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AHHOTALUMNA

BBepeHue. KpynHenwmin akoHoMU4ecknin LeHTp BbeTHama — XoLWwmuMrH cTankusaeTcs ¢ pa3MbiBoM 6eperoB peku, ogHom
13 OCHOBHbIX MPUYMH KOTOPOW SBNSieTCA CTOK. B AaHHOM mccnenoBaHum nore CKopocTer nmoToka Ha ydvactke p. CawiroH
aHanusupyeTcs B pasHble Nepnogbl BPEMEHMU.

Martepuanbl n metoabl. CBeeHns O pacxofe, YpPoBHe BOAbl, Tonorpaduv peyHon CeTu u pycna peku 6binu cobpa-
Hbl OS5 HACTPOWMKN MMUTaUMOHHBIX Mopenen B nporpammax MIKE 11 n MIKE 21. OTu nporpammbl Criy>kaT OCHOBHbIMY
WHCTPYMEHTaMU, NCMONb3yeMbIMU B UCCIEA0BaHNMN.

PesynbTatbl. BennumHa ckopoctv TedeHns B cepeavHe pekn B 3—4 pasa bornblue, Yem Ha AByx Geperax. OpgHako B nepuof,
MexXay MpUIIMBOM U OTIIVBOM TeYeHue No obenM CTOpOHaM pekv MMeeT Boree BbICOKYI CKOPOCTb, YeM OCHOBHOW MOTOK, OCO-
6eHHO B BEpXHEeW YacTn U3BUINMCTLIX GeperoB, Takvx Kak YacTb pekun oT wro3a ber Hre fo wnto3a TaH TxyaH 1 yyactok pekv ot
nonvuenckon ctaHumm AH Jlon [loHr oo mocta Txy Tviem 2. 3HayeHust CKOPOCTU Ha NCCNEAyEMOM Y4acTke peku B GONbLUMHCTBE
Crny4aeB MPEBbILLAIOT AOMYCTUMbIE 3HA4YEHVST BE33PO3VMOHHOM CKOPOCTY YacTuL, pycroBoro Matepuana, 6eperoB pek, a Takke
YacTuL, B3BELLEHHbIX HAHOCOB. [py aKCrNyaTaLmm NPOTUBOMABOAKOBbBIX LLIHO30B HECKOMBKO CHU3UTCS BeNMYMHa CKOPOCTU MOTOKa,
a Takke BO3HVKHYT BOJOBOPOThI NEPES, LLM03aMu.

BbiBogbl. [TporpammHoe o6ecnedeHne MIKE 11 u MIKE 21 getanusmpoBano pacnpegeneHue ctoka B p. CanroH. CkopocTb
TeyeHusi Ha p. CaliroH UMeeT CrNoXHOe pacnpefeneHne u MeHseTcs OT Neproaa K nepuoay B 3aBMCUMOCTY OT NaBOAKOBOrO
CToKa 13 BodoxpaHumuwia 3ay TveHr u NpunMBHO-OTIIMBHBIX TeYeHun BoctouHoro mops. MNpouecc pasmbiBa no obenm
CTOpOHaM peku ByAeT NPOUCXOAUTL PErYNSPHO U HEMPEPBIBHO, MO3TOMY HEOOXOAMMO CPOYHO MPUHATH Mepbl Mo 3aluTe
Gepera peku.
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ABSTRACT

Introduction. Vietnam’s largest economic centre, Ho Chi Minh City, is facing riverbank erosion, one of the main causes of
which is runoff. In this study, the flow velocity field of the Saigon River section is analyzed in different time periods.
Materials and methods. Data on discharge, water level, river network topography and river channel were collected to set
up simulation models in the programmes MIKE 11 and MIKE 21. These programmes are the main tools used in the study.
Results. The current velocity in the middle of the river is 3—4 times higher than on the two banks. However, during the
period between high and low tide, the current on both sides of the river has higher speed than the main stream, especially in
the upper part of the winding banks, such as the part of the river from Ben Nghe sluice to Tan Thuan sluice and the section of
the river from An Loi Dong police station to Thu Thiem 2 bridge. The velocity values in the studied river section in most cases
exceed the allowable erosion-free velocity values of particles of channel material, river banks, and suspended sediment
particles. The operation of the flood control sluices will slightly reduce the flow velocity values and also cause whirlpools in
front of the sluices.

Conclusions. The MIKE 11 and MIKE 21 software detailed the flow distribution of the Saigon River. The flow velocity on
the Saigon River has a complex distribution and varies from period to period depending on the flood discharge from the Dau
Tieng Reservoir and the tidal currents of the East Sea. The process of erosion on both sides of the river will occur regularly
and continuously, so urgent measures are needed to protect the riverbank.
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BBEJAEHUE

Pexn — 3T0 ecTecTBEHHbIE TOTOKH HA ITOBEPXHO-
CTH KOHTUHEHTA, TUTaeMbIe J0XKICBBIMHU, ITOA3EMHBIMU
1 TanbiMu Bofamu [ 1-3]. Pexu urpatot pons mepeHoca
BOJIbI B TUAPOJIIOTMYECKOM LIUKIIE OacceliHa U B TO ke
BpEMsl MPEJCTABISIIOT COOON XapaKTEPUCTHKK BOIHON
0e30MacHOCTH, KOJIOTHH U OKPYKAFOIIEH Cpebl paio-
Ha, ropona wiu crpanbl [4—7]. [lognepxanue crabuiIb-
HOCTH PEYHOTO CTOKa — AKTyaJbHBIN BOIPOC At 00e-
CHEYCHUS KU3HEICATEIbHOCTH U NMPOU3BOACTBEHHOTO
nporecca JIoJeH, MPOXKHUBAIOIINX 10 00€ CTOPOHBI PEKH.
Peka Caiiron 6epet Hagao B HEBBICOKHX XOJIMaX,
C OTHOCHTEJIBHOM BBICOTON OKONIO 150 M B MpOBUHIMU
bunp ®vlok, nporekaeT yepe3 o3epo 3ay Tuenr (Tait
Humns), uepes nposuniuio bune 3p10HT U nanee B Caif
I'on [8, 9]. Ha nepexpectke KpacHoro Meica p. Caiiron
coemuasiercs ¢ p. Jlonr Haii, oOpa3ys peuHyto cucremy
Caiiron — [lour Hait, a 3atem BramaeT B Mope. O6rmas
JurHa p. CallroH — 256 KM, U3 KOTOPBIX y4acTOK, MPO-
TEKaIoIMui yepe3 I. XomuMuH, cocraiseT 80 km [10].
Ha npotsixenun nocnenqHux necaruinetuit bunn
3BIOHT 1 XOIIMMUH OCTAIOTCS BEAYIIUMH SKOHOMHYE-
CKHAMHU IICHTpaMu cTpaHsbl, Bxomsamumu B TOII-5 peru-
OHOB ¢ caMbIM BeicokuM BBII Bo Bretname [11, 12].
B cBs3M ¢ 3KOHOMHYECKHM POCTOM 3TOTO PETrHOHa
HEJb3d HE OTMETUTH poib p. CaliroH ¢ KpynHeimen
1o Macurabam MponyCcKHOM CIIOCOOHOCTH CHCTEMOU
BHYTPEHHHUX BOAHBIX ITyTel Bo BreTHame. Kpome Toro,
XOLMMUH TaKXe SIBJISIETCS] KPYIIHBIM FOPOJCKUM pai-
oHoM BrerHama ¢ HaceneHneM Oosiee 9 MIIH YeNlOBEK.
CrnemoBatensHO, JIF000€ N3MEHEHNE TEUeHUS i MOp(ho-
noruu p. CalirOH OKa3bIBAaeT BIMSHUE HA DKOHOMHYE-
CKOE€ Pa3BHTHE, A TAKXKE KHU3Hb XKHUTEIeH XOMMMHUHA
Y IPOBUHITUH 110 00€ CTOPOHBI peku (puc. 1).
CymiecTByeT MHOTO TIPUYUH, PUBOISIINX K Ped-
HBIM OMNOJI3HSIM, TaKUX KaK: I'€0JOrMYECKUE XapaKTe-

- ———
T

Puc. 1. Pa3mbIB Ha Oepery p. Caiiron

PHCTHKH, 100bIYa [TECKA, CTPOUTEIBCTBO HHPPACTPYK-
TypBl, TOPOACKOE Pa3BUTHUE, BIUSIHHUE CYAOXOICTBA
U JIp., TIPH KOTOPBIX THAPOIOTHYECKUN PEKUM PEIHOTO
CTOKa SIBISETCS OZHMM M3 OCHOBHBIX (DaKTOPOB, BBI-
3bIBalOIIMX 3po3uto [13—17]. Peka Caiiron Haxonurcs
OJ] BIIUSIHUEM HE TOJIBKO TEUCHMS BBEPX M0 TEUCHMUIO,
HO TaK)Ke CHJIBHO 3aBHCHT OT IpujnBa B BocTouHoMm
MOpE C IMOJyCYTOYHBIM HPHIUBHBIM PEXHUMOM. DTO
JeJaeT THIpaBIM4YecKui pexum p. Caiiron Ooisee
CJIIOKHBIM M OTJIMYHBIM OT PEeKMMa MHOTHX PEeK MUpa.
[TosTOMY HEOOXOMUMO U3YUUTh U OLICHUTh U3MEHEHHE
ctoka p. Caifros.

C cepeaunbl 2016 . XOIMMUH Hayall peau3aluio
MIPOEKTa MO CTPOUTEILCTBY MIECTH NMPOTUBONABOIKO-
BBIX IIUTIO30B HA MpUTOKax p. CaliroH B COOTBETCTBUU
¢ Ilocranosiennem nmpembep-muaUCTpa Ne 1547/QD-TTg
C IIEJIBIO 3AIUTHI IEHTPAIEHOTO PETHOHA OT MOCIICACTBIN
M3MEHEHMsI KIMMara U MOBbIIEeHHUs ypoBHs Mops. [Ipu
MPOBE/ICHUHU CTPOUTEIBHBIX PadOT BaXKHO OTBETUTH Ha BO-
TIPOC, KaK 3TO MOBIIHMACT HA PEKUM CTOKa Ha p. CalroH.

BrinonHeH psii MccienoBaHU, MOCBSIIEHHBIX
MPOTHBOIIABO/IKOBBIM COOPYKEHHSIM, a TaKoke OacceiiHy
p. Caiiron — lonr Haii. Hryen u buns [18] noka3zany,
YTO, KOTJIa OCAIKN M TIMKH HPHINBOB POUCXOMST B OJJHO
U TO K€ BpeMsl, 3alUTHAas CIIOCOOHOCTh CHCTEMBI IILTIO-
30B UISl KOHTPOJISI MPHJIMBOB B XOIIMMHHE HUUTOXKHO
mana. [lo Jak Xait [10], @y Kyuss [19] npumm k BbI-
BOJY O HEOOXOAMMOCTH CTPOUTENIECTBA IPOTUBOOTINBHBIX
COOPY’KEHHI1 BO BHYTpeHHel yactu ropoza. ['opon Xorm-
MHH 00513aTeJIbHO MOBJIMSET HA THIPOPEKUM M Ka4eCTBO
BOJIbI B HM30BBSIX, B TOM YHMCJIe Ha MPOOJIEMy COJIEBOTO
UHTpPY3uBa. YyBCTBUTEIBLHOCTh K N3MEHEHHIO KJIMMAra,
MOBBIIICHUIO YPOBHSI MOPSI M 3€MJICTIONIB30BaHUIO ITON
TeppHUTOPHHU paccMoTpeHa B padorax Tpaw [20], Bau [21].
To Hy [22] monenmmpyeT ypoBeHb 3aTOIIICHNS U TIPE/Iaraet
PEIICHUS IO MPOTUBOIIABOAKOBOMY JIPEHAXY [UISI paiioHa
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Ban Txanb — Xommmud. [1lonr [23], Xoanr [24] uzy4yanu
TIOCJIE/ICTBHS PA3rpy3KH HETSIHOTO pe3epByapa B HIDKHEM
TeyeHnd p. Caifron.

Lenp HacTOsAMmIETO MCCIENOBAHUSA — MpOAaHAIU-
3UpOBAThH BIMSHUE TOTOKA HAa 3PO3HI0 OEPEroB peKu
yepes ABYMEPHOE IO0JIE€ CKOPOCTH MOTOKA € Yy4ETOM
BO3/JICUCTBUSl COOPYKEHUN 3alIUThl OT HABOJAHEHUH.
Pe3ynbraThl cTarby CTaHyT BaKHOM HayyHOW OCHOBOM
JUTSL TIPEIOCTABICHUS PEIICHUH 110 MPEIOTBPALICHUIO
1 TIPEOIOJICHHIO APO3UH ABYX OEPEroB peK B COUYETAHUN
C IpaIoCTPOUTENBHBIM IUNIAHUPOBAHUEM B COBPEMEHHOM
U yCTOWYMBOM HaIpaBJICHUU.

MATEPHUAJIBI U METO/bI

O0s1acTh HCCIIeI0BAHNSA

Jast moctpoenust 2D-Monenu ObuT BEIOpaH ydacToK
p. Caiiron ot mocta Caiiron o mbica Jlaimona (oTme-
YeH KPacHBIM Ha pHC. 2). DTO BaXXHBIH Yy4aCTOK PEKH,
Ha OHOM Oepery KOTOPOro HaXOAWUTCS MOIUTHYECKUN
U HKOHOMHUYECKUH LeHTp XOIIMMHHA, a Ha IPYTOM —
paiion Txy Tuem, KOTOpBIi MIIaHUPYETCSI IPEBPATUTH
B 9KOHOMHMYECKHH HEHTp, KpymHeimunil punanco-
BBl U MEXIYHapOIHbIN TOProBbli LIEeHTp BreTHama.
Ha »TOM yuacTke peku Takke CTpPOSATCS [Ba U3 IIECTH
IIJTIO30B JUTSI TPEIOTBPAIICHNUS HABOJHEHHUH, 2 IMEHHO
ben Hre u Tan Txyan.

B Mocr Caiiron 8

Puc. 2. MecTononoxxeHue uccieayemMoil o0macTu

MeToabl HCCJI€0BAHUS

B nmannoii pabore runpasindeckuii Mmoayiab (HD)
moxenet MIKE 11 u MIKE 21 ucnonp3yercs ans
HCCIIEIOBAHUS TIOJSI CKOPOCTU TCUCHHS HA Y4acCTKe
p. Caiiros.

MIKE 11 HD BBMucIS€T HECTAMOHAPHBIN YPOBEHB
BOJIBI M PACXOJI B PEKaxX M 3CTyapHsIX, UCIOIb3Ys HESBHYO,
OJTHOMEPHYI0, KOHECUYHO-PA3HOCTHYIO (HOPMYIUPOBKY
(monmHOCTRIO MUHAMUYeckue ypaBHeHns CeH-Benana 60-
Jiee BBICOKOTO TOPsIIKa), KOTOPBIE PEIIAIOTCS C UCTIOINb-
30BaHUEM 6-TOYEUHOTO Merona Dobora-Monecky [25].
OH NIPUMEHUM K BEPTUKAIBLHO OTHOPOTHBIM MOTOKAM,
Ha4YMHAS OT KPYTHIX PEK U 3aKAHUHBAs ICTYapHsIMH, IO
BEP)KCHHBIMH BO3/ICHCTBHUIO MPUIIUBOB U OTIIMBOB. TaKxke
MOYKHO CMOJIETTMPOBATH TIOTOK Yepe3 MMMPOKUI CIIEKTP CO-
OpY’KEHHH, TAKMX KaK BOIOCIIUBBI C IMUPOKUM TPEOHEM,

76

Urasmed

Puc. 3. Cetb pex Caiiron — Jlour Hait na MIKE 11

BOJIOTIPOITYCKHBIE TPYOBI, PETYIHPYIOIIIE COOPYKEHUS,
MOCTEI U OTIpeie/IsIeMbIe TIOJTE30BATEIEM COOPYIKECHHIS.

Bxomusie nannsie jist mogenu MIKE 11 HD Bximro-
YalOT: PEYHYIO CETh, IapaMeTPbl MONEPEYHOI0 CEUCHUSI,
3HAYEHHS PacXo/ia YPOBHS BOJBI B TPAHUYHBIX TOYKAX.
Peunas cers Caiiron — Jlonr Haii noka3zana Ha puc. 3.

MIKE 21FM — 5To nByMepHasi THAPOANHAMH-
yeckas MOJIeNib, MOACTUPYIONIasi YPOBHH BOJBI U Te-
YEHUs B PEKax, CTyapHsiX, 3aJMBaX U MPUOPEKHBIX
paiionax. ImuranuoHHas MoAenb AByMEPHOIO HEy-
CTOWYMBOTO TEUSHUS IS CII0S TEUCHUS MIPECTaBICHA
B pabotax [26, 27]. Cuctema ypaBHEHUH MOAEIHUPO-
BaHWA BKIIOYACT YPaBHECHUS HEPa3pHIBHOCTH B COYC-
TaHUHU C YPaBHECHHUSIMHU UMITYIIbCA, OMMCHIBAIONAMHA
W3MCHCHHUE YPOBHs BOJBI U pacxona. Penped ydactka
p. Caiiron no monenu Mike 21FM mno pesynabraram
ChEMKH aBTOPOB, BBIMOJTHCHHOW B ceHTs10pe 2022 1.,
MoKa3aH Ha puc. 4.

2 MIKE Zero - [Data File: Diahinh,_chuan_coTNghe.mesh]
® Fle Edt View Date Video Colors Window Help

DEElsne&eR|aa s oE|REwe||mwn VS8 o[ ko <@l T
m)

tro4400

104200

104000

t193800

1183600

193400

193200

o ~

192600

102400

191600

t191200

i ; | | s
1190600 3 =3
t1an4o0 S ] E ga
11s0200 S J l a
190000 < —

B o
1189800 : ; v
1189600 E et
189400 B aecavane
Gasso0 | seTom | G97e00 | Ga%000 | 6aaso0 | 65s000 669500 | 690000
30/12/1899 0:00:00 Time Step 0 of 0. o

Puc. 4. Tonorpadus ydactka p. Caiiron ot mocta Caiiroxn
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Cuenapuii pacuyera

B mesnsix nzyueHust U3MEHEHHUsI U pacIpe/ielieHUs
MoJIsl CKopocTu TeueHus: Ha p. Caliron npu cpadarbi-
BaHUH TPOTHBONABOJKOBBIX IIIIO30B BHIOPAHBI pac-
getHbIe crieHapuu 2000 1., Korja HaBOJHEHUE HAHECIIO
Ooubioi yiepo juis 1esbThl p. MekoHr u paiiona Caii-
roH — Jlonr Haii. [TaBogKOBBIN pacxo BOZOXPaHWINIIA
3ay Tuenr u ypoBeHs Bonsl B Bynr Tay B 2000 r. mo-
Ka3aHbl Ha puc. 5.

Puc. 5. [TaBoakoBbIii pacxo/ Bogoxpanunuiia 3ay TueHr (a)
u ypoBeHb BojsI B Bynr Tay (b) B 2000 1.

PE3YJUBTATBI HCCJEJOBAHUSA

Kaim0poska n npoBepka Mojenn

Mogens Mike 11HD orkanmubGpoBaHa ¢ UCIIONB-
30BaHMEM (DAKTHUECKUX JaHHBIX, N3MEPECHHBIX HA T'H-
JIPOJIOTMYCCKUX CTAHIUSIX ¢ | OKTAOps o 15 mexadpst
2010 r., u mpoBepku Ha craHuusax boen Xoa, Txy 3ay
Mot ¢ 1 utonst no 16 urons 2009 r. Bugno xopouiee
COOTBETCTBHE MEX/ly CMOJCITMPOBAaHHBIMH U HaOJIO/1a-
€MBIMH YPOBHSIMH BOJIbI B PA3HBIE TIEPHOIBI BPEMEHH.

Mopens Mike 21FM 0Owima mporecTupoBaHa
C YPOBHEM BOJbI HAa U3MEPUTENbHON cTaHuu Py AH
¢ 1 oxta6ps o 31 HostOps 2013 1. (puc. 6).

To4HOCTD YHMCIECHHBIX PE3YIbTATOB OICHUBAIN
¢ TOMONIBI0 K03 HUIlMEHTa AeTepMUHAul R? U KO-
s¢pdunuenra Hama — Carxmudda £ , (tabsn.). CornacHo
kputepusim dddexrnHocTn Mopuacu [28], koaddunu-
eHTBl R’ 1 E /, TIOKA3BIBAIOT, YTO MOJEIb 00/1a/1aeT BBICO-
KOIf HaJIeXKHOCTBIO TP MOJICIIMPOBAHNH MOTOKA.

TIpownseomurensHoCcTs Mike 11 11 Mike 21 st MonenupoBaHust
YPOBHS BOJIBI

Mike 11HD Mike 21FM
Cranmus (01.06.2009— (01.10.2013-
16.09.2009) 30.11.2013)
R? E, R? E,
bren Xoa 091 0,83 - -
Txy 3ay Mot 0,97 0,91 - -
Dy Au - - 0,98 0, 96
PesyabTarsl

Vuacrok peku ot Mmocta Caiiron o meica Jlaii-
MOHJI IMEET TONorpaduio, COCTOSIIYIO 13 MHOXECTBA
U3BHIIACTBIX YYaCTKOB, HA TEYEHNUE KOTOPBIX BIIUSIOT
KaK I1aBOJIKOBBIE IIOTOKH BBEPX 110 TEYECHUIO, TaK U IIPH-
nuBbl B Bocrounom mope. IlosToMy runpasinueckuit

Cranuus @y Ax

YpoBeHb BOABL, M

—b— Cumynsanus

-2

—=— Habmronenus

1 okTs16pst 11 okTs6pst 21 oxrs0pst

31 oxTs0pst

10 HOS1Opst 20 HOsOPS 30 HOsIOpst

Puc. 6. Yposens Bonsl Ha cTaniyu @y AH, BpeMeHHOE n3MepeHne ¢ 1 oxTsiops mo 30 HosOps 2013 .

1

(81) Z HORLIGG SL WOL G arervonts "



T ITOnLCTBS: T 13. BhInyck 2 (48)

N.M. Mapkoea, ®aH XaHb XaHb

PEXUM OYEHb CIIOKEH MPH HETPEPHIBHOM M3MEHEHHH
HanpaBJIeHUs TIOTOKA B TEUEHHUE CYTOK.

Cyxoii ce30H, K020a Hem NPOMUEONAEOOKOEbIX
w0308

B nepBbie Mecs1Ibl 3aCYIUTMBOIO CE30Ha BOIOXPAHH-
nuue 3ay TueHr cOpachIBaeT BOmy TOJIBKO B KOIMYECTBE,
JIOCTATOYHOM JUIsl OPOLLUEHHS X TOBCEIHEBHOMH JKU3HU, MO~
sTOMY Ha TedeHue p. CaliroH BiusieT npriiuB BoctogHoro
MOpSI C ABYMSI IIPHJIMBAMH 1 OTJIMBAMH 34 JICHb.

PaccmarpuBasi 1ose ckopocTel Te4eHuUs B IEPUOL,
OT NIPUJINBA JI0 OTIIMBA, YCTAHOBJIEHO, YTO KaK B IPUJIUB,
TaK U B OTIIUB, IIOTOK B CEPEIMHE PEKH BCEraa HanOOb-
IIWH, 3aTeM MOCTENEHHO YMEHBIAETCS K IByM Oeperam.
B o1nmB cxopocTh TedeHus B 2 pasa 0obIe, YeM B TIpH-
JIUB, B OTJIUB CPEJHSASL CKOPOCTh B CEPEMHE PEKH COCTaB-
nsiet okosio 1,6 M/c, B TO BpeMsi Kak Ha 000X Oeperax
pexu Bcero okoino 0,4 m/c. OHaKo JIOKaIBHO B paiioHe
nuito3a Tan TyaH ecTh MECTO C OYEHb BBICOKOH CKOPO-

Puc. 7. [lone cxkopoctu TeueHus Ha ydactke p. CalroH
BO BpeMsI OTIIUBA

creto (V= 2,96 M/c), 5TO XOpOIIo BHAHO Ha puc. 7.
Bo Bpewmst nmpuinBa cpenHsisi CKOPOCTh TEUCHUs
B CepeIuHe peKu cocTaniseT okoio 0,7 M/c, a mo obenm
CTOpoHaM peku — Bcero okoio 0,3 M/c. Paiion uwiro-
3a Tan TyaH no-npexHeMy OCTaeTCsl MECTOM C CaMbIM
CWIBHBIM TedeHneM. KpoMe Toro, B KOHIIE IepHoja

NPWINBA U Havyajle OTIIMBA CTOK B peKe MMeeT 0codoe
pacripenenenue (puc. 8). B 3To BpemMst OCHOBHOM ITOTOK
Ha peKe CTPEeMUTCS TeUb BBEPX 110 TEYSHUIO, HO TI0 00e-
UM CTOPOHAM PEKH BOJA TEUET 0OPAaTHO BHU3 IO TEUe-
HUIO CO CKOPOCTHIO, B 2—3 pa3a MpeBbIIAIOLIEH CKO-
POCTh OCHOBHOTO TeueHHs. [loMnmMo Toro, 4To B MecTe
TpUMEpHO B | KM OT MbIca J{aitMOH/I TTOSBIISIOTCS BUX-
peBbIE TEUCHUSI, €IIIe M CKOPOCTh B palioOHEe BOJIOBOPOTA
HeBeJMKa, Bcero okoso 0,1-0,2 m/c.

B nmkoBbIe MecsIIB! 3aCyINTMBOTO Ce30Ha (arperns
u Maii) Bopoxpanuuile 3ay Tuenr coOpackiBaeT 00Jb-
mue 00bEMBI BOJIBI, YTO MPUBOANUT K CUIBHOMY H3Me-
HEHHIO paclpesiesieHus] CKOPOCTH TOToKa. B mepsoe
BpeMsI [TpY HOBOM TIPHJTBE OJIHOBPEMEHHO C TEYCHUEM
BBEPX I10 TEUEHHIO (DOPMHUPYETCS PACTIPEIEIICHUE CKO-
pOCTH B JIByX HalpaBJICHHUSX, KaK [TOKa3aHO Ha puc. 9.
CpenHepedHbIM TEUCHHEM Ha3bIBACTCSI TEUEHUE BBEPX
10 TEYCHUIO B HU30BbSI CTOPOHBI PEKH — 3TO MPHIIHB,
TEKyIIUi BBEpX MO TeueHHuro. Ha HEeKOTOpBIX KpUBO-
JUHEHHBIX y4acTKaX PEKH BOCXOJSIINI MOTOK TEUET
6mM3K0 K Oepery, a Ha yJalleHHH OT MbIca AJIMa3HBINA
BCe ellle HaOJII0al0TCsl BUXPEBbIE TEUCHHS C MaKCH-
MaJbHOM cKopocThio okoio 0,4 m/c. B memom B 3710
BpEMSI CKOPOCTH TEUEHHsSI HE CIIMIIKOM BEJIHKA.
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Puc. 9. Pacnipenenenne CKOpOCTH TEUEHUS B HA9a bHBIE (Da3bl
NPHJINBA B arpesie—Mae

[Tocre 9TOr0 MPUIMB YCHIIMIICS U CTaJl OCHOBHBIM
TEUCHUEM PEKH CO CPeIHEeH CKOPOCThIO OKOJIo 1 M/c B ce-
penuHe pycina, okoio 0,7 m/c Ha npaBoM Oepery u 0,4

Puc. 8. Pacnpez[eneHHe CKOPOCTH TE€YCHH B KOHLIC OTJIMBA U B Ha4YaJIC IIPUJIUBA
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Puc. 10. Pacnipenenenue cCKOpoCTH TE€UEHHs BO BpeMs MpH-
JIMBa B arpelie—Mae

M/c Ha ieBoM Oepery. B paiione numro3a Tan Txyan mak-
CHMaJIbHasl CKOPOCTb IIOTOKA MO-NIPEXKHEMY COCTaBIISET
okoo 1,5 m/c (puc. 10).

Korna mpuinB oTcTynaeT B COYETaHHM C Tede-
HUSIMH BBEpX 110 TEUEHHUIO, CKOPOCTh B PEKE BBICOKA,
BO MHOTHX MecTaxX okoio 1,7 M/c, 1 Ha MHOTHX y4acT-
Kax [0 00EMM CTOPOHAM PEKH CKOPOCTb JOCTUTaeT OKO-
10 1 m/c. OHAaKO y4acTOK PEKH MMEET JUIMHY OKOJIO
1 XM Ha JleBOoM Oepery Bo3ie Mbica J[altMOH1, CKOPOCTh
37ech HU3Kas1, Bcero okoio 0,2 m/c (puc. 11).

]

Puc. 11. Pacnipeenenne cKOpoCTH TEUEHUS BO BpeMs OTIIMBA
B amnpese—Mae

Tlasooxoewlil ce30m, K020a Hem nPOMUBONA800-Ko-
BbIX ULTIO308

2000 1. OBUI TOIOM CHJIBHBIX HABOJAHEHUN B J€Ib-
Te MekoHra M I0ro-BOCTOYHOM peruone. B cepenune
okTs10pst 2000 1. Bomoxpanmnuine Jay Tuenr crmyctu-
710 o4eHb Gombioit o6veM Boxsl (Q = 600 m¥/c).
Bo Bpemst npuiinBa CKOPOCTh B CEPEANHE TEUCHHSI CO-
craBisieT okojo 0,7-0,8 M/c U CHIKACTCS TIPUMEPHO
1o 0,4-0,45 m/c ¢ 00eux CTOPOH, HO TIpaBbIil Oeper (Buj
CBEpXYy) BBICOKHI, HEeMHOTO OoJblre (puc. 12).

IIpu oTnmBe cKkOpoCTh MO 000MM Oeperam peKu
cocrasisiet okojio 0,4—0,5 m/c, mpaBblii Oeper HEMHOTO
BBIIIIE, B CEPEIMHE TEUCHHSI CKOPOCTh COCTABIISICT OKO-
1o 1,5-1,6 m/c. Onnaxo B paiione uutro3a Tan Txyan
CKOPOCTB BBICOKAs, TIOYTH 3 M/C, KpOME TOTO, B OTBET-
BIICHUM KaHaJIa, Beaylero Kk uuito3y Tan Txyan, ciesa
B HAIPAaBJICHUM TCUYCHHUS BO BPEMs MPUIHBA UMECTCS

Puc. 12. Pacnpez{eneHI/Ie CKOPOCTHU TE€YUCHUS B IOJOBOALE
BO BpEMsI IpUJINBA

BBICOKHH BUXpPbH (puc. 13, @) u BpaBo BO BpeMsl OT-
JIUBa OTMe4aeTcs Hebompmas cKOpocTh okomo 0,1—
0,2 m/c (puc. 13, b).

Kak u B cyxoii ce30H, B KOHIIE IIEpHO/Ia OTIIMBA K Ha-
Yajy IPUJIMBA 10JI€ CKOPOCTH TEYEHHsSI B PEKe 0co0oe.
B yactHOCTH, OCHOBHOM MTOTOK B CEPEANHE PEKU TEUET
BHH3 I10 TEUECHHIO, a 0 JByM Oeperam — BBepX I10 Te-
YEeHUIO ¢ OoJiee BRICOKOH CKOpocThio okoio 0,2—0,3 m/c.
Ha yuactke npumepno 1 km oT Mbica JlaiiMmont o6paso-
BAJICSI BOJIOBOPOT C HAaHOOIbIIElH cKOpoCcThio 0KoiI0 0,5
M/c Ha JieBoM Oepery (puc. 14).

Haobopor, npu nepexoze oT KOHIIA eprosia IpH-
JMBa K HayaJly OTIIMBA OCHOBHOE PYyCIIO TEUET BBEPX
10 TEYEHHUIO, a 110 JIBYM OeperaM — BHHU3 [0 TEYECHHIO.
OpmHako B 3TO BpeMsi OCHOBHOE TEUEHHE UMeeT Ooee
BBICOKYIO CKOPOCTBh M Ha IpPaBOM Oepery, Ha y4JacTke
ot nuno3a ben Hre no uuiro3a Tan TxyaH, v npoTekaeT
omu3ko k Oepery. [Ipu 3TOM B 3TO BpeMsi CMEHBI TeUe-
HUS JIEBBIH Oeper B HaIpaBJICHUH B3IJISAAA C BEPXHETO
TEYeHUS Ha HIDKHEE BCEra MMeeT HauOOJBIIYIO CKO-
pOCTb, 3aT€M CKOPOCTh B CEPEJUHE HOBOTO TEUCHUS

b

Puc. 13. PaciipenencHue CKOpoCTU TeUEHUs B paliOHe LIUII03a
Tan Txyan B mosioBoJse mipu npuiuse (a) u otause (b)
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Puc. 14. PacripeneneHue CKOPOCTH TE€UEHHs B KOHIIE OTIMBA
K Havay MpUINBa

MOCTEMEHHO yBenuyuBaeTcs. Kpome Toro, ckopocth
TeUCHHsI B pyciie (TIe UMEIOTCS IMPOTHBOIIABOIKOBBIC
IILTI03bI) B cpefHeM cocrasisiet okouo 0,1-0,2 m/c, uto
3HAYUTEIbHO MEHBIIIE CKOPOCTH B PEKE M Ha MPAaBOM
Oepery.

Tpu nanuuuu nPOMUBONABOOKOBHIX ULTIO308

[pu sKcTITyaTanyuy MpoOTHBOMABOAKOBRIX IIUTIO30B
B IIEJIOM TI0JI€ CKOPOCTEH IMOTOKA CYIIIECTBEHHO HE H3-
MCHSICTCS B MEXKCHB U TIOJIOBOJIbE. 3HAUCHUS CKOPOCTHU
TIOTIEPEK PEKH C JIEBOTO Oepera Ha IpaBblid WK 10 peKe
CHIDKEHBI 110 CPaBHEHHIO C OTCYTCTBHEM IPOTHBOIA-
BOJIKOBOT'O IIII032, HO pa3HUIla HeBenuka. B Hauane
KaHaJa (TaM, TJIe PacIiOIOKEHBI IIUTIO3bI) IMEETCS KpPy-
TOBOM IMOTOK ¢ HEOOJBIIOI CpeTHEH CKOPOCTHIO OKOJIO
0,1-0,15 m/c (puc. 15).

Puc. 15. Buxpessie Teuenus nepen unio3om Tan Tyan (a)
u niepen uutro3oM Hre ()

80

Pesynbprarsl reonornyeckoil CbeMKH Ha MPaBOM
Oepery gepe3 CKBaKUHBI 1 OTOOP MPOO HAHOCOB B pPeKe
CBUJICTEJIBCTBYIOT O TOM, YTO IIOBEPXHOCTHBII MaTepu-
aJl pycia peKku U IByX OeperoB IPeICTaBIeH B OCHOB-
HOM HWIIOBBIMH dacTumamu pazmepoM 0,002—-0,08 mm
1 yacTunamu sl pazMepoM MeHee 0,002 mm. Crienno-
BaTeIbHO, COMIACHO BheTHaAMCKOMY cTanmaapty TCVN
4118:2012, Herpo3WOHHAST CKOPOCTH YACTHUIl TPSI3H
vt V, = 0,26 M/c. UTo kacaeTcss NpuMeHEHHS
(popmynsl ['onyapoBa, To HE3PO3HOHHAS CKOPOCTH V=
0,35 m/c. DTo mMoKa3bIBALT, YTO MPU 3HAYCHUHU U pac-
MIPE/ICIEHNH CKOPOCTH, KaK ITPOaHAIN3UPOBAHO BBIIIE,
p. Caliron Bcerjga HaXOJUTCA B COCTOSHUU 3PO3HH,
JAHHBIN Mpolecc Hanbosee CUIIBHO BBIPAKEH B pyCIIe
PEKH, KOT/1a CPeHsIsI CKOPOCTD B TIOJIOBO/IBE COCTABIISET
oxkouio 0,7-0,8 m/c, a B cyxoii ce3on ot 0,5 1o 0,6 m/c,
9TO XOpOoIIo BUAHO Ha pHc. 16. [Tockompky reomoruye-
CKasl CTPYKTYpa JIByX OeperoB peKH NpeiCTaBIsieT coOO0H
MSTKYIO TIOYBY, WJI U TJIHY, @ TEYCHUE B PEKe — IMOTOK
BBEPX 110 TEUCHHIO U TIPUIIUB, TIPOLIECC IPO3UH HPOHCXO-
JT Ha 00oux Oeperax peKH He TOJIBKO ¢ KaXJI0k CTOpo-
HBI, BOTHYTHIE Oepera, Kak 1 y JPYTHX peK.

Ha n3BMIINCTBIX yyacTKaxX peKH BO MHOTHX CITyda-
SIX OCHOBHOM IOTOK TeueT OJIM3KO K Oepery, 4To yCKo-
psIeT CKOpOCTh OEperoBoii IPO3UN M YBEITUUUBAET Mac-
mTabsl onon3Heil. Bmecte ¢ TeM B paiione nuto3a Tan
TxyaH Bcera camble BBICOKHE CKOPOCTH, TIO3TOMY PHUCK
9pO3MU Ha JIHE PeKH U y Oepera Bbicok. Kpome Toro,
nutto3 Tan TXyaH siBiIsieTCs BOPOTaMH Ha IUIaBY4YMM
PBIHOK, Ky/la €KEeIHEBHO KypCHPYIOT COTHH JIOJIOK, T10-
3TOMY TOSIBJICHHE MECTHOM OOJIBIION CKOPOCTH OyIeT
OTIACHO ISl IBMXKCHHUS JIOAOK.

[on neiicTBreM TedeHMit Oeper peku OyaeT Herpe-
PBIBHO Pa3MBIBATHCSI CO BPEMEHEM U B COOTBETCTBHH
C BBICOTOM YPOBHSI BOABI. Pycio pexu GyneTr pa3MbIBaTh-
cs1 OblcTpee, ueM Oeper peKkH n3-3a BBICOKOH CKOPOCTH
TEUEHHs, MOITOMY OyayT 00pa30BBIBATHCS JIOKAIbHbIC
9PO3UOHHBIE MBI, KOTOPBIC OCTENIEHHO PACIIUPATCS
n ynryOsitest B 1Ba Oepera /10 MpeAenbHOTO COCTOSHUS,
YTO BBI30BET HEYCTOHYMBOCTH M OIMOJI3HHU. B Havase ka-
HaJla Ipu paboTe MPOTUBONABOAKOBBIX LITIO30B MOSIB-
JICHUE BOZOBOPOTOB C MaJIOH CKOPOCTBIO TAKXKE TTIOBITH-
SI€T Ha JIBU)KEHHE MAJIOMEPHBIX CYJOB U CO3/1aCT PHUCK
YBEIMUYCHUS KOJTMYECTBA OTIIOKEHHH HAHOCOB.

3AKJIIOYEHUE U OBCYXJIEHHUE

CxopocTb TeueHus Ha p. CaliroH UMeeT CI0XKHOE
pacrmpesiesnieHne U MEeHSeTCa OT Mepuoja K MepHOAy
B 3aBHCHMOCTH OT MaBOAKOBOTO CTOKA M3 BOAOXPaHH-
quia 3ay THeHT U NIpUINBHO-OTIIMBHBIX TeueHuil Boc-
TOYHOTO MOPSI.

3HaYeHNE CKOPOCTH TEUCHHS B CEpEINHE PEKU
npumepHo B 3—4 pasa Ooiblle, 4eM Ha JBYX Oeperax.
OpHako B MPOMEXYTKaX MEXAY MPUIMBOM U OTJIMBOM
TEUCHHE 10 00eMM CTOPOHAM PEKH HMeeT Ooiee BEI-
COKO€ 3HaY€HHE CKOPOCTH, UEM Y OCHOBHOIO IOTOKA,
0COOCHHO Ha KPMBOJMHEHHBIX BEpIIMHAX Oepera, Ta-
KHX Kak Oeper pexu ot nuto3a ben Hre no mumosa Tan
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Puc. 16. PacueTHast CKOpOCTb OTOKA M HEAPOZHOHHASI CKOPOCTh

TXyaH ¥ y4acTOK peKH OT NOJULEHCKON cTaHIUU AH
Jlo#t Hour o mocra Txy Tuewm 2.

3HauYeHHs] CKOPOCTU Ha MCCIENYEMOM YYacTKe
peKkHu B OOJIBIIMHCTBE CIydYaeB NPEBHIIIAIOT JIOIY-
CTUMBIC 3HAYCHHS 0€39PO3NOHHOI CKOPOCTH YacTHIL
PYCIIOBOTO MaTepHuala, OeperoB peK, a TakXKe J4acTHIL
B3BELICHHBIX HAHOCOB, MO3TOMY IIPOIECC pa3MbIBa
1o 00erM CTOpOHAM peKu OyleT MPOUCXOIUTH PETy-
JSIPHO ¥ HEIPEPBIBHO, M HEOOXOANMO CPOYHO MPHUHSTH
Mepbl 110 3amuTe Oepera peku. Ha mecTtHOM ypoBHE
€CTh HECKOJIBKO MECT C MaKCHUMAaJIbHOH CKOPOCTHIO,
KOTOpBIE CHIEJIAIOT 3TOT MPOLECC CHIIBHEE U Cepbe3Hee,
HarpuMmep MecTo Bo3iie nuto3a Tan TxyaH, 6eper pekn
ot nutto3a ben Hre o nuito3za Tan Txyan U ydyactok

pexu ot nonuuenckoil cranuuu AH Jloit JIoHr 1o Mocta
Txy Tuem 2.

IIpu skcmmyaTanuy NpoTHBONABOAKOBBIX IITI030B
9TO HE CUJIBHO MOBIMSIET HA MO0JIE€ CKOPOCTH TEUECHHUS
Ha p. Cailros, a JTUIIb HEMHOTO YMEHBUIUT 3HAYECHUE
CKOPOCTH TEUEHHUs], Hapsiy C MOSIBICHUEM BUXPS IIepest
peKkaMu, 4TO MOXET MOBJIUATh Ha JABUKEHUE JIOJIOK
U BBI3BaTh OCaX/CHHE.

Brnepsslie none ckopocrteil Teuenus p. Caifron no-
Ka3aHO Ha ABYMEPHBIX M300pakeHHsX. Pesynbrarsl,
W3JIO)KEHHBIE B CTAaThe, UMEIOT OOJIBIIOE HAYYHOE 3Ha-
YEHHE, TIOMOTast UCCIIEA0BATENSAM U IPOSKTUPOBLIUKAM
MOJIyYUTh MPEACTABICHHUE O paclHpe/eIeHUH CTOKa
Y YaCTUYHO OOBSICHUTH IPUUNHY HBIHEITHUX €XKE/IHEB-
HBIX OIOJ3HEH B 3TOM palioHe.
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Dan Xane Xanv — ananusz uCmouHUKO8 u 1umepanypbl, NOCmMpoeHue Mooenu, npogeoetie pabomol, anaiu3

NOYYEHHBIX Pe3YIbIAmos, GopmMyIuposane 8bl60008.

A6m0pbl 3as61510m 00 omcymcemeuu KOH(])ﬂuKma urmepecoe.

INTRODUCTION

Rivers are natural streams on the surface of the con-
tinent, fed by rainwater, groundwater and meltwater
[1-3]. Rivers play the role of water transport in the hy-
drological cycle of a basin and at the same time repre-
sent characteristics of water security, ecology and envi-
ronment of a district, city or country [4—7]. Maintaining
the stability of river flow is a relevant issue for the liveli-
hoods and production process of people living on both
sides of the river.

The Saigon River originates in low hills, with
a relative elevation of about 150 m in Binh Phuoc
province, flows through Lake Dau Tieng (Tai Ninh),
through Binh Truong province and on to Sai Gon [8, 9].
At the junction of the Red Cape, the Saigon River joins
the Dong Nai River to form the Saigon — Dong Nai
River system and then flows into the sea. The Saigon
River has a total length of 256 km, of which the section
flowing through Ho Chi Minh City is 80 km [10].

Over the past decades, Binh Duong and Ho
Chi Minh City have remained the country’s leading
economic centres, ranking among the top five
regions with the highest GDP in Vietnam [11, 12].
Due to the economic growth of this region, the role
of the Saigon River with the largest inland waterway
system in terms of capacity in Vietnam cannot be
overlooked. Moreover, Ho Chi Minh City is also

a major urban area in Vietnam with a population of over
9 million people. Consequently, any change in the flow
and morphology of the Saigon River affects economic
development as well as the lives of Ho Chi Minh City
and the provinces on both sides of the river (Fig. 1).

There are many causes leading to river landslides,
such as: geological characteristics, sand mining,
infrastructure construction, urban development,
the impact of shipping, etc., with the hydrological
regime of river flow being one of the main factors
causing erosion [13—17]. The Saigon River is not only
influenced by the upstream current, but is also highly
dependent on the East Sea tide with a semi-diurnal tidal
regime. This makes the hydraulic regime of the Saigon
River. Saigon is more complex and different from many
rivers in the world. Therefore, it is necessary to study
and assess the flow variation of the Saigon River.

Since mid-2016 Ho Chi Minh City has launched
a project to build six flood control sluices on tributaries
of the Saigon River in accordance with Prime Minister’s
Decree No. 1547/QD-TTg to protect the central region
from the effects of climate change and sea level rise.
It is important to answer the question of how this will
affect the flow regime of the Saigon River during
the construction works.

A number of studies have been done on flood
control structures and the Saigon-Dong Nai River basin.
Nguyen and Binh [18] showed that when precipitation

Fig. 1. Washout on the bank of the Saigon River
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and tidal peaks occur at the same time, the protective
capacity of the flood control sluice system in Ho
Chi Minh City is negligible. Do Dac Hai [10], Phu
Quynh [19] concluded that there is a need for anti-sink
structures in the inner part of the city. Ho Chi Minh City
is bound to affect the hydrological regime and water
quality in the downstream areas, including the salt
intrusion problem. The sensitivity to climate change, sea
level rise and land use in this area has been considered
by Tran [20], Van [21]. Toh Nu [22] models the flood
level and proposes flood control drainage solutions for
the Van Thanh-Ho Chi Minh City area. Shong [23],
Hoang [24] studied the effects of oil reservoir discharge
in the lower reaches of Saigon River.

The aim of this study is to analyse the effects
of flow on riverbank erosion through a two-dimensional
flow velocity field, taking into account the impact
of flood protection structures. The results of the article
will provide an important scientific basis for providing
solutions for preventing and overcoming two river bank
erosion in conjunction with urban planning in a modern
and sustainable way.

MATERIALS AND METHODS

Field of study

The section of the Saigon River from Saigon
Bridge to Cape Diamond (marked in red in Fig. 2) was
chosen to build the 2D model. This is an important
stretch of the river with the political and economic
centre of Ho Chi Minh City on one bank and Thu
Thiem district on the other, which is planned to become
an economic centre, Vietnam’s largest financial and
international trade centre. Two of the six flood control
sluices, namely Ben Nghe and Tan Thuan, are also
being built on this stretch of river.

Research methods

In this paper the hydraulic module (HD)
of the MIKE 11 and MIKE 21 models is used
to investigate the flow velocity field of a section
of the Saigon River.

MIKE 11 HD computes unsteady water level
and flow in rivers and estuaries using an implicit,
one-dimensional, finite-difference formulation (fully
dynamic higher-order Saint-Venin equations), which are
solved using the 6-point Abbott-Ionescu method [25].

= J Saigon Bridge [Ss

Sluice Ben Nghe

&

#9 Cape Diamond &

luice Tan Thuan §

Fig. 2. Location of the study area
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It is applicable to vertically homogeneous flows from
steep rivers to estuaries subject to tidal action. It is
also possible to simulate flow through a wide range
of structures such as broad crest spillways, culverts,
control structures, bridges and user defined structures.

The input data for the MIKE 11 HD model
includes: river network, cross-section parameters, water
level flow values at boundary points. The Saigon-Dong
Nai river network is shown in Fig. 3.

MIKE 21FM is a two-dimensional hydrodynamic

Uromed

Fig. 3. Saigon — Dong Nai river network on MIKE 11

model that simulates water levels and currents in rivers,
estuaries, bays and coastal areas. A simulation model
of two-dimensional unsteady flow for a current layer is
presented in [26, 27]. The system of simulation equations
includes continuity equations combined with momentum
equations describing changes in water level and flow
rate. The topography of the Saigon River section based
on the Mike 21FM model from the authors’ survey
carried out in September 2022 is shown in Fig. 4.
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Fig. 4. Topography of the Saigon River section from Saigon
Bridge to Cape Diamond
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Calculation scenario

In order to study the change and distribution
of the flow velocity field on the Saigon River when
the flood gates were triggered, design scenarios for the year
2000, when flooding caused great damage to the Mekong
River delta and the Saigon-Dong Nai area, were selected.
The flood discharge of the Dau Tieng reservoir and
the water level in Vung Tau in 2000 are shown in Fig. 5.

RESEARCH RESULTS

Fig. 5. Flood discharge of Dau Tieng Reservoir (a) and water
level in Vung Tau (b) in 2000

Model calibration and validation

The Mike 11HD model is calibrated using
actual data measured at the hydrological stations from
October 1 to December 15, 2010 and verification at Bien
Hoa, Thu Thu Dau Mot stations from June 1 to June 16
2009. Good agreement between modelled and observed
water levels in different time periods can be seen.

The Mike 21FM was tested with water levels at
the Phu An gauging station from October 1 to Novem-
ber 31, 2013 (Fig. 6).

The accuracy of the numerical results was assessed
by means of the determination coefficient R? and
the Nash-Sutcliffe coefficient E, (Table). According to
Moriasi’s efficiency criteria [28] the coefficients R>
and £, show that the model has high reliability when
modelling the flow.

Performance of Mike 11 and Mike 21 for water level modelling

Mike 11HD Mike 21FM
Station (01.06.2009— (01.10.2013-
16.09.2009) 30.11.2013)
R’ E, R’ E,
Bien Hoa 0.91 0.83 — —
Thu Dau Mot 0.97 0.91 —
Phu An — — 0.98 0.96
Results

The section of river from Saigon Bridge to Cape
Diamond has a topography consisting of many winding
sections whose flow is affected by both upstream flood
flows and tides in the East Sea. The hydraulic regime
is therefore very complex with continuous changes in
flow direction throughout the day.

Dry season when there are no flood defences
During the early months of the dry season, the Dau
Tieng Reservoir discharges only enough water for irrigation

Phu An Station

Water level, m

L
4
4
4

—&— Simulation

—+— Observation

-2

October 1 October 11 October 21

October 31

November 10 November 20 November 30

Fig. 6. Water level at Phu An station, temporary measurement from October 1 to November 30, 2013
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and daily life, so the flow of the Saigon River is influenced
by the East Sea tide with two tides per day. Saigon is
influenced by the tide of the East Sea with two tides per day.

Considering the field of current velocities during
the period from high tide to low tide, it is found that,
both at high and low tide, the flow in the middle
of the river is always greatest, then gradually decreases
towards the two banks. At low tide, the flow is twice
as fast as at high tide, at low tide the average speed in
the middle of the river is about 1.6 m/s, while on both
banks of the river it is only about 0.4 m/s. However,
locally there is a place with a very high velocity
(V.. = 2.96 m/s) near the Tan Thuan sluice, this can be
clearly seen in Fig. 7.

Fig. 7. Flow velocity field of the Saigon section at low tide

At high tide, the average current speed in
the middle of the river is about 0.7 m/s, while on both
sides of the river it is only about 0.3 m/s. The Tan
Thuan sluice area is still the area with the strongest
current. In addition, at the end of the high tide and
beginning of the low tide, the flow in the river has
a particular distribution (Fig. 8). At this time, the main
flow in the river tends to flow upstream, but on both
sides of the river the water flows back downstream
at a rate 2—3 times that of the main flow. In addition
to the swirling currents appearing at a location about
lkm from Cape Diamond, the speed in the area
of the whirlpool is also low, only about 0.1-0.2 m/s.

During the peak months of the dry season (April and
May) the Dau Tieng reservoir discharges large volumes
of water, resulting in a strong change in flow velocity
distribution. At the first time of a new tide, the upstream
velocity distribution is formed simultaneously with
the upstream velocity distribution, as shown in Fig. 9.
The upstream flow to the downstream side of the river
is called the midstream flow — this is the tide flowing
upstream. On some curved sections of the river
the upstream current flows close to the shore, while
at a distance from Cape Almazny there are still eddy
currents with a maximum velocity of about 0.4 m/s. In
general, the current velocity is not too high at this time.

The tide then increased and became the main flow

2 2 D e o g 4 St
® e Gt Yow O Vo o W b
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o

Fig. 9. Distribution of current velocity during the initial
phases of the April-May tide

of the river with an average velocity of about 1 m/s in
the middle of the channel, about 0.7 m/s on the right bank
and 0.4 m/s on the left bank. At the Tan Thuan sluice,
the maximum flow velocity is still about 1.5 m/s (Fig. 10).

When the tide recedes in conjunction with
the upstream currents, speeds in the river are high,
in many places around 1.7 m/s, and in many sections
on both sides of the river speeds reach around 1 m/s.
However, a section of the river is about 1 km long
on the left bank near Cape Diamond, the speed here is
low, only about 0.2 m/s (Fig. 11).

Fig. 8. Distribution of current velocity at the end of low tide and at the beginning of high tide
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Fig. 10. Distribution of current velocity at high tide in April-
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Fig. 11. Distribution of current velocity at low tide in April
and May

Flood season when there are no flood defences

2000 was a year of severe flooding in the Mekong
Delta and the southeastern region. In mid-October 2000,
the Dau Tieng reservoir released a very large volume
of water (Q = 600 m%/s). At high tide, the midstream
velocity is about 0.7-0.8 m/s and decreases to about

Fig. 12. Flow velocity distribution at high tide

0.4-0.45 m/s on both sides, but the right bank (top
view) is high, slightly higher (Fig. 12).

At low tide the speed on both banks of the river
is about 0.4-0.5 m/s, the right bank is slightly higher,
at midstream the speed is about 1.5-1.6 m/s. However,
near Tan Thuan sluice the speed is high, almost
3 m/s, in addition, there is a high eddy on the left side
of the channel leading to Tan Thuan sluice at high tide

b

Fig. 13. Current velocity distribution at Tan Thuan sluice at
high tide () and low tide (b)

(Fig. 13, @) and on the right side at low tide there is
a small speed of about 0.1-0.2 m/s (Fig. 13, b).

As in the dry season, at the end of the low tide to
the beginning of the high tide, the flow velocity field
in the river is particular. In particular, the main flow
in the middle of the river flows downstream, while
on the two banks it flows upstream at a higher speed
of about 0.2-0.3 m/s. A whirlpool with the highest
velocity of about 0.5 m/s on the left bank has formed
on a section of about 1 km from Cape Diamond (Fig. 14).

On the contrary, during the transition from the end
of the high tide period to the beginning of the low tide,
the main channel flows upstream and on the two banks it
flows downstream. At this time, however, the mainstream
also has higher velocity on the right bank, in the section
from Ben Nghe sluice to Tan Thuan sluice, and flows
close to the shore. At this time of the current change,

Fig. 14. Distribution of current velocity at the end of low tide
to the beginning of high tide
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the left bank in the upstream to downstream direction
of view always has the highest speed, then the speed
in the middle of the new current gradually increases.
In addition, the current velocity in the channel (where
there are flood control sluices) is on average about
0.1-0.2 m/s, which is considerably lower than
the velocity in the river and on the right bank.

Where flood defences are in place

The flow velocity field does not change significantly
during low flow and high water during operation
of flood control sluices in general. The velocity values
across the river from the left bank to the right bank
or along the river are reduced compared to the absence
of a flood control sluice, but the difference is not great.
At the beginning of the channel (where the sluices are
located) there is a circular flow with a small average
velocity of about 0.1-0.15 m/s (Fig. 15).

The results of the geological survey on the right
bank through boreholes and sediment sampling in

E

a

the river indicate that the surface material of the river
channel and the two banks is mainly represented by
silt particles of 0.002-0.08 mm and clay particles
of less than 0.002 mm. Consequently, according
to the Vietnamese standard TCVN 4118:2012,
the non-erosion velocity of mud and clay particles
V,.=0.26 m/s. Regarding the application of Goncharov’s
formula, the non-erosion velocity ¥, = 0.35 m/s. This
shows that with the value and distribution of velocity
as analysed above, the Saigon River is always in a state
of erosion, this process is most pronounced in the river
channel, when the average velocity in the flood is about
0.7-0.8 m/s, and in the dry season from 0.5 to 0.6 m/s,
this can be clearly seen in Fig. 16. As the geological
structure of the two riverbanks is soft soil, silt and
clay, and the flow in the river is upstream and tidal,
the process of erosion does not occur on either side
of the riverbank alone, concave banks like those
of other rivers.

b

Fig. 15. Eddy currents upstream of Tan Thuan sluice (@) and upstream of Nghe sluice (b)

—+—Right bank —+—Middle of the river
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Fig. 16. Calculated flow velocity and non-erosion velocity
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In the winding sections of the river, in many cases
the main flow is close to the shore, which accelerates
the rate of coastal erosion and increases the extent
of landslides. At the same time, Tan Thuan sluice
always has the highest velocities, so the risk of erosion
on the river bed and near the shore is high. In addition,
Tan Thuan sluice is the gateway to the floating market,
where hundreds of boats ply daily, so the occurrence
of local high speeds will be dangerous for boat traffic.

The river bank will be continuously eroded over
time and in accordance with the water level elevation
due to currents. The river channel will erode faster
than the river bank due to the high current velocity
and therefore local erosion pits will be formed, which
will gradually widen and deepen into the two banks
to the limit state, causing instability and landslides.
At the beginning of the channel when the flood
control sluices are in operation, the occurrence of low
velocity whirlpools will also affect the movement
of small vessels and create a risk of increased sediment
deposition.

CONCLUSION AND DISCUSSION

The current velocity on the Saigon River has
a complex distribution and varies from period to period
depending on the flood discharge from the Dau Tieng
reservoir and the tidal currents of the East Sea.

The flow velocity value in the middle of the river
is about 3—4 times higher than on the two banks.
However, between high and low tide, the current

on both sides of the river has a higher velocity value
than that of the main stream, especially on curved bank
tops such as the river bank from Ben Nghe sluice to Tan
Thuan sluice and the section of the river from An Loi
Dong police station to Thu Thiem Bridge 2.

The velocity values in the studied river section
are in most cases higher than the allowable erosion
free velocity values of particles of channel material,
river banks as well as suspended sediment particles,
so the erosion process on both sides of the river will
occur regularly and continuously and urgent measures
to protect the river bank are needed. Locally, there are
several locations with maximum velocities that will
make this process stronger and more serious, such as
the location near Tan Thuan sluice, the river bank from
Ben Nghe sluice to Tan Thuan sluice and the section
of the river from An Loi Dong police station to Thu
Thiem 2 bridge.

When operating the flood control sluices, this will
not affect the flow velocity field on the Saigon River
much, but will only slightly reduce the value of the flow
velocity, along with the appearance of an eddy ahead
of the rivers, which may affect boat traffic and cause
sedimentation.

For the first time, the flow velocity field
of the Saigon River is shown on two-mensional images.
The results presented in the paper are of great scientific
importance, helping researchers and planners to gain
insight into the flow distribution and partly explain
the cause of the current daily landslides in the area.
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