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UNG DUNG MO HINH MIKE11 ST TINH TOAN DONG
CHAY BUN CAT CHO VUNG HA LUU SONG ME KONG

Tran Vin Tinh!, Nguyén Thi Bich Ngoc!, Nguyén Thanh Luin?, Hoang Ngoc Quang'

Toém tat: So liéu bun cat la dau vao khong thé thiéu ciia mé hinh MIKE21 ST tinh todn vin
chuyén bim cat va dién bién dwong bo ving cira séng ven bién. Trong thuc té, cdc soé lidu bun cat
chi duoc quan trdc tai mot sé vi tri trén song lon va cach xa cwa song. Do do, viéc tinh toan dong
chay biin cdt cho cdc cira séng khong cé s6 liéu quan trdc la rat can thiét. Nghién civu nay trinh bay
cdc két qud iing dung mé hinh MIKE11 ST dé tinh todn dong chay bin cdt ving ha heu séng Mé
Kéng lam dau vao cho mé hinh MIKE21 ST nghién ciru ché d¢ vin chuyén bin cdt viing ven bién

Nam Bo.

Tw khoa: Bun Cat, MIKE11ST, song Mé Kong.

Ban Bién tdp nhan bai: 05/09/2018

1. Mé diu

Luu vuc song Mé Kong co tong dién tich
795,000 km? trong d6 phan nam trén lanh thd
Viét Nam la 65,170 km?. Mé Kéng 1a con sdng
dai thir 12 trén thé gidi va 16n th 10 vé tong
luong dong chay (téng lwong nudc hang nam dat
khoang 475 ty m?, tong lugng bun cat khoang
275 triéu km?) [2]. Song Mé Kong 1 ngudn cung
cap nudc ngot va phu sa chinh ciia dong bang
song Cuu Long. Sau nga tu Phnompenh, song
chia thanh 2 nhanh d6 vao Viét Nam la song
Tién va song Hau sau d6 d6 ra bién dong bang 9
ctra la Cira Tiéu, Cira Dai, Ba Lai, Him Ludng,
Cb Chién, Cung Hau, Pinh An, Tran Dé, Bat
That (Hinh 1). Tuy nhién, qué trinh bdi ling
ving ctra song da 1am bién mat cira Bat Thac
trén song Hau. Vung ha luu song Mé Kong la
noi dang phai hig chiu tac dong ning né cua
bién d6i khi hau va nudc bién dang, mot trong
nhimng hau qua d6 14 bd song va bo bién bi bién
d6i nghiém trong. D co nhiéu nghién ctru ung
dung mé hinh MIKE21ST dé giai quyét bai toan
bién dong bo song, duong bo bién khu vyc nay.
Tuy nhién, cic nghién ciru d6 déu gip phai kho
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khian 1a thiéu s6 1iéu bun cat tai cac cira song dé
lam dau vao cho mé hinh tinh toan, do vung ha
luu song Mé Kong lai chi ¢6 3 tram thuy van
quan trac bun cat 1a Tan Chau, Chau Péc, Can
Tho lai ndm cach xa cac ctra séng. Do d6 viée
tmg dung mo6 hinh MIKE11ST dé tinh toan
lugng bun cat lam dau vao cho mé hinh
MIKE21ST nghién ctu ché d6 van chuyén bun
cat ving ven bién Nam B0 1a can thiét.

2. Phwong phap nghién ctru va dir liéu

2.1. Co 6 ly thuyét ciia mé hinh

MIKEI11 1a mo6 hinh dong lyc mot chiéu dugc
sir dung nham phan tich chi tiét, thiét ké, quan
1y va van hanh cho séng va hé thong kénh ho.
Mb dun mé hinh thily dong lyc (HD) 1a mot phan
trong tim ciia hé thng mo hinh MIKE11 va
hinh thanh co s& cho hau hét cac mo dun bao
gém: du bao 10, tai khuéch tan, chét lugng nudc,
van chuyén bun cat. M6 dun HD dugc xay dung
dua trén hé phuong trinh Saint - Venant gdm
phuong trinh lién tuc va phuong trinh dong
luong nhu sau:

Phuong trinh lién tuc:

1
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Trong d6: A 1a dién tich mat cit ngang (m?); t
la thoi gian (s); Q 1a Iuu luwgng nude (m¥/s); x 1a
bién khong gian; g 13 gia toc trong truong (m/s?);
p la mat d¢ cua nudce (kg/m?); b 1a d6 rong cua
long dan (m) va R 1a ban kinh thiy lyc (m).

Mo hinh MIKE11 ST 1a m6 hinh MIKE 11

(HD) duoc tich hop thém mé dun van chuyén
bun cat. M6 dun nay dugc xdy dung trén co s&
phuong trinh lién tuc bun cat va cac ham suc tai
nhu sau:

Phuong trinh lién tuc bun cat:

WAZ™ WAz T Qe Qt", —Qt"
1-¢)|(1- By g = (1-g) =T 3)
( ) ( W) At v At AX ( ) AX
Trong d6: W 1a chu vi udt ; Az™*! la sy thay Ham strc tai bun cat:
ddi cao trinh day; Qt; =Wqt] ty I¢ van chuyén =0 165/ :
bun cat theo phén tram do rong don vi; € 1a do S f 4)

rong ciia bun cat; ¥ 14 hé sé chira dung khong
gian (0.5< ¥<1);0 hé s6 chira dung thoi gian
(0.5<0 <1)

500000

Trong d6:01a tong tng suat truot day khong
thir nguyén; f1a hé s6 ma sat.
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Hinh 1. Ban do khu vuec nghién civu [1]

Cong thirc tinh toin bun cét tong cong

Cian ct vao phuong thirc van chuyén, tong
luong van chuyén bun cat 1a tong cta lwong van
chuyén bun cat day va lugng van chuyén bun cat
lo ling. Can cr vao ngudn vat lidu duge van
chuyén, tong luong van chuyén bun cat ciing ¢
thé dugc xac dinh bang tong cua luong van
chuyén vat liéu day va luong van chuyén chat
rira troi. Chat rua troi bao gém cac vat liéu min,
min hon cac vat lidu thay ¢ day. Tong luong tai
chat ria troi phu thude chi yéu vao sy cung cip
tur luu vuce, khong phuy thudce vao thuy luc song.
Boi vay, rat kho dy bao chat rira troi can cir vao
cac dic trung thay lyc cua song. Phan 16n cac

TAP CHI KHI TUQNG THUY VAN

phuong trinh tai cat tong cong thuc té 13 cac
phuong trinh van chuyén vat liéu day tong cong.
Trong phan 16n cac trudng hop, nén trir di chat
rua troi tur do dac trude khi dem so sanh gitra
luong van chuyén vat liéu day téng cong tinh
toan va thuc do.

Dé tinh toan van chuyén bun cat tong cong,
MIKE 11 ST dugc tich hgp 4 cong thure tinh toan
khac nhau bao gdm cong thirc Acker & White
(1973), cong thtrc cua Engelund and Hansen,
cong thuc Smart and Jaeggi va cong thuc
Ashida- Michiue. M&i ham véan chuyén bun cat
dugc xay dung cho
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Cong Thirc Engelund and Hansen

Engelund va Hansen (1972) da ing dung khai
niém nang lugng dong cua Bagnold va nguyén li
tuong tu dé nhan duoc ham van chuyén bun cat:

f'd = 0.10°> (5)
vOoi
pr= 2 (6)
18]
® =q, {vs [u }dTW 2
v P
AP (8)

Trong d6: g la gia toc trong truong; I 1a do
dbc ning luong; U 1a toc @6 dong chay trung
binh; qt 1 luu lugng bun cat don vi tong cong
(sudt chuyén cat tong cong) tinh bang trong
lugng qua mdi don vi d6 rong;¥, vay twong tng
la trong luong riéng cua bun cat va nudc; d la
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duong kinh hat trung binh va v 1a ing suét tiép
doc theo day.

2.2. So dé tinh va dir liéu sir dung

So d tinh thuy thach dong luc duoc trinh bay
trong hinh 2 gdm 5928 mit cit ngang cua 285
song va kénh rach véi cac bién nhu sau:

Bién trén: Luu lugng nudc va luu lugng bun
cat, thanh phan hat bun cat tong cong tmg voi
cac cap luu luong nudc tai cac tram thiy van Tan
Chau va Chau Déc.

Bién dudi: Myc nudc tai cac tram Viing Tau,
Vam Kénh, An Thuan, Bén Trai, Tran D&, Ganh
Hao, Séng Pdc, Xeéo Rd, Rach Gia.

Tram kiém tra: Luu luong nuéc, luu luong
bun cat, myc nudc tai tram thuy van Can Tho;
muc nudc thuc do tai tram Cao Lanh.

Budc thoi gian tinh toan trong mo hinh Ia

At =2 phut.

Hinh 2. So d6 mang tinh thity liec va bin cdt bang mé hinh MIKE11ST

3. Két qua tinh toan

3.1. Két qud higu chinh va kiém dinh mé
hinh

Str dung s liéu dong chay va bun cat tir nim
2009 dén 2011 dé hiéu chinh md hinh, tir nam
2012 dén 2013 d¢é kiém dinh mé hinh.

Pé danh gia d6 chinh xac két qua mé phong
s0 voi sb liéu thuc do, nghién ctru da sur dung hai
chi tiéu 1a chi s hiéu qua Nash va sai sé tong

luong PBAIS.

Chi s6 Nash 1a mot thong sé thong ké xac
dinh gia tri twong dbi cta phuong sai du so véi
phuong sai ctia chudi thuc do, dugc tinh theo
cong thuc:

n

2
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PBAIS 1a chi sé st dung dé udc tinh xu
hudéng trung binh ciia mé phong 16n hon hoac
nho hon gié tri thuc do. Chi s6 PBAIS duoc tinh
theo cong thuc:

n
tt td
Z(Xi — X )

PBAIS ==

n
td
Z X
i=1

« 100 (10)

Trong do: x,»tdlé gia tri thuc do; x;' 1a gia tri mo
phéng;xfb 1 gia tri thuc do trung binh; n 1 chiéu
dai chudi s lidu.

Dua trén cac gia tri cia Nash va PBAIS co
thé danh gia dugc d6 chinh xac ctia md phong
(Bang 1).

Bdng 1. Pdnh gid mirc dg chinh xdc ciia két qua mé phong theo cdc chi s6 Nash va PBAIS [4]

Do chinh xac ctia mé PBAIS (%)

phéng NASH Dong chidy Bun cat
Tt 0,75 <Nash < 1 PBAIS <+ 10 PBAIS <+ 15
Kha 0,65 <Nash 0,75 +10<PBAIS<+15 =+15<PBAIS<+30
Trung binh 0,5 <Nash <0,65 +15<PBAIS<+25 +30<PBAIS<+50
Dudi trung binh Nash < 0,5 PBAIS >+ 25 PBAIS >+ 50

Mb hinh MIKE11ST dugc hiéu chinh kiém
dinh myc nudc cho 2 tram thuy van Can Tho,

Cao Lanh. Két qua hiéu chinh va kiém dinh tai
céc tram duoc thé hién tr hinh 3 dén hinh 4.

----------

------------
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Hinh 3. Puong qud trinh myc nwée thue do va tinh todn tai tram thiy van Can Tho: (a) hiéu
chinh mé hinh tir nam 2009-2011; (b) kiem dinh mé hinh tor 2012-2013
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Muyc Nude
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Hinh 4. Duong qua trinh muc nwoc thuc do va tinh toan tai tram thuy van Cao Lanh: (a) hiéu
chinh mo hinh tie nam 2009-2011; (b) kiém dinh mé hinh tir nam 2012-2013

Qua trinh biéu chinh va kiém dinh muc nudc

tai 4 tram dat chi s& Nash kha cao, két qua duoc
Bdng 2. Chi s6 Nash hiéu chinh va kiém dinh mé phong muc nwée

M6 hinh MIKE21ST duoc hiéu chinh va
kiém dinh luu luong nude va luu lugng bun cat
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Hinh 5. (a, b) Két qua hiéu chinh va kiém dinh luu lwong nudc thuce do va tinh toan tai tram thuy

Thii zian

tai tram thuy van Can Tho. Két qua hi¢u chinh va
kiém dinh duoc thé hién trén hinh 5.

van Can Tho; (c, d) Két qua hiéu chinh va kiém dinh leu lwong bun cat tai tram thuy van Can Tho

tir nam 2009-2013.
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Bang 3. Chi s6 Nash va PBAIS hiéu chinh va kiém dinh luu lwong nuoc

va luvu lwong bun cat tai tram thuy van Can Tho

. Chi s Nash Chi s6 PBAIS
Yéu to Hi¢u chinh _ Kiém dinh __ Higu chinh __ Kiém dinh
Luu lugng nuéc 0,96 0.91 12,5 6
Luu luong bin cat 0,75 0,69 22,6 29

Két qua hiéu chinh, kiém dinh luu luong
nudc va luu lugng bun cat co6 d6 chinh xac
khong cao bang so vai qua trinh md phong muc
nudce, chi dat mac kha theo tiéu chudn PBAIS
(bang 3). Két qua hiéu chinh, kiém dinh thuy
lyc cho hé s6 NASH 16n hon 0,9 nhu vay md
hinh thuy lyc dam bao phuc vu cho tinh toan
nghién ctru cac kich ban. Vi mo hinh bun cat,
mo hinh nay doi hoi co s¢ dir liu, cac yéu to
dau vao rat 16, sai sd tinh toan va thuc do véi
cac mo hinh hién nay trén thé gidi con rat 16n.
Nghién ciru da hiéu chinh véi hé sé6 NASH mo
hinh bun céat dat hon 70% day 1a két qua chap
nhén duoc.

[gr3]

3.2. Két qud tinh todn ham lwong bin cdt tai
cdc cira song

Sau khi chay m6 hinh mé phdng cho céc thoi
doan, tién hanh xuat két qua tinh todn luu lugng
bun cat va luu luwong nudc tai cac vi tri ctra song.
Tir luu lugng bun cat va luu lwgng nude co thé
suy ra ham luong bun cat theo cong thire: Trong
do6 c 1a ham lugng bun cat, R 1a Iuu lugng bun
cét, Q 1a luu luong nude, c= X2 1a khéi luong
riéng cua bun cat.

Két qua thu dugc ham Iugng bun cat tai cac
ctra song nhu hinh 6, 1am dau vao cho mé hinh
MIKE21ST, phuc vu tinh toan van chuyén bun
cat va dién bién viing cira séng ven bién.

Ham luong bin cat
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Hinh 6. Puong qud trinh nong dé leong bun cdt tai cac cira séng

Theo két qua tinh toan nam 2011 1a nam 1d
16n nhét trong khoang 10 nam tr lai dy vé mat
tong lugng va 1a nam c6 dinh 1i 16n. Nam 2010
1a nam lii thap lich su, tong lugng i thip nhat
va ngan nhat. Nam 2009 1a nam 1 trung binh
trong ca hai tiéu chi luu lugng dinh 1ii va tong
luong lii. Ciing tir nhimg dic diém vé qua trinh
lii nhu vay nén qua trinh van chuyén bun cat
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cling c6 su anh hudng theo. Két qua tinh toan
cho théy, trén cung hé théng song Tién, nhung
ndng do bun cat ra mdi cura lai khac nhau tuy
thudc vao luu lugng nude chuyén qua mdi séng
nhanh. Cuy thé, trén song Tién, ndng do bun cat
ra ctra Dai 16n hon ndng do bun cét ra cira Tiéu.
D@)ng thoi, néng do lugng bun cat ctra Pai cho
gia tri 16n nhit so v6i cac cira con lai (Hinh 6).
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Nong d6 bun cat qua cira Pinh An va cira Tran
D¢ kha twong dong nhau, diéu d6 cho thiy dong
chay phan b qua hai cira kha déu nhau.

4. Két luan

Két qua hi¢u chinh va kiém dinh cho théy, mo
hinh MIKE11ST c6 kha ndng m6 phéng dong
chay c6 d6 chinh xac twong ddi cao (chi sb Nash
dat tir 0,91 dén 0,96); md phong bun cat voi do
chinh x4c khé (chi s6 Nash dat tir 0,69 dén 0,75).

Nhu vay, c6 thé sir dung mo hinh MIKE11ST
dé tinh toan dong chay va bun céat cho nhitng vi
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tri thiéu hodc khong co sb lieu quan tric dé tao
bién dau vao cho mé hinh MIKE21ST tinh toan
van chuyén bun cat va dién bién ving cira song
ven bién.

C6 két qua tinh toan dugc chinh xac can sir
dung thém mo hinh MIKE NAM d¢é tinh luong
nude va Bun cat gia nhap khu giira. Ngoai ra can
tiép tuc tién hanh khao sat bd sung s6 liéu thuc
do bun cat va luu lugng nudc, phuc vu hi¢u
chinh va kiém dinh, xac dinh bo thong sé ti uu
cua mo hinh.
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APPLICATION OF THE MIKE11 ST MODEL TO CALCULATE SED-
IMENT CONTENT FOR DOWNSTREAM OF
THE MEKONG RIVER SYSTEM

Tran Van Tinh!, Nguyen Thi Bich Ngoc!, Nguyen Thanh Luan?, Hoang Ngoc Quang'
"Hanoi University of Natural Resources and Enviroment
2Key Laboratory of River and Coastal Engneering

Abstract: Sediment data is an indispensable input for the MIKE21 ST model to calculate sedi-
ment transport coastal and estuarine evolution. But in fact, the observed sediment data only have at
some location on main rivers and far from river outlets. Therefore, the calculation of sediment flow
for estuaries without observe data is very necessary. This study presents the results of modeling ap-
plications MIKE11 ST model to calculate the flow of sediment downstream Mekong River systems
as input to the Mike 21 ST model to study regime of sediment transport coastal areas of the South in
Viet Nam.

Keywords: Sediment, MIKE11ST, MeKong River.
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