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Tém tit: Song Hong la con séng I6n nhdt & mién Bdc Viét Nam, né c6 gid tri vé kinh té va lich sir
rdt 1ém. Lii va han hdn trén séng Hong la nhitng vdn dé nong bong nhitng nam gan ddy. Dudi tdc
déng ciia BPKH va nuée bién dang nhitng vin dé ndy ngdy cang nghiém trong. Do d6é mé phéong lii
hay kiét cho séng Hong la rdt quan trong. Nghién ciru ndy thiét lgp mé hinh todn dé mé phong li
cho khu vuc séng Hong Ha Ngi. Phirong phdp sai phén hitu han dwoc dp dung dé gidi cdc phiong
trinh nwéc mdt trén cdc mdt ludi (Staggered grid). Phwong phdp tinh todn nhitng diém khé va wét
(Wetting and drying scheme) ciing dwrgc xem xét trong nghién ciru. Nhitng két qua vé hiéu chinh va
kiém dinh ciia mé hinh todn dwoc dwa ra va thdo ludn trong nghién ciru nay.

Tir khéa: Song Hong, md hinh hai chiéu, Lii va han han trén séng Hong, Phuong phap sai phan

hiru han.

1. MO DAU

Hién nay ¢ Viét Nam ciing nhu nhiéu noi
trén thé gidi 1a lut 13 mot tham hoa thién nhién
gdy thiét hai 16n cho kinh t& va xd hoi. Theo
thong ké ctia Ngan hang Thé gidi nim 2005 thi
lii Iyt anh huong gan 10% dat dai trén thé gi6i
va xap xi 38% dan sb thé gisi. Do d6, viéc tinh
toan, md phong va du doan dién bién dong chay
Il dong mot vai trd vO cung quan trong trong
viéc ban hanh cic quyét dinh vé phong chdng,
cling nhu danh gia nhitng ri ro va dua ra giai
phap quan 1y dbi véi 1ii lut. Sy nguy hiém cua 1
lut d& dugc ghi nhan voi hau quéa khing khiép &
nhiéu noi trén thé gigi. Theo bd Tai chinh,
Chinh pht Hoang gia Thai Lan va ngan hang
Thé gi6i, c6 téi 13 triéu nguoi va hon sau triu
ha dat ¢ 66 trong s 77 tinh cua Thai Lan bj anh
hudng bai 1 lut vao ndm 2011. LU lut cling gay
ra thién tai & Pakistan vao nam 2010. Theo nhu
nghién ctru cua Hajat va cong sy nam 2005, &
Chau Au I lut 13 tham hoa tu nhién phé bién
nhat va c6 nhiéu hau qua d6i véi sirc khoé con
nguoi, bao gdm chét dudi va chan thuong.

" Phong Quy hoach thiy loi Bic B¢, Vién Quy hoach
Thuy loi.
? Khoa Néng nghiép, Truong Pai hoc Kyushu, Nhdt Ban.
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Séng Hong 14 con song 16n nhat & mién Bac
Viét Nam, song chdy qua thu d6 Ha No6i va cé
gia tri kinh té va lich st rt 16n. Tuy nhién nim
1971, mot tham hoa lu da xéy ra tai luu vuc
song Hong bao gdom nhiéu tinh bi anh hudng
trong do c6 thu d6 Ha No6i. Day la mot trong
mudi tran 1 lut toi t& nhat trong thé ky 20. Thoi
tiét nguy hiém trong khu vyc da din dén mua
16n dan t&i su gia ting dang ké muc nudc trong
hé théng song Hong. Tong cong 100.000 ngan
nguoi di chét vi thién tai ndy (NOAA, 1993).
Ngoai ra, muc nude trong mua lii cao hon trudce
vi nan pha rimg va bdi lang trim tich ¢ thuong
ngudn séng. Luu vuc song Hong bi anh huong
bo1 dong nudc thuong luu va cac cong trinh
thiy loi ciing dang bi xudng cap ¢ Viét Nam.
Nhiéu giai phap dd duoc Chinh phi va cac bén
lién quan (Nghi dinh 04/2011/ND-CP,
62/1999/ND-CP) dua ra dé bao vé Ha Noi khoi
lii lut. Tuy nhién, tit ca cac giai phap phai xem
xét dén cac khu dan cu nam ngoai khu vuc bao
vé ctia hé thdng dé song Hong. Hién nay co rat
nhiéu khu din cu ven song. Do do, viéc danh
gia toan dién tac dong cua 1i dén hé thong dé
hién tai ciia song Hong nam ¢ thu do Ha Noi
trong cac tinh hudng khan cap 1a rit quan trong.
Ngoai ra, tinh toan dé dua ra ban dd ngap lut
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cling rat quan trong dé danh gia tac dong cua li
lut d6i véi khu dan cu.

Trong nghién ciru ndy, md hinh todn dé mo
phong 1ii dugc xay dung va kiém dinh. Phuong
phap sai phan hitu han dugc ap dung dé giai cac
phuong trinh nuéc mat trén cac mat Iludi
(Staggered grid). Phuong phdp tinh toan nhirng
diém kho va uét (Wetting and drying scheme)
cling dugc xem xét trong nghién ctu. Sy chinh
xac va on dinh cia mo hinh thay Iyc s& bi anh
huong boi cac phuong phap giai cho cac diém
kho va uét, dac biét 1a 6 cac khu vuc c6 dia hinh
phtre tap. Viée xur 1y cac diém kho va uét trong
mot dia hinh phtc tap c6 thé gay ra cac 16i cho
mo hinh toan (Brufau et al, 2004). Trong
nghién ctru nay, ching t61 ap dung phuong phap
ciia Uchiyama (2004) dé giai cho cic 6 ludi
kho va uot trong mo hinh. Phuong phap nay sé
stt dung mot ham dé xac dinh cac mat Iudi la
kho hay uét, goi la LMF (Land mark function)
dé xac dinh duoc thi gia tri do sau ngudng ban
dau d,; s& so sanh voi tong cot nude D(m,n) =
h(m,n)+ n(m,n) tai mdi mat ludi nhu vay ta s&
xac dinh dugc ludi w6t hay kho tai mdi diem.
Ngoai ra c6 cac phuong phdp khic nhu cua
Leendertse (1970 - 1987) s& so sanh muc nudc
& diém can xac dinh v6i myc nudc trung binh
ctia 4 diém xung quanh. Stelling (1984) mot ky
thuat STE dua trén phan tich d§ sau tai cac diém
xung quanh diém can tinh nhu trong phuong
phéap cua Leendertse, mdt mit ludi duoc loai trir
khoi tinh todn vi kho, chi khi tit ca bon chiéu
siu ¢ xung quanh diém d6 thap hon mot gia tri
ngudng thich hgp. Falconer and Owens (1987)
cling ¢6 nén tang gidng v4i 2 nha nghién ciru
trén, tuy nhién su khac biét & chd chi nhiing mét
ludi wét xung quanh mat ludi can tinh méi duoc
st dung cho tinh myuc nudc trung binh.

2. TONG QUAN VE KHU VU'C NGHIEN
CcUU

Khu vue nghién ctru duoc thé hién trong hinh
1, day 1a mot phan cta song Hong, chay qua thu
d6 Ha Noi tir xd Vinh Thinh-Son Tay dén khu
vuc cau Yén Lénh thanh phd Hung Yén, Viét
Nam véi chiéu dai khoang 110km. N6 duoc bao
quanh boi hé thong dé séng Hong dé bao vé Ha
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Noi khoi 1 lut. Phia Bic mot phan giap voi tinh
Vinh Phuc va Ha Noi, phia Nam giap véi1 Ha
Noi, phia Pong giap véi Ha Noi va mdt phan
tinh Hung Yén. Dir liéu dia hinh dugc Vién Quy
hoach thuy lgi Viét Nam (IWRP) khdo sat va
thu thap tir nam 2011 dén nam 2014. Khu vuc
nghién ctru 1a 364 km® v6i 145.728 6 ludi vudng
6 chiéu rong 50 m. Thuat toan ndi suy diém lan
can trong phan mém GIS di duogc st dung dé
ndi suy cao do dia hinh tur nhiing diém c6 sin
cho toan bd cac mat ludi tinh toan. Cac két qua
hi¢u chinh va kiém dinh véi sb liéu thuc do
cling duoc trinh bay va thao luan trong nghién
clru nay.

Vinh Phuc

——— Provincial boundary
@ Hydrology Station
------- Dyke
Elevation (m)
20- -6

Tl

Hoa Binh Ha Nam

Hinh 1. Téng quan khu viee nghién ciru

3. PHUONG PHAP TiNH TOAN

3.1. M6 hinh thuy déng luc

Hién nay c6 rat nhiéu moé hinh toan dé tinh
toan thuy lyc nhu bd mo6 hinh Mike (Mike 11,
Mike 21, Mike flood...), m6é hinh Sobek hay mé
hinh Hec-Ras, nhitng mé hinh trén rat thuin
tién, tuy nhi€n do6 1a nhirng mé hinh dong, do do6
ngudi sir dung rat kho dé hiéu hét cac thuat toan
duogc st dung va tic dong vao ma dé thiét lap
md hinh. Do d6 viéc phat trién mo hinh 1a vo
cling quan trong. Nhiing nim gan diy mo hinh
thuy dong luc hoc 2 chiéu dugce st dung rdng rai
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dé mo phong dién bién cua dong chiy hd trong
song, hd va cac khu vuc ven bién v6i két qua rat
t6t. Trong nghién ciru nay chiing t6i sé thiét lap
md hinh thiy lyc 2 chiéu véi phuong phap sai
phan hitu han dé giai cac phuong trinh nuwéc mat
cho khu vye nghién ctru. M6 hinh dugc viét trén
ngdén nglr 1ap trinh Fortran. Cac phuong trinh

nudc mat (Shallow water equations) dugc s
dung trong nghién ctru nay nhu sau:

Phuong trinh lién tuc:

on 0

E+8_X{U(h+n)}+%{\7(h+n)}:0 ()

Phuong trinh dong lugng theo phuong x va y:

oU dU  oU on U U\ gn*UNU? +7>
— U —+V—=fV-g—+v, —+— |- 7 (2)
ot ox oy ox Ox oy (h +,7) 3
oV oV oV on O W) enVNU2+V?
—+tU—+V—=-fU-g—+Vv,| —5+5 |~ 7 (3)
Ot ox oy oy ox~ 07y (h + ,7) 3
U va V 1a thanh phin van téc ngang theo Vinh Phuc “:@E
phuong x va y; n 1a myc nudc; t 1a bude thoi | . =w i
gian; h 1 chiéu cao cot nuéc; f 1a lyc Coriolis; -‘--~.-v\__,;--\<\__ o '
g 1a gia téc trong truong; n 1a hé s nham; va v, |>0" ™ \/\\\"‘\_ ...... % Thuong Cat
1a hé sé nhét dugc tinh toén bing phuong trinh Y ‘?
Smagorinsky (1963) Ha Noi A\
5 S 12 \-\.\-I
v = lS 4 [aUJ n 1 8l+ al " al (4) Manning's coefficient /-j \
TN ) 2l ) oy 0.172 )
S 1a hé sb Smagorinsky, and Ag la dién tich 0.025 (\;\,

cho mdi 6 ludi.
Céc thong so co ban dung trong tinh toan nay
nhu sau:

Thong sb Gia tri
At(s) 2.0
Ax = Ay(m) 50.0
Sm 0.2
ns/m'” 0.025-0.172
Ag (m?) 2500.0
f/s) 5.24%107
g(m/s?) 9.8

Hé s6 nham 1a mot tham sd quan trong dai
dién cho stic can dong chay It & vung ngép 1.
N6 anh hudng té1 myc nudce va van tdc. Trong
nghién ctru ndy hé sé nhdm duoc thiét lap tir
0.025 t61 0.172 cho tung khu vuc dua vao cac
nghién ctru va cong bd ctia Brunner and Bonner,
2010 va Bricker et al., 2015. Hinh 2 cho thiy
phan b do nham cua ting khu vuc, chiung toi
sir dung phin mém GIS dé mé phong.
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Hinh 2. Phdn bé d nham cho khu viee
nghién cuu

3.2. Ky thuat sai phan (Discretization
techniques)

Phuong phap sai phan hiru han duogc ap dung
dé giai phuong trinh tr 1 d&n 3 trén ludi
(Staggered grid) nhu hinh 3. O day cac thanh
phan van téc U va V s& duoc tinh toan trong
phuong trinh dong lugng 2 va 3 sau d6 phuong
trinh lién tuc s 1 s& tinh muc nudc. Trong
phuong phap nay, muc nudc va van tdc dugc
tinh toan ludn phién & mdi budc thoi gian.
Phuong phéap sai phan thoi gian Leapfrog duogc
su dung dé tao ra sy luan phién vé thoi gian trén
(Vreugdenhil, 1994), ¢ day chinh 1a cac budc
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thot gian 2s ching t61 st dung trong mo6 hinh.
Trong md hinh toan nay, luoc dd Upwind bac 2
(Second order upwind schemes) trong nghién
ctru cia Anderson nim 1995 duoc ap dung dé
giai cac thanh phan van tc ngang theo phuong
XVvay.

Thanh phan van téc U theo phuong x va y
duoc tinh nhu sau:

Tw phai qua tradi
[G_U} ~ - 3U(m+%,n) + 4U(m+%,n) - U(m+%,n) (5)

OX (s ) - 2Ax

Tw trai qua phai
[a_U) _ 3Ytin) ™ i) Vg ©
(1)

Ox 2Ax

T dweoi lén trén

(8_(]] _ - 3U(m+%n) + 4U(m,n+1) - U(m,n+2) (7)
Y s 1) 20y
T trén xuong dieoi
3Um+1 . —-4U, man—1 +U(m,n—2)
La_UJ _ e tn) "y -
(m+ 1)

oy 2Ay

y

nt+l
@ V(im.n+1/2)

U(m-1/2,n)

U(m +1/2,n)
L L 4
n(m,n)

n

dy oV(m,n—1/2)

n-1

Ax

m-1 I m+1 X

Hinh 3. Ludi (Staggered grid)

Hoan toan tuong tu cach tinh voi thanh phan
van tdc ¥ theo phuong x va y

3.3. Tinh toan cho cic diém khd va wot
(Wetting and drying schemes)

Hién twong kho va udt xay ra rat phd bién &
khu vuc ven bién do thity triéu, khu vuc ngép i
khi nuéc 1i tran t6i cac vang dat kho hay ving
dat kho bi anh huong boi v dap, xa li. Rat
nhiéu nghién ciru di thao luan vé cach xur 1y cho
qué trinh x4y ra hién tugng kho va udt. Balzano
nam 1998 di dé cap dén bay phuong phap toan
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md phong hién tugng trén trong cdc md hinh
dong chay nudc mat hai chiéu. Bradford va
Sanders nim 2002 4p dung phuong phap thé
tich hitu han (finite volume method) dé mé
phong hién tuong khd va uét va dé cap dén
nhttng kho khan, gidi phap cho phuong phép
nay. Hién tuong nay trong dong nudc mat
khong on dinh ciing dd dwoc nghién ciru va xir
1y bdi Cea nam 2007. Mot thuat todn udt va kho
moi da duoc rat ra truc tiép tir phuong trinh vi
phan boi Casulli ndm 2009.

Trong nghién ctru nay, khu vuc nghién ctru 1a
két hop giira 1ong dan song Hong va khu vuc
bai song, coi nhu vung ngap 1. Khu vuc bai ban
dau s& kho va s& udt khi myc nudc séng dang
cao. Mot ham dé xac dinh cac mit ludi 1a kho
hay uét duoc ap dung trong nghién ctru nay, goi
la LMF (Land mark function). Quy dinh nhu
sau 'LMF = 1' chi ra rang mat Iuéi 13 uét, nguoc
lai LMF = 0 mit ludi s& khong c6 nudc. Gia tri
LMF s& dugc tinh toan lai sau mdi budc thdi
gian. Phuong phép nay s€ so sanh gia tri do sau
ngudng ban dau d;; voi tong cdt nude D(m,n) =
h(m,n)+ n(m,n) tai mdi mat ludi. LMF =1 néu
nhu D(m,n)> dy.. Trong khi d6, ba diéu kién
dudi day s€ dugc ap dung trong qua trinh tinh
toan néu D(m,n)< dy; nhd hon:

T[T NP S S 7

minanz—],n’D D Dm,n+1JS dth

max|LMF LMF, . ]=0

m—1,n>°

m,n—12

LMF

m,n—12

m+1,n?

LMF

m+l,n2

Piém nay s& bi loai trir khoi qua trinh tinh
toan néu co it nhat mot trong cac diéu kién nay
dugc dap Gng, nghia 1& LMF(m,n)=0. Néu
khong co diéu kién nao thoa man thi LMF (m,
n) duoc thiét lap 1a 1,diém ludi s& duoc dua vao
mién tinh toan. Qua trinh tinh toan cho ham
LMF s& duoc lap lai ¢ tat ca cac bude tinh cho
tat ca cac mat ludi.

3.4. Bién ctia mo hinh

Trong nghién clru nay ching t6i st dung bién
luu luong dau vao tai tram Son Tay cac nam
2013 va 2014. Céac bién dau ra ctia md hinh 1a
muc nudc tai tram Thuong Cat va Hung Yén.
Céc bién luu luong va muc nudc déu 1a sb lidu
thuc do do Vién Quy hoach Thuy Loi, B Nong
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nghiép va Phat trién nong thon thu thap.

4. HIEU CHINH VA KIEM PINH MO HINH

Mo hinh toan ndy duoc hiéu chinh va kiém
dinh véi sb liéu thuc do tai tram Long Bién. Céc
thong s6 vé sai s6 toan phuong trung binh
(RMSE) va hé s6 NASH duoc tinh toan dé danh
gia su chinh x4c cua md hinh. Hiéu chinh c6 2
khoang thoi gian bao gom: tir 17/02/2013 dén
25/02/2013 va tir 02/08/2013 dén 16/08/2013.
Kiém dinh mé hinh tr 23/01/2014 dén
01/02/2014 va tir 02/07/2014 dén 10/07/2014.

Bang 1 cho thiy két qua hiéu chinh 1a rat tot

v6i hé s6 RMSE chi tir 0.06 va 0.14 cho 2 giai
doan, hé s6 NASH rat cao 0.98 va 0.94. Trong
hinh 4 va 5 cho thdy qué trinh myc nudc giira
thuc do va tinh toan rat sat nhau. Nhing két qua
trén cho thiy két qua tinh ctia mo hinh 1a rat
dang tin cay.

Két qua kiém dinh trong bang 1 cho thiy sy
chinh xac ctia mé hinh. Véi sai sb toan phuong
trung binh chi 0.05 va 0.17 cho mdi giao doan,
hé s6 NASH 1a 0.96 va 0.99. Hinh 6 va 7 cho
thiy sy tuong quan tét gitra két qua thuc do va
tinh toan.

Bing 1. Két qua hiéu chinh va kiém dinh mé hinh

Nam 2013 —Hi€u chinh Niam 2014 —Kiém dinh
Tram Giai doan 1 Giai doan 2 Giai doan 1 Giai doan 2
i 17/2 - 25/2 2/8 -16/8 23/1-1/2 2/7 -10/7
RMSE NASH | RMSE | NASH RMSE NASH | RMSE | NASH
Long Bién 0.06 0.98 0.14 0.94 0.05 0.99 0.17 0.96
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thuc do 23/01/2014 - 01/02/2014
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Hinh 7. Két qua muc nuée gitka tinh todn
va thuc do 02/07/2014 - 10/07/2014

Vé6i két qua hiéu chinh va kiém dinh nhu
trén, md hinh toan cho thay su tin cdy va két qua
tinh toan.

5. KET LUAN

Trong nghién cru nay, chung toi da thiét lap
md hinh thay Iyc 2 chiéu véi phuong phap sai
phan hitu han dé giai cac phuong trinh nuwdc mat
cho khu vuc nghién ctru. Phuong trinh lién tuc
duoc stir dung dé tinh muc nudce tai mdi bude thoi
gian (2 gidy). Phuong trinh dong luong dé tinh
cac thanh phan van toc U va ¥ theo phuong x va
y. Phuong phép tinh toan cho cic diém kho va
udt tai tung thoi diém da duogc ap dung theo cong
thitc cua Uchiyama. Két qua tinh toan cta md
hinh d& moé phong tét ché do thuy dong luc va
cho két qua tinh toan trong qua trinh hiéu chinh
va kiém dinh pht hop véi cac gia tri thuc do, co
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thé ap dung md hinh cho tinh toan li vé sau.
Hién nay khu vuc dan cu ngoai dé séng Hong
van phai d6i mat v6i 1 lut va cac tran lii gan day
cling gdy anh huong lén nhu nam 1996, 1998,
2002 do d6 viéc ap dung mé hinh thiy luc dé md
phong 1ii cho khu vuc nay 1a rat can thiét. Cac
phan mém thuy lyc thwong mai hién nay phan

16m 1a mo hinh déng va c6 chi phi rat dat do, d6
1 mot 13 mot han ché 16n ddi v6i cac nha nghién
ctru, dac biét cac nha nghién cuu tré. Do dé phat
trién mé hinh thuy lyc la mét lya chon tdt cho
cac nha nghién ctu. Trong nghién clru nay cac
phuong phap giai dap tng duoc yéu cau don gian
va mang lai sy on dinh va chinh xac cao.
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Abstract:
DEVELOPMENT OF TWO-DIMENSIONAL NUMERICAL MODEL
FOR FLOOD SIMULATIONS OF THE RED RIVER FROM SON TAY
TO HUNG YEN, HANOI - VIETNAM

The Red River is the largest river in the northern Vietnam. Floods and droughts are hot issues in
recent years in the Red River basin. Especially, under the impact of climate change and sea level
rise these issues are more serious. Therefore, development of the hydrodynamic model to simulate
floods is essential. This study constructed a numerical model for simulating floods in the Red River
area in Hanoi. The finite difference method is applied to solve the shallow water equations on the
staggered grid. The wetting and drying scheme was also considered in the study. The validation and
calibration results of the mathematical model are given and discussed in this study.

Keywords: The Red River, two-dimensional model, Flood and drought in Red River, finite
difference method.
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