazWYHBIX
cuenapueB. Dinh [17] u Tuan [18] mpunum k BEIBOLY,
910 XOMIMMUH MOJBEPTaeTCs OONBIIOMY PUCKY 3aTO-
MJICHUSI U3-3a MPUJIMBOB, TPOJIMBHBIX JTOXKICH U YBEIH-
YeHUs CToKa M3 Bojoxpanmnuiia 3ay Tuenr. Marcello
Gugliotta [19] m3ywanu pacupeneneHne, COCTaB U pas-
Mep YacTHUI] HAHOCOB Ha mocienHux 50 KM peqHoi cH-
crembl Caiiron — JIoHrHai 10 ycThbsl.

ITocne crpourenscrBa I'TC nis 3amiMThl OT Ha-
BOJHCHUU OMyOJUKOBAHO HECKOJIBKO HAyYHBIX HC-
ciaenoBaHui. MOXHO ynoMsHyTh pabotry Hryena
n buns [20], e oTpakeHo, YTO MPU OJTHOBPEMEHHOM
HAaCTYIUICHUH THKAa B CE30H JIOKIEH W MOBBIIICHUH
YPOBHS MPUIINBA CHCTEMa HE MOXET TapaHTHPOBAThH
ypoBeHb Boxbl <1,2 M. Mexny Tem Xaii [21] yTBepx-
Jaet, 4To (GakTopbl ypOaHU3AUKH U CTPOUTEIHCTBA
MPOTHUBOTIABOJIKOBBIX COOPYKEHUM CUIBHO BIHSIOT
Ha PeXUM HHTPY3UH COJCH B HIDKHEM TCUCHUU PEK
Caiiron — Jlonrxaii.

Taxkum 00pa3oM, MpeabAYIIAE HCCICIOBAHUS
00 HE YYUTHIBAIU BIUSHHUE POTUBOIIABOIKOBBIX CO-
OpYXKCHUH, 100 YUUTHIBAIN, HO HE OIICHUBAIU TITyOH-

26

HY ¥ TUIOIIAJb 3aTOIUICHUS Ha TeX K€ IMOCTPaJaBIINX
y4acTKax MpH Peann3aliy CTPOUTENBHBIX POEKTOB.

JlaHHOE HccenoBaHUE HAIPABICHO Ha ONpeie-
JIeHWe DIyOMHBI U IUIOLIA/N 3aTOIUICHUs 1pu padorte
MPOTHUBOIIABOAKOBBIX IIIIO30B MPHU Pa3IUYHBIX CIe-
Hapusx cOpoca MaBojKa M MOBBIIICHUS yPOBHSI MOpS,
a TaKke 000CHOBaHNE U yCTAHOBJIEHHE KOHTPOJIBHBIX
CTPOMTENIBHBIX OTMETOK, HEOOXOUMBIX Uil TEPPHUTO-
PHATBHOTO MJIAHUPOBAHHUSL.

MATEPHWAJIBI U METO/JAbI

OO0acThIO NCCIIEIOBAHUS SIBISICTCS] PAHOH HIDKHE-
ro TeueHus: pek Caiiron — JloHrHai, rjae pacrnonoxeH
. XOIUMHH. JTOT pailoH TPaHUYUT C JIeNbTON MeKoH-
ra Ha 3amnajae u BoCcTOYHBIM MOPEM Ha I0r0-BOCTOKE.
Ha peunoii ctok B paiioHe uccieqoBaHUs HEMOCPEI-
CTBEHHOE BJIMSIHUE OKa3bIBAaCT padoOTa JBYX BOAOXpa-
Humi 3ay TueHr u Un AH, pacloyIoKEHHBIX BbIIIE
o Te4eHuro (puc. 4).

B nacrosmieil padote mporpaMMHbIC KOMIUIEKCHI
MIKE 11, MIKE 21 u MIKE FLOOD ucnons3oBanuch
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Puc. 4. Hmwxuee teuenne pek Caitron — JlonrHait



UccrepoBaHe HaBOAHEHUS B HWKHEM TEYEHUU PEK Ca¥iroH - AoHrHaw

C.24-44

JUTSL OLIEHKH BIIMSTHUS BOJOXPAHMIINII ¥ IPOTHBOTIABOI-
KOBBIX COOpPYXEHHI Ha ypPOBEHb BOJIbI B HIKHEM Teue-
Huu pexu Caiiron — JIoHruait.

Onucanne mopesn MIKE 11

MIKE 11 — nepenoBoii ruapasnrdeckuii HHGOp-
MAITMOHHBIH HHCTPYMEHT, PO ECCHOHATFHBIN HHKE-
HEpPHBII MaKeT MPorpamMM JUIsi MOJEIUPOBAHUS OHO-
MEpPHBIX TEUEHUH B ICTyapHsIX, peKax, UPPUTralluOHHbIX
cucTeMax, KaHallaX U Ipyrux Bopoemax'. ['maponuHa-
muueckasi (HD) Monens criocoOHa MOJEIMPOBATh OJTHO-
MEpHBII HECTALIMOHAPHBIN IIOTOK B CETU PEK € UCIIOJIb-
30BaHUEM TUPOJNHAMUYECKOTO BOJIHOBOTO MOAXOAA.
Monyns MIKE 11 HD pemaet BepTHKaaIbHO HHTETPH-
pOBaHHbBIC YpPaBHEHHSI COXpPaHEHHS! HEPa3pbIBHOCTH
U UMIyllbca, T.€. cucTeMy ypaBHeHull CeH-BeHnaHa.
11T OCHOBHBIX BXOJHBIX APAMETPOB, KOTOPBIE JOJIXK-
HBI OBITH yKa3aHbl it yeranoBku MIKE 11(HD), —
9TO IJIaH PEYHON CEeTH, CeUeHUs, TPAaHUYHBIE yCIO-
BUS, TUIPOJNHAMUYECKUE TapaMeTpbl W Hapame-
Tpbl MoenupoBanusd. CeTb peKk U KaHAJOB B palloHe
nccnenoanust B MIKE 11 mokazana Ha puc. 5.

Onucanne moneaun MIKE 21

MIKE 21 — 310 AByXMepHast KOMITBIOTEpPHAS CH-
CTeMa MOJICIIMPOBAHUSI ICTyapueB, MPHUOPEKHBIX BOJ
u Mopei. DTo npodeccCHOHaIbHbI WHKEHEPHBIN MPO-
TPaMMHBIN TTAKET JUIS MOAEINPOBAHUS TEUCHHUH, YPOB-
Heil BOJbI, BOJIH, HAHOCOB, TIEpEHOCA 3arpsI3HSIONINX
BemiecTB U kagecTBa Boxbl [22]. MIKE 21 HD mopne-
JUPYeT ABYXMEPHBIE TEUEHHUS CO CBOOOIHON TOBEpPX-
HOCTBIO, IJIe PaccIOeHUeM MOXXHO npeHeOpeyb. OHa
ABIseTCSA 0a30BBIM MoyineM Bceil cucremsl MIKE 21
1 o0ecIieynBaeT THAPOIMHAMUIECKYIO OCHOBY ISl pac-
YETOB, BBIMOJIHSIEMBIX B OOJIBITMHCTBE IPYTHX MOYJIEH,
HanpuMep B MOLyisiX «Aasekuusi-Paccesnue», «Kaue-
cTBO BOJIbI» U «Ilepenoc Hanocosy [23, 24]. BxonHbiMu
nmaHHbIMU Mogenu Mike 21 sBisieTcs udpoBas kapra
BBICOT m3yuaeMoii Tepputopun LiDAR-DEM c pas-
pemrerriem 30 x 30 m. Kapra nudposoit mogenu pe-
needa (IIMP) ob6pabaTsiBaeTcss mHCTpyMeHTOM Mesh
Generator 1t co3anus ¢aiina GaTUMeTpUH, KOTOPBINA
3areM BBomuTCs B Moayiab Mike 21HD, kak npencras-
JICHO Ha puc. 6.

Peunas cerp MIKE 11 0buta noskimroueHa K 6aru-
meTpuu Mike 21 ¢ ucronab30BaHHUEM ONIKUK OOKOBON
cBs3u, noctynHoit B MIKE FLOOD [25, 26]. Crenenn
3aTOIUICHHS U TTyOMHA MTOWMBI ISl U30BITOYHOM BOJIBI
paccunthiBaetcs ¢ ucnonszoBaaneM MIKE 21. Ilpyrue
TapaMeTpBI JUTs JIEBOTO ¥ TIPAaBOTO OEPETOBBIX OTBOJIOB,
Takue Kak Kod(pQUIUEHT UMIylbca, KoddduuueHt
BOAOCHHBA W KOAP(HUIIMEHT MOMYyCTUMOMN TITyOWHBI,
COXPAHAIOTCS CO 3HAYEHUAMHU 10 yMonvaHuto. Ilepu-
on monenupoBanus aias MIKE 11 u MIKE 21 ocran-
Csl TIPEXXKHMWM, a BPEMEHHOW IIar Mojaeiau ObUT CKOp-
PEeKTHpOBaH 10 HU3KOro 3HadeHust 30 ¢, 4ToOBI YUCIIO

! DHI — MIKE 11. River and Canal Modeling System:
Reference Manual. 2007.

]

Puc. 5. Cetb pex 1 kaHaJIOB B HUXKHEM TeueHUH pek CaliroH —
JonrHaii B Mike 11
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Puc. 6. Tonorpadust TeppuTOpUH B HIDKHEM TedeHnH pek Caif-
roH — /lournaii B MIKE 21

KypanTa (CR) 6bu10 MeHbIIe nin paBHO 1 Juts JOCTH-
sxkenus crabmipaoro MIKE FLOOD. Cumynsmus pa-
6otaer 6e3 ommbok. Yecranoska Mike FLOOD c pekoit
(MIKE 11) u obenmu 60xoBbIME cBsi3siMu (MIKE 21)
MoKa3aHa Ha puc. 7.

Lenpro TaHHOTO MCCIIEIOBAHUS SIBISCTCS OTpesIe-
JIeHWe ITyOWHBI ¥ IJIOIAAN TEPPUTOPHIL, KOTOpPEIE Oy-
JIyT 3aTOIUICHBI IPH PadOTE MPOTHBOMIABOKOBBIX IIIITIO-
30B IIPH CIIEHApHsIX cOpOca MaBo/Ka BBEPX 110 TEUCHHIO
U TIoreMa ypoBHs Mops. 11oaToMy crieHapun MOaemH-
pOBaHUS HACTPOEHBI B COOTBETCTBUHU C 0OBEMOM CTO-
Ka AByX Bomoxpanmnuil 3ay Tuenr u Un Au B 2020,
2000 rr., xorna onuH pa3 B 100 1eT npoucxoauT HaBo-
nHeHue. IIpu 3ToOM COOTBETCTBYIOIUK YPOBEHD BOJIbI
B 2020, 2000 rr. ¥ UCTOPUUECKUI MaKCUMaJIbHBINA ypO-
BEHB BOJBI Ha cTaHINK Bynr Tay Takxke HCIIONB3YIOT-
Csl B KaUeCTBE BXOJIHOW I'PAHUIBI HUKE MO TEUCHHUIO
qust mostena MIKE (ta6m. 1).
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Puc. 7. Cxema noaxirouenuss MIKE 11 u MIKE 21 8 MIKE FLOOD

Taou. 1. CueHapuy YMCIEHHOIO MOAEIUPOBAHUS

Crenapuu Omnncanue TpaHUIHOTO yCIOBHS
| Baepx no teuenuto: pacxon 2020 .
BHU3 110 TeueHUI0: ypOBEeHb IIPUIIMBOB HA U3MEPUTENbHOM cTaHnuu ByHr Tay
) Bgepx o teuenuto: pacxon 2000 1.
Bnu3 o TeyeHnto: ypoBeHb NPUINBOB HA U3MEPUTENBbHON cTaHMu ByHr Tay
. = 0,
3 Beepx no teuennro: O npu P =1 %.
BHU3 110 TeueHnro: caMblii BEICOKHIT ypOBEHB MIPIIINBA H3MEPHUTEILHON cTaHIy Bynr Tay

PE3YJIBTATHBI U OBCYXJIEHHUE

Kaau0poBka u nposepka Moien

Mogens oTkannOpoBaHa MO (PaKTHIECKAM JTaH-
HBIM, U3MEPEHHBIM Ha THAPOJOTHYECKUX CTaHIMIX
¢ 1 okrsa6ps 2012 r. o 31 mexadps 2012 r. Koaddurm-
eHTsl Mannunra (Manning) n Ha4aabHbIE YPOBHH BOJIBI
B peKaxX CKOPPEKTUPOBAHBI Ha Pa3HUILY MEXIY MOJE-
JMPYEMBIMU U PEabHBIMHU YPOBHSIMHU BOZbI, U3MEPEH-
HBIMH Ha HU3MIMX cTaHiusax Txy 3ay Mot, bren Xoa,
®y An, Hxa be u ben Jliok. [TloyacoBbie ypoBHU BOIbI
BO BpeMsI KaJIMOPOBKU M IPOBEPKH HA cTaHUUSIX bbeH
Xoa, @y An ¢ 1 oxrs16ps 2000 1. o 16 okTsi6pst 2000 .
MOKa3aHbl Ha puc. 8. MOXHO yBUIETh XOpOIIIee COOT-
BETCTBUE MEKIY CMOAEINPOBAHHBIMU U HAOIIONAEMbI-
MU yPOBHSIMH BOZBI B pa3HbIC IIEPHUOIBI BPEMEHHU.

Kosppurnuent nerepmunanuu R> u 3pHexTHB-
HocTh Homa — Carkimudda (NSE) ucnons3oBanuch
JUIs IPOBEPKU MPUTOJHOCTH U HPOU3BOJUTENIBHO-
CTH MOJICNIN TIepe]] 3aIlyCKOM MOJICTUPOBAaHUS CIICHA-
pueB u nporuo3os [27, 28]. Koadpdunuent R? noka-
3BIBACT JINHEIHBIE OTHOLICHUS MEXIY U3MEPEHHBIMU
3HAUEHUSIMHA W MOJICIIMPOBAHUEM MOJICNIH, B TO BPEMs
kak NSE u3mepser crerneHp HaOIr0qaeMoi N3MEHYH-
BOCTH, 00bsiCHeHHOH MozeaupoBanreM. NSE o0buHO
HCIIONIB3YETCS I MPOBEPKHU MOAEIH B THAPOIOTHUH.
Korna snauenue R? npubnmkaercs k 1, a NSE pasno 1,
CUHUTAETCS, YTO MOJIENIb paboTaeT ¢ MaKCHMaIbHBIM
YPOBHEM JJOCTOBEPHOCTH [28, 29].

28

Koaddurment nerepMuHaInm:

rmen— o6mee KOJIMYCCTBO UBMEPCHHBIX WJIN CMOJEC-

JIMPOBAHHBIX 3HAYECHUH; O = —— N3MEPEHHBIC 3HAUCHUS;
Q, — CpelHHE H3MEPCHHbIC 3HAYCHNUS; O, — MojIe-
JMPYEMbIE 3HAUCHUS, () —— CPEHUE CMOJCIMPOBaH-

HBIC 3HAYCHUS.
Koadpunuent adppexruroctu Hama — Carkmud)-
tda (NSE):

n

Z(Qu,i - Qs,i)z

NSE=1-4— . @

NSE moxeT BapbupoBaThcs 0T —0 0 1, Tae | yka3biBa-
eT Ha JIyYIIyIO POU3BOAUTEIFHOCTb.

3nauerns NSE 1151 mogacoBoit KaTnOpOBKY U IPo-
BEPKH Ha BCEX CTAHLMSX NMpHBEAEHBI B Tabm. 2. Koad-
¢unmentsr R? u NSE mokaspIBaoT, 4TO MOJENb 00a-
JIaeT BBICOKOH HAJEKHOCTBIO IIPH MOJCIMPOBAHNH T10-
TOKA HIDKE 10 TeueHuto pek Caliron — JloHTHall.
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Puc. 8. I'paduk cpaBHEHNS HAOTIOAAEMOTO U CMOJCITMPOBAHHOTO YPOBHS BOIbI Ha cTaHIMIX Py AH, brer Xoa

Taoa. 2. [IponzsogurensHocTh MIKE 11 muis MonenmmupoBaHus ypOBHS BOABI

Kammbposxka IIpoBepka
Crauupust (01.10.2012 — 31.12.2012) (01.10.2000 — 16.10.2000)
R E, R E,
Bren Xoa 0,95 0,81 0,93 0,87
Dy An 0,97 0,86 0,96 0,81
Pesyabrarsl ropoaa XomumuHa, koMMyH @ynosr, dyxyy u Oyok-

Pesynbrarsr pacuetoB monenun MIKE FLOOD
MPEJICTABIISIIOT COOOIT IBYXMEPHYIO KapTy 3aTOIIEHHBIX
TEPPUTOPH C PA3HOM TITyOMHOI 3aTOTICHUS, PE/ICTAB-
JICHHYIO IIBETHBIMH CJIOSIMH, KaK ITOKa3aHO Ha pHC. 9.

[Ipu pacuerHom cuenapun Ha 2020 1., Korga HET
0OJBIIIOr0 HABOJHEHHS HA y4acTKaX B BEpPXHEM Teue-
HUM, XOIKMMUH U NPHUJIETAOIINe MPOBUHIIMN 3aTarIH-
BAIOTCS U3-3a MPHUJIUBOB, 0CO00€ BHUMAHUE Y/eIsieT-
csl paiioHaM ¢ HU3MHAMM, PACIIOJIOKEHHBIM 110 00eUM
CTOpOHAM peKH, TakuM Kak paiionsl Hxs be, Kanruo,

KkxaHb paiiona Hxon Tpau, npoBunuus JJoHrnaii, pai-
oHa 12 okpyra XommMHHA, PACIOIOKECHHOTO MEXIY
pexamu Bamtxyat u Caiiron, naxe paitonoB Tanan
n Txyrya B Jlonre. IIpoBuHIMS Takxke OblIa 3aTOIIICHA
npunmBaMu. OHAKO 3aTOTICHBI ATH YYaCTKH C HEOOIThb-
ot riry6uHoHi oxono 0,4-0,6 M. B wactHOCTH, B 12-M
paiioHe TeppuTOpHsl Oblia 3aTorjieHa Ooyee CHIBHO,
cpenHss TmyOuHa 3aTomieHus coctaBmia 0,7—1 M.
ITo Tomy xe cuenaputo B 2020 1., mociie COOpyKeHHUs
MPOTHUBOMABOJKOBBIX IIIJII030B, TEPPUTOPHS paiioHa
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Puc. 9. Kapra naBoKoBOro 3aTOIUICHUS HIKHETO TeueHus pek Caiiron — J{oHrHaii 6e3 mpoTHBOMaBOAKOBBIX ILTI030B B 2000 T. (@)

nuB2020r (b)

Hs6e, gacTp, mpuMbIKatomas K paifoHy 7, 3amuineHa
OT 3aTOIUICHHUS, OCTAIbHBIC PAOHBI HE TOABEPIKEHBI
3HAUNTEINFHOMY U3MeHeHuto (puc. 10).

B BepxoBbsSX BO3HUKAIN OONBIINE HABOTHCHUS,
Takue Kak ucropuaeckoe HaBogaerne 2000 r. (creHa-
pwuit 2) u HaBogHEHHUE ¢ yactotor P =1 % (cnenaputii 3)
B COUETAHUH C BBICOKHM YPOBHEM IIPHIINBA, UTO TIPHBE-
JI0 K 3aTOIUICHUIO TePPUTOPHH, TIPH ITOM 3HAYUTEITEHO
yBeNUYHIach U TTyOmHa 3aToruieHus (puc. 11, 12).

AHanu3 pe3yabTaToB MOJICTHPOBAHHUS MTO3BOIHIT
BBISIBUTH OOIIHE TIPU3HAKHU, KOTOPBIE OTPaXXKECHBI B IBYX
crieHapusax: OoJyiee CHIbHBIC HABOJHEHUS TIPOUCXOMIAT
Ha yJacTKe peK B BEPXHEM TEUCHUU; 3HAUYUTEIHHO
YBEJIMYMBAETCS TUIOLIA/Ib 3aTOIUIEHUs B paiioHax Hxa
be u Kanuruo r. XomumuH, B npoBuHuuu JIoHr AH,
B paiione Hxonrpau u nposunuuu [Jonrnaii. Ilpu uc-
CJIEIOBaHUH 3aTOTUICHHBIX YYaCTKOB, PaCIIONIOKEHHBIX
B HIDKHEM TEUCHHH PEK, HEOOXOTUMO TaKKe yUUTHI-
BaTbh MOPCKHE TIPUIIHBHI.

[ Py
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Maimum vaterdept [n]

520000 630000 640000 650000 680000 670000 680000 690000 700000 710000 720000
m

a

MakcumanbHas TITyOHHA 3aTOIIEHHS TOCTHIAeT-Csl
B IIEPHO]I, KOT/Ia OCYIIECTBIIETCS COPOC BOJBI U3 BOIO-
XPaHWIHII, & B HU30BbSX HAOTIONACTCS IPYITUB (WITH TIPH-
JUBHOW NMHK). M3-32 HU3KUX OTMETOK 3aTOILISIEMBIX
TEPPUTOPUHA U CTIOKHOI OOIMMPHON PEIHOM CETH C MHO-
JKECTBOM KaHAJIOB TIPH BCTPEUE MABOAKOBOTO U TIPHIINB-
HOTO TE€UEHMH ypOBEHb BOJBI B PEKaX M KaHAJIaX Pe3Ko
TIOBBIIIACTCS, BOJA BEIXOANT M3 OCPETOB M 3aTAIUTUBACT
TeppuTopun. B palioHax, pacnoiaokeHHbIX BBILIE IO Te-
YEeHUIO, TaKNX Kak Tam AH B ipoBuHImn JlonrHai, JIoHT
®yok, Yslonr Txanb, JIonr YUslonr, Txy Tum, Txao Ipen
u AH Dy B patioHe 2, TEpPUTOPUH TAKKE CHITFHO 3aTOTIIe-
Hbl. HaBogHEHNIO ToABEpraroTcst 0co00 BayKHBIE 3KOHO-
MUYECKHE U T'yCTOHACEJICHHbBIE pAallOHBl, TAKUE KaK pai-
oH 2, ropox Txy JpIk, paiioH 8.

B cienapun 2 pationsr buns Yan, Hxa be u Kan
30 UMEIOT MaKCHMANbHYIO TIyOuHY 3aroruieHus ot 0,6
1o 0,8 M, ocobeHHo B obmacti koMmyHBI DoHT Dy, paii-
oH Hs Be, mmy6mHa cocrasmser 1,2—1,3 m; paiionst b
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Puc. 10. 3aTonyieHHBIE TEPPUTOPHUH 110 pacueTHOMY crieHapuio Ha 2020 1. 6e3 nuto30B (@) u co nuto3aMu (b)
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Puc. 11. Kapra naBogxoBoOro 3aToruieHus o pacietHomy creHapuo Ha 2000 r. 6e3 w308 (a) u co nuto3amiu (b)
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Puc. 12. Kapra 3aTomieHust TaBOAKOM IO CLIEHAPUIO BOSHUKHOBEHHMS maBojika ¢ P =1 % 6e3 110308 (@) u co numo3ami (b)

Kxanp, Kan 30 3aronnensl npumepHo Ha 1 M, paiion Kan
3yok, npoBuHuus Jlonr AH, menee uem Ha 0,3-0,4 M,
HO paiioH Mok Xoa, Txanp Xoa, Jlyx X103 rpanuaur
¢ nenbToi p. Mekonr u KamOomkeii, rmyOuHa kotopoi
npesbimaet 0,7-0,9 M. BepxHaue paiioHsl, Takue kak Txy
Tuewm, bunb Txanpb u TxXy /J[pIK, I0YTH HE 3aTAIUIMBAIOTCSL.
Tonbko paitons! Jlorr ®@viok 1 Tam AH ObUTH 3aTOTLIC-
Hbl Ha 0,2—0,3 M, B OCHOBHOM Ha MOJISIX BAOJb p. JlOHT-
Hail u B paiioHe Mex Iy pexamu J{onrnaii u Tax. Mexny
TeM TeppUTOpHs palioHa 12, pacmoloKeHHAs] MEXIY
pexamu Caiiron u Bam Txyar, siBIsieTCsl T'yCTOHACEICH-
HBIM MECTOM C HAaCEJIEHHEM M0 cocTosHuio Ha 2019 1.
620 146 yen., moTHOCTE HaceneHus 11 759 ven/xm?, Hau-
Oorree momBep)KeHA 3aTOILICHUIO ¢ TiTyOmnHOM ot 0,9—1,1
10 1,25 m. [ToaTomy HEeoOX0AMMO TIPELyCMOTpPETh B OMH-
JKaillee BpeMs CTPOUTENIBCTBO MHXKEHEPHOH CHUCTEMBI
I'TC nnst 321U T TEPPUTOPHIA OT 3aTOILICHHUSI.

IIpu skcruTyaTaniiy MPOTHBOMIABOAKOBBIX IIUTIO30B
[EHTpaJIbHbBIC PaiOHBI XOMMMHIHA, Takue Kak 1, 4, 7, 8,
Oy/myT 3alUIECHBI HAa CIy4ail OTCYTCTBHSI HAaBOAHCHHMS
WM HABOJHEHMS B BEPXHEM TEUEHHUH pek, kak 1 B 2000 .

(puc. 10, b, 11, b). OHako B cityyae HaBOIHEHHSI, KOTO-
poe npoucxoaut oauH pa3 B 100 net, kak B clieHapuu 3,
CIOCOOHOCTB 3aIIUTUTH BHYTPUTOPOJICKHE PAHOHBI ITPO-
TUBOIIABOAKOBOM UTKO30BOM CUCTEMBI 3HAYUTENILHO CHHU-
JKACTCS: TEPPUTOPHS paiioHa 4, PACIIOIOKEHHOTO MEXKTY
nmeywms nutrtozamu ber Hre u Tan TxyaH, Oblia 3aToruieHa
Ha 0,4-0,5 M; Goyee MOIOBUHBI ITUIOIMIATU 7-TO OKPY-
ra, rpanunyaiiero ¢ p. Cairos, 3arorieno Ha 0,5-0,6 m
(puc. 11, b). OGnacTu, KOTOpPBIE HE 3aTOIUICHBI B 1-M
U 2-M cueHapusax, Takue kak Txy Tuewm, paiion 2, Txy
JpIk, B 3TOM crieHapuu OyayT 3arorieHsl Ha 0,4—0,6 M.
Kpome Toro, paiton mexmy pekamu Tak u JloHTHai Oy-
JIET 3aTOIUIeH Ha IIyOuHy 1—1,2 M, B HEKOTOPBIX MeCTax
HanOoJbIIas yorHa gocturaeT 1,4 M, a mpuieraroime
TeppuTopuu 3atorens! Ha 0,5-0,6 M.

Kax ormeuanock panee, UMEHHO 3TH pailoHBI XO-
MIMMHHA TOUIEKAT MAaCIITa0HON PEKOHCTPYKIINH U MO-
JIepHU3aNNHU ¢ 00yCTPONCTBOM HOBBIX TOPOJCKHX TEp-
PHUTOPHIA B LIEJISIX CO3/IaHHsI HOBOTO JIEJIOBOTO, (PMHAH-
COBO-IKOHOMHYECKOT0, HayYHO-00pa30BaTeIbHOI0
U KyJIBTYpPHO-TypUCTHYECKOTO 1ieHTpa BreTHama. Cie-
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Ta6u. 3. Tlnomanps 3aTarimBaeMoro yyactka mo / , kv
H .M H <Im|1M<H <2wm|2uM<H_ <3m|H >3wm OO0mas WsmeHenune, km”
TIOIA/b, KM
Cuenapwii 1 o 612,64 16,55 13,97 4,33 647,48 -
Z 549,06 17,32 13,97 4,33 584,68 -62,30
Cuenapwuii 2 o 1413,32 35,54 2,48 0,15 1451,48 -
Z 1361,66 31,98 2,52 0,17 1396,34 -55,14
Cuenapwmii 3 o 1790,47 125,36 20,50 8,14 1944.,47 -
Z 1713,81 117,10 20,50 8,14 1859,55 —84,92

HpuMeanue: O — KoT/1a UTFO36I OTKPBITHI; Z — Kor/ia IUTF03bI 3aKpPbITHI.

JTOBAaTEITLHO, OJTHOM M3 BAKHEUIIINX 33/1a4 SIBIISICTCS 00ec-
nedeHue dPEKTUBHBIX MTPCBCHTUBHBIX MEPOIPHUITUN
MH)KEHEPHOH 3aIllUThl JaHHOI TEPPUTOPUN OT HABOJIHE-
HUS U 3aTOIUICHUS.

AHanu3 pe3ynbTaToB pacuetoB 1o moaenun MIKE
FLOOD Taxyke 0Ka3bIBAET, YTO IIOCJIE BBEICHHS B OKC-
MJTyaTaluio TPOTHBOMABOAKOBEIX COOPYKEHHUH III0-
maab W TIyOWHA 3aTOIICHUS BHEIIHUX TEPPUTOPUU
yBemmantes. [lnomanp TeppuTopuii, TOBEPKEHHBIX
3aTOIUICHUIO, C paclpe/IeICHUEM Ha YYaCTKH 110 TITyOu-
He 3aTOIIEHUs B HIDKHEM TedeHun pek Caiiron — JloHr-
Haii ipesicTaBieHa B Tadi. 3.

JlanHble, TpUBEJeHHBIE B Taba. 3, MOKA3bIBAIOT,
YTO paboTa MPOTHBOMIABOAKOBEIX IITIO30B CIIOCOOCTBY-
€T YMEHBIIICHHUIO TUTOMIAIN 3aTOIUICHUS BO BCEX TpeX
cueHapusx. B ciydae, korna OCHOBHOM IPUYMHOM SIBJISI-
eTCsI MPWJIKB (CIIeHapHii 1), TIPU CTPOUTENHCTBE MIUTI03a
IUTIOIIAb 3aTorieHus 1 M < Hmax <2 M OyzeT yBenmu4u-
BarbCs. [Ipy CHITBHBIX MMABOJKAX HA YYACTKAX B BEPXHEM
Teyenny, kak B 2000 r. (cueHapwuii 2), Iomma b 3aToruie-
HUA ¢ DIyOuHoi 1 M < H_ <2 M yMeHblIaeTcs, a B Me-
crax ¢ nryOokuM 3atonyienueM [ > 2 M yBelu4uBa-
etcs. B cuenapun 3, kora maBoJioK B BEPXHEM TEUEHUU
CIIUIIKOM BEJHK, IPOTHBOIMABOAKOBBIE COOPYKEHUS
TaKXKe CIIOCOOCTBYIOT YMEHBIIICHHIO TUTOIIATN 3aTOILIe-
HHUS HA YYaCTKax ¢ DyOMHOM 3atornenns H < 2™
1 HE YBEIMYHUBAIOT TUTOIIA Ih 3aTOIUICHHS Ha CHITFHO 3a-
TAIUIMBAEMbIX yyacTkax ¢ H_ >2 wm.

O4eBUIHO, YTO MHOTHE pailoHbl XOLMMHHA U CO-
CEJIHUX MPOBUHIUHN MO-TPEKHEMY OYAYyT PErylIspHO
CTaJIKUBAThCS C PUCKOM HaBoAHeHus. [loaTomy Hapsaxy
co crpoutenbcTBoM ['TC s 3aUTHI OT HABOJHEHHMA
Y 3aTOTUICHHUST HEOOXOMUMO pa3paboTaTh M peaan30BaTh
MIPEBEHTHBHBIC HHKEHEPHO-TEXHIIECKUE MEPOTIPUATHS
IO 3aIUTEe TEPPUTOPHH OT TIOATOIUICHUN U 3aTOTUICHHHA
U, B TICPBYIO OY€pEIb, IPOBECTH UCKYCCTBEHHOE MOBEI-
LIEHUE MOBEPXHOCTU TEPPUTOPUHU A0 HE3ATOIIIEMbIX
MJIAHUPOBOYHBIX OTMETOK, @ TaK)KE€ YCTAaHOBUTH HOBBIE
KOHTPOJIBbHBIC CTPOUTEIILHBIE OTMETKH.

KonTtponbHas cTpouTtensHas OTMETKa — 3TO HaU-
MEHBIIIas TOITyCTUMAasi OTMETKA ITOBEPXHOCTH 3EMIIH,
HCIIONb3yeMasl TIPH TUTAHUPOBAHUU TEPPUTOPUH 3a-
CTPOWKH I 00ecTeueHUs TapaHTHPOBAHHON 3aIllH-
THI TOPOJICKHX PAfOHOB OT 3aTOIUICHUS M TIOATOTUICHUS.
DTO Ba)KHbII YKOHOMHUKO-TEXHUYECKUN KPUTEPUH, KO-
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TOPBI HEOOXOAMMO ONIPEEIISITh B TPa0CTPOUTEIBHBIX
U CTPOUTEIHHO-UHBECTHIIMOHHBIX MTpoekTax. CortacHo
HanmonanbHOMY TeXHHYECKOMY perameHTy BreTHama
0 TeKylIeMy IJiaHupoBanuto crpoutesibeTBa (QCVN
01:2021/BXD), KOHTpOJIbHASI CTPOUTEIIbHAS OTMETKA
paccuuThIBaeTCs N0 cieayoeit Gpopmysie:

_ P%
VXD _VMD+Hmax +a, (3)
rae VXD — KOHTPOJIbHasA CTPOUTEIIbHAsA OTMETKA, M;
VMD — OTMETKaA 3€MJIM HWJIM BBICOTA MECTHOCTH, M,
P% o
Hmax — PpacCUCTHBIM YPOBEHBb MaBOAKA, COOTBETCTBY-

IOIIHI pacueTHOH gactote P, %; a — nomyctumas 6e3-
ortacHasi BBICOTa, M.

Cormacao QCVN 01:2021/BXD, miist TOpoacKux
TEePPUTOPHIA Kiacca I, cocpemoTOYeHHBIX KIUITBIX paifo-
HOB U IIPOMBIILIJIEHHBIX 30H, pacyeTHas yactora P =1 %,
JoryctuMast OezoracHasi Beicota a = 0,3 M Juist rpaxk/aH-
CKHX 3eMelb 1 a = 0,5 M JUTs IPOMBIIIIIEHHBIX 3€MElb.

OCHOBBIBasICh Ha pe3yJbTaTax pPacueToB MOJEIN
MIKE FLOOD no cuenaputo 3, OTMETKH 3aCTPOHKH
B 3aTOIUIEHHBIX paiioHaxX ropofoB XOUMMHUH, JJoHrHal
n Jlonr AH npuBezieHs! B Ta0I. 4.

B pemenun 589/QD-TTg 00 yTBepkIieHUU I1aHA
3acTpoiiku paiiona XommmuHa 710 2020 I. ¥ KOHIETINU
pa3BuTHs roposia 10 2050 r., MOAMHUCaHHOM MPEeMbep-MHU-
Hucrpom 20 mast 2008 1., OblIa ompeseseHa OCHOBHAs
KOHTPOJIbHAS! CTPOUTEIIbHAS OTMETKA I XOITUMHUH BBIIIIE
2,05 M. OHaKo B YCIIOBUSIX M3MEHEHUS KIIMMAaTa U TIOBbI-
IIICHNUST YPOBHS MOPSI YTBEPIK/ICHHBIC paHee OTMETKH HE aK-
TyaJIbHBI. TakuM 00pa3oM, KOHTPOJIbHBIE CTPOUTEIIHHEIE
OTMETKH IS TNTAHMPOBAHHS TOPOJICKOI TEPPUTOPHH, TIPE/I-
JIOKCHHBIC B 9TOM HCCIIEIOBAHNUH, SBISFOTCS HayqIHO 000-
CHOBAHHBIM MPAKTHYECKAM BKJIQJOM B pabOTy areHTCTB
TIO TUTAHAPOBAHHUIO CTPOUTEIIECTBA U YIIPABICHUIO HPPHTa-
el TIpy (POPMUPOBAHHH TTAKETA MEPOIIPHATHIA TI0 3aIIIH-
Te XOLIMMHHA U COCEHUX POBUHLMI B HUPKHEM TEUEHUU
peaHoii cuctembl Caiiron — JloHTHait B Oyay1iem.

3AKJIIOYEHUE U OBCYXJIEHUE

Pesynerarer MogenupoBaHus 0 KOAPPHUIIHEHTAM
koppensiun R’ u NSE mokassiBaioT, 4T0 HabOp Mo-
neneit MIKE (MIKE 11, MIKE 21, MIKE FLOOD)
BO3MO)KHO HCITOJIb30BaTh IS MOJCITMPOBAHHS THIIPAB-
JMYECKOTO PEeXKKMMa, TUIOMIAAN ¥ ITyOUHBI 3aTOIICHUS
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Taou. 4. CtpouTenbHble OTMETKU B palioHax

Paiionst CTpouTenbHbBIE OTMETKH, M
Xowumun
2 +2,5
4 +2,5
7 +2,5
8 +2,5
9 (TeppPITOPPIH MEX]y PeKaMH 24
Caitron u Tax)
9 (Teppuropust MEKITy peKami 125
Jlonrnaii n Tak)
12 +2,5
bunn TxaHb +2,5
Hxa be +2,6
Kanruo +2,6
buns Yanp +2,3
nposunyusa J{onenail
bren Xoa +3,0
Jlonr TxaHb +2.,5
Hxon Yacu +2,5
nposunyust Jlone

Kan 3yok +2,5
Tan YUy +2,5
Ben JIbik +2.,5

B Oacceline HKHEro TeucHust pek Caiiron — JloHrHaii.
2D-kapTa HaBOAHEHHUI yKa3bIBaeT Ha TO, YTO HUCCIEY-
emble paitonsl Hxa be, Kanrno, Hxon Tpau OyayT cras-
KHBaThCA C PUCKOM YaCThIX HABOJHCHUH.

Bo Bcex crieHapusix MpOTHBOIABOIKOBEIE COOPYKe-
Hust 93()(EKTUBHBI, IICHTPAIbHBIC PAHOHBI XOIIUMHHA 3a-
IIMIICHBI, a IIOMAAb 3aTOIUICHNS yMeHbIIeHa. OIHaKo
B pesynsrare padots! I TC mponcxonut macmrabHoe 3a-
TOTUICHHE BHEITHNX MPHJICTAIONINX TEPPUTOPHUIL.

OTtMmeuasi, 9TO MPOTHUBOIIABOIKOBBIE COOPYKCHHUS
He obecriedaTr rapaHTHPOBAHHYIO 3aLIUTy TEPPUTOPHUU
XolmMMHHA ¥ IPUIIETAIOLIUX IPOBUHIIMKA OT HABOIHEHU
U 3aTOTIJICHHH, TIPeUIOKEHHbIE B PabOTE HOBBIC KOHTPOITh-
HBIE CTPOUTEIBHBIC OTMETKHU SIBISIOTCS CYIICCTBEHHBIM
Hay4YHBIM BKJIaJJOM B ITPOCKTHI TEPPUTOPHAIHEHOTO TIIa-
HUPOBAHUS MIPH CO3JAHWN B HIDKHEM TEUCHHH PEUHOU
cuctemsl Caiiron — JIoHTHail KPyIHEHIIIEro yasTpaco-
BPEMEHHOTO IIEHTPa A3HATCKO- T NXOOKEaHCKOTO PETHOHA.
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INTRODUCTION

At present, the world’s major cities are facing
excessive population growth, problems of employ-
ment and social security of megacity residents, envi-
ronmental protection, etc. In Vietnam, the rapid ur-
banization of recent decades has become an important
stage of development. In 1986, the urban population
of Vietnam was less than 13 million people, today
more than 30 million people live in cities. Ho Chi Minh
City is the largest city in Vietnam with a population
0f 9,166,800 as of 2021 (accounting for 9.3 per cent
of Vietnam’s population), with an average population
density of 4,375 people/km? (the highest in the coun-
try). Rapid population growth and high density have led
to housing problems and environmental pollution. Ac-
cording to statistics from the United Nations Population
Fund (UNFPA), more than 300,000 people in Ho Chi
Minh City still live in slums. To address this problem,
Ho Chi Minh City authorities, in accordance with Deci-
sion No. 4834 of the city’s People’s Committee, have
declared their intention to provide new housisng for
more than two million people by 2030, and to carry out
major reconstruction and modernization of housing and
embankments along the city’s canals built before 1975.

It is planned to carry out a large-scale recon-
struction and modernization of the Thu Tham district,

Fig. 1. Thu Thiem urban area according to the current status
in 2022 (a) and development plan (b)

located in the central part of the city. The peninsula
on the Sai Gon River will become a new ultramodern
cultural, economic and tourist centre of Ho Chi Minh
City (Fig. 1). The Ho Chi Minh City Development
Concept defines the formation of a modern metropolis
with a high quality of life (Decision No. 5193 of the Ho
Chi Minh City People’s Committee), where it is es-
tablished that by 2060 Ho Chi Minh City will become
an economic and international trade centre not only for
Vietnam, but also for the whole Asia-Pacific region. It
should be noted that the city development plan takes
into account the economic growth and cultural diversity
of the region and envisages the preservation of unique
river and landscape heritage while creating sustainable
urban infrastructure.

The intensification of negative natural phenomena
associated with global climate change is having
a devastating impact in various regions of the planet.
Vietnam is one of the most disaster-affected countries
in the Asia-Pacific region; coastal cities such as Ho
Chi Minh City, Thai Binh, Nam Dinh and the Mekong
Delta are particularly prone to flooding. In recent
years, flooding every time, when there is a high tide
or release of water from upstream reservoirs, has
become increasingly severe, with many areas flooded
for many days, severely affecting transport, people’s
lives in Vietnam’s largest city (Fig. 2). In 2010 Ho Chi
Minh City was among the top ten cities in the world
that are most severely affected by climate change
[1-5]. However, according to the development plans
of the country’s main province mentioned above, it is

a b
Fig. 2. Flooding in Ho Chi Minh City
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Fig. 3. Layout of flood control structures (gateways)

predicted that by 2070 Ho Chi Minh City will be among
the top five cities in the world [6, 7].

In 2016, after lengthy studies and recommenda-
tions from domestic and foreign experts, in accordance
with Prime Minister’s Decision No. 1547/QD-TTg, Ho
Chi Minh City launched a mega project to build flood
control structures, including six flood defense gate-
ways: Ben Nghe, Cai Kho, Muong Chuoi, Phu Xuan,
Phu Dinh and Tan Thuan (Fig. 3).

Once the hydraulic structures (HS) are operational,
areas of land outside the gateways will be flooded. The depth
of flooding will vary depending on the topography
of the area. This should be taken into account when plan-
ning and implementing large-scale urban development
projects.

Earlier studies have largely focused on addressing
issues such as hydrodynamic flow regimes, water
quality, drought, salt intrusion or sedimentation in
estuaries, etc., but have not considered flood-related
problems [8-16]. For example, Bao Thach [8],
Hong Quan [9] pointed out that the hydrodynamic
regime in the lower Sai Gon — Dong Nai River basin
is affected by rainfall and tides, and flow changes.
Depending on the upstream reservoir regulation,
the water pollution level of the Sai Gon River is more
serious than that of the Dong Nai River and gradually
increases from upstream to downstream. A study by
Thuy Linh et al. [10] shows that in the Dong Nai River
basin during the dry season, the area of drought-prone
land increases according to climate change scenarios.
Thai [11], Hoang [12], Ngoc [13], Viet [14], Phung [15],
Quynh [16] estimated the changes in runoff volumes
and flood water levels in the Sai Gon — Dong Nai
Rivers basin under marine climate change under many
different scenarios. Dinh [17] and Tuan [18] concluded
that Ho Chi Minh City is at high risk of flooding due
to tides, heavy rainfall and increased runoff from
the Dau Tieng Reservoir. Marcello Gugliotta [19]
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studied the distribution, composition and particle size
of sediment loads in the last 50 km of the Sai Gon — Dong
Nai rivers system up to the mouth.

After the construction of GTS for flood protection,
several scientific studies were published. We can mention
the work of Nguyen and Binh [2s0], which reflects that
the system cannot guarantee the water level <1.2 m when
the peak in the rainy season and the tide level rises at
the same time. Meanwhile, Hai [21] argues that the factors
of urbanization and construction of flood control structures
strongly influence the salt intrusion regime in the lower
reaches of Sai Gon — Dong Nai rivers.

Thus, previous studies either did not consider
the impact of flood control structures or considered
but did not estimate the depth and area of flooding in
the same affected areas during construction projects.

This study aims to determine the depth and
arca of inundation during floodgate operation under
different flood discharge and sea level rise scenarios,
and to justify and establish construction control marks
required for spatial planning.

MATERIALS AND METHODS

The study area is the lower reaches of the Sai Gon —
Dong Nai rivers, where Ho Chi Minh City is located.
This area borders the Mekong Delta to the west and
the East Sea to the southeast. The river flow in the study
area is directly influenced by the operation of two
upstream reservoirs, Dau Tieng and Chi An (Fig. 4).

In this paper, MIKE 11, MIKE 21 and MIKE
FLOOD software packages were used to assess
the impact of reservoirs and flood control structures
on water levels in the lower Sai Gon — Dong Nai River.

MIKE 11 model description

MIKE 11 is an advanced hydraulic information
tool, a professional engineering software package for
modelling one-dimensional flows in estuaries, rivers,
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Fig. 4. The lower Sai Gon — Dong Nai rivers

irrigation systems, canals and other bodies of water!.
The Hydrodynamic (HD) model is capable of modelling
one-dimensional unsteady flow in a network of rivers
using a hydrodynamic wave approach. The MIKE 11
HD module solves the vertically integrated continuity
and momentum conservation equations, i.e. the Saint-
Venant system of equations. The five main input
parameters to be specified for the MIKE 11(HD) setup
are the river network plan, cross sections, boundary
conditions, hydrodynamic parameters and modelling
parameters. The river and canal network in the study
area in MIKE 11 is shown in Fig. 5.

MIKE 21 model description

MIKE 21 is a two-dimensional computer model-
ling system for estuaries, coastal waters and seas. It is
a professional engineering software package for model-
ling currents, water levels, waves, sediment, pollutant
transport and water quality [22]. MIKE 21 HD simulates

! DHI — MIKE 11. River and Canal Modeling System:
Reference Manual. 2007.

wremed
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Fig. 5. Network of rivers and canals in the lower reaches
of the Sai Gon — Dong Nai rivers in Mike 11
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Fig. 6. Topography of the area downstream of the rivers Sai
Gon — Dong Nai in MIKE 21

two-dimensional free-surface currents where stratifica-
tion can be neglected. It is the basic module of the enti-
re MIKE 21 system and provides the hydrodynamic
basis for the calculations performed in most other mod-
ules, e.g. “Advection-Dispersion”, “Water Quality” and
“Sediment Transport” [23, 24]. The input to the Mike 21
model is a 30 x 30 m resolution LIDAR-DEM digital ele-
vation map of the study area. The digital elevation
model (DEM) map is processed by the Mesh Generator
tool to create a bathymetry file, which is then input into
the Mike 21HD module, as shown in Fig. 6.

The MIKE 11 river network was connected to
the Mike 21 bathymetry using the lateral link option
available in MIKE FLOOD [25, 26]. The flood extent
and floodplain depth for excess water is calculated using
MIKE 21. Other parameters for left and right bankfull
such as momentum coefficient, spillway coefficient and
allowable depth coefficient are kept with default values.
The simulation period for MIKE 11 and MIKE 21 re-
mained the same and the time step of the model was ad-
justed to a low value of 30 s to keep the Courant num-
ber (CR) less than or equal to 1 to achieve stable MIKE
FLOOD. The simulation runs without errors. The Mike
FLOOD setup with the river (MIKE 11) and both lateral
links (MIKE 21) is shown in Fig. 7.

The purpose of this research is to determine
the depth and area of areas that will be inundated when
floodgates are operated under upstream flood discharge
and sea level rise scenarios. Therefore, the modelling
scenarios are adjusted according to the discharge vol-
ume of the two reservoirs Dau Tieng and Tri An in 2020,
2000, when a once in 100 years flood occurs. Mean-
while, the corresponding water level in 2020, 2000 and
the historical maximum water level at Vung Tau sta-
tion are also used as the downstream input boundary for
the MIKE model (Table 1).

RESULTS AND DISCUSSION

Calibration and model checking
The model is calibrated to actual data measured
at hydrological stations from October 1, 2012 to De-
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Fig. 7. Connection diagram of MIKE 11 and MIKE 21 in MIKE FLOOD

Table 1. Numerical modelling scenarios

Scenarios

Description of the boundary condition

1

Upstream: Discharge of 2020.
Downstream: Tide level at Vung Tau gauge station

Upstream: Discharge of 2000.
Downstream: Tide level at Vung Tau gauge station

cember 31, 2012. Manning coefficients and initial river
water levels are corrected for the difference between
modelled and actual water levels measured at the lower
stations of Thu Zau Mot, Bien Hoa, Phu An, Nha Be
and Ben Luc. Hourly water levels during calibration and
validation at Bien Hoa, Phu An stations from October 1,
2000 to October 16, 2000 are shown in Fig. 8. Good
agreement between modelled and observed water levels
at different time periods can be seen.

The coefficient of determination R? and the Nash-
Sutcliffe efficiency (NSE) were used to test model fit
and performance before running scenario simulations
and forecasts [27, 28]. The R coefficient’ shows
the linear relationship between measured values and
model simulation, while NSE measures the degree
of observed variability explained by the modelling. NSE
is commonly used for model validation in hydrology.
When the R’ value approaches 1 and the NSE is equal
to 1, the model is said to be performing at its maximum
confidence level [28, 29].

Coefficient of determination:

o2 2le2)]

i=1

e et i)
2(2.,-0) 2(e,-2)

i=l1

where 7 is the total number of measured or modelled
values; Q . — measured values; O, — mean

measured values O — modelled values; Q_S — mean
modelled values.
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Upstream: Q0 at P=0.1 %.
Downstream: Highest tide level at Vung Tau gauge station

Nash — Sutcliffe Efficiency Ratio (NSE):

> 2)

NSE can range from —oo to 1, where 1 indicates better
performance.

The NSE values for hourly calibration and valida-
tion at all stations are given in Table 2. The R’ coeffi-
cients and NSE show that the model has high reliability
in modelling the flow downstream of the Sai Gon —
Dong Nai rivers.

Results

The results of the MIKE FLOOD model calcula-
tions are a two-dimensional map of flooded areas with
different flood depths, represented by coloured layers as
shown in Fig. 9.

In the design scenario for 2020, when there is
no major flooding in upstream sections, Ho Chi Minh
City and neighbouring provinces are flooded by tides,
special attention is paid to low-lying areas on both sides
of the river, such as Nha Be, Cangio, Ho Chi Minh
City, Phu Dong, Phu Huu and Phuoc Khanh communes
of Nhon Trach District, Dong Nai Province, Ho Chi
Minh City District 12 located between the Vam Thuat
and Sai Gon rivers, even Tanan and Thutua districts
in Long. The province has also been flooded by tides.
However, these areas were flooded with a shallow depth
of about 0.4-0.6 metres. Particularly in District 12,
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Fig. 8. Graph comparing observed and modelled water levels at Phu An and Bien Hoa stations

the area was inundated more severely, with an average
inundation depth of 0.7-1 m. Under the same scenario in
2020, after the construction of flood defense floodgates,
the area of Nyabe district, the part adjacent to district 7
is protected from flooding, the rest of the areas are not
subject to significant change (Fig. 10).

Large floods such as the historical flood of 2000
(scenario 2) and the P =1 % flood (scenario 3) combined
with high tide levels occurred in the upper reaches,
resulting in inundation of the area, while the depth
of inundation also increased significantly (Fig. 11, 12).

Table 2. Performance of MIKE 11 for water level modelling

The analysis of the modelling results revealed
common features that are reflected in the two scenarios:
more severe flooding occurs in the upstream section
of rivers; the flooded area increases significantly in
Nha Be and Cangiso districts of Ho Chi Minh City,
Long An Province, Nhon Trach District and Dong Nai
Province. Sea tides should also be taken into account
when investigating flooded areas downstream of rivers.

The maximum depth of flooding is reached during
the period when water is released from reservoirs and
the tide (or tidal peak) occurs in the lower reaches. Due

Calibration Validation
Station 10.01.2012 -12.31.2012 10.01.2000 — 10.16.2000
RrR? E, R? E,
Bien Hoa 0.95 0.81 0.93 0.87
Phu An 0.97 0.86 0.96 0.81
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Fig. 9. Map of flood inundation of the lower reaches of the Sai Gong — Dong Nai rivers without floodgates in 2000 (a) and in 2020 (b)

to the low elevations of flooded areas and the complex
extensive river network with many channels, when
flood and tidal currents meet, the water level in rivers
and channels rises sharply, the water overflows its
banks and floods the areas. In upstream areas such as
Tam An in Dong Nai Province, Long Phuoc, Truong
Thanh, Long Truong, Thu Tim, Thao Dien and An Phu
in District 2, areas are also severely flooded. Especially
important economic and densely populated areas such
as District 2, Thu Duc city, District 8 are flooded.

In Scenario 2, Binh Chanh, Nha Be and Can Zo
districts have maximum inundation depth of 0.6 to 0.8 m,
especially in Phong Phu commune area, Nha Be district,
the depth is 1.2—-1.3 m; Binh Khanh, Can Zo districts
are inundated about 1 m, Can Zuoc district, Long An
province, less than 0.3-0.4 m, but Moc Hoa, Thanh
Hoa, Duc Hue districts border the Mekong river delta
and Cambodia. Mekong and Cambodia, with depths
exceeding 0.7-0.9 metres. The upper districts such as
Thu Tiem, Binh Thanh and Thu Duc are hardly flooded.
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Only Long Phuoc and Tam An districts were flooded
by 0.2-0.3 metres, mainly in fields along the Dong
Nai river and in the area between the Dong Nai and
Tac rivers. Meanwhile, the area of District 12, located
between the Sai Gon and Vam Thuat rivers, is a densely
populated area with a population as of 2019. 620,146
people, population density of 11,759 people/km?, is
most prone to flooding with depths ranging from 0.9-1.1
to 1.25 metres. Therefore, it is necessary to provide for
the construction of an engineering system of GTS to
protect the areas from flooding in the near future.
When the floodgate system is operated, the central
areas of Ho Chi Minh City, such as 1, 4, 7, 8, will be
protected in case of no flooding or upstream flooding,
as in 2000 (Fig. 10, b, 11, b). However, in the case
of a once-in-100-year flood, as in scenario 3, the ability
to protect the inner-city areas of the flood control
floodgate system is significantly reduced: the area
of District 4, located between the two floodgates Ben
Nghe and Tan Thuan, was inundated by 0.4-0.5 m;
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Fig. 10. Flooded areas under the design scenario for 2020 without gateways (a) and with gateways (b)
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Fig. 12. Flood inundation map for the flood scenario with P =1 % without gateways (a) and with gateways (b)

more than half of the area of District 7, bordering the Sai
Gon river, was inundated by 0.5-0.6 m (Fig. 11, b).
Areas that are not inundated in Scenarios 1 and 2, such
as Thu Thiem, District 2, Thu Duc, would be inundated
by 0.4-0.6 m in this scenario. In addition, the area
between the Tac and Dong Nai rivers will be flooded
to a depth of 1-1.2 metres, with the greatest depth
reaching 1.4 metres in some places, and adjacent areas
flooded by 0.5-0.6 metres.

As noted earlier, it is these areas of Ho Chi Minh
City that are subject to large-scale reconstruction and
modernisation with the development of new urban ar-
eas in order to create a new business, financial and eco-
nomic, scientific, educational, cultural and tourist centre
of Vietnam. Therefore, one of the most important tasks
is to ensure effective preventive measures of engineering
protection of this territory from flooding and inundation.

The analysis of the results of the MIKE FLOOD
model also shows that the area and depth of flooding
of the outer areas will increase after the flood control
structures are put into operation. The area of flood-

prone areas with distribution into sections by flood
depth in the lower reaches of the Sai Gon — Dong Nai
rivers is presented in Table 3.

The data in Table 3 show that the operation
of floodgates contributes to the reduction of the flooded
area in all three scenarios. In the case where the main cause
is the tide (scenario 1), the flooded area Im<H__ <2m
will increase with the construction of the gateway.
When high floods occur at upstream sites, as in 2000
(scenario 2), the inundation area 1 m < H <2 m
decreases, and at sites with deep flooding H > 2 m
increases. In scenario 3, when the upstream flood is
too high, flood defences also contribute to reducing
the flooded area in areas with flood depth # <2 m
and do not increase the flooded area in heavily flooded
areas with /_ >2m.

It is obvious that many areas in Ho Chi Minh
City and neighbouring provinces will still face the risk
of flooding on a regular basis. Therefore, along with
the construction of HS for flood and inundation pro-
tection, it is necessary to develop and implement pre-
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Table 3. Area of the flooded area according to H__ , km?

H_ .,m o = Im<H <2m|2m<H <3m|H_ >3m| Totalarea, km? Change, km?
1m
Scenario 1 | 0 | 612.64 16.55 13.97 4.33 647.48 -
(2020017 1 549,06 17.32 13.97 433 584.68 62.80
Scenario 2 | 0 | 1,413.32 35.54 2.48 0.15 1,451.48 -
(20000 1711 361.66 31.98 2.52 0.17 1,396.34 55.14
Scenario 3 | O | 1,790.47 12536 20.50 8.14 1,044.47 -
P=1%) 171 171381 117.10 20.50 8.14 1,859.55 8492

Notes: O — when the gateways are open; Z — when the gateways are closed.

ventive engineering measures to protect the area from
waterlogging and flooding, and, first of all, to artificially
raise the surface of the area to non-flooding planning
levels, as well as to establish new construction control
levels.

The construction reference level is the lowest
permissible ground surface elevation used in the planning
of the development area to ensure the guaranteed
protection of urban areas from flooding and waterlogging.
It is an important economic and technical criterion to
be determined in urban planning and construction and
investment projects. According to the Vietnamese National
Technical Regulation on Current Construction Planning
(QCVN 01:2021/BXD), the reference construction grade
is calculated according to the following formula:

Vo =Vip +Hn}::f: +a, 3)

where V,, — reference construction mark, m; V,,, —
ground level or terrain elevation, m; H: — design
flood level corresponding to design frequency P, %;
a — permissible safe height, m.

According to QCVN 01:2021/BXD, for Class I ur-
ban areas, concentrated residential areas and industrial
areas, design frequency P =1 %, permissible safe height
a = 0.3 m for civil land and @ = 0.5 m for industrial land.

Based on the results of the MIKE FLOOD model
calculations under scenario 3, the building elevations in
the flooded areas of Ho Chi Minh City, Dong Nai City
and Long An are shown in Table 4.

Decision 589/QD-TTg on approving the Ho Chi
Minh City District Development Plan 2020 and the City
Development Concept 2050, signed by the Prime Min-
ister on 20 May 2008, set the main reference building
mark of Ho Chi Minh City above 2.05m. However,
under the conditions of climate change and sea level
rise, the previously approved marks are not relevant.
Thus, the reference building elevations for urban area
planning proposed in this study are scientifically sound
practical inputs for construction planning and irrigation
management agencies in formulating a package of mea-
sures to protect Ho Chi Minh City and neighbouring
provinces in the lower reaches of the Sai Gon — sDong
Nai rivers system in the future.
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CONCLUSION AND DISCUSSION

The modelling results of R? and NSE correlation
coefficients show that the MIKE model suite (MIKE 11,
MIKE 21, MIKE FLOOD) can be used to simulate
the hydraulic regime, area and depth of flooding in
the lower Sai Gon — Dong Nai rivers basin. The 2D
flood map indicates that the study areas of Nha Be, Can-
gio, Nhon Trach will face the risk of frequent flooding.

In all scenarios, the flood defenses are effective, Ho
Chi Minh City’s central areas are protected and the flooded
area is reduced. However, as a result of the HTS operation,
large-scale flooding of the outer adjacent areas occurs.

Noting that flood control structures will not
provide guaranteed protection for Ho Chi Minh City and

Table 4. Building elevations in the districts

Construction

Districts .
elevation, m

Ho Chi Minh City

2 +2.5

4 +2.5

7 +2.5

8 +2.5

9 (area between .the Sai Gon and Tac 04
rivers)

9 (area between t_he Dong Nai and Tac 5
rivers)

12 +2.5

Binh Thanh +2.5

Nha Be +2.6

Can Gio +2.6

Binh Chanh +2.3

Dong Nai Province

bren Xoa +3.0

Long Thanh +2.5

Nhon Trach +2.5

nposunyus Jlone An

Can Giuoc +2.5

Tan Tru +2.5

Ben Luc +2.5
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surrounding provinces from flooding and inundation,
the new construction control elevations proposed in this
paper are a significant scientific contribution to spatial

planning projects in the creation of the largest ultra-
modern centre of the Asia-Pacific region in the lower
reaches of the Sai Gon — Dong Nai rivers system.
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