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Nghién cttu xay dung va danh gid mét mé hinh thiiy déng luc hoc hai chiéu trung binh theo d6 sau cho doan
s6ng Can Tho chiu anh hwdng manh cta thuy tridu. Dit liéu dAu vao gdm hai tuyén by ke, 103 miit cit ngang
trén doan séng dai khoang 10,6 km va chudi myc nudc, lvu lvgng theo gi®y lién tuc 15 ngay tai C4i Ring va
My Khanh. Hé phuong trinh nudc nong hai chidu dang gian lvge (bo qua gia tbe dbi lvu) dugce giai bing
phuong phép sai phan hitu han hién trén léi cong so le kiéu Arakawa C; buéc thi gian diege khéng ché
theo diéu kién CFL va bé loc Shapiro dugc st dung @8 han ché nhiéu sb. M6 hinh duvgc hiéu chinh trén 8
ngay va kiém dinh doc l4p trén 7 ngay, véi hé sé nham Manning t6i vu n = 0,025. Trong giai doan hiéu
chinh, NSE dat 0,789 d6i v&i muc nuwéc tai Cai Réng va 0,641 dbi véi lvu lugng tai My Khanh; cac gia tri
twong ng trong giai doan kiém dinh ting 1én 0,915 va 0,747. RMSE kiém dinh dat 0,168 m déi v6i muc
nuée va 189,93 m3/s dbi v&i lwu lwong, trong khi R? 1an lwgt dat 0,962 va 0,901. Két qua cho thdy mé hinh
tai hién tét pha va dao dong muc niée tridu; lvu lvong duoe tai hién & mic kha vé pha va qué trinh ddi
chidu (RMSE kiém dinh bing khoang 50 % d6 léch chuin quan tric), song sai s tai cc cic tri con dang ké.
Trong pham vi céc gia thiét d& néu, mé hinh c6 thé 1am nén thiy dong luc cho céc bai todn van chuyén vat
chét trén doan Cai Ring-M§j Khanh.

ABSTRACT

Can Tho River

Shallow water equations
2D hydrodynamics
Curvilinear grid
Calibration

Validation

This study develops and evaluates a depth-averaged two-dimensional hydrodynamic model for the tide-
dominated Can Tho River. Model inputs include two revetment alignments, 103 surveyed cross-sections along
an approximately 10.6 km river reach, and 15 consecutive days of hourly water-level and discharge
observations at Cai Rang and My Khanh. The two-dimensional shallow-water equations, simplified by
neglecting advective acceleration, are solved using an explicit finite-difference scheme on a curvilinear
Arakawa C staggered grid. The time step is constrained by the CFL condition, and a Shapiro filter is applied
to suppress short-wave numerical noise. The model is calibrated over the first 8 days and independently
validated over the remaining 7 days, yielding an optimal Manning coefficient of n = 0.025. During
calibration, NSE values are 0.789 for water level at Cai Rang and 0.641 for discharge at My Khanh; the
corresponding validation values increase to 0.915 and 0.747. Validation RMSE is 0.168 m for water level
and 189.93 m®/s for discharge, while R? reaches 0.962 and 0.901, respectively. The model reproduces tidal
water-level phase and variability well. Discharge phase and flow reversal are reproduced reasonably
(validation RMSE = 50% of the observed standard deviation), although errors at peak flows remain notable.
Within the stated assumptions, the model provides a hydrodynamic basis for material-transport studies along
the Cai Rang—My Khanh reach.

1. M& dau

hoc 16ng d4n ubn khiic va bién d6i d6 sau theo khéng gian lam cho viéc

mo ta thity dong luic bing cic quan hé mot chidu don gian gip nhiéu

S6ng Cin Tho 1a mot chi lwu ctia séng Hau, chay qua khu viee d6
thi trung tAm va chiu tic dong r6 rét ctia ché d6 ban nhat tridu khong
d8u. Trén doan nghién cttu, muc nwée cé thé dao dong khoang -0,9 dén
+1,5 m theo hé cao d6 Hon DAu, trong khi lttu lwgng dbi diu theo pha

tridu va c6 thé dat trén 1.000 m3/s. Pidu kién dong chay hai chiéu, hinh
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han ché. Mot mé hinh hai chiéu trung binh theo d¢ sau vi vay pht hop
dé mé ta ddng thoi sy truyén tridu va phan bé dong chay theo miit bing.

Céc nghién cttu mé hinh thiy déng luc & Pdng bing song Cliu
Long dén nay chii yéu dwge thire hién & quy mé toan chéu thd. M6 hinh
mang séng 1D va 1D-2D da dugc hiéu chinh cho bai toan 1d [11], danh
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gia bdi 14ng bin cat viing ngp [12] va tic déng cta hé théng dé bao
dén 1t ha du [13, 14]. M6 hinh Delft3D FM tich ho'p ven bién-noi dia
ciing da dugc 4p dung cho bai toan xam nhap min [15]. Pi v6i TP.
Cén Tho, cc nghién ctu ngép @6 thi tdp trung vao tac déng cua do thi
héa, bién dbi khi hau va td hop li-mua [16, 17]. Trong cdc mé hinh
nay, séng Cin Tho thuong dugc bidu dién nhi moét nhanh 1D v&i mat
cit thwa, hodic chi déng vai trd bién ctia bai toan ngap; triudng dong
chay 2D trong 1ong séng chua dwgc hiéu chinh va kiém dinh tre tiép.
Bén canh d6, cac bai toan van chuyén vét chit quy mé doan séng nhu
bam vét vi nhiza ddi hoi moét mé hinh thiy déng Ive dit gon dé chay
nhiéu kich ban va d& ghép véi mo-dun Lagrange. Hé phiiong trinh nuée
néng (Shallow Water Equations, SWE) 1a nén tang kinh dién cho mé
phong dong chay sbng, clta séng va ving nudc nong [1]. Trong nghién
cttu ndy, mé hinh duoc xay dung tric tiép bing Python trén 1ui cong
bam theo hai tuyén b ké thuc té, nhim gidm sai khac hinh hoc tai cac
khiic cong va cho phép ndi suy dia hinh tit hé théng mit cit khao sat.
Viéc danh gia md hinh dugce thire hién bing nhiéu chi s6 théng ké thay
vi mot chi s6 don 1é, phit hop véi khuyén nghi v& danh gid mé hinh
thuy vdn va moi truong [2-5]. Muc tiéu ctia bai béo 14 trinh bay ngén
gon quy trinh x4y dung, hiéu chinh va kiém dinh mé hinh thity dong
lie hoc 2D cho séng Cin Thoj; céc ndi dung mé phong van chuyén vi
nhua khong dugc xem xét trong pham vi bai bdo nay. Nghién cttu nay
khong d@ xuét cai tién vé so dd sb: hé SWE, 1u6i so le Arakawa C [18],
didu kién CFL [10] va bd loc Shapiro [19] déu 1a ky thuat kinh dién.
Déng g6p ctia bai bao gdbm: (i) mét md hinh 2D trung binh theo d6 sau
duwoc hiéu chinh va kiém dinh doc 14ap cho doan séng Cin Tho d6 thi da
ké hai b&, v6i dong chay dbi chidu trén 1.000 m®/s; (ii) mét quy trinh
tao ludi cong truc tiép tit hd so thiét ké cong trinh (hai tuyén ke va 103
miit ct), c6 thé 4p dung lai cho céc séng nhanh chiu tridu khéc. M6
hinh khéng nhim thay thé cic phin mém nhu Delft3D FM, TELEMAC
hay MIKE 21, ma la mot céng cu gon, minh bach, phuc vu truc tiép cac

bai to4n van chuyén vat chit trén doan séng nghién ciu.

2. Dt liéu va phuong phap nghién ciu
2.1. Khu vic nghién citu va dir liéu

Mién nghién cifu kéo dai khoang 10,6 km tit mit cit MCO-0, tai
khu vite gidp song Hau, dén MC102-102 tai My Khanh. B& réng miit
nuée thay déi khoang 100 dén 260 m; hai bo dwoc ké kién cb. Dit liéu
dia hinh gdm hai tuyén b& ke va 103 mit cit ngang, v&i khoang céch
trung binh gitta cic mit cit xip xi 100 m, ké thira tit hd so thiét ké va
khao sat ctia Dy 4n Ké b& séng Cin Tho [6]. Dit liéu thiy vin gdm muc
nudc va luvu lugng theo gio lién tuc 15 ngay (06/04-21/04) tai Cai
Ring vaA My Khéanh, bao quat mgt chu ky tridu cudng-tridu kém [7].
Céc chudi quan tric dugc kiém tra tinh lién tuc v 1am tron bing trung
binh trvgt 3 git' dé loai dao dong gai do thiét bi. Phép loc nay giam
bién d6 thanh phan M2 khoang 8 % va K1 khoang 2 %; né duoc ap
dung nhv nhau cho chudi didu kién bién va chudi ding dé danh gia.
Anh huéng ciia phép loc dge kiém tra bing cich chay lai mé hinh véi

so liéu goc.
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2.2. Xdy dung lwdi cong va dia hinh ddy

Ludi cong dugc xay dung dé bam theo hinh hoc long dn thuc
té [9]. Tim tuyén dong chay dugc xic dinh tit hai tuyén bd bing
phuong phap ghép cip diém gin nhét; trung diém cta titng cip tao
thanh dwdng tim va khoang cach giita hai diém by cung cAp bé rong
cuc bg. Cac di thuong bé rong do hinh hoc hoic sai s6 s6 héa duge xit
1y bing b6 loc trung vi va gidi han theo nén cuc bd. Mbi mit cit dugce
chuén héa theo toa d6 ngang khéng thit nguyén £ tit -1 dén +1, sau d6
ndi suy 1én 17-21 diém chung theo phiong ngang v ndi suy tuyén tinh
gitta cac mit cit theo phuong doc séng. Toa db thutc cia Iwdi dugc xac
dinh ti¥ tim tuyén, bé réng séng va véc-to phép tuyén cuc bd. Bude ludi
doc song st dung As = 20 m, twong ng khoang 530 hang 1u¢i. Do mo
hinh chva cé thuat todn vét-kho [20], 25% bé rong sat mdi bo dugce

loai khéi mién déng luc.

3
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Hinh 2. bia hinh day noi suy trén luéi cong ctia doan séng Cin Tho.
2.3. M6 hinh thiy dong li'c hoc

MO hinh stz dung hé SWE hai chidu trung binh theo d¢ sdu dang
gian Iwgce, bo qua gia tbe dbi luu va lue Coriolis nhing git nguyén sb
hang ma sat béc hai va d6 sau t@c thoi trong phuong trinh lién tuc [21].
Goi s 14 chidu dai cung doc tim tuyén, & € [—1, 1] 1a toa d6 ngang khéng
thit nguyén, B(s) 12 bé rong cuc bd, n(s) 14 véc-to phéap tuyén don vi va
k(s) 12 d6 cong tim tuyén. Vi tri thite ctia mot diém ludi 1a:

x(s, §) = x(s) + &[B(s)/2]n(s) (€3]

Céc hé sb Lamé twvong ting la hy = 1 — &B/2 va hy = B/2;
Jacobian J = hyhs. Véi u, v 12 cac thanh phin van téc vat Iy theo hai
huwéng 116, hé phuong trinh trong toa d6 cong trife giao (s, §) dugc viét:
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on/at + [0(heHu)/ds + d(hHv)/9¢]/(hho) = O 2
u/dt = —(g/h)an/ds — (gn*/H(4/3))uv(u*+v?) 3)
ov/ot = —(g/h9on/o& — (gn¥/H (4/3)IW(u?+v?) ()

trong dé n la cao d6 muc nudc; u va v la cac thanh phan van téc
theo phuong doc va ngang song; H = 1 - Zb la d6 sau tic thoi; g la gia
tbc trong trwdng va n 1 hé sé nham Manning. Cac s hang chita dao
ham ctia hé s6 Lamé trong phiong trinh déng lwgng (nhu sé hang ly
tam u?k) déu xudt phat tit gia téc dbi lvu nén dugce bo qua mot cach
nhit quan; hé s6 Lamé chi con xuit hién trong toan tif phan ky (1) va
gradient ap Iwtc (2)~(3). Hé phwong trinh dugc giai bing sai phan hitu
han hién trén 116i so le kiéu Arakawa C [18]. Muc nude dugce cap nhat
tai tdm 0, con hai thanh ph?m van téc duge bé tri trén cac mit 6. Thong
lwgng qua mit 6 va gradient myc nide duge tinh theo chidu dai canh
va khoang cach thyc giita cac tAm 6 (twong ng hsAs va h:A%), nho d6
hé s6 Lamé duoc dua vao thong qua cic dai lvong hinh hoc nay. Buée
thoi gian duoce ty dong xac dinh theo diéu kién én dinh Courant—
Friedrichs-Lewy [10] v&i hé s an toan a = 0,35. Sau mbi budc thoi
gian, bd loc Shapiro [19] dugc ap dung v&i en = 0,06 cho muc nuéc
va guv = 0,03 cho vén téc dé han ché nhiu budc séng ngén. Séng Cin
Tho thudc loai song tridu chi phdi boi ma sat [22, 23]. Tuy nhién, &
quy mo khiic cong ban kinh vai trim mét, gia téc dbi luvu c6 thé ciing
bac v6i ma sat; gia thiét nay do d6 phit hop cho truyén tridu va luu
lwgng miit cit, nhing chia dit dé mé ta dong thi cAp hodic phan bb van

tdc cuc bé tai khiic cong.

Bang 1. Cac tham s6 chinh ctia mé hinh.

Tham s6 Ky Gia tri Ghi cha
hiéu

Buéc ludi doc song As 20 m C6 dinh

Piém lwGi ngang - 17-21 Trudc loai tri? viing
sat bo

Hé sb CFL a 0,35 bidu khién budc thoi
gian

Loc Shapiro muc nugc | €N 0,06 M&di buéce thoi gian

Loc Shapiro véan tbe guv 0,03 Mdi buéce thdi gian

Nham Manning n 0,025 s/m'/® | Két qua hiéu chinh

2.4. Diéu kién bién, hiéu chinh va kiém dinh

Hai bén b& dugc thiét 14p 1a bién ciing khéng thim. Trén doan
Cai Ring-My Khanh dai khoang 5 km diing cho hiéu chinh v kiém
dinh, lvu lwgng thuc do tai Céi Ring duogc ding lam bién lvu lugng,
trong khi myc nuéce thuc do tai My Khanh duoc dung lam bién muc
nuwée. Hai dai lwong con lai, gdm muc nuée tai Cai Ring va lvu lwong
tai My Khanh, duge danh doc 1ap dé danh gia mo hinh. biéu kién ban
d4u 12 myc nwée ddng nhit theo gia tri bién ban dAu va vén téc bing
0; 24 gi& d4u dwoc xem 13 thoi gian spin-up va khong ding dé dién giai
chét lwgng mé hinh.

Chubi 15 ngdy digc chia thanh 8 ngly dAu dé hiéu chinh va 7 ngay
sau dé kiém dinh. Hé s6 Manning dwgc diu chinh theo phuong phap
thit-sai c6 dinh hwéng, ddng thi kiém tra tinh hop 1y vat Iy. Chét lvgng
md hinh duge danh gia bing RMSE, Nash-Sutcliffe Efficiency (NSE),
PBIAS, RSR, R? va d6 léch pha. Viéc sit dung ddng thoi nhidu chi sb gitp

han ché cach dién giai phién dién dbi v6i chudi dao dong triéu [2-5].

3. Két qua va thao luan
3.1. Hiéu chinh mé hinh

Gid trin = 0,025 cho sy can bing tt nhit giita kha ning tai hién
myc nuée va lvu lvgng. Trong 8 ngay hiéu chinh, mé hinh tai hién t6t
chu ky va thoi diém xuét hién dinh, chan tridu. Déi v&i muc nuwée tai
Cai Rang, NSE = 0,789, RMSE = 0,279 m, RSR = 0,461 va R? = 0,955.
M5 hinh con xu hiéng 1am giam bién d6 tai mét sé cuc tri, thé hién
qua PBIAS +14,2%. P6i v6i luvu lvgng tai My Khanh, mé hinh mo
phéng dwgc qua trinh dbi chidu dong chay theo tridu; NSE = 0,641,
RMSE = 305,89 m%s, RSR = 0,599 va R> = 0,855. PBIAS gin 0
(+0,9%) nhung cin dwgc din giai than trong vi lvu lwgng dbi déu c6

thé 1am sai s6 dwong va 4m bt trit nhau.
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Hinh 3. So sdnh myc nwdc va lvu lwgng mod phong véi thue do trong

giai doan hiéu chinh.
3.2. Kiém dinh mo hinh

Toan bd tham sé dwgc giit nguyén khi chay 7 ngay kiém dinh.
Két qua khong suy giam so véi hiéu chinh; nguoc lai, cac chi sé chinh
con dugce cai thién. Myc nude tai Céi Rdng dat NSE = 0,915, RMSE =
0,168 m, RSR = 0,292 va R? = 0,962. Luu lvgng tai My Khanh dat
NSE = 0,747, RMSE = 189,93 m®/s, RSR = 0,503 va R* = 0,901.
RMSE Iwu lugng twong duwong khoang 50% do 1éch chuén cta chudi
quan tric (= 378 m3/s). Theo thang danh gia ctia Moriasi va ctv. [3],
lvu lvong kiém dinh dat mitc “kh4” (NSE 0,747; RSR 0,503) va muc
nueée dat mite “rét t6t” (NSE 0,915; RSR 0,292); do thang nay dugc xiy
dung cho m6 hinh ltu vite, né chi duge ding 1am tham chiéu. D6 léch
pha wéc tinh nhé, khoang -15 phit dbi véi mic nude va + 30 phit dbi

JOMC |249



Tap chi Vit liéu & Xdy dung Tdp 16 S6 05 ndm 2026

v6i luu lwgng. Mic dit bién d6 lvu lwong tai mét sé cuce tri van 16n hon
thite do, mé hinh t4i hién kha chinh x4c thoi diém dinh, day va qua

trinh ddi chidu dong chay.

20 l
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Hinh 4. So sdnh myc nuéc va luu lwgng mod phong véi thue do trong

giai doan kiém dinh.

Bang 2. Chi sb d4nh gi4 mé hinh trong giai doan hiéu chinh va kiém dinh.

Hiéu chinh Kiém dinh
Chi s Muc nuéce Luu lugng Muc Luu lugng
nudc

NSE 0,789 0,641 0,915 0,747
PBIAS (%) +14,2 +0,9 +9,579 -6,390
RSR 0,461 0,599 0,292 0,503
RMSE 0,279 m 305,89 m®/s | 0,168 m | 189,93 m3/s
R? 0,955 0,855 0,962 0,901
Léch pha -15 phit + 30 phit -15 phit + 30 phut

3.3. Pdnh gid tong hop

Sv én dinh ctia cac chi sb trong giai doan kiém dinh cho théy b6
tham s hiéu chinh khéng bi qua khép r6 rét v&i giai doan 8 ngay dau.
Pic biét, NSE va R2 déu ting trong kiém dinh, trong khi RMSE giam
khoang 40 % dbi véi muyc nude va 38% dbi véi lvu lvgng. Két qua nay
chtt yéu phan anh diu kién thity déng luc ctia hai giai doan s liéu khéc
nhau, nhung ddng thdi cho thiy mé hinh c¢6 kha niing khai quét hop ly
trong pham vi doan C4i Ring-M§ Khanh. Sai khéc 16n hon dbi véi vu
lvong so véi muc nude cho thdy ciu tric moé hinh gian luge va gia
thiét van téc trung binh theo d¢ sau vin han ché kha ning tai hién chinh
xac céc cyce tri dong chay. Ngoai ra, md hinh hién chua x& 1y qué trinh
w6t—kho va cac thanh phin dbi lvu phi tuyén, do d6 cin than trong khi

md& rong sang cic khu vie ¢ bai ngap hodc dong chay cuc b phiic tap.
4. Két luan

Bai bao da xay dung mot mo hinh thiy dong luc hoc 2D cho song
Cin Tho dwa trén hé phrong trinh nuée néng dang gian lwge (bo qua

gia tde dbi lvw), lwsi cong bam theo hinh hoc thuc té va so o sai phan
hitu han hién. Quy trinh x@ 1y 103 mit ct ngang va hai tuyén bo cho
phép hinh thanh mién tinh c6 d6 phan giai doc 20 m; cdc tham sé én
dinh s gdm a = 0,35, en = 0,06 va guv = 0,03. Sau hiéu chinh, hé s
nhdm Manning n = 0,025 cho két qua phit hop v&i quan tric. Trong
kiém dinh doc 14p, NSE dat 0,915 d6i véi muc nuwde va 0,747 dbi véi
lvu Ivgng, R? tong ting dat 0,962 va 0,901. M6 hinh ti hién tét pha
va dao dong muc nude tridu; lvu lwgng duge tai hién & mitc kha vé
pha va qué trinh dbi chidu, song sai s tai cic cuc tri con dang ké. Trong
pham vi céc gia thiét da néu, mé hinh c6 thé 1am nén thiy déng Irc cho
céc nghién citu vin chuyén vét chit trén doan Cai Ring-My Khanh.
Nhitng cai tién cin wu tién gdm bd sung sb liéu tai bién MCO0-0, xit 1y
bién wét-kho va xem xét cic s6 hang phi tuyén khi yéu cAu moé ta dong
chay cuc bo chi tiét hon. Bén canh d6, so sanh déi chiing v&i Delft3D
FM trén ciing mién tinh sé gitp danh gia r6 hon anh hudng clia cac gia
thiét gian luge.

Loi cam on
Nghién cttu nay dugce tai trg béi Trwdng Pai hoc Cin Tho, M sb:
CTCS2024-06-04.
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