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NGHIEN CUU XAY DUNG MO HINH TOAN HAI CHIEU BANG
PHUONG PHAP SAI PHAN HUU HAN PANH GIA ANH HUONG TRIEU
VA LU DPEN VUNG RUNG NGAP MAN CAN GIO

Vii Thi Hoai Thu'?, Triéu Anh Ngoc',
Tabata Toshinoriz, Hiramatsu Kazuaki’

Tém tit: Can Gio thuéc ha lueu cia lwu viee song Déng Nai - Sai Gon, nam & khu vuee cira song
Sai Gon, dwoc biét dén nhw la "ld phoi xanh” cia thanh phé Ho Chi Minh béi cdc chirc ndng sinh
théi cia rimg ngdp man. Khu viee Can Gio ¢6 qud trinh thity déng luc hoc rat phirc tap véi nhiéu
cira séng 16m tao nén vinh Can Gio. Véi dia hinh triing thdp bang phang, Can Gio bi anh huong
manh mé boi hai yéu t6 chinh: (1) lii thuong nguon va (2) ché dé thiy triéu. Khi thuy triéu déng,
mot s6 khu viee bi ngdp va thuong tro lai thanh cdc con dat khi thuy trieu rut. Bé hiéu ré sw anh
hieong ciia thuy triéu va li tir thwong nguén, nghién citu nay da phat trién mgt mé hinh sai phdn
hitu han hai chiéu dé danh gia sw thay doi ciia dong nudéc trong vinh duwdi anh huwéng dang ké ciia
thity triéu. M6 dun tinh todn ving ban ngdp triéu (wet and dry scheme) dwge thiét ldp dé mé phong
viing bi ngdp mede dudi swe bién dong cia thiy triéu va li. Cac két qud mé hinh di phdc hoa ré nét

sw thay doi viing ngdp triéu dwdi danh hwong cia thiy triéu va lii thieong nguon.
Tur khoa: Can Gio, sai phan hitu han, mo6 dun tinh todn vung ban ngap triéu, dat ngdp nudc, che

do thuy triéu.

1. PAT VAN DE

Thuy dong lyc ving cua song la qua trinh
phtc tap do sy hién dién ctia duong bo bién, hai
dao, bai cat ngém, kénh rach, cac cong trinh
nhan tao, sy pha trdn cua nudc ngot va nudc
min, va cac yéu td két hop gitr luu lugng song,
thiy tricu, gio, song, va dong ngoai khoi (Kelin
et al., 2009). Bé hiéu day du cac qua trinh thuy
dong lyc ving ctra séng 1a rat quan trong cho
viéc thiét ké cac cong trinh ven bién, bao vé mdi
truong, va cac ké hoach phat trién trong ving.
D3 ¢o nhiéu mé hinh duogc phat trién va md
phong cac qua trinh dong chdy, song, xam nhap
man, va chat luong nudc & cac vung clira song,
dang ké dén nhu: mé hinh hai chiéu sai phan
hiru han tinh toan thiy tridu cho cac khu vuc
cang (Chau et al., 1996); M6 hinh Mike 21 tinh
toan 2 chiéu cho ving cira bién két hop van

" Khoa Ky thudt tai nguyén nuoc, Truwong Pai hoc Thuy loi.
2 Khoa Nong nghiép, Truong Pai hoc Kyushu, Nhdt Ban

chuyén bun cat (Ngoc et al, 2013.); SWAN
(Booij et al., 1999) tinh toan mo phong su bién
d6i song gan bd; va mot sb md hinh nhu MIKE
3 cua DHI va Delft3D cua WL|Delft Hydraulics.
Tuy nhién, hau hét cdc mo hinh 1a phan mém
thuong mai nén han ché nhiéu trong qua trinh sir
dung. Mt khac, cac md hinh nay 1a ma ngudn
dong, nghia 1a khong thé thay doi dugc ma
ngudn dé phu hop nhit cho ving nghién ctru.
Tir nhitng van dé trén, nghién ciru nay tién hanh
xday dung mot mo hinh sai phan hita han hai
chiéu (Chau et al., 1996) két hgp mé dun tinh
toan ving nudc noéng bang ngdn ngit 1ap trinh
Fortran dé tinh toan ché do thuy triéu va dong
chay cho ving Can Gio.

Thanh phé H6 Chi Minh (TP HCM) nam trén
ving dat phu sa - bang phang, bi anh huong truc
tiép ché do thay tridu tir bién dong (IGES,
2015). Bén canh d6, mot loat cac hd chira duoc
xdy dung ¢ thuong ngudn 1d mdi rui ro giy
tham hoa 10 lut nghiém trong cho khu vuc ha
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lwu lvu vuc Pong Nai — Sai Gon vuc néu mot
khi cac hd chira thuong ngudn gip su c¢d van
hanh do thién tai hodc con ngudi. Ngoai ra, bién
d6i khi hau ngay cang tac dong rd hon va anh
hudng truc tiép dén khu vuc, béng ching la
nhiéu siéu bdo xuit hién bat thuong va muc
nudc bién dang cao. Theo théng ké tir tram
Viing Tau, myc nude bién ting 13 cm trong giai
doan 1954 - 2007 (IPCC, 2007). Pac biét, muc
nude cao nhét trong vong 61 nim qua do duoc
tai tram Phu An la 1,68 m xay ra vao ngay 20
thang 10 ndm 2013. Cac tham hoa thién nhién
nay dan dén ngép lut nghiém trong tai TP HCM
va giy thiét hai nghiém trong vé con ngudi,
kinh té va xa hoi TP HCM. Dé bao vé cac khu
vyc trung tdm thanh phd tranh nhimg rai ro 1d
lut va sy anh hudng cia thuy triéu, Chinh phu
Viét Nam dang trong qua trinh xac dinh céac giai
phap thich tmg. Tuy nhién cac giai phap nay anh
hudng khong nho dén ving Can Gid, dic biét 1a
rimg ngdp man Can gid dugc xem la 14 phdi
xanh ctia thanh ph.

Can Gid ndm & ctra song Sai Gon, ha luu
hé thong séng Pong Nai-Sai Gon. Luu luong
ciia cac con séng chay vao khu vuc Can Gio
bién d6i manh theo mua. Khoang 70% cua
dong chay trong mua il tir thang 6 dén thang
11 va 30% trong mua kho (Ngoc et al,
2014). Bé hiéu rd nhitng thay d6i ctia muc
nudc, luu lugng, va khu vuc ngdp nudc &
cira song do sy bién dong cua xa 1i thugng
ngudn va triéu cudng, mod hinh thuy dong
lyc hai chiéu dd duogc phat trién va ap dung
cho vinh Can Gid. M6 hinh dé& xuit cua
nghién ctu nay dugc dua trén phuong phap
sai phan hitu han két hop vdi mé dun tinh
toan ving ban ngép triéu.

2. GIOI THIEU VE VUNG NGHIEN CUU

Can Gid c6 tong dién tich ty nhién 70.421
ha. Nam & vi tri 106°46°12” - 107°00°50” kinh
do bong va tr 10°22°14” - 10°40°00” vi do
Béc. Khu vuc nghién ctru 1a mot vinh kin véi
dién tich khoang 350.000 ha, 1a mét vinh bién
16n & mién Nam Viét Nam c6 cic ctra séng 1on
clia cac con séong Pong Tranh, Long Tau, Soai
Rap, Thi Vai, Vam C¢, Cua Dai va Cta Tiéu.

Vinh Can Gid doéng mot vai trd quan trong trong
chién luoc phat trién kinh té cho mién Nam Viét
Nam. Nguoi dan dia phuong chii yéu 1am nghé
nudi trong thuy san, danh bat gan bo, san xut
mudi, va tham gia khai thac du lich dich vu va
quéan ly rung.

Bén canh d6, rimg ngap min Can Gio dong
vai tro quan trong cua viéc gidm nhirng tac dong
clia cac con bdo va bao ton da dang sinh hoc
cho thanh phé H6 Chi Minh. Vinh Can Gio la
mot khu vuc rat phirc tap anh hudng truc tiép
boi ché do thuy tridu. Khi triéu 1én nhiéu khu
vuc bi ngap nudc, va trd lai thanh con dét khi
triéu rat. Bén canh dé, vinh Can Gid con ¢ mot
dia hinh rat dic biét nén dugc coi nhu 1a mot
vinh kin, v6i Iuu Iwgng 16n ndm con song 16n
chay vao. Diéu nay dan dén sy thay d6i 16 ché
d6 thuy van trong mot ngay. Do do, mo hinh sai
phan hiru han két hop véi md dun tinh toan
ving ban ngap triéu 1a rat hiru ich dé mo phong
ché do thuy van cia khu vuc nay.
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Hinh 1. Khu vyc nghién ciru

3. CONG CU VA PHUONG PHAP
NGHIEN CUU

3.1. M6 hinh thuy dong luwc hoc

Mo hinh sai phan hitu han dya vao phuong
trinh vi phan dugc thanh 1ap dé mo phong dong
chay ctia vinh Can Gid nhu sau:

Dung phuong trinh lién tyc dé tinh toan
muc nudc:
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Dung phuong trinh m6 men dé tinh todn vén toc nudc theo phuong x va y:
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LA LI T (82V+82VJ_gn2V\/U2+V2
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Trong do, n(m) muc nudc; #(=1.0 s): thoi
gian; A(m): muc nudc day; f (7.9x107 )
=2Qsing: tham sb Coriolis; chi ra anh huéng
clia vong quay trai dat (Q: téc goc quay, ¢: vy
do dia 1y); g (=9.81m/s): gia tdc trong truong,

21/2
4 = 1SA (6UJ+1 o ouy, (or
2 Ox 2\ ox oy Oy

Trong d6: Sm (0.2): Hé sb Smagorinsky, Ag:
Dién tich 6 Iudi

Phuong phép sai phan hita han Leapfrog
dugc dung cho giai phap s cua phwong trinh vi
phan. Trong phuong phap nay, muc nudc va
van téc dugc tinh toan luan phién & mdi budc
thoi gian.

Vinh Can Gid 1a khu vyc triing thip bing
phing bi ngap khi triéu 1én va 1a bai bdi khi

mo hinh

n (=0.02 s/mm): hé s6 Manning; U va V- van
tdc ngang trong hé toa do Cartesia theo phuwong
x vay; Ap: hé s6 nhét duoc xac dinh bﬁng mo
hinh Smagorinsky (Smagorinsky, 1963).

4

tridu rat, vi vdy mé dun tinh toan ving ban ngap
triéu véi ham LMF (land mask function) da
dugc st dung dé xac dinh cac bai tricu
(Uchiyama, 2004) khi muc nudc thay doi.
Trong md hinh nay, ham LMF dugc tao ra dé
x4c dinh va d4dnh du tit ca cac ludi bé mat dat
tu nhién trong qua trinh m6 phong cua mo hinh,
duoc xac dinh boi hai gia tri: 1 cho nudc va 0
cho dit (xem hinh 2).

Xuit két qua
tinh toan (dat

Modun tinh toan mre
nurde, vin toe tar mo1 6
heat

Hinh 2. So d6 thudt todn chirong trinh

Trong mé dun tinh toan ving ban ngap triéu,
d4u tién xac dinh do siu ngudng voi gia tri phai
bang hoidc 16n hon khong. Sau dé tinh toan do
sau cua nudc & moi 6 ludi. So sanh do sau nude
v6i do sau ngudng, néu do sau nude 16n hon do
sau ngudng, 0 ludi dugce xac dinh 1a udt, voi gia
tri 1. Nguoc lai, cac 6 ludi duoc coi 1a ¢6 kha
nang kho va ngay lap titc s€ ap dung mo dun
tinh toan vung nudc nong. Trong md dun tinh
toan ving ban ngp tridu, xét 3 didu kién dé
danh gid mdi 6 ludi c6 kha ning kho 1a wét hay

kho bang cach kiém tra bon 6 ludi lien ke:

Min{n .n .m0 1<n. )
i-1,j 1+1_] i,j-1 ijt+l i
Min [Dj1j, Dis1j, Dij1, Dijr1] < der (6)
Max [LMFi_l,j, LMFiH,j, LMFi,j-I,
LMFij+1]=0 (7)

Trong d6: d.,: chiéu sdu ngudng; D;j: chidu
sau nude ciia moi 6 ludi (i,j): (Dij=hij+m:); hij:
chiéu cao thang dimg; 1:j: cao d§ nudc & mdi 6
ludi ngang (1,))-

Néu thoa man it nhét 1 diéu kién, 6 ludi s&
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tro thanh 6 dat va duoc g bo khoi mién tinh
toan, LMF c6 gia tri 0. Nguoc lai, 6 ludi dugce
coi 1a w6t va van con gitt lai trong mién tinh
toan va s€ dugc quét lai trong bude thoi gian
tiép theo, LMF c6 gia tri 1.

3.2. S liéu dau vao mé hinh

St dung phan mém GIS dé xay dung DEM
dia hinh va tao 6 Iudi 50 x 50 m cho khu vuc
nghién ctru nhu hinh 1. Luu lugng do dugc theo
gid cua cac con song Cura Pai, Cta Tiéu, Vam
Co, Nha Be, Thi Vai nhu hinh 3 dugc thu thap
tir Ban Khoa hoc cong nghé va Hop tac qudc té,
co 80 2 - Truong dai hoc Thuy lgi duge st dung
cho diéu kién bién ctia mé hinh. Muc nuée thuy
triéu quan sat tai tram Viing Tau (hinh 4) va
bbn tram do di dong: Soai Rap, Pong Tranh,
Ngd Bay, va Thi Vai dugc duogc thu thap tu
Vién Ky thuat bién.
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Hinh 4. Myc nuéc thyuc do tai tram Viing Tau
tr 20 - 30/10/2000

3.3. Hi¢u chinh va kiém dinh mé hinh

Dé hiéu chinh mé hinh, mé hinh mé phong
qué trinh thuy dong luc tu 00:00 07/08/2009
dén 00:00 14/08/2009, va s lidu tir 00:00
07/01/2012 dén 00:00 14/01/2012 dugc st
dung dé kiém dinh mo hinh. M6 hinh duoc
chay véi budce thoi gian tinh toan 1a 0.1s va
luu véi va trich két qua vdi khoang thoi gian
1 gio.

Két qua so sanh sy chinh xac gitra myc nudc
thue do voi muc nude tinh toan theo cac hé sb:

£ v ' v \ v Iy v v v \ v chi tiéu Nash - Sutcliffe (E?), hé s6 tuong quan
~1o000k - . (R) va sai s6 quan phuong (RMSE). Hinh 5 thé
‘ Day _ ‘ hién myuc nuéce tinh toan va muc nude do duoc
Hinh 3. Luu leong thu:c do tai tai 4 tram Soai Rap, Pong Tranh, Ngi Bay, va
cdc nhanh song do vao Thi Vai.
Bang 1. Cac chi s6 hi¢u chinh va kiém dinh mé hinh
ST ) Niam 2009 —hiéu chinh Nim 2012 — kiém dinh
Muc nudc 3 3
T E R RMSE E R RMSE
1 Soai Rap 0.94 0.98 2.78 0.94 0.99 3.07
2 DPong Tranh 0.92 0.97 3.22 0.92 0.98 5.17
3 Nga Bay 0.95 0.98 2.60 0.93 0.96 6.55
4 Thi Vai 0.95 0.98 2.56 0.96 0.99 2.07

Két qua cac thong sd hiéu chinh mo hinh
dugc trinh bay trong bang 1 cho thiy su tuong
quan tét gitta muc nude do duge va muc nudc
tinh toan theo moé hinh (hé sé tuong quan
R=0.98, 0.97, 0.98 va 0.98 lan luot cho cac tram
do Soai Rap, Pong Tranh, Nga Bay, va Thi Vai)

Két qua ciing cho thiy sy chinh x4c rat cao
ctia mo hinh thong qua chi s6 Nash bang 0.94,

0.92, 0.95 va 0.95; sai s6 quan phuong nho,
dat 2.78, 3.22, 2.60 va 2.56 tai cac tram do
Soai Rap, Déng Tranh, Nga Bay, va Thi Vai.

Pé kiém dinh mo hinh, mé hinh mé phong
tir 00:00 07/01/2009 dén 00:00 14/01/2012.
Hinh 6 thé hién muc nuéc tinh toan va muc
nudc do duogc kiém dinh tai 4 tram Soai Rap,
Pong Tranh, Ngi Bay, va Thi Vai.
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— Observed water level
— Calculated water level

Soairap River

Water level (m)

Time

Hinh 5. Muc nuéc thuc do va tinh todn giai
doan 00:00 7/08/2009 dén 23:00 14/08/2009

Két qua kiém dinh md hinh duoc trinh bay
trong bang 1 ciing cho thiy két qua mo hinh rat
t6t (hé s6 twong quan R=0.99, 0.98, 0.96 va 0.99
lan luot cho cac tram do Soai Rap, Déng Tranh,
Nga Bay, va Thi Vai).

— Observed water level

Soai Rap River — Calculated water level
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Hinh 6. Muc nucc thuc do va tinh todn giai
doan 00:00 7/01/2012 dén 23:00 14/01/2012

Cha giii:
Bl Ving ngfp theo didu tra
-~ [ Vung ngip theo tinh toan

[l Vimg ngdp sai khic gitra
tinh toan va dicu tra

Tl IKm
0 3 6 12

Hinh 7. Ban dé ngdp giita tinh todn
va thue do nam 2000

DPé danh gia kha ning mo phong cia md
hinh, Iii lich st nam 2000 tir 00:00 20/10/2000
dén 23:00 30/10/2000 dugec md phong dé danh
gi4 kha ning mo6 phong 2 chidu va su sai khac
giita ngap thuc t& va mo phong. Ban d6 (hinh 7)
thé hién muc do ngap giita tinh toan va diéu tra.
Theo két qua so sanh cho thdy, ban d6 ngap diéu
tra c6 dién tich ngap chiém dén 90% trong khi
tinh toan chiém gan 80%. Su sai khac nay 1a do:
(1) Ban db dia hinh (DEM) str dung cho viéc mo
phong tinh toan 1a nim 2006 trong khi ban d6
ngap lich sir xdy ra nim 2000; (2) ban do ngap
1& nam 2000 13 ban d6 diéu tra vét 1d ngap 16n
nhét trong khi ban d6 ngap theo tinh toan 13 két
qua muc nudc tic thoi tai thoi diém 10 16n nhat
luc 14:00 27/10/2000; (3) Tham phu cling c6 su
khac nhau gitra nam 2000 va 2006. Tuy nhién,
trong diéu kién thiéu s6 liéu thyc do nam 2000,
két qua tinh toan thé hién & trén cho thiy mirc
dd chinh x4c cua md hinh 1a kha tét.

Tir két qua hiéu chinh, kiém dinh va danh
gia trén cho thidy, mo hinh c¢é kha ning mo
phong rat t6t ché do thuy dong luc hoc ving
Can Gio.

4. KET QUA VA THAO LUAN

Dé danh gia sy anh huong cua thuy triéu va
lii thugng nguodn trong khu vuc Can Gio, mo
hinh tién hanh mé phong cho con lii 16n nhat
nam 2000.
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Hinh 8, 9 va bang 2 cho thiy cac két qua cia
khu vuc bi ngép nudc va vung khong bi ngép o
vinh Can Gid dugc mo phong theo con lii nim
2000. M5 hinh thity dong luc hai chidu két hop
v6i md dun tinh toan ving ban ngap triéu chi rd
su thay ddi cua cac khu vuc bi ngdp dudi bién
dong cua thuy triéu va 1ii tir thuong ngudn. Véi
muc nudc cao nhat (+1.11m) lac 14:00
27/10/2000 tai Viing Tau, muc nudc cao nhit va
di vao vinh Can Gio, gy ra ngap lut nghiém
trong cho toan by khu vuc Can Gio. Dién tich
khu vuc bi ngdp lut 1a 79.89% téng dién tich

Land area
W Water area

Hinh 8. Pinh triéu cao nhat lic 14:00
27/10/200

Tuy nhién, khi thily tridu rat dat muc thp
nhat (-1.09 m), khu vuc Can Gid van ngap dang
ké véi dién tich ngap cua 20.165,75 (ha). Diéu
d6 da chimg minh rang, khi thuy triéu rat, 1d
thuong nguon chay vao vinh Can Gio rat 16n
(4286.44 m’/s) dan dn cac khu vuc viung
thuong ngudn cua vinh Can Gid va cac ving
triing thdp van bi ngap nudc.

5. KET LUAN

Dua vao két qua nghién ciru & trén c6 thé dua
ra mot sb két luan nhu sau:

- Mo hinh sai phan hitu han hai chiéu két hop
v6i mo dun tinh toan ving ban ngap triéu da mo
phong rat tot ché do thuy dong luc ciing nhu

Cén Gio (53,213.50 ha), khi thiy tridu rat khu
vuc ngap nude cua vinh Can Gio giam dang ké
(28.64%). Diéu nay nhan manh rfmg, do dia
hinh triing thip phang, thuy tridu 1a mot yéu t6
quan trong gy ngap lut cho vinh Can Gio.

Bang 2. Két qua dién tich ngap duéi tac dong
ciia ché d9 thuy triéu nim 2000

Truong hop |Dién tich ngép (ha) | % ngéap
Dinh triéu  |53,213.50 75.59
Chan triéu  [20,165.75 28.64

Land area
B Water area

Hinh 9. Chan triéu thap nhat hic 20:00
27/10/2000

ving ban ngap cho vinh Can Gio. Cac két qua
dat duoc cho thay mé hinh c6 tinh ung dung t6t
cho cac khu vyc cura song ciing nhu cac khu vuc
ven bién.

- Thuy triéu 1a mot trong nhiing yéu t6
quan trong anh huong dén co ché dong luc
trong toan bo khu vic. Dién tich ngap thay doi
phu thudc vao tuy theo xu hudng cua thuy
triéu cao va thap.

- X4 1ii tir thuong ngudn ciing 1a mot yéu td
quan trong goép phan vao tinh trang ngap tng
ciia Can Giod. Lii thuong ngudn nay tic dong
tryc tiép 1én ving thuong ngudn cia khu vuc
Can Gio va cac khu vuc thip triing ven song.
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Abstract:
APPLICATION OF 2D FINITE DIFFERENCE MODEL FOR ASSESSING
THE EFFECTS OF TIDE AND FLOOD IN CANGIO MAGROVE FOREST

In order to comprehend how tide acts to Cangio bay, this study have developed a 2-D finite
difference model to assess changes of water flow in Cangio bay under significant influence of tide,
and the wet-and-dry scheme-based method is also designed and configured into proposed model to
indicate clearly where waterlogged soils under fluctuation of tide. In this study, a 2D-finite different
wet-and-dry scheme-based model has been completely developed and applied for simulating
changing of water flows in river and shallow Sea. The results of model also pointed out the
changing of inundated areas under the tidal regime.

Keywords: Cangio bay, finite difference, wet and dry scheme, wetland, tidal regime.
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