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Tém tat: Bai bdo nay trinh bay chi tiét phurong phdp gidi s6 bai todn lan truyén dé mén trong diéu kién
thuc té dwa trén phuwong trinh nuwdc néng 2 chiéu va phuong trinh khuéch tdn. Phuong phdp duorc st dung
d€ mé phdng qud trinh lan truyén mdn trén séng Ninh Co (tinh Nam Dinh). Trong phwrong phdp nay, phuong
phdp thé tich hitu han két hop véi phurong phdp HLLC (Harten-Lax-van Leer-Contact) dugc st dung dé tinh
théng lwong cho bai todn Riemann. Gidi phdp gén dung gitp tinh nghiém xdp xi 6n dinh, théa mén diéu
kién cdn bdng ngay ca khi xét trudng hop cé trang thdi khé - wdt cho 2 phan ti lwdi lién ké. Trén co s& dé
chwong trinh tinh mé ngudn mé dworc xdy dwng trén ngbn ngi 1ap trinh C++. So sdnh két qué tinh todn vdi
két qua khdo sat, do dac thurc té tai séng Ninh Co' va so sdnh vdi két quéd mé phdng bdng phén mém MIKE
21FM cho thdy mé hinh ¢ khé ndng trng dung dé mé phdng bdi todn lan truyén mdn 2 chiéu trong diéu kién

séng ngoi thyec té.

Tir khéa: M6 hinh 2 chiéu, Thdy déng luc, xdm nhép mdn.

1. Gi¢i thiéu

Hau hét cédc dong chay thuc té trong séng
ngoi déu la cdc dong chay véi cac dac trwng thiy
lwe cha né bién déi theo ca 3 chiéu khéng gian.
Tuy nhién, khi dé réng cla dong chay I&n hon
rat nhiéu so va&i do sau thi bién d6i cha cac dic
trwng d6 theo chiéu thang ding tré nén khong
dang ké do cé sy xdo tron manh mé gy nén
ma®i cac (rng suat ma sat & ddy. Trong céc trudng
hop d6, md hinh dong chay 2 chiéu (2D) s&t dung
hé phuong trinh nwdc néng (shallow water
equations) hay hé phwong trinh trung binh theo
d6 sau (depth-averaged equations) dugc xem la
dd dé mé ta cac dic trung dong chay.

& Viét Nam, mot s8 cac méd hinh 2 chidu nhu
MIKE21,SMS, CCHE2D, Delft2D-River, TABS-MD,
SMS, TELEMAC, ... d3 va dang duoc si dung
dung dé giadi quyét nhiéu van dé thuc té dat
ra. Tuy nhién, day la cac mo hinh thuong mai
Vi vay ngudi st dung chi ¢ thé sir dung phan
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mém ma khoéng thé thay déi duoc chuong
trinh phuc vu céng tac nghién ctru va rng dung.
Hién nay, Viét Nam ciing d3 c6 mét s6 nghién
ctru xay dung, phat trién mé hinh 2 chiéu thay
lwc ma ngudn m& nhv md hinh TREM (Two-
dimensional River bed Evolution Model) duwoc
Nguyén Tién Giang va cac cong su [1] phat trién
va rng dung cho séng cta Viét Nam (2003);
Nguy&n Thé Hung, Vi Hitu Hai va Nguyén Hai
Bac [2] xay dung m6 hinh todn hai chiéu cho
dong chdy st dung phuwong phap phan tir hitu
han (2007); Lwong Tudn Anh va Nguyén Hoang
Minh [3] (2006) si* dung thudt todn Runge-
Kutta bac 3 va phuong phap ndi suy tuyén tinh
ndi ti€p dé gidi hé phuwong trinh séng nudc
néng 2D... tir d6 thu dugc biéu d6 phan bd van
tdc theo phuwong ngang va do sdu dong chay
(hodc muc nuwdce) tai khu vee nghién cru. Tuy
nhién nhirng nghién ciru xay dywng ma ngudn
m& md hinh thdy déng lwc 2 chiéu két hop tinh
todn xam nhap mén & Viét Nam van con chua
phd bién va vi thé can thiét c6 nhitng nghién
ctru xay dwng bé mé hinh nay va chia sé rong




rdi dé (rng dung va phat trién ti€p theo céc
huwéng nghién clru ti€p theo.

Day [a mdt van dé rat rong, do dé trong
pham vi bai bdo nay chung t6i tap trung vao
viéc xdy dung m3 ngubn m& gidi hé phuong
trinh nwdc ndng va phuong trinh khuéch tan
bang phuong phédp thé tich hitu han trén lwdi
phi cau tric dé€ moé phdng thay déng luyc va xam
nhap man theo hai chiéu khéng gian (phwong
mat ngang).

0q

2. Xay dwng md hinh hai chiéu (2D) mé phéng
xam nhap man.
2.1. Hé phuong trinh co bén

Trong nghién clru nay hé phuwong trinh nwéc
néng hai chiéu [4] cung v&i hé phuwong trinh
khuéch tan [8] dwoc st dung dé tinh muc nudc,
céc thanh phan van téc theo phuwong ngang va
néng dd chat hoa tan (d6 man) tai cac vi tri trong
mién tinh. Cu thé:

Phuong trinh thay déng luc:
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Trong d6, h(x, y, t): chiéu sdu cot nuwdc (m);
z,: D6 cao mét day; u(x,y,t),v(x,y,t): Van téc dong
chay theo phuong x va phwong y (™/s); f: Tham
s6 Coriolis; po: mat d6 cla nudc;

Tpe = poCruyu? + v2,1, = povyu? + v?

: Ung suat mat day theo phuong x phuong y;
C; Hé sb kéo dugc xac dinh tir hé s6 Chezy hay
hé s6 Manning; p(s): Khéi lwong riéng cda nuédc
(kg/m?3), chu y khéi luvgng riéng p phu thudc do
mdn [4, (2.10)]; g, = uh va q,= vh: Luu luvong
theo phuong x va phuong y (m?/s); ma sat nhot:

T = 2422 it r6is Ty = A + 2

o = 2A52; masat r6i: Ty = (ay ax)'
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2.2. R&i rac héa hé phuwong trinh va cdc buée gidi

a) Roi rac hda theo khong gian

Mién bai todn Q duoc chia thanh ludi tam
giac Ththéaman 2 = UrerhT vdi moi T 1a mét
tam giac trong luwéi T, h_ duong kinh duong
tron ngoai tiép cla tam giac T, va h = max, . h,
[7]. S& dung phuong phép thé tich hiru han, viét
dang tich phan cta phuong trinh (1) trén moi
phan tlr T va ap dung dinh ly Green thu dugc:

fg—‘tldT + %(F(q) —F4(q)).ndT = f(Sp + S, + Sp)dT
T T T
(3)
Trong d6 g := (qx,qy): Vector luu lugng vaig,
g, Ivu lwgng theo phuong x va phuong y; OT la
bién cla tam giac T; n := (n,n)" Ia vector phap
tuyén don vj tai bién 0T va cé huéng ra ngoai T;
thong luvgng F(g) - n dugc tinh theo cong thirc
sau:
F(g)-n=(fn+gn )F (q).n=(fn+gln ) (4)
Do 9T duwogc hgp thanh tir ba canh cha tam
giac T, khi d6 hai tich phan dudng trén 0T cla
F(g)-nvaF, (q)-ntrong(4) co thé dwoc tinh trén
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mdi canh cla T nhu sau:
fﬁaT F(@)-ndT = X3 Fi (@) - mycly,

-(ﬁaT Fi(@) -ndT = Y, F1(q) - myly

Trong d6, k va | : Chi s6 va chiéu dai mét canh
claT; n,: Vector phap tuyén don vj tai canh th
kcdaT.

b) R&i rac hda theo thoi gian

Phuong phép sai phan hién cho thanh phan
dao ham theo thaoi gian trong phuong trinh (3)
xét trén moi phan tlr ludi tam giac TET, [12, 14,
15]:

At™
¢ = g + 5| [, S OMdIT | -

21%:1 Fr (q™) -yl — Zi:l Fi.(q")-

nyly, (6)

Trong d6, tai thoi diém t” = nAt vdi At 1a buéce
thoi gian, g = (a,"),_; oy, V61 card(T,) 13 téng s6

(5)

phan tlr cba ludi Ty; qF = (R}, a3 q),);
1
— | h(x,y,t™)dT; =~ h?,
|Tl| j; y L L
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|Ti 0 '
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la dién tich tam giac T.
T phuong trinh (2), dung phwong phdp nhu
trén, d6 man dugc biéu dién nhu sau [8, 10]:

3
At"
Sin+1 = Sin - |T| z lk(ug'k Ny
Hle=1

+ Uiy S
— L SSEemy (7)

Cac gid trig/™" vas/™ tai cdc budc thoi gian
tiép theo dugec tinh [an lugt qua cac budc nhw
chi tiét trong Phu luc 1.

3. Ung dung mé hinh mé phéng xam nhap min
clra séng Ninh Co
3.1. Gid'i thiéu vé séng Ninh Co’

Séng Ninh Co (con goi la Lach Lac hay Cuwong
Giang) 1a m6t phan lvu & ha du cla séng Hong,
séng Ninh Co cé chiéu dai khodng 55 km, chay
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qua dia ban cac huyén Truc Ninh, Xuan Trudng,
Nghia Hwng cta tinh Nam Dinh. Séng c6 vai tro
quan trong trong viéc cung cap nuwdc tudi cho
hang nghin hecta Ida va hoa mau, nwdc sinh
hoat, sdn xuat va cidc nhu ciu nudc cho phat
trién kinh t&€ xa hoi, tuy nhién véi thyc trang
hién nay, xdm nhap man dang de doa dén vlng
nay rat nghiém trong. Ranh gidi man ngay cang
I&n sau trén séng Ninh Co, d6 man tai clra cdng
Mdc 2 cach bién 37 km d3 cé lic dat téi 1,7%0
[5] d3 gdy anh huéng khéng nhé dén cac hoat
dong 18y nudc phuc vu san xudt ndng nghiép
clia nguoi dan dia phuong.

3.2. 86 liéu str dung

Nghién ctru nay da s dung cac s6 liéu dwoc
do dac, khao sat, thu thap trong dé tai cAp Quéc
gia KC.08.05/16-20 “Nghién ctru ddnh gid xu
thé dién bién, tdc déng cta han hdn, xém nhdp
mdn déi vdi phadt trién kinh té - xa héi viing déng
bdng séng Héng - Thdi Binh va dé xuét cdc gidi
phdp trng phé” [5] dé xay dung va kiém chirng
mé hinh gém co:

D liéu va diéu kién tinh toan

- D liéu dia hinh khu vyc nghién ciru bao
gém: i) D liéu Idng dan séng Ninh Co dugc noi
suy tlr cac mat cat ngang dia hinh v&i 500 m doc
sdng/mét cat gdm 139 mat cdt duoc do dac va
b6 sung ndm 2017; va (ii) Ban d6 dia hinh vung
clra séng ven bién Ninh Co'ti 1é 1/10.000 (Hinh 1).

Diéu kién bién tinh todn dugc thiét lap nhu
sau:

+ Bién thuong Ivu phia trong séng Ninh Co
st dung s liéu muc nudce thue do tai tram thay
van Tric Phuong thoi gian tir thang 1 dén thang
5nam 2017.

+ Bién muc nuwdc ha lwu phia ngoai bién
duoc 1ay theo s6 liéu tinh todn sé liéu tai phan
tich dé lam bién dudi cho mé hinh.

+ Bién nhiét - mudi dwoc lay theo hang s6
v3i bién dudi d6 man 1a 32%o0 va bién trén lay
d6 man 1a 0%o. Nhiét dd khu vuc bién thién nho
nén lay nhiét d6 nwdc trung véi nhiét dd khéng
khi trung binh thang tai thdi diém mé phéng.

+ Diéu kién ban dau cho mdé hinh duoc
thiét lap bang phwong phap lam néng mé hinh
(phuong phap hoststart) véi mét khoang thoi
gian chay dém nhat dinh dé€ m6 hinh ty do tim
diéu kién ban dau thich hgp dé& én dinh md hinh.
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a) Toan bé khu vuc séng Ninh Co

¢) Khu vuec phia cira séng

Hinh 1. Bia hinh khu vuc séng Ninh Co

3.3. Thiét Idp mé hinh va ddnh gid két qué tinh
todn
a) Mién va luéi tinh cho vung nghién ctru
Mién tinh todn gém toan bd séng Ninh Co
va vlng clra sdng tinh tir b& ra ngoai phia bién.

Luwdi tinh thiét 1ap cho khu vic trong séng 13 lu i
chit nhat, vling clra séng va ngoai bién st dung
lwéi phi ciu tric vai chiéu dai canh nhd nhat
|a 60 m va canh I&n nhat 500 m & ngoai bién
(Hinh 2).

im

2220000

2215000

OO

PR

%,

oV,

2200000

2195000

615000 620000 625000 630000 635000 640000 645000
m)

\ & b) Ludi tw gidc
(Khu viee phia thugng luu)

a) Toan bé lwdi tinh

& S8

¥ X%
Pl

AV

ok

:

S

i

: N %

LRk SARL Y

AR R SR SISO

¢) Lugi tam gidc
(Khu vuc phia cira séng)

Hinh 2. Mién tinh va ludi tinh khu vue nghién ciru

b) So sadnh két qua tinh todn vdi s6 liéu
thyc té

Cac théng s md hinh dwa vao dé tinh toén
duoc s dung k& thira tir k&t qud nghién clru
hiéu chinh kiém dinh mé hinh Mike 21FM trong
dé tai KC.08.05/16-20 [5].

- Cac két qua tinh todn vé muc nudc duoc so

sanh va&i s6 liéu do dac muc nudc tai tram Phu
Lé thoi diém tir ngay 01 - 28/02/2017. Két qua
so sanh dugc biéu dién trong Hinh 3 va cac chi
tiéu phan tich danh gia két qua nhu trong Bang
1. Két qua cho thay chi sé Nash dat trén 90%, chi
s6 MSE, RMSE nho, do vay két qua tinh toan phu
hop vdi s6 liéu thuce do.
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Murc nuére tinh toan va thye do taitram Phi Lé thang 2 ndm 2017

Hinh 3. So sdnh két qud tinh todn va thuc do murc nwdc tram Phu Lé

Bdng 1. Chi tiéu phén tich két qud so sdnh muc nurdce thue do va tinh todn

Tén tram Chi tiéu Nash Chi tiéu MSE Chi tiéu RMSE Két qua
Phu Lé 98,7 0,0023 0,0486 Tot

- Cac két qua lan truyén man duogc so sanh
vai két qua do dac d& man vao 2 dot do 1a ngay
07/02/2017 va ngay 08/03/2017 tai 10 vj tri tir
km O (clra séng) dén km 22 (vao trong séng).
Hinh 4, 5, 6, 7 biéu thj cac so sanh danh gia
tuwong quan vé do man gitra két qud tinh toan
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Hinh 4. So sénh dé mén giira két qud tinh todn va sé
liéu thure do tai vi tri 4 km (ttr cira s6ng)
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Hinh 6. So sénh dé mén giita két qua tinh todn va sé
liéu thuc do tai vi tri 14 km (tir ctra séng)

Nhan xét: K&t qud tinh todn lan truyén
man twong d6i phu hgp vdi s6 liéu do dac
va xu th€ xdm nhap man tai khu vuc séng
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V@i s6 liéu thue do tai mét s6 vi tri nhu 4 km (tir
clra sébng), 8 km (tlr clra séng), 14 km (tlr clra
sdng) va 18 km (tlr clra séng) (Vi tri diém trich
xuat k&t qud man dé so sanh dugc 1y trung véi
toa d6 cac diém do dac d6 man trong céc dot
khdo sat).

25
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Hinh 5. So sdnh dé mén giira két qud tinh todn va sé
liéu thue do tai vi tri 8 km (ttr cira s6ng)

34
32 °
y=10500+0,1723
3 F=0.5796
I D e e T R
E3 F s ° °
2 R o
B ————
8 [
24
22
2
2 2 22 23 2 25 2 27 28
DB mén (%)

Hinh 7. So sédnh dé mén giita két qua tinh todn va sé
liéu thuc do tai vi tri 18 km (tir ctra séng)

Ninh Co, v&i bién d6 chénh léch d0 man
gitta thyc do va tinh toan khoang 0,15 -
2%o.




c) So sanh két qua tinh toan vdi két qua mo
phoéng bang mé hinh MIKE 21FM
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b) Thoi diém swon triéu (02/10/2017 8:00:00 AM)
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¢) Thoi diém dinh tridu (02/10/2017 3:00:00 PM)
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d) Tho'i diém sau dinh triéu 1h (02/10/2017 4:00:00 PM)
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e) Thoi diém sau dinh triéu 2h (02/10/2017
5:00:00 PM)

Hinh 8. So sdnh két qud tinh todn lan truyén mdn
bdng mé hinh dé xdy dwng va bdng mé hinh MIKE 21FM
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f) Thoi diém sau dinh triéu 3h (02/10/2017
6:00:00 PM)
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Do két qua do dac, khao sét chi cé thé co
tai mot sé vi tri r&i rac trén mién tinh toan, nén
dé c6 thé cé nhitng danh gid vé md hinh da xay
dwng mot cach tng thé, toan dién hon, trong
nghién ctru nay tién hanh so sanh két qua tinh
toan bang mo hinh d3 xay dung véi cac két qua
tinh toan bang md hinh MIKE 21FM |a mdt moé
hinh 2D trong bd mo hinh thuvong mai MIKE cta
DHI d3 dugc (ng dung tot trong nhiéu nghién
clru thyee té€ trén thé gidi cling nhu & Viét Nam.
Céc két qua tinh todn bang mé hinh MIKE 21FM
duoc ké thira tir cdc nghién clru trong dé tai cap
Quéc gia KC.08.05/16-20 “Nghién ciru ddnh gid
xu thé dién bién, tdc dong cla han hdn, xém
nhép mdn déi vdi phdt trién kinh té - xd héi
viing déng bdng séng Héng - Thdi Binh va dé
xudt cdc gidi phdp trng phé”. Cac théng sé thay
lwe, khuéch tan dua vao trong chuong trinh tinh
duogc 18y hoan toan gidng nhu trong md hinh
MIKE 21FM.

Céc két qua tinh todn dd man bang mé hinh
da xay dwng va bang md hinh MIKE 21FM duoc
biéu dién va so sanh tai cic thoi diém chan
triéu, suon trieu, dinh chiéu, sau dinh triéu 1
gi0, 2 givr va 3 gio nhu trong Hinh 8. Trén Hinh 8
c6 thé thay su twong déng vé phan bé dé man
trén mién tinh toan cla két qua tinh toan bang
chuong trinh d3 xdy dwng so vdi két qua tinh
toan bang moé hinh MIKE 21FM. C3 hai két qua
tinh todn déu cho thay khi thay triéu l1&én, man
s& dwoc lan truyén dan vao trong sdng, dén thoi
diém sau dinh triéu khoang 1 gi man dugc lan
truyén vao sau trong sdng nhat, sau dé6 man lai
dugc day dan ra phia ngoai clra song khi thay
triéu rat xuéng.

Thém vao d6, qua cac Hinh 8 ¢, d, e, f c6 thé
thdy trong ca hai két qua tinh todn, man dugc
truyén vao trong séng di theo huéng sat bo
phai tinh tir clra séng Ninh Co chay vao. Diéu
nay ciing phu hop véi diéu kién thyc té tai séng

Ninh Co, nguyén nhan |3 do hudng nudc bién
dé vao clra séng Ninh Co theo huwdng Ddng Nam
(hwdng vé phia bo phai).

4. K&t luan

M phdng dong chay va lan truyén man & céc
vlng clra sdng, ven bién 13 mot bai todn phirc
tap, khong thé giai bang giai tich. Vi vay viéc ng-
hién clru gidi s6 va xdy dwng chuong trinh tinh
c6 két qua phu hgp vdi thuc té va phuong phap
giai 6n dinh, hiéu qua 13 hét sirc can thiét.

Phuong phdp dwoc dé xuat trong nghién clru
nay cho bai todn nudc ndng 2 chiéu |a xac dinh
diéu kién dau bén trai va bén phai bién giao giira
2 phan tr ludi, xdy dwng cdng thirc thay tinh
(trong Budc 4), va str dung phuong phap HLLC
(trong Budc 5) dé tinh théng lugng cho bai toan
Riemann. Thuat todn nay gilp tinh nghiém xap
xi 6n dinh, thda man diéu kién can bang ngay c
khi xét trwdng hop ¢ trang thai ran - 16ng cho
2 phan t& ludi lién ké. Pay cling chinh la diém
khdac biét cha mé hinh d3 xay dwng so véi mé
hinh Mike 21FM (st dung thuat toan Roe [4,
6]). Thém vao do, bai bao con trinh bay phuong
phdp so d6 thé tich hitu han sai phan tién dé
gidi xap xi nghiém cla bai toan lan truyén man
(trong Budc 7) két hop thanh phan van téc
dong chdy dugc xac dinh trong bai todn nudc
nong 2D.

Trén co s& phuong phap gidi s6 d3 duoc
xay dung, mét chuong trinh ma nguén mé viét
bang ngén nglt C++ d3 dwoc xay dung va tinh
todn thir nghiém véi diéu kién thyc té la séng
Ninh Co (Nam Binh). Cac két qua tinh toan bang
chuong trinh duwoc kiém nghiém vdi cac két qua
khao sat, do dac vé muc nuwdc va dd man va so
sanh vdi cac két qua tinh todn bang mo hinh
MIKE 21FM cho thdy chuong trinh da xay dung
d3 giadi quyét twong déi t6t bai todn thiy dong
Iwc va lan truyén man hai chiéu trong diéu kién
sdng ngoi thuyc té.

L&i cdm o'n: Nghién ctru nay duorc sw hd tror béi Dé tai nghién ciru clia Vién Nghién ctru Cao cdp vé Todn

“Xdy dwng mé hinh todn hoc tich hop va phdn mém ddnh gid xdm nhép mdn viing D6ng bdng séng Ciru

Long”, md s6 B2018-VNCCCT-02.
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Phu luc1:
Budc 1: Xac dinh budc thai gian tinh todn
Diéu kién Courant - Friedrichs - Lewy [16] dwoc sit dung dé xac dinh budc thoi gian tinh toan:
R;
)

/uiz +v? + /gh; (8)

Trong d6 R. la khodng cach nhé nhat tir trong tdm dén canh cta TET,.
Buwdc 2: Cap nhat gia tri vector (qx”,qy") phu thudc vao ma sat

At = CFLmin(

st s
~n+l _ an fx ~n+l _ an fy
dx =qx +At 0 px\" 4 " =4ay + At Sy \" (9)
1+At(afIx ) 1+At( dqy )
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Buwdrc 3: Xac dinh gid trj vector g, " tvong (ng tai canh e cla lwéi T, cé trung diém M
ay = af + Vi -Tou, (10)

Budc 4: Xay dung lai dé sau (h, ', h f) dé thda man diéu kién can bang C-property [9].
hiy = max(0,nf -max(zpk, 2,%)),  hfy = max(0,nf — max(z,2,%)) (11)

Budc 5: Tinh xap xi F.(q)-n va Fl’k(q) -n, trong (6)
Luu lugng F(g) - n, dugc xdc dinh bang phuong phap HLLC [11] bang cong thirc sau:
Flnéuo < st
Flnéust<o<sM, (12)
FRnéus" <o < sk,
FR néus® <o.

F (@) ny =

Trong d6 cach tinh vector F,FLF.%, F? dwoc trinh bay chi tiét trong [13].
Ti€p theo, thong lugng F, ,(q) - n, dwgc tinh xdp xi bang céng thire sau:

Ajjk

A:s
7 (ujk ——ui)lankarﬁ [(u]-k —ul-)ny+ (ij —vi)nx]lk
dijk

Budc 6: Tinh xap xi tich phan / s,(q")dT, [:s,(h",p")dT

Fix(q) my = (13)

As
(Ujk —Ui)lanky+ ﬁ [(u]-k —ui)ny+ (ij —vi)nx]lk

0
0
-nxg(hﬁdkmi)(zmk—zm\ Y . (14)
— 2 = =L : ’
FSka (q) - \—"yg(hklk*'hi)(szk_zbi)/’ FSpMk (h, p) - 2po M
2

2

lk ny

Budc 7: Tinh dd man s
So d6 thé tich hitu han tién duoc sir dung dé xap xi d6 man s dya trén phuong trinh (2):

n+l _ on _ M"$3 n n n n
i =S = ﬂzkzllk(uijk Ny + Vi Ny ) Sk — LeSSijie - M, (15)

P u?+u;'k w vi"+vj'}(
Uik = = Vg = —5 >
n A% n n

n_ Si néuwgn, + vin, 20,
SikT) n

5

céc trudng hgp con laj,
Diss 5
LI (5 — ST
n _ ijk -
Ssuk D i (sF — sM)n » D ijie
Zdijk k 1 k $'8

A/k

Dp,i+Dp,jk Ai
— Dni= 5 Doje = -1

2 2 oT
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FOR SALINE INTRUSION SIMULATION
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Abstract: The article presents in details the numerical method for solving the salinity transport
problems in the conditions of actual river system based on the 2D shallow water equation and the convection
diffusion one. The method is applied to simulate the salinity intrusion in the Ninh Co river (Nam Binh
province). In this method, the finite volume method combined with HLLC method (Harten - Lax - Van Leer -
Contact) were employed to compute the fluxes of the Riemann problems. Its approximate solution helped
the estimation of the stability, meeting the balancing condition including in the wetting-drying cases for 2
adjacent grid elements. Based on that, the program calculated the open source code written by the C++
program. Comparing caculated results and observed ones, actual measurements in the Ninh Co river and
the simulated results by the MIKE 21FM showed that the model is applicable to simulate the 2-dimensional
salinity spread problem in actual river conditions.

Keywords: Two-dimensional model, Hydrodynamics, saline intrusion.
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