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NGHIEN CUU AP DUNG THU NGHIEM MO HINH EFDC
MO PHONG DONG CHAY LU HA LUU SONG CA

Pham Vin Tuén', Nguyén Tién Quang'

Tém tit: Nghién cieu tng dung mé hinh héa trong viéc mé phong dong chay phia ha lwu va khu
viee cika song ven bién la hét sire quan trong. Nghién ciru da img dung mé hinh EFDC (Environ-
mental Fluid Dynamics Code) dé mé phong thity lic cho dong chay lii 2 chiéu ¢ ha leu séng Ca tir
tram thity van bén Thity dén tram thiyy van Cira Hpi cho cdc nam 1978, 1988 va 2002. Két qud hiéu
chinh, kiém dinh va mé phong dong chay lii 2 chiéu ha luu séng Cd doan tir tram thity van Bén Thity
dén tram thity van Cira Hpi cho thay mé hinh EFDC hoan toan phii hop dé mé phong day chay 2

chiéu trong séng ¢ ha luu séng Ca.
Tw khoa: EFDC, dong chay li, song Ca.

Ban Bién tap nhan bai: 12/08/2018 Ngay phan bi¢n xong: 15/09/2018 Ngay dang bai: 25/11/2018

1. Pit van dé

Hién nay cac moé hinh toan Thuy van nudc
mat d6i voi dong chay 2 chiéu trong song duoc
ap dung rong rai trén thé gigi nhu DHI MIKE
21, HEC-RAS, EFDC,... Trong d6 mo6 hinh
EFDC dugc Cuc moi truong My (EPA) phat
trién tir nam 1980, dugc cac nha khoa hoc bién
Virgina phat trién tiép tir nim 1994, cho dén nay
moé hinh EFDC dugc phét trién va tmg dung rong
rdi trén thé giéi doi véi dong chay trong song,
ctra song ven bién, ho, ving dat ngap nudc, ...
Uu diém ndi bat ciia EFDC duoc cung cap mién
phi bai EPA va c6 bo ma ngudn (code) dé phat
trién va linh dong tinh toan, mé phong trong moi
truong nudc mat [1-2].

EFDC dang dugc ap dung budc dau ¢ Viét
Nam mé phong, danh gia ché do thuy dong luc,
chét luong nudc, moi trudng, tran dau cho cac
khu vuc song, cira song ven bién béi vién nghiéu
ctru, truong dai hoc. T nam 2002 cho dén nay
EFDC dang dugc cong ty DSI (Dynamic Solu-
tion International), LLC ctia My tiép can phat
trién phan mém dudi dang phan mém EEMC &
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Viét Nam.

Do ché d6 dong chay trong séng, khu vuc cira
song ven bién va ving nudc ngip nude & Viét
Nam rét phirc tap ca vé khong gian va thoi gian,
nhat 1a khu vuc ha luu song, cura sdng ven bién
boi ché do thuy dong luc, hinh thai, bun cat, chat
lugng nude. Do vay viéc mo phong thuy luc
chinh xac dong chay trong song s& lam tién dé
dé giai quyét cac van dé vira néu trén.

Nghién cuu tap trung vao ung dung thu
nghiém moé hinh EFDC trong viéc m6 phong
dong chay 2 chiéu ha luu song Ca, doan tur tram
thity van Bén Thuy dén tram thuy vin Cira Hoi
dé danh gia mirc do phu hop ctia mé hinh EFDC
phuc vu cho viéc danh gia ché @6 thuy dong luc,
hinh thai, bun cat va chat lugng nudce khu vuce
clra song ven bién Cira Hoi vé sau.

2. Phuwong phap nghién ctru va thu thap tai
liéu.

2.1 Gidi thiéu mé hinh EFDC

M6 hinh EFDC (Environmental Fluid Dy-
namics Code) 12 mot phan mém mé hinh nudc
mit tong hop, c6 kha nang du bao tinh toan va
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mé phong cac qua trinh dong chay, lan truyén co
tinh dén cac qua trinh sinh— dia— hoa trong song,
ho tu nhién, kho nuéc (hd cha), cac ving cira
song, vung dat ngap man hodc déi bo, ven bién
cung bién va dai duong.

Bén canh céc kha nang tinh todn, mo phong
céc qué trinh lan truyén nhiét, lan truyén méin va
thuy dong lyc hoc, mé hinh EFDC con c6 kha
nang tinh todn va moé phong cac qua trinh van
chuyén trim tich (trAm tich két dinh va tram tich
10i rac), qua trinh pha lodng chit 6 nhiém pham
vi gan hodc xa bo tir cac ngudn thai gy 6 nhiém,
qua trinh phu dudng, qua trinh lan truyén va
phan hity cac chat doc trong pha nudc hodc tram
tich... M6 hinh duoc xdy dyng dua trén cac
phuong trinh dong luc, nguyén tic bao toan khdi
luong va bao toan thé tich. M6 hinh 1a mé hinh
da chiéu (1 chiéu, 2 chiéu, 3 chiéu) co tinh dén
suc can cua thyc vat, qua trinh lam kho, 1am uét,
cac dic trung cau trac thay hoc, su twong tac 16p
bién dong chay song va dong sinh séng...

Hién nay mé hinh EFDC d3 qua nhiéu phat
trién, cap nhat va gém 4 modul chinh sau: Mo

at(mxmyHu)"‘ax(myHuu)"'ay(mx

= —myHoy (P+ Py, +@ )+ my(axz
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hinh thuy dong luc hoc; M6 hinh chét lugong
nudc; Mo hinh van chuyén trAm tich; Mo hinh
lan truyén, phan huy cac chat doc trong moi
truong nudc mat.

Trong d6 mé-dun thuy dong luc cua mo hinh
EFDC dya trén phuong trinh xap xi thuy tinh 3
chiéu cho hé toa do theo phuong thang dimg va
toa do cong truc giao nam ngang. Két qua tinh
toan tir mo hinh thiy dong luc hoc dugc két hop
va sir dung tryc tiép trong cac modul con lai cho
mo hinh chét luong nudc, mo hinh van chuyén
bun cat va mo hinh lan truyén, phan huy doc
chat.

Mo hinh thity dong luc hoc cia EFDC gbém 6
modul lan truyén van chuyén, bao gom: Pong
luc hoc; Chét tai; Nhiét do; Do man; Lan truyén
chét; Van chuyén bun cat.

Hé phuong trinh xap xi thiy tinh 3 chiéu viét
cho hé toa do theo phuong théng ding va toa do
cong tryc giao nam ngang duoc st dung trong
md hinh EFDC nhu sau:

Phuong trinh dong luong la:

- Theo phuwong X:

Hyy )+8Z ( meyWU)— femxrnyHV

*

b+zaxH)8ZP

A m m (H
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- Theo phuong Y:
8t(meyHV)+8X(myHuv)+8y(mXHW)+8Z(meyWV)— femymyHy
k
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mymyfe = mymyf —udymy +voxmy

)

(IXZ,ryz): AVH_léz(u,V)

Phuong trinh lién tuc 3 chiéu trong hé toa d6 nim ngang cong truc giao theo phuong thing

dang:

at(mxmyH)+6X(myHu)+6y(mXHV)+6Z(mxmyW)

= QH+8(O)(QSS+ QSW)

Phuwong trinh cdn bang bin cdt ddy trong mé phong dién bién day séng:

Oy (meyB) = Qaw ~Qss ~Qsw

Trong do x, y 1a toa do nam ngang truc giao;
u, v trong Ung 1a van téc ngang trong ludi toa
do cong truc giao x, y; my, my la hé s6 ti 18 theo
truc x, y; H 1a d¢ sau cdt nudc; Z 1a toa do cao
thang dimg; w 1a van tdc thang dung; p 13 thanh
phan ap suat; f 1a thong s6 Coriolis; Ay 1a d6 rdi
thang dtng hodc tinh nhét xoay; Qs 1a Iuu lugng
bun cat dén; Qsw 12 Tuu lugng nude dén; Qow la
lru lugng nude ngdm chay vao dudi day 16p bun
cat; B 1a tong chiéu day 16p bun cat day (16p bun
cat c¢6 kha nang bi x6i); Qu gdm lugng trir ban
dau, lugng nuée do mua roi xubng, lugng dong
bén gia nhdp va chay ra khoi doan kénh.

Hé sb nhét rdi lién quan dén tmg sudt tiép, ap
sut khi dong luc hoc lién quan dén mat d6 nudc.

Ap sudt dong luc nudce duoc viét bai phuong
trinh sau:

0,P=-ghb=—gH(p—py)py' (7

Cao trinh déy song dugc xac dinh boi phuong
trinh:

Vi Zip* 14 cao trinh d4y tinh toan van chuyén
bun cat day
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(5)
(6)
*
n=B+ be (8)
Cao trinh mat nudc dugc xac dinh boi
phuong trinh:
%
E=Z¢=H+n 9)

H¢ phuong trinh Navier-Stokes dugc giai gan
dung bang cach s dung két hop cac phuong
phap sai phan hiru han va phuong phap thé tich
hitu han, dong thoi két hop véi viée giai cac
phuong trinh truyén tai va phuong trinh lién tuc
cho cac thanh phén do man, nhiét, nang lugng
r6i dong hoc va rdi ¢& 16n. Cac phuong trinh
dugc giai trén hé ludi cong tuyén tinh phi truc
giao theo phuong ngang va trén hé ludi co dan
theo phuong thang dimg. Céac thanh phan khuéch
tan theo phuong thang dung ciia dong nang, vat
chat va nhiét do duoc xac dinh st dung cac so
d6 dong kin r6i Mellor va Yamada va Galperin.

2.2 Phdn tich sé liéu.

Khu vuc nghién ciu dé ap dung mé hinh
EFDC la doan song tir tram thuy vin Bén Thuy
dén tram thuy van Ctra Hoi nhu hinh 1 [6].
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Google Earth

Hinh 1. Poan séng ha luu séng Ca tir tram thity van Bén Thity dén tram thity van Cira Héi [6]

S liéu dugc sir dung trong nghién ctru bao
gbm:

+ S6 liéu dia hinh: Tai liéu dja hinh song Ca
thu thap duogc tur sb lidu diéu tra mat cit song Ca
hﬁng nam cua B ndéng nghi¢p nam 2009;

+ 86 liéu mat cat ngang, chiéu dai doan song;

+ 86 lidu do dac binh d6 khu vuc nghién ciru
nam 2005; Toa dd dia hinh khu vuc nghién cuu
trén ban dd s6 Aslas qudc gia nam 2000.

+ 86 lidu thuy van: Muc nudc gio tai tram
Ctra Hoi va tram Nghi Tho trén song Ca cua tran
lii ndm 1978 d hiéu chinh md hinh va nam 1988
dé kiém dinh mé hinh. Luu luong nudc tai tram
thuy van Nam Pan, muc nudc tai Cira Hoi tuong
g voi tran 1d cac nam 1978 va 1988 dung dé
lam bién trén, bién dudi cho mo hinh.

Mién tinh toan ctiia mé hinh tir Cau Bén Thuy
dén Cira Hoi 6 toa do dia ly nam trong khoang

tir 18°38' dén 18°46' vi do Bic va 105°42' dén
105°46' kinh d6 Bong (Hinh 1).

Bién trén 13 khu vuc gan Cau Bén Thuy (sir
dung luu lugng nude tai tram thiy van Nam Dan
nam 1988, bién dudi duoc iy tai Cira Hoi nim
1988). Mién md hinh trong db an duoc xay dung
thudc dang ludi cong phi tryc giao (Hinh 3).

Nghién ctru dd st dung phan mém Delft3D
RGFGrid [4] dé x4y dung mién lu6i tinh toan
md phong cho viing nghién ctru tir binh d6 va mo
hinh s6 d6 cao DEM d6 phan giai 30m*30m, két
qua c6 dugc 625 6 ludi nhu Hinh 2.

Vung ludi tinh toan trén mo6 hinh EFDC duoc
thé hién nhu hinh 3.

- Tur sb liéu dija hinh, tién hanh noi suy theo
lué6i tinh toan duge dia hinh mién tinh toan trong
EFDC nhu hinh 4.

[ G e oo o T B o
*or, LB BN BEB

Hinh 2. Luéi tinh todn trong phan mém Delft3D
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Hinh 3. Lwoi tinh toan va bién trong mo hinh EFDC
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Hinh 4. Pia hinh mién tinh todan trong EFDC

3. Két qua va thao luan

3.1 Higu chinh mé hinh

Tién hanh hiéu chinh mé hinh EFDC tran 1ii
tir ngay 24/1X/1988 dén 02/X/1988 v6i dd nham
thay ddi tir 0,03 dén 0,05 va céc thong sb khac

TAP CHI KHI TUQNG THUY VAN

(Hinh 5). Budc thoi gian tinh toan ctia mo hinh
dugc chon 1a 10s. Thoi gian luu két qua tinh toan
mé hinh 13 60 phut/lan c6 duoc két qua hiéu
chinh tai tram thiy van Nghi Tho trong m6 hinh
nhu hinh 6.
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) Activate HMD with Smagorinsky Dimensionless Hor. Momentum Diff: 0.1
) Activate HMD with Smagorinsky, Wall Drag and W Diffusion ‘Wall Roughness; 0.00000

‘ Vertical Eddy Viscosties & Diffusivities
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Hinh 5. Céc théng s6 thity lic ciia mé hinh EFDC

Tram Nghi Tho

Muc nwée (m)
(3] [\]

—

1 e Tinh toan

0

Thoi  9/25/88 9/25/88 9/26/88 9/27/88 9/28/88 9/29/88 9/30/88 10/1/88 10/2/88
gian  0:00 22:00 20:00 18:00 16:00 14:00 12:00 10:00 8:00

Hinh 6. Két qua hiéu chinh tai tram thuy van Nghi Tho nam 1988

Két qua hi¢u chinh dudng myc nudc tai tram  RMSE dat 0,13m. Két qua md phong su phan bd
Nghi Tho 1a kha tdt, muc nude tinh toan va thuc dong chay doan song nghién ctru trong mo hinh
do kha phu hop vé hinh dang va khong chénh  EFDC lan luot dwoc thé hién trong hinh 7 dén
léch nhiéu vé do 16n, h¢ s NASH dat 91%, hinh 10.

TAP CHi KHI TUQNG THUY VAN
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Hinh 7. Phdn bé dé sau muc nude doan ha du song Ca tur Cau Bén Thuy dén Cira Hoi ngay
25/1X/1988
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Hinh 8. Phdn bé nude theo do sau doan ha du song Ca tw Cau Bén T huy dén Cira Hoi
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Hinh 10. Phén bé vin téc doan ha du séng Ca tir Cau Bén Thity dén Cira Hoi ngay 24/X/1988

3.2 Két qud higu chinh mé hinh tir ngay 19/IX/1978 dén ngay 25/9/1978. Két qua
Sau khi hi€u chinh, b6 thong sb thuy lyc da kiém dinh so sanh muc nuée thuc do va tinh toan
duogc chon s€ dugc st dung dé kiém dinh mdé  cua tram Nghi Tho duoc thé hién trong Hinh 11.

hinh. Tién hanh kiém dinh cho tran 1ii thoi gian
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Tram Nghi Tho
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Hinh 11. Két qua kiém dinh tai tram thuy van Nghi Tho nam 1978

Két qua kiém dinh duong muc nudc tai tram
Nghi Tho 14 kha tét, duong qua trinh muc nude
tinh toan va thuc do kha pht hop vé hinh dang va
khong chénh 16ch nhidu vé do 16n. Vi bo thong
s6 trén cho két qua danh gia chi s NASH kha
cao la 79%, RMSE dat 0,22m.

3.3 Két qui mé phong ciia mé hinh.

Str dung bd thong s da sir dung dé hiéu chinh
va kiém dinh mé hinh, tién hanh mé phong dong
chay 1& 2 chiéu ha luu séng Ca cho tran 1i tir
ngay 19/IX dén 25/IX nim 2002. Két qua mo
phong gilta muc nudc tinh toan va thuc do tai
tram thity vin Nghi Tho duoc thé hién trong hinh
12.

Tram Nghi Tho

4
4

B

E -~

E 2

52
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Thoi 9/1902 92002 92102 92102 92202 92302 92302 92402
gian 16:00 9:00 2:00 19:00 12:00 4:59 21:59 14:59

Hinh 12. Két qua kiém dinh tai tram thuy van Nghi Tho nam 2002

Két qua md phong cho thiy duong muc nude
tai tram Nghi Tho la kha tdt, duong qua trinh
muc nudc tinh toan va thuc do kha phu hop vé
hinh dang va khong chénh 1éch nhiéu vé do 1n.
Két qua danh gia mé phong ddi véi chi s6 NASH
kha cao la 80%, RMSE dat 0,21m.
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Qua viéc hiu chinh, kiém dinh va mé phong
dong chay 1@ 2 chiéu ha luu séng Ca doan tir
tram thuy van Bén Thuy dén tram thuy vin Cira
Hoi cho thdy mé hinh EFDC hoan toan phu hop
dé mo phong day chay 2 chiéu trong séng & ha

luu song Ca.
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4. Két luan

Nghién ctru di tién hanh nghiéu ctru vé mo
hinh EFDC va ap dung thir nghi¢m thanh cong
mé hinh thay luc 2 chidu luéi cong phi tryc
giao EFDC d6i v6i doan song tir tram thay vin
Bén Thuy dén tram thuy van Cura Hoi ¢ ha luu
song Ca.

Két qua tinh toan ban dau cho thiy mé hinh
EFDC c6 thé st dung dé tinh toan ché do thay

dong luc hoc cho khu vyc ha Iuu song Ca va lam

BAI BAO KHOA HQC

tién dé cho cac tmg dung dé tinh toan mod phong
hinh thai, van chuyén bun cat, chit lugng nudc
& khu vue cira song ven bién ha luu song Ca.
Bén canh d6, do chi 1a nghién ciru bude va sb
li¢u chua c6 d6 phan giai cao vé dia hinh nén két
qua tinh toan con chua dat mirc do cao va chua
c6 thém tai liéu dé tién hanh mo phong dong
chay 2 chiéu va 3 chiéu & khu vuc ctra song ven

bién, tuy nhién da cho két qua kha tt.
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REASEARCH ON THE APPLICATION OF EFDC MODEL TO SIMU-
LATE THE WATERFLOW AT THE DOWNSTREAM OF CA RIVER

Pham Van Tuan!, Nguyen Tien Quang'
"Hanoi University of Natural Resources and Environment

Abstract: The applicaton of simulation model in presenting the downstream flow and coastal es-
tuarine areas of the research area is crucial. The research uses EFDC model (Environmental Fluid
Dynamics Code) to simulate hydraulic power for the two-way flow in the lower section of Ca river
from Ben Thuy station to Cua Hoi station in the years 1978, 1988 and 2002. The calibration, veri-
fication and simulation results in two-way downstream of Ca river; the section from Ben Thuy hy-
drological station to Cua Hoi hydrological station; shows that the EFDC model is perfectly suitable
to simulate thetwo-way flow in the downstream of Ca river.
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