BAI BAO KHOA HQC

__ MOPHONGNUGC DANGDOBAO
VA XAY DUNG BAN PO NGAP LUT PAO PHU QUOC

Vii Minh Cat', Vi Vin Lan®

Tém tat: Phii Quoc la hon ddao I6n nhdt Viét Nam va cé tiém ndng phdt trién kinh té xa héi rat lon.
Vi vdy viéc qui hoach va phdn ving chirc nang hop 1y givip Phii Quéc tré thanh mét ddc khu kinh té
phat trién manh mé. Mot trong nhitng ndi dung phuc vu xdy dung qui hoach khéng gian bién cho
Phii Quéc la phai xem xét dén cdc tham hoa ti nhién, trong d6 béo va nude ding do bdo tiém dan
riii ro rdt cao. Nghién ciru nay trinh bay két qua mé phéng nude ding do bdo va xdy dung bdan do
ngdp lut trén dao Phu Quéc theo cdc kich ban khac nhau, phuc vu cho viéc qui hoach khong gian
bién ddao Phii Quéc bao gom qui hoach phdt trién kinh té xa hdi va qui hoach dan cw va xdy dung

cdc gidi phap phong tranh va giam nhe thiét hai do bdo va nudc dang gay ra.
Twr khoa: Delft 3D-Flow; nudc dang do bao; xay dung ban dd ngép lut, ddo Phu Quéc.

1. PAT VAN DE

Huyén dédo Phit Qudc, tinh Kién Giang nam
trong ving bién Ty Nam cua T6 qudc, trung
tam khu vuc Dong Nam A, trén vanh dai kinh té
bién Viét Nam - Campuchia - Thai Lan. Huyén
dao nay bao gom 27 dao 16n nho, trong d6 Phu
Quéc 1a dao 16n nhét, dién tich 567 km2, ¢6 2 thi
tran va 8 xa voi dan sé hon 117.000 ngudi (QP
633/Qb-TTg, 11/5/2010 cua Thu tuéng CP).

Pht Quéc 13 hon dao 16n nhat Viét Nam voi
téng dién tich 593,05 km?, ndm trong vinh Thai
Lan, tinh Kién Giang, cach thanh phé Rach Gia,
tht phu cda tinh Kién Giang khoang 112km va
cach thi xd Ha Tién khoang 45km vé phia Tay.
Day 1a mot ving dao gidu tiém ning dé phat
trién kinh té xa hoi va trong qui hoach phat trién
ciia qudc gia, Phii Qubc s& dugc xdy dung tro
thanh mot dic khu kinh té voi tiém ning 16n vé
du lich, dich vu va nghi dudng khong chi cua
Viét Nam, ma c6 tdm c& khu vuc.

V&i nhiéu loi thé vé tu nhién va tai nguyén,
nhung Pht Qudc ndm hoan toan ngoai bién, nén
chiu tic dong cia bao va nudc dang rat 16m, vi

" Pai hoc Thuy loi.
? Pai hoc Tai nguyén & Moi truong Ha Noi.

vay viéc nghién ctru anh hudng cua bao va nudc
dang phuc vu viéc xay dung qui hoach phat
trién khong gian, co so ha tang va ké hoach
phong tranh, giam thiéu cac thiét hai do bio va
nuéc ding giy ra, on dinh dan cu, phat trién
kinh té xa hoi cho huyén ddo Phu Quéc 1a rat
can thiét.

Trong nghién ctu nay, mdé hinh Delft3D
dugc st dung dé mé phong trudng myuc nudc
tong hop va két hop v6i phan mém arcGIS, xay
dung ban d6 ngap lut do nudc dang bio theo két
quéd md phong dua vao tap kich ban xay dung
cho huyén dao Phu Quédc.

2. PHUONG PHAP NGHIEN CUU

Nghién cttu st dung md hinh Delft3D, mo
phong va xac dinh nudc dang do bao khu vuc
dao Phi Quéc, dugc md rong dén cac vung
nude sau trén bién Pong xung quanh ddo véi
viéc tich hop cac tran bao da xay ra va cac tran
bao theo kich ban va xac dinh duoc muc nudc
tong cong, ciing nhu tri sé nudc dang tai duong
bd khu vyc can md phong tuong ung voi cac
kich ban bdo khac nhau. St dung cong cu
ArcGIS chép ban dd muc nudc 1én ban do dia
hinh s¢ xac dinh dugc cac vung ngip vai muc
ngap khac nhau. Céach tiép can cta nghién ctru
duoc thé hién trong so dd khdi hinh 1:
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Thu Thip dit ligu
(sdng, gid, mn tridu.)

Muye nwde [
Thiét1ip m5 hinh
(Hiu chinh va kim
dinh m? hinh}

Siakink bién

Thing s5 bio

A5 phong bio
Bin 4 nén ':D:' Két qua nede dang bio .:ﬂj ArGis

Ban 3 ngap lut

Kétluan va kién nghi

3. XAY DUNG MO HINH

3.1. Co s6' Iy thuyét mé hinh Delft

Nudc dang do bdo ¢ cac ving ven bién va
cac qua trinh thuy dong luc nhu dong chay 14,
thay triéu dugc mo ta bang hé phwong trinh
nudc nong 2 chiéu trong hé toa do bé-cac
gém mot phuong trinh lién tuc va hai phuong
trinh chuyén dong (Delft 3D-Flow manual,
version 2.2).

Hé phuong trinh dugc st dung moé ta cac
dac trung thuy dong luc trong mo hinh Delft3D

Hinh 1. So' @6 mé phéng ngdp lut nhu sau:

e (1 (1)
o ox Oy p Ox ox pth+<$) ~
T ) @)
o ox 0y pov Sy phed)
og

—4+—(h+)u+—(h+ 0 3
py x( ¢ u ay( = 3)

Trong d6: {: cao trinh myc nudc bién thuong
duoc tinh tr 4 séng thanh phﬁn chinh 1a M,, S,,
K, O; theo cong thuec :

C=C(xy.0) =2 FH cos[ot+(a+f),-g] (4)

H;, gj 1a cac héng s6 diéu hoa tai vi tri diém
tinh;

F; va (o + B); la cac tham s6 thién van phu
thudc thoi gian;

o; 1a van tc goc song tridu thir i;

u, v: 1a thanh phﬁn vén tdc theo cac truc x, y;

h 1a d9 sau bién;

7% Umg sudt gio trén mat bién, ty 1 v6i binh
phuong toc do gio;

T Umg suat ma sat day, ty 1& v6i binh
phuong vén téc dong nudc;

P,, P, 12 ap suit khi quyén tai tAm bdo va ria
bao, dugc xac dinh bing mé hinh Fujita

—AP[H(%) } (5)

APla @6 giam ap tai tdm bao; R 1a ban kinh
tir tim bdo dén vung xuat hién gio 16n nhat; r 1a
ban kinh ctia diém tinh toan tinh tir tim bio.

3.2. Ngudn tai li¢u phuc vu nghién ctru

- S6 lidu dia hinh: Ving nuéc ndéng xung

F(r)=F,

quanh dao va dia hinh trén dao 1a ban dd ty 18
1/10000 do dé tai KC09/11-15 cung céap. S6 liéu
cao d0 day bién nudc sau la ban do ty 1é
1/50000 cua hai quan Viét Nam, dugc higu
chinh va déng bd hoa cung hé cao d6 phuc vu
tinh toan.

- S6 liéu mue nwée: DE phuc vy hiéu chinh
va kiém dinh mé hinh thuy dong luc, sé liéu
muc nudc thuc do tai tram Phu Quéc duoc su
dung. Véi cac bién muc nudc ngoai bién, sir
dung modul Tool Box trong Delft3D dé tao
triéu str dung s6 liéu muc nudce triéu toan cau dé
xac dinh bién muc nudc trén ludi tinh 1km x
1km v6i 08 thanh phan triéu gom 4 séng ban
nhét triéu My, Sy, Ko, N, va 4 song nhat triéu K,
Oy, Pl,, Q.

- S6 liéu bao khu vue nghién ciru: Pugc thu
thap tir trang web http:/ / weather.unisys.com/
hurricane/ va http://www.jma.go.jp/jma/
jma-eng/jma-center,/ rsmc-hp-pub-eg/Besttracks/
format_bst.html cua to chirc khi tuong toan
ciu va co quan khi tugng Nhat Ban.

Nuéc dang chu yéu do ma sat gio trén mat
nude va sy giam thap cta ap sudt trung tim so
véi bén ngoai. Viéc md phong duogc thuc hién
v6i cac kich ban bio c6 thé xay ra ¢ khu vuc
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bién Nam bo va vinh Thai Lan. Nguyén tic xay
dung kich ban 1a dua vao tran bao thuc té da
tung xay ra ¢ khu vuc va thu phéong theo kich
ban bio di cong bd. Can ctr vao tai lidu bdo lich
si, con bao Linda dugc sir dung nhu con bao
thuc té phuc vu cho nghién ctru. Cac thong sb
bdo Linda thé hién trong bang 1.
Bang 1. Cac tham so6 ciia con bao Linda

Thoi gian K.d§ | V.d0 | Pism | Vimax
(h) | (d0) | (d9) | (hPa) | m/s

31/10/1997 | 18 | 7.9 | 114.2| 1004 | 17.5
01/11/1997 | 0 | 7.5 | 113.0| 1000 | 17.5
01/11/1997 | 6 | 7.8 | 112.1| 996 | 18.0
01/11/1997 | 12 | 8.0 | 110.8 | 994 | 20.6
01/11/1997 | 18 | 8.5 | 109.0| 992 | 23.2
02/11/1997 | 0 | 8.5 |107.5| 985 | 27.8
02/11/1997 | 6 | 8.8 | 105.8| 985 | 25.8
02/11/1997 | 12| 9.2 | 104.6 | 985 | 25.8
02/11/1997 | 18 | 9.4 | 103.6 | 985 | 25.8
03/11/1997 | 0 | 9.7 | 102.5| 990 | 25.8
03/11/1997 | 6 | 10.5 | 01.6 | 990 | 23.2
03/11/1997 | 12 | 10.9 | 100.5 | 992 | 20.6
03/11/1997 | 18 | 11.8 | 9.80 | 998 | 18.0

3.3. Xay dung mién tinh, lwéi tinh

Mién tinh cia md hinh duoc thiét 1ap nhu
hinh 2 bao gdm dao Phu Québc va ving xung
quanh dugc md rong ra phia bién dén do sau 60
-70 m. Ludi tinh 6 vuong véi kich thudce 6 ludi
(1x1) km ¢ nudc sau va (100x100)m viung xung
quanh dao dén d6 sau 10m, voi tong sd 250000
6 ludi. M6 hinh gdm 4 bién véi bién cimg la
duong bo bién tinh Kién Giang va Campuchia;
3 bién ho thé hién trong hinh 2. Sau khi ¢6 mién
tinh, ludi tinh, ta g'fm cao d0 dia hinh nhu trinh
bay trong phan dit liéu ¢ phia trén.

“Bil

Hinh 2. Ludi tinh va cdc bién cua moé hinh

3.4. Hiéu chinh va kiém dinh mé hinh

Viéc hiéu chinh va kiém dinh mé hinh nhdm
tim bo théng s6 6n dinh nhat ¢é mé phong cac
kich ban. Trong mé hinh Delft, sai s6 quan
phuong nho nhét duge st dung dé danh gia do
chinh xac, dua vao cong thirc

(6)

7, 1a myc nudc triéu thuc do tai tram quan

tric duoc st dung dé hiéu chinh/kiém dinh;
7, 1a myc nudce tinh toan;
N 14 s6 cip so sanh.
Ciing c6 thé sir dung hé s6 NASH dé danh
Z(Xo,i — Xs, i)2
(7)

S (x0,i- Xo
Xo.i: Gid tri thue do; X ;i: Gié tri m6 phong;
Xo Gia tri thuc do trung binh chudi thuc do
Chudi sb liéu tai tram Phii Qudc tir ngay

20/12/2003 dén 27/12/2003 duoc st dung dé

hiéu chinh mé hinh va két qua xac dinh RMSE

=0.095 va NASH = 0.85.

St dung chudi s6 liéu tir 29/10/1997 dén
03/11/1997 tai tram Pha Qudc (103°58E — 10°13
N), trung vai thoi gian bao Linda di vao ving
bién Nam b6 va vinh Thai Lan.

gid: NASH =1 -

Hinh 2a. Qui dao bdo Linda (29 — 3/X1/1997)

Sai s quan phuwong RMSE = 0.090 va
NASH = 0.80 cho buéc kiém dinh.

Két qua hiéu chinh va kiém dinh cho thiy bo
thong s6 mo hinh 1a 6n dinh va cho phép sir
dung dé moé phong theo cac kich ban. Két qua
hiéu chinh va kiém dinh dwoc thé hién trong
hinh 3 va 4.
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Hinh 3. Két qud hiéu chinh mo hinh

4.KET QUA NGHIEN CUU VA THAO LUAN

4.1. Kich ban mo6 phéng

Tran bdo Linda d6 bd vao khu vuc nghién
ctru khong trung véi thoi diém tridu cuong, nén
muc nude khong phai 16n nhat. Trong nghién
cuu, 2 kich ban dugc xay dung gém:

(1) Bao Linda dwoc gia dinh d6 bd vao khu
vure tring véi thoi gian triéu cuong

(2) Thu phéng bio Linda tao ra con bio cip
13 véi toc d9 gi6 16m nhit Ién t6i 60 (km/gio)

Két qua md phong cho ta truong muc nude
tong cong trong ving nghién ciru va dudng qua
trinh muc nudc tai 8 diém xung quanh dao duoc
trich xuat dé minh hoa két qua mé phong nhu
hinh 5.
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Hinh 5. Cac diém trich xuat myc nuoc
xung quanh ddo

PN
SO o

o Thurc do

Mue nudce (em)
[=]

== == Tinh Toin

Thoi gian

Hinh 4. Két qua kiém dinh mé hinh

4.2. Két qua mé phong

4.2.1 Kich bdn 1: Bdo Linda dwoc gid dinh
dé bp vao khu vwc tring véi thoi gian triéu
cuong

Bio Linda hinh thanh va di chuyén vao mién
tinh toan tir ngay 31/10 dén 03/11/1997.

Cén ctr vao myc nudc quan tric tai tram Pht
Qudc va qua trinh di chuyén cta bio, tién hanh
dich chuyén thoi gian xudt hién bio tai Pha
Qudc tring voi thoi gian triéu cuong.

Két qua md phong muyc nude dugc minh hoa
trong hinh 7 va bang 2.

Mo phong va trich xuat muc nuéc 16n nhat

xuat hién tai 8 diém dugc cho trong bang 2

Bang 2. Muc nuée 16n nhit kich ban 1

Piém | Hpax(m) Thoi diém

1 0.36 4/X1/1997 9:00
2 0.29 4/X1/1997 9:00
3 0.19 4/X1/1997 9:00
4 0.16 4/X1/1997 9:00
5 0.71 4/X1/1997 10:00
6 0.98 4/X1/1997 10:00
7 0.99 4/X1/1997 10:00
8 0.76 4/X1/1997 10:00
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Hinh 6. Qua trinh myc nuoc tai 8 diém trich xudt kich ban 1

4.2.2. Thu phong bdo Linda tao ra con bao
cdp 13 véi toc dp gié lén nhit lén téi 60
(km/gio)

Theo kich ban bdo dugc cong bd boi By Tai
Nguyén va Moéi truong (Bo Tai Nguyén — Méi
Trudng, 2014) thi cap bio 16n nhit co thé xay ra
¢ khu vuc 5 tr Ba Ria — Viing Tau t6i Ca Mau
la cap 13 voi téc do gio 16n nhat lén t6i
60km/gio.

Gilt nguyén qui dao va thoi gian bao va thu
phong cudng do cua bdo Linda 1én cép 13 véi
viéc tinh cac dac trung R, P, va B nhu sau:

R =46.29 exp(-0.0153 Vpax +0.0166 o)

Pa = Pn — 0.1747 Vmax'>>®

B =10.886+0.0177 Viax — 0.0094 ¢

R: ban kinh bao; Pa: ap tdm; ¢: vi d0 ; B thong sb bao
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Thiri gian

Vi cac tinh toan trén, xac dinh dugc thong
sO bao va tien hanh mé phoéng ta duogc ket qua
va trich xuat trong hinh 8 va bang 3.

Bang 3. Muc nuwéc 16n nhat kich ban 2

Diém Hinax(m) Thoi diém
1 1.80 4/X1/1997 20:00
2 1.03 4/X1/1997 20:00
3 0.81 4/X1/1997 20:00
4 0.69 4/X1/1997 20:00
5 1.77 4/X1/1997 21:00
6 2.27 4/X1/1997 21:00
7 251 4/X1/1997 21:00
8 2.13 4/X1/1997 21:00

11371997 12:00

115 1997 (00 11 51997 12:00 1161997 0:00

Hinh 7. Qua trinh myc nuoc tai 8 diém trich xudt kich ban 2
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4.3. Thao luin

Bio Linda 1a con bdo 16n do bd vao vung
bién Nam b6 va vinh Thai Lan véi qui dao nim
giita dat lién tinh Ca Mau, Kién Giang va dao
Phu Quéc. Tir két qua tinh toan va mé phong co
thé rat ra mot sd nhan xét sau:

- Theo qui luat cac con bao khi do bd vao
Viét Nam thi viing nuéc dang cao hon s& nam
bén phai duong di ciia bio. Nhu vay b bién Ca
Mau, Kién Giang va phia dong cua dao Phu
Qudc muc nudc s& cao hon phia tay. Cac két
qua ¢ cac bang 2,3 va hinh 6 va 7 phan anh
ding qui luat do.

- Nhu d3 trinh bay ¢ trén, bio Linda d6 bo
vao khong trung véi thoi ky tridu cudng. Do vay
kich ban 1 gia dinh bdo d6 bo vao dung thoi ky
triéu cudng va mé phong danh gia myc nude va
thay rang ving phia dong cta dao muc nudc cao
hon va muc nudc tai cac diém trich xuét kich
ban 1 phia bo déng, cao hon han khi mé phong
thuc té (truong hop kiém dinh). Diéu nay hoan
toan phu hop véi thyc té.

- Theo kich ban bién d6i khi hau dugc cong
b boi Bo Tai nguyén — Mai trudng thi cudng do

bao khu vuc nay c6 thé 1én t6i cip 13. Nghién
ctru da thu phong tran bio Linda dé c6 duoc tran
bao gia dinh va tién hanh mo phong va thiy ring
qui ludt nuéc dang hoan toan phu hop véi qui
ludt chung, nhung khi cuong do bao tang 1én thi
muyc nudc tong cong cao hon so voi bio thyc té
tir 2 dén 3 1an dan t6i hau hét cac ving cira song
va bai bién c6 do doc nho sé& bi ngap.

Két qua thu duoc tir viéc mo phong 2 kich
ban trén duoc sir dung xay dung ban d6 ngap lut
& noi dung tiép theo.

5. XAY DUNG BAN PO NGAP LUT
PAO PHU QUOC

Ban do ngap lut duoc xay dyng trén nguyén
tic chap dir liéu dia hinh cua déo duéi dang
DEM va két qua md phong truong muc nudc
téng cong do bao, tir d6 co thé chiét tinh duoc
d6 ngép sau tai moi vi tri.

Do sau ngap ung vdi cac kich ban dugc phan
thanh 5 céip voi muc do ngdp lut tai cac vi tri
dya trén Tiéu chuin ky thudt: TCKT 03:2015
(BO NN&PTNT, 2015).

Két qua dugc thé hién trong hinh v& 8 va cac
bang 4 va 5.

Hinh 8. Ban do ngdp lut do bdo gdy nwée ding ddo Phii Quéc kich ban 1 va kich ban 2
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Bang 4. Dién tich ngap kich ban 1

Xai, thi trén Dién tich ngap (km?) Ténzg
0-05m | 05-Im | 1.0-1.5m | 1.5-20m | 2.0-2.5m (km?)

An Théi 0.342 0.054 0.024 0.002 0.000 0.422
Bai Thom 0.268 0.181 0.152 0.095 0.000 0.696
Cira Can 1.636 0.119 0.193 0.094 0.000 2.042
Cira Duong 0.273 0.000 0.000 0.000 0.000 0.273
Duong To 2.346 0.062 0.038 0.062 0.014 2.522
Ham Ninh 1.323 0.165 0.125 0.03 0.034 1.677
Duong Dong 0.299 0.000 0.000 0.000 0.000 0.299

Bang 5. Dién tich ngap kich ban 2

Xa, thi trdn Dién tich ngép (km?) Ténzg
0-0.5m 05-1m | 1.0-1.5m | 1.5-20m | 2.0-2.5m (km?)

An Thoi 2.281 0.676 0.248 0.103 0.079 3.308
Béi Thom 6.102 0.250 0.188 0.087 0.104 6.627
Cira Can 2.324 1.027 0.858 0.939 0.183 5.148
Cira Duong 4.893 0.177 0.201 0.000 0.000 5271
Duong To 8.854 1.703 0.454 0.320 0.267 11.331
Ham Ninh 4.360 1.458 0.409 0.276 0.114 6.503
Duong Pong 2.377 0.324 0.188 0.148 0.219 3.037

Ban dd ngép lut khu vuc ddo Phu Quéc da
thé hién duoc vi tri bi ngdp lut dac biét 1a khu
vuc x4 Ham Ninh va An Théi, day 1a khu vuc
c6 mat do dan s cao va phat trién kinh té cau
cang vi vdy chiu anh huong 16n boi hién tuong
nude dang bao khi di chuyén vao khu vie.

Khu vyc bo Pong va by Bic cta dao Pha
Qudc ¢co gia tri myc nude dang bdo 16n nhung
dia hinh ctia khu vuc nay chi yéu 1a cac diy nuai
c6 dia hinh cao vi vay dién tich ngap lut & khu
vic nay nho va khong dang ké.

Khu vyc thi trdin Duong Dong c6 mat do dan
sO 16n va kinh té phat trién nhat cia dao Pha
Qudc, qua ban d6 ngap di thé hién dugc khu
vuc nay cling chiu anh huéng 16n cua nudc
dang bao.

KET LUAN

Két qua mo phong nuéc dang bio khu vyc

dao Phii Qudc 14 tai liéu tham khao dang tin cay
phuc vu quy hoach khéng gian bién bao gém
qui hoach kinh té x4 hoi va dan cu. C6 thé tham
khao cac két qua nay dé diéu chinh cac qui
hoach da c6 va xdy dung cac qui hoach sip toi;
chuan bi cac giai phap thich ung va giam thiéu
anh hudng cua bao va nudc dang khi bao xay ra

Két qua mo phong cho thdy trudng muyc
nudc/nudc dang do bao dai bo Bong, bo Nam
va bo Bac 16n hon ¢ bo Tay.

Ham Ninh va An thoi 1a cac khu vuc ¢6 dién
tich ngép lut 16n nhét, trong khi khu vyc nay c6
cac hoat dong kinh té tap trung va mat do dan
s cao.

Khu virc bd Béc va Pong cua dao Phii Qudc
mac du cd gid tri myuc nudc dang do bao 16n,
nhung tai khu vuc nay 1a cac vach nai, do doc
bai bién 16n, nén dién tich ngap lut nho.
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Khu vyc bo Tay cta dao Pha Qubc c¢6 dién  mat do dan sb thudc loai cao nhat, day ciing 1a
tich ngap tuong ddi 16n, dic biét 1a thi trin  khu vuc chiu anh huong nang né cua nudc
Duong Pong, trung tdm kinh té ctua ddo c6 dang do bao.
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Abstract:
SIMULATION OF STORM SURGE AND INUNDATED MAPPING
FOR PHU QUOC ISLAND

Phu Quoc is highest island in Viet Nam with very high poential for socio-economic development. So
appropriate planning and functional zoning for Phu Quoc will support to strongly develop in this
area. One of very important issue to make spatial planning of Phu Quoc is to consider natural
disasters in which super typhoons and storm surge is high risks. In this study, storm surges caused
by typhoons is simulated with scenarios prposed by Ministry of Natural Resources and Environment
and inundated mapping. Results used to prepare inundated maps to surve marine spatial planning
including socio-economic development and residential planning as well as propose solutions to
prevention and mitigation of damages caused by storm surge during typhoons.

Keywords: Delft 3D-Flow, storm surge, inundated mapping, Phu Quoc island
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