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TOM TAT Trong nghién ciru nay dinh luong cac thanh phan nudc dang gay ra bai gid, ap
suit khi quyén va séng trong bdo duoc tinh toan phan tich bang mé hinh s trj tich hop thuy triéu,
s6ng bién va nudc dang do bdo (SUWAT - Surge Wave and Tide). Anh huong cua thiy tridu ciing
dugc xem xét danh gid. Trong d6, thuy triéu va nudc dang do bdo duoc tinh toén dya trén hé
phuong trinh nuéc ndng phi tuyén hai chiéu co xét dén nude dang tao boi Gmg suat séng tinh tir md
hinh SWAN, mét md hinh thanh phan trong mé hinh SUWAT. M6 hinh d4 duoc &p dung dé tinh
toan nudc dang trong bdo Xangsane d6 bo vao Pa Ning thang 9/2006 véi mot sb phuong an tinh
toan khac nhau. Két qua cho thay, anh huong cua thiy tridu 1a khong dang ké do bién do tridu nho,
nuéc dang do &p suat khi quyén chi dang ké tai ving ngoai khoi khi cudng d6 bdo con manh. Trong
khi dé, tai viing ven b nuéc dang do (g suat gié va tng suat séng chiém phan 16n trong muc nuéc

dang tong cong trong béo.

Tir khéa: Nudc dang do béo, twong tic nudc dang - séng - thay tridu, mo hinh tich hop nudc

dang, song va thay triéu.

MO PAU

V6i 3.260 km duong bd bién nam trong
khu vuc chiu tac dong cua bdo va &p thap nhiét
déi tay-bac Thai Binh Duong, hang nim trung
binh c6 khoang hon 5 con bdo dé bd vao ving
bd bién Viét Nam [1-3]. Tai vuing ven bién, bdo
thuorng gay nén hién tuong nuéc dang lam
ngdp trén dién rong gy nhleu thiét hai vé
nguoi va cua. Trén thé glorl gan day da ghi nhan
nhiéu con bdo gay nudc dang cao nhu bado
Katrina d6 bd vao bang New Orleans, Hoa Ky
thang 8/2005 gdy nudc dang téi hon 8 m lam
gan 1.200 nguoi chét, ‘gay thi¢t hai khoang 75
ty USD; bao Nargis db bo vao Myanmar thang
5/2008 1am hon 130.000 nguoi chét; va dac bi¢t
gin day siéu bdo Haiyan cip 17 dé bo vao
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Philippines thang 11/2013 giy nudc dang cuc
dai 6,5 m 1am hon 6.000 nguoi chét, thiét hai
1én dén 14 ty USD. Tai dai ven bién Viét Nam
Cung da ghl nhan nhiéu con bdo gay gié manh,
song Ién va nuéc bién dang cao nhu bdo Washi
(7/2005) db bo vao Hai Phong gay nudc dang
1,95 m tai D Son; bdo Xangsane (9/2006) dd
bo vao Pa Ning giy nudc dang khoang hon
1,4 m tai Son Tra; bdo Ketsana (9/2009) d6 bo
Vao Quang Nam giy nudc dang 2,4 m tai Hoi
. [4, 5]

Nudc bién dang trong bdo chu yeu phu
thudc vao cac tham so6 béo (do giam ap & tam,
van téc .gi6, ban kinh ving gi6 cuc dai, huorng
di chuyén cua bo...), dia hinh vung bo (do sau
va hinh dang duong bo), thay triéu va song (do
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g|o) Chinh vi vay, nghién cttru éanh hu:ong cua
céc yéu t6 trén dén nuoc dang do bdo va danh
gia dinh lugng cac thanh phan nugc dang trong
bdo cho mot khu vuc cu thé s& c6 y nghia khoa
hoc trong xay dung bai todn du bao nudc dang
do bdo. Tai Vigt Nam, nghién ctru nu6c dan

co xét den anh hudng cua thay triéu da duoc dé
cap den trong mot s cong trinh nghién cau
nhu Tran Tan Tién va nnk., [6], Nguyen Xuén
Hién [7], Nguyén Tho Séo [8] Cac ket qua cho
thdy anh huéng cua thuy triéu chi dang ké tai
nhitng khu vuc ¢6 bién do triéu lon, dac biét
khi bdo db bd vao lic triéu cuong. Trong khi
do, anh huong cua s6ng bién téi nudc dang do
bao méi chi dugc quan tam nghién ciru trong
nhitng nim gin day. Nguyén Xuan Hién [4] da
thuc hi¢n tinh nuéc dang do song theo cong
thuc thuc nghlem tai khu vyc ven bién Hai
Phong va thay rang nuéc dang do song c6 the
chiém tr 20% dén 30% muc nuéc dang tong
cong trong bdo. Nghién ctru nuéc dang do song
bang mé hinh s tri tich hop d& dwoc thuc hién
boi D& Binh Chién va nnk., [5 9] trong bao
Xangsane thang 9/2006 ) bo vao Pa Nang va
Nguyén Ba Thay va nnk., [10] trong béo
Kalmaegi thang 9/2014 ) bo vao Hai Phong -
Quang Ninh. Két qua ctia cac nghién ciru nay
déu cho thay khi xét dén anh huéng cua song
trong mot so truong hop, nude dang do song co
thé chiém 35% nudc dang tong cong trong bao.
Trén thé gioi da c6 mot sé nghién cau khang
dinh myuc nuéc dang do soéng dong gop phan
dang ké vao nudc dang tdng cong trong bdo va
trong nhiéu trudng hop nuoc dang do song co
thé chiém toi 40% nudc dang téng cong trong
bdo [11-13]. Ket qud cua cac nghién ctu trén
déu chi ra rang neu chi thuan thy tinh nudc
dang gay bai (ng suat gi6 va do giam ap ¢ tam
bdo ma khong xét dén anh hudng cua song déu
cho két qua nho hon gid tri thuc té.

Trong nghién ciru nay, anh hudng caa thuy
triéu va song bién t6i nudc dang do bdo duogc
phan tich dwa trén két qua tinh toan bing mod
hinh SUWAT. M6 hinh nay da khic phuc dugc
han ché cua mot s6 mé hinh, cong nghé dugc
x@y dyng trude day, do la xem xét ddng thoi
tuong tac gitta thuy tridu, song bién va nudc
dang trong bao [9 12, 13]. Trong d6 anh hudng
cua thay tridu va séng bién t6i nuée dang do
bao, duoc hiéu 1a sy khac biét cua két qua tinh

Nghién ciu danh gid dinh luong...

nudc dang do bao caa md hinh khi ¢ va khéng
xét dén thay tridu hay séng bién. Ngoai ra nudc
dang do khi ap va gi6 ciing duoc tinh toan phan
tich. Con bdo manh Xangsane d6 bd vao Da
Néng thang 9/2006 duoc hra chon dé tinh toan
phan tich. Cac két qua tinh toan phan tich da
lam sang t6 vai tro va mirc d6 anh huong cua
céc thanh phan giy nudc dang trong bio tai
khu vuc ven bo ciing nhu xa bo tai khu vuc nay.

TAI LIEU VA PHUONG PHAP

Dé nghién ciru anh huong cua thay tridu va
s6ng bién t6i nudc dang do b&o, mé hinh tich
hop SUWAT (Surge, Wave and Tide) tinh toan
ddng thoi thuy triéu, song bién va nudc dang
do bdo da duoc ap dung. SUWAT bao gom 2
md hinh thanh phan la md hinh dya trén h¢
phuong trinh nuéc nong phl tuyen hai chiéu c6
tinh dén u:ng suat song va md hinh SWAN tinh
todn cac yeu té song bién. Vi viec xét tac
dong song mo hinh c6 thé tinh den ca ung suat
s6ng va su bién dong cua ung Suit g|o do hé sb
khang trén bé mit thay ddi khi c6 song. Co s&
ly thuyet caa md hinh SUWAT dugc trinh bay
chi tiét trong cac cong trinh [9, 12, 13]. Viéc
hiéu chinh va kiém dinh md SUWAT cho tinh
toan thuy tridu va nuéc dang do bdo tai Viét
Nam d4 dugc thuc hién trong [9, 10, 14]. Béi
véi bai toan nudc dang do bdo, mé hinh duoc
tinh todn theo 4 phuong &n khac nhau:
a) Khong xét dén thay tridu va séng; b) Chi xét
dén thay triéu; c) Chi xét dén séng va d) Xét
ddng thoi ca thay tridu va song.

Truong gio va ap trong bao dugc dua vao
moé hinh SUWAT dé tinh nuéc dang do béo
duogc lay tir mod hinh béo giai tich cua Fujii va
Mitsuta [15], Schloemer [16]. Co s& ly thuyet
va kiém chiang md hinh béo giai tich nay da
duogc dé cap trong [9].

DPANH GIA PINH LUQNG CAC THANH
PHAN NUGC DANG TRONG BAO

Mién tinh, lwéi tinh, diéu kién bién

Dé nghlen ctu anh huéng cua thay triéu,
séng bién va nuéc dang do bdo cho khu vuc
ven bién mién Trung ma bai bao d& cap, mo
hinh SUWAT duoc thiét ké trén lugi chir nhat

va 16ng 3 16p: Mién tinh 16n nhit (lugi Bién
bong - ludi D1) tr vi @6 8° - 22°N, kinh do
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105° - 120°E c6 d6 phéan giai 4 phat (khoang
7,4 km), mién tinh 15ng ké tiép - lugi khu vuc -
D2 (xem hinh 1) duoc thiét 1ap bao trum va mé
rong vé phia bac cua tinh Quang Binh va phia
nam cua tinh Quang Nam tir vi do 12° - 18°N,
kinh tuyén 106° - 111°E, do phéan giai 1 phat
(1,85 km) mién tinh thu: 3 (ludi dia phuong -
D3) c6 do phan giai 0,5 phat (khoang 925 m)
V6i Vi tri duge xac dinh sao cho cd thé bao trum
hét nhitng khu vuc c6 nudce _dang dang ké (I6n
hon 0,5 m). Hé théng ludi Iong dugc xay dung
cho khu vuc nghién cau nhim hai muc dich:
(1) C6 thé chi tiét hda su bién ddi phuc tap cua
dia hinh cia khu vuc ven bo nhim ting do
chinh x&c tinh toan; (2) Phuc vu tinh nuéc dang
do song béi vi nuée dang do séng thuong chi
c6 thé dugc phat hién khi mé hinh dwoc thiét
lap trén ludi tinh co6 do phan giai cao. Céc két
qua cta Soo Youl Kim va nnk., [13] cho thay
rang viéc tang do phan dai ludi tlnh s€ chu yéu
lam tang do chinh xac thanh phan nudc dang
do &rng suit song tai vung ven bo. Tuy nhién, di
kem véi ting d phan giai lusi tinh la phai ting
) luzorng ludi 16ng nhau cling nhu doi hoi h¢
théng may tinh manh hon dé dam bao thoi glan
tinh toan. Mat khac, nhu da duoc trinh bay &
phan trén anh hu:orng Cta song den nudc dang
trong bdo dugc md hinh tinh dén bao gdm
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khong chi la ang suat song ma con tinh dén su
bién dong cua g Suit glo do hé sb khang trén
bé mat thay ddi khi c6 séng. Chinh vi vay,
trong nghlen cau nay chung toi lea chon dé
phan giai lon nhat cho ludi tinh la 925 m véi
muc tiéu ban dau 1a ddnh gid duoc mirc d¢ anh
huéng cua soéng dén d6 cao nudc dang tong
cong. Vige tang do phan giai ludi tinh s& dugc
thuc hi¢n trong nhitng nghién cau tiép theo. Dit
licu dia hinh dugc ldy tr GEBCO (General
Bathymetry Chart of the Ocean) cua BODC
(British Ocean Data Center) d6 phan giai 4
phut cho luéi tinh Blen Dong, 1 phit cho luéi
tinh mlen va duoc sé hoa tir ban dd dia hinh
day bién ti 1é 1/100.000 cua Téng cuc Bién va
Hai dao dung cho vung ven bo. Hinh 1 minh
hoa truong do sau dia hinh (a) va lusi tinh D2
(b). V6i lusi tinh Bién Dong, tai bién long,
hing sb diéu hoa cua 16 song triéu (M2, S2, K1,
01, N2, P1, K2, Q1, M1, J1, 001, 2N2, u2, y2,
L2, T2) dugc lay tir md hinh thay triéu toan cau
(NAO 99b, NAO.99Jb model [17]) lam diéu
kién bién. Theo cau tric caa md hinh SUWAT,
ludi tinh tinh hon sé& sir dung két qua tinh muc
nuéc va dong chay tir ludi tho lam didu kién
bién long. Hi¢u chinh md hinh SUWAT trong
tinh toan thay triéu cho cho khu vuc ven bo
Viét Nam da thuc hién trong [14].
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Hinh 1. Bia hinh (a) va hxdi tinh khu vuc - D2 (b)

Hinh tron méau do 1a vi trf tram khi twong hai van Son Tra,
duong mau do 1a duong di cua bdo Xangsane (2006)

Anh hwéng caa thay triéu téi nwéc dang do
béo

Dé xem xét anh huong cua thay tridu, sb
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ligu bao Xangsane thang 9/2006 d6 bo vao ba
Ning va sé liéu quan tric muc nu6c theo gid
tai Tram Khi tugng Hai van Son Tra dugc st
dung dé tinh todn va phan tich. Trong trudng



hop nay, md hinh tinh cho 2 phuong an: a) C6
va b) Khong xét dén anh huéng cua thiy tridu,
trong ca 2 truong hop déu khong xét dén séng
bién. Bién do tricu tai tram Son Tra trong thoi
gian b&o db bo la chi khoang 1 m. Két qua so
sanh thé hién trén hinh 2 da cho thay anh
huong cua thay trleu 1a khong dang ké bai bién
do triéu ltc bdo d6 bo khong lon.
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—Khéng thily triéu
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Nuéc dang (m)

9/30/2006 19:12 10/1/2006 19:12

Thoi gian (gio)

Hinh 2. Nudc dang do bao tai tram Son Tra
theo phuong 4n: a) Co va b) Khong
xét dén anh hudng cua thuy tridu

Anh hwéng cha song bién téi nwéc dang do
béo

Dé xem xét anh huong cua séng dbi Véi
nudc dang do bado, cling voi viéc sir dung sb
ligu bao Xangsane thang 9/2006 d6 bo vao ba
Ning va sé liéu quan tric muc nuéc theo gio
tai Tram Khi tuong Hai van Son Tra dé phan
tich. Trong truong hop nay, mo hinh tinh cho
truong hop: a) C6 va b) Khéng xét dén anh

Nghién ciu danh gid dinh luong...

huéng caa song. Két qua so sanh thé hién trén
hinh 3 d4 cho thiy anh huong cua séng bién la
kha lon. D6 chénh léch glua két qua tinh toan
trong truong hop c6 va khong xét dén anh
huéng cia song tai thoi diém nuéc dang dat
cuc dai khoang 0,3 m. So sdnh d¢ lén nu6e
dang tinh toan theo mo6 hinh va s6 licu quan
trac gia tri nuéc dang lén nhat tiép can gan véi
sb ligu quan tric hon so véi truong hop khéng
xét dén anh hudng cua song.
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Nuéce dang (m)

9/29/2006 19:12 9/30/2006 19:12 10/1/2006 19:12

Thoi gian (gio)

Hinh 3. Nudc déng do bao tai tram Son Tra
theo phuong 4n: a) Co va b) Khong
xét dén anh hudng cua séng bién

Phan bd nudc dang 1on nhat trong bdo cho
2 truong hop duoc thé hién trén hinh 4a,
hinh 4b cho thay pham vi va dg cao nuécC dang
ting dang ké khi mé hinh tinh dén dong gop
Clia nudc dang do séng. Két qua nay da cho
thiy dé nang cao dg chinh xac trong du bao
nghlep vu thi can thiét pha1 tinh dén phan dong
gop cua nudc dang do song.
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Hinh 4. Phan b nuéc dang bao lén nhat trong truo'ng hop khéng (a)
va ¢c6 (b) tinh dén nuéc dang do séng
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Nuwéc dang do wng suét gié va khi ap trong
béo

—Khi ap
— Ung xuit gio
—S6ng
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Hinh 5. Nuéc dang do khi &p, tng sut gid
va séng tai tram Son Tra

Phan I6n nhitng nghién cau Ve nudc dang do
bdo trude day chu yeu dé cap dén nudc dang do
gi6 va d6 giam khi ap & tdm bado. Tuy nhién cac
nghién ctru tach biét su dong gép cua 2 thanh
phan nay la rat it, cha yéu theo cac cong thirc
giai tich, chua co tinh toan theo mé hinh s tri.
Trén hinh 5 la dao dong theo thoi glan cua Ccac
thanh phan nudc dang do wng suét gio, khi ap va
song trong bdo do con bdo Xangsane gay ra tai
tram Son Tra. Két qua cho thay, nuéc dang tai
vung ven bo cha yeu do déng gop cua u:ng SUAt
gi6, tiép dén la khi &p va cudi cuing do séng.

Trén hinh 5 chi 1a phan tich nwdc dang gay
bai gio, ap va song tai vung nuéc ndng ven bo.
Phan bd nudc dang do cac thanh phan nay gay
nén c6 thé cd nhiéu khéc biét theo khdng gian
ctiia ving béo anh hu:orng Trén hinh 6a, 6b, 6¢
la phan bé theo khong gian nudc dang lén nhat
trong bdo dugc tao béi khi ap, (g suit gi6 va
song Két qua cho thdy viing nuéc dang do khi
ap lon tap chung chu yeu 2 bén duong di cua
béo, cang vao gan bo nudc thanh phan nuéc
dang nay glam di do do giam ap tai thm bao
giam trong qua trinh di chuyen vao bo. Trong
khi d6 nuéc dang do u:ng suit gi6 chu yéu tap
chung ¢ vung ven bo va phia bén phai vi tri bao
db b, cang vao gan bo nude dang do ng suét
gié cang tang, nguyén nhan chinh la do higu
rng don nu6c vung ven bo. Tuong tw nhu nuréc
dang do {rng suat gio, nuéc dang do song ciing
tap trung chu yéu vung ven bo do tai nhirng
khu vuc ¢6 d6 cao song I6n, d6 sdu giam lam
phét sinh séng va.
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Hinh 6. Phan bo nude dang 1on nhit do: (a) khi
ap, (b) ung suat gid va (c) séng bién trong bo
Xangxane thang 9/2006

KET LUAN

Trong nghién ctru nay anh hudng cua thuy
triéu, nuéc dang do séng, ng suat gio va do
giam khi 4p & tdm béo téi nwde dang trong bao
dugc phan tich dua trén cac két qua tinh toan
bing md hinh SUWAT vdi cac phuong an tinh



toan khac nhau cho truong hop con béo
Xangsane d6 bo vao Da Ning thang 9/2006, do
la: a) Khong xét den thuy trieu va song; b) Chi
xét dén thay triéu; c) Chi xét dén song; va
d) Xét dong thai ca thay triéu va séng.

Két qua cho thdy, anh huéng cia thay tricu
la khong dang ke do bién do triéu nho, nudc
dang do u:ng Suit giod chiém chu dao, sau day la
khi ap va séng b|en Nudc dang do u:ng suit gid
va séng cha yéu dat gia tri I6n ¢ ving ven bo
phia bén phai bdo d6 bd. Trong khi dé nudc
dang do khi 4p c6 do l6n tap trung quanh
duong di cua bdo va glam dan khi vao vung
ven bd. M6 hinh khi c6 xét dén anh hudng cua
s6ng da lam tang do chinh xac cua két qua tinh
toan nudc dang toan phan trong bao.

Loi cam on: Nghién ctru nay dugc tai trg boi
Qu§ phét trién khoa hoc va cong nghe quédc gia
(NAFOSTED) trong dé tai mi so 105.06-
2017.07 va Bo Khoa hoc va Cong ngh¢ trong
de tai ma so BPTTPL-CN.35/15. Tap thé tac gia
xin chan thanh cam on.
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ABSTRACT: In this study, components of storm surge caused by wind, atmospheric pressure
and wave are calculated and analyzed by using integrated numerical models of tides, waves and
storm surge (SUWAT - Surge, Wave and Tide). The influence of tide is also considered. In which,
tide and storm surge are calculated based on two-dimensional nonlinear shallow water equations
considering surge component generated by wave radiation stress that is calculated from the SWAN
model, a component model in SUWAT model. The model is applied to calculate storm surge during
Xangsane typhoon in Da Nang in September 2006 with a number of different computing cases. The
results show that influence of tide is negligible due to small tidal amplitude, surge caused by
atmospheric pressure is only significant in offshore areas where storm intensity is still strong.
Meanwhile, surge components caused by wind stress and wave radiation stress dominate total water
level in coastal areas.

Keywords: Storm surge, interaction of surge, wave and tide, a coupled model of surge, wave
and tide.
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