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Abstract

Located on the continental shelf and stretching approximately 1,000 km along the Central and Southern Central
coasts of Vietnam, the 109° Meridian Fault system has long been recognized as seismically active. Empirical
evidence of the seismic, volcanic, and submarine landslide activities also suggests that this fault might be
capable of originating near-field tsunamis, which can harm the Vietnamese coastal zone. This paper
investigates the possibility of the near-field tsunamis from the 109° Meridian Fault and their impact on the
Vietnamese coasts. Location and segmentation of the 109° Meridian fault were determined using seismological,
geophysical data, and geomorphologic evidence. The fault’s seismotectonic and geodynamic characteristics
were used to model the tsunami source. The COMCOT model was used for simulating three worst-case
tsunami scenarios excited by earthquakes with M,, = 8.0 originated in two different segments of the 109°
Meridian Fault source. The relationship between tsunami wave height and the source-to-coast travel time is
investigated in detail at the virtual sea-level stations distributed along the Vietnamese coastline. The simulation
results are presented in the deep-ocean tsunami amplitude maps for the entire East Vietnam Sea region and the
coastal tsunami amplitude maps for the Vietnamese coasts. The simulation results show the highest tsunami
hazards concentrated along the Central and Southern Central Vietnam coastal zones (from Quang Nam
province to Ba Ria-Vung Tau province), with the highest tsunami waves not exceeding 4 m observed off-shore
the Quang Ngai, Phu Yen and Ninh Thuan provinces. The shortest tsunami travel time from the source to the
Southern Central coast is 35 minutes. Due to its strike-slip mechanism, there is a low possibility of the 109°
Meridian fault generating earthquake-triggered tsunamis. Moreover, even if they occurred, the near-field
tsunamis generated from the 109° Meridian fault source can hardly cause severe damage and losses for the
coastal zones of Vietnam, as shown by the simulation results. Nevertheless, the worst-case scenarios simulation
results provide the highest risk that the near-field tsunamis from the 109° Meridian fault source might affect the
Vietnamese coasts, which is helpful for the national tsunami warning and response purpose.
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Tom tat

Déi dit gdy kinh tuyén 109° trai dai gan 1.000 km trén ving thém lyc dia mién Trung va Nam Trung Bo Viét
Nam. Nhimg bang chimg vé hoat dong dong dat, ndi ltra va truot 10 ngam dudi day bién doc theo déi dut gay
kinh tuyén 109° cho thiy kha ning sinh chin cta déi dit gay nay. Ngoal kha ndng phét sinh dong dat, doi dut
gdy kinh tuyén 109° ciing dwoc danh gia la mot ving ngudn séng than gan cé thé gay thiét hai cho cac vung
bd bién cua Viét Nam. Bai bao nay trinh bay viéc &p dung md hinh COMCOT dé md phong cac kich ban
s6ng than cyc dai do dong dit phat sinh trén déi dut gdy kinh tuyén 109° gy ra va danh gia tc dong ciia s6ng
than téi cac ving b bién ciia Viét Nam. M6 hinh ngudn dong dat gay séng than cuc dai dugc xay dung trén
co s& nghién ciru cac dic trung dia chin kién tao va dia dong luc cia doi dut gay kinh tuyén 109° sir dung cac
tai liéu dong dat, dia chat va dia vat ly da cong bd. Ba kich ban song than cuc dai dugc xay dung véi gia thiét
duogc gay ra boi cac tran dong dét cd do 16n M,, = 8,0 phat sinh trén hai doan cua déi dit gdy kinh tuyén 109°.
Céc két qua md phong kich ban s6ng than cyc dai phét sinh trén doi dat gay kinh tuyén 109° dugc thé hién
dudi dang cc ban d phan bd do cao song trén toan Bién Dong va tai duong bo blen cua Viét Nam. Tuong
quan giita do cao séng va thoi gian lan truyén séng than khi téi bo dwoc khao sat chi tiét tai cc tram quan tric
muc nude bién do phan bd doc theo toan b dai ven bién Viét Nam. Cac két qua md phong cho thdy do nguy
hiém séng than tap trung chi yéu doc theo dai ven bién mién Trung va Nam Trung Bo Viét Nam (doan tir tinh
Quéang Nam dén tinh Ba Ria-Viing Tau), v6i d6 cao song 16n nhit khong vuot qua 4 m tai ngoai khoi cAc tinh
Quang Ngéi, Phii Yén va Ninh Thuan. Thoi gian lan truyén séng than ngan nhét tir ngudn t6i bo bién Nam
Trung Bo 13 35 phit. Vi co ché truot bang, déi dirt gdy kinh tuyén 109° duoc danh gia 1a khong c6 nhidu kha
nang phét sinh dong dit manh gay song than. Ngoai ra, cac két qua md phong trong nghién ctru nay ciing cho
thdy song than phét sinh trén ving ngudn dut gay kinh tuyén 109° ciing khé c6 thé gay ra thiét hai déng ké
cho viing bo bién ctia Viét Nam. Tuy nhién, cac ket qua mo phong kich ban song than cyc dai cho phep du
béo can trén ciia mire do rui ro ma séng than ngudn gan cé thé gay ra cho dai ven bién Vlet Nam, ddng thoi
cung cap nhiing thong tin hitu ich cho cong tac canh bao va tmg phd song than & pham vi qudc gia.

Tir khoa: Doi dut gdy kinh tuyén 109°, kich ban song than cuc dai, d6 nguy hiém séng than, md hinh
COMCOT.

MO PAU mdi khi xay ra, séng than c6 thé tré thanh tham

Song than 1a mot trong nhitng loai hinh tai  hoa cho nhan loai. Nhung thiét hai v6 clng
bién thién nhién ¢4 mirc do huy di¢t cao nhat. nang né do nhimg tran song thin xay ra trén
Mic di ¢6 tan suat xudt hién khéng cao, nhung  céc ving bién An Do Duong va Thai Binh
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Duong trong vong hai thép ky tré lai day da
thic ddy manh mé& sy phat trién clia cac h¢
thong canh bao va img phd song than & nhiéu
pham vi khac nhau, tir khu vuc dén quoc gia.

O Viét Nam, hé thong canh bao song than
quoc gia bit dau di vao hoat dong tir nam 2007,
v6i su ra doi ctia Trung tam Bao tin dong dat
va Canh béo séng than, Vién Vat ly Dia ciu,
Vién Han lam Khoa hoc va Cong nghé Viét
Nam. Do vj tri dia Iy, hiém hoa song than doi
vGi C4c viing bo bién Viét Nam chu yéu dugc
phat sinh trén khu vuc Bién Pong. Khac véi
nhiing quoc gia thuong xuyén phai chiu thiét
hai do song than, & Viét Nam khong ton tai bat
cr mot van liéu ndo mo ta mot cach cu thé vé
s6ng than trong qué kha. Vi vay, vi¢c nghién
ciru va danh gia do nguy hlem séng than trén
khu vie Bién Pong chu yéu dua trén cach tlop
can tat dinh, theo d6 céc kich ban song than
dugc xay dung va mo phong dé du bao tac
dong cua song than ti cac Vung bo bién cua
Viét Nam. Viéc md phong va tinh san céc kich
ban song than trén khu vuc Bién Pong ciing
dong vai trd quan trong trong viéc canh bao
sém va tng pho song than & Viét Nam trén
pham vi quoc gia.

bé xay dung céc kich ban séng than c6 kha
nang gay nguy hiém cho Viét Nam, c4c ving
nguon phét sinh dong dat gay song than duoc
Xac dinh trén toan bo khu vuc Bién Pong va
c4c ving bién ké can trén co so nghién ctu va
phan tich cac dac trung kién tao dia dong luc
khu vuc Dong Nam A [1] Trong s c&c ving
nguon s6ng than duoc xac dinh trén khu vuc
Bién Dong, hai vung ngudn duge coi 1a nguy
hiém nhat dbi voi Viét Nam 1a vung nguon
mang blen sau Manila va vung nguon dut gay
kinh tuyén 109°. Trong sé cac ving nguon song
than dugc xac dinh trén khu vuc Blen Dbong,
hai ving nguon dugc coi la nguy hiém nhat doi
voi Viét Nam la Vung nguon mang blen sau
Manila va vung nguon dut gay kinh tuyen 109°.
Trong khi vung nguon méng bién sdu Manila
dugc danh gid la c6 kha nang phéat sinh dong
dat manh gdy song than hiy diét thi viing
nguon kinh tuyén 109° lai nguy hiém boi Vi
nam ngay trén thém luc dia Viét Nam. Viéc
nghién ctru cac dic diém dia chan kién tao dia
dong luc va hinh hoc cua déi dat gdy kinh
tuyén 109° s& cung cip nhung thong tin quan

trong cho viéc Xac dinh cac tham sb nguon str
dung trong md phong cac kich bdn song than
nguon gan ¢ Viét Nam.

Cho dén nay, da c6 nhiéu nghién ctru trinh
bay cac két qua md phong cac kich ban song
than cyc doan phat sinh trén viing ngudn mang
blen sau Manila va tac dong cua chlng t6i cac
quéc gia nam trong khu vuc Bién Dong [2-4].
Tuy nhién, cho dén nay kich ban song than duy
nhat phat sinh trén ving ngudn dat gdy kinh
tuyen 109° dugc md phong Ia kich ban duogc
gia thiét 1a do dong dét c6 d6 1on M,, = 7,0 gay
ra, Trong nghién ctru nay, cac kich ban song
than cuc dai do dong dat c6 do 16n M,, = 8,0
dugc md phong, ap dung mé hinh ngudn dut
gay kinh tuyén 109° mai dugc xay dung trén co
6 su dung tap hop s ligu dia chan, dia vat ly
va dia chat méi cap nhat gan ddy nhat.

CAC PAC TRUNG PIA CHAN KIEN TAO
VA PIA PONG LUC CUA POI BUT GAY
KINH TUYEN 109°

Nam trén thém lyc dia mién Trung va Nam
Trung bo, toan bd doi dut gay Kinh tuyén 109°
kéo dai theo huong bac-nam tir vi tuyén 12°N
xudng t6i vi tuyén 6°N, véi chidu dai trén
1.000 km 1am nbi bat va khong ché toan bo binh
do kién tao viing nghién ctru (hlnh 1). Theo cac
két qua nghién clru cua nhiéu tac gia qudc té, doi
dit gy kinh tuyen 109° dugc xem la dut gay
truot bang phai va co lién quan dén su hinh
thanh Bién Pong [5]. Sy ton tai ctia déi dut gay
nay trong Kainozoi nhu la ranh giéi phéan chia
don vi kién tric c6 lop vo kiéu luc dia & phia tay
va don vi kién tric co 16p vo dai duong ¢ phia
dong trén khu vyc Bién Pong di dwoc khing
dinh trong nhiéu cong trinh nghién ctu phén
ving céu trdc va kién tao hién dai khu vuc Bién
Dong cua cac tac gia Vigt Nam [6-8].

Vi tri phan bo va cac tham so hinh hoc cua
d6i dut gy kinh tuyén 109° dugc xac dinh trén
co s CAC tai lidu dia chét va dia vat ly. St dung
dit liéu trong lyc vé tinh, Nguyén Nhu Trung
va nnk., (2004) da xac dinh mét truong di
thuong trong luc duong cao doc theo duat gay
kinh tuyén 109° (tir vi d6 17°N dén 6°N) c6
chiéu rong khodng 50-60 km, c0 gia tri tr 15—
45 mGal nam trén mot phong di thuong thap tir
-30 mGal dén 0 mGal [9]. Dai di thuong trong
lwc nay dic trung cho kiéu céu tric vo ria luc
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dia thy dong noi mat Moho nang 1én cao dot
ngot va vo Trai dat bi giap v& kéo theo su nang
troi cua cac dong magma Ién vo. Téac gia cling
sir dung phuong phap gradient ngang dé xéc
dinh vi tri va huéng dd cua cac dut gay trong
doi kinh tuyen 109° véi gia thiét 1a vi tri dut
gay trung véi cac dai vecto gradient cuc dai
kéo dai va cé cung phuong va quy md cuia Cac
dut gay duoc ude lugng tir cac di thuong trong
luc & c&c murc nang truong (hay tan s6) khac
nhau. O nhiing pham vi khac nhau va tai nhiing
phan doan khac nhau, vi tri va cac dac trung
hinh hoc cua déi dut gay kinh tuyén 109° ciing
duge mot sd tac gia khac xac dinh trén co so
phan tich cac tai liéu trong lyc, tir va dia chan
tham do [5, 10]. Cac két qua nghién ctru déu di
dén sy thong nhat la doi dut gay kinh tuyen
109° 12 mot hé thong dit gay cam sau xuyén
qua vo Trai dat vao tang Thuong Manti, voi
goc cam khoang 60— 80°. Hudng cim cua dé6i
dut gdy chu yeu la tur dat 1ién ra bién, nhung
thay doi kha phtrc tap theo d6 sau. Cu thé 1a &
phan trén, doi dit giy cim ra huéng bién,

nhung phan ndm sau hon lai cdm vé phla dat
lién. Doc theo bd bién mién Trung va Nam
Trung Bo Viét Nam, doi dut gay phan bb chu
yéeu theo huéng bic-nam nhung bi gian doan tai
hai diém. Tai ving CU lao Xanh (vi do 14°N),
xuit hién mét nhanh dat gay chay doc theo
phia nam quan dao Hoang Sa va gdp dut gay
Nam Hai Nam. Tai ving bién Khanh Hoa gan
vi d6 12°N, doi dut gay kinh tuyén 109° lai bi
cit boi doi khau Tuy Hoa, duoc mot sd tac gia
cho la ranh gidi phia tdy nam cta vo dai duong
v6i vo lyc dia. Vé phia nam déi khau Tuy Hoa,
doi dat gdy kinh tuyén 109° tach thanh hai
nhénh chay xudng phla nam. Nhéanh thir nhat
chay doc theo ranh giGi bé Ctru Long-Nam Con
Son xubng phia tdy nam, huéng vé& phia bé
Malay - Tho Chu, con nhéanh thtr hai chay doc
theo kinh tuyén 110°. Cho dén nay, di c6 nhiéu
ban do phan anh vi tri phan bd cua d6i dut giy
kinh tuyén 109° duoc thanh 1ap & nhitng ty 1¢
khac nhau, giéi han trong nhitng pham vi khac
nhau, tr thém luc dia Viét Nam dén khu vuc
Bién Dong Viét Nam va Bong Nam A [11, 12].

100° 105° 110°

116° 120°

Hinh 1. Céc dai dut gay trén khu vuc Blen Pong duoc ndi dén trong nghién ciru nay:
1) Béi dut gy kinh tuyén 109°, 2) B6i khau Tuy Hoa
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Hinh 2. Hé thdng dut gay Kinh tuyén 109° thé hién trén ban d6 dia chan kién
tao lanh tho Viét Nam va khu vuc Bién Pong [16]

Duéi quan diém cua thuyet kién tao mang,
nhiéu chuyén gla cho rang sy va cham gitta
méang An Do va mang Au A da sinh ra cac doi
dat gdy truot bang trai, trong do co doi
Ailaoshan - song Hong cung véi su xoay theo
chiéu kim dong ho cia ban dao Pong Duong
din dén tach gidn Bién Pong [13-15]. Nam
2003, Nguyen Van Lu:orng da thanh 1ap danh
muc co cau chan tiéu cia 136 tran dong dat ghl
nhan duoc trén khu vue Bién Dong dé danh gia
truong ung suat khu vuc nay. Tuy nhién, trong
danh muc nay khong co dong d4t ndo cd co cau
chén tiéu duoc xac dinh xay ra trén doi dirt gay
Kinh tuyen 109°. Mic du thiéu c4c tai liéu vé co
cAu chan tiéu dong dat, tru:ong g suit cua d6i
dut gdy kinh tuyén 109° van dugc xay dung
trén co so cac tai li¢u dia chat dia mao, dia vt
ly va vat Iy kién tao. Co ché dia dong luc hién
dai cua cac dat gdy chinh duoc xac dinh la

chuyén dong truot bang thuan phai doc theo
huéng bac-nam. Bleu nay giai thich hop ly cho
qua trinh dich chuyen ve phia nam cta khoi
Bién Pong so véi dia khoi Dong Duong
Tru’ong g suét trong déi dat gay kinh tuyen
109° ¢ thé duge md hinh bai truc tmg suat nén
gan nam ngang theo phuong tay bic-dong nam
va mit trugt huéng kinh tuyén va vi tuyén,
trong do bé mat huéng Kinh tuyen c6 bién dang
truot bang phai triing véi co ché hoat dong cua
déi dat gay.

Hoat dong cua déi dut gay kéo dai trong
subt Kainozoi dén Pliocen - B¢ tir lam cho
mong trudc Kainozoi sut dan ra phia trung
nude su Bién Dong [16]. Cu ly dich chuyén
phai doc suon dbc dong Viét Nam la 190 km
trong khoang thoi glan 26-29 trigu nam va
dén khi ngimg tach gian Bién Dong la 350 km
[17, 18]. Céc tai liéu dia chan thim do cho
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thy trong giai doan Holocen - hi¢n dai, déi
dat gay kinh tuyén 109° hoat dong tré lai.
Hoat dong duong dai ctia n6 lam sut béc, bién
dang tang tram tich Pleistocen - Holocen doc
theo ria luc dia mién Trung. Trén cic mat cat
dia chan ngang qua déi, tir tay sang dong cho
thay trén déi dat gay nay rat phat trién cac déi
sut 16n vé phia bién siu. Hoat dong cua hé
théng nay da lam vung bién Tuy Hoa - Phan
Rang sut xubéng kha nhanh, tao ra & khu vuc
cach bd khoang 80 km suon dbc luc dia. Do

sau ¢ khu vuc nay vuot qua 1.000 m. Trong
khi khu vuc sat bo bién Phan Rang - Thép
Cham c6 chiéu siu cua mong trudc Kainozoi
chi ndm ¢ d6 sdu mot vai tram mét thi ¢ khu
vuc cach bo khoang 50 km, d6 sdu mit mong
nay da chim dén do sau 2-3 km, con xa hon
vé phia ngoai khoi, do sau mong da vuot qué
4-5 km. Vé phla nam, ¢ ngoai khoi Nam B9,
cac dat gay a kinh tuyén trong déi tiép tuc
phét trién manh & khu vuc dao Phd Quy, Hon
Tro, HOn Hai.

.
1

PGYa N |

Hinh 3. Tram tich Pliocen - D¢ tir bi dut gay hi¢n dai kinh tuyen 109° cat qua trén tai liéu dia chan
theo cac tuyén SVOR93- va MDC ¢ thém lyc dia mién Trung Viét Nam [19]

Hoat dong cua déi dut gay kinh tuyén 109°
con tao ra cac qua trinh phun trao nuai ltra.
Trén thém lyc dia Viét Nam, cac hoat dong
phun trao nui lra N2-Q1 va cac hoat dong
phun trao nui ltra hi¢n dai rat phat trién doc
cac kinh tuyén 109° va 109°30°. Céc hoat dong
nay kéo dai tr Quang Binh, Vinh Linh xudng
P4 Ning, Quing Ngii, Ninh Thuin, Binh
Thuén, déac biét 1a khu vyc Pha Quy, Hon Tro
va phan ph1a dong nam cua cac dao nay. Hoat
dong nui lra & khu vuc cac ddo Hon Tro va
Phu Quy 1a cic hoat dong nui la tré nhét va
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c6 quy méd 16n nhit & Vung bién Viét Nam.
Cac hoat dong nui lra xay ra trong thé ky 20
bao gdm nui lora Hon Tro nim 1923, Hon
Nudc nam 1960, 1963. DBi kém véi cac hoat
dong phun trao nti Ira ndy da tung ghi nhén
céc tran dong dat co dg 16n dat 6,1 do va gan
day nhat 1 tran dong dat nim 2005 voi do 1on
5,3 d6 theo thang m6é men. Céac hoat dong nti
hra Hon Tro, Phi Quy co the phat trién kéo
dai dén 100 km tor vung blen Tuy Phong qua
khu vyc ddo Phii Quy xubng phia nam & khu
vuc cac dao Hon Tro, Hon Hai, Hon Nudc.
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Theo céc s lidu dia chdn va do tir bién thi nui
ltra ¢ khu vye Hon Tro, Phu Quy g6m hai khoi
16n phat trién doc dat gay 109 di qua ddo Phu
Quy, Hon Tro ¢6 chiéu dai gan 100 km, chiéu
rong xdp xi 30 km va trai ra trén dlen tich
3.000-4.000 km®. Hinh anh cua hoat dong nai
lta Hon Tro dugc ghi nhén trén nhiéu tuyen
do dia chan ctia Mandrell. Hoat dong nii lira
cling duoc phat hién ¢ khu vyc dong nam Hon
Tro, doc kinh tuyén 109°30° trén cac mat cét

dia chin cua tuyén Malughin 65-84, 68-84,
69-84 (h1nh 5a va 5b). Phun trao nui ltra & khu
VUC nay gom cac kh01 nhé cao trén day bién
hién tai va phat trién trén dién tich keo dai 70—
80 km, rong 20-30 km nam doc ria thém ph1a
dong cua them luc dia Nam B¢. Theo céac s
liéu dia chan thi cac hoat dong nui lira nay cb
hon céc hoat dong nti Itra & khu vye Hon Tro,
Phu Quy va phat trién vao giai doan Plioxen -
dau D¢ tar (N2-Q1).

Hmh 4. Biéu hién cua dut gay 109° trén tuyén dia chan cua VietsoPetro 65
ngoai khoi Ninh Thuén - Binh Thuén [16]
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Hinh 5. Cac mit cit dia chan thim do trén céac tuyén Malughin 65-84 (a) va 68-84 (b)
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Kha ning phét sinh dong dat cua déi dat
kinh tuyén 109° ciing dugc nhiéu tac gia nghién
ctru [1, 6, 19-23]. Cho dén nay, dong dat ghi
nhan dugc doc theo d6i dut gdy kinh tuyén
109° khong nhiéu va phan bé rai rac. Tuy
nhién, c6 thé nhan thay cac chan tam dong dat
ghi nhan dugc tap trung trong chu yéu doc theo
doan dut gdy nim ¢ phia nam déi khau Tuy
Hoa. Diéu nay kha phl hop véi cac gia thiét vé
tinh phan doan cua d6i dut gay kinh tuyén 109°
trén co so CAc tai liéu dia chat va dia vat ly.

Trong s6 cac dong dét ghi nhan dugc bang
may, dang chl y nhét 1a hai chudi dong dét xay
ra trong hai khoang thoi gian khac nhau. Chudi
thir nhat bao gdm céc dong dat cd do 16n trung
binh (M, = 3,5-4,0) xay ra v4i mat do cao tap
trung doc theo doan dut gy gidi han boi cac vi
do 10-12° trong khoang thoi gian tir thang 8
nim 1963 dén thang 1 nam 1965. Chudi chin
tm dong dat ndy duoc ghi nhan tai tram dia
chan Nha Trang, nhung phan 1én khong xac
dinh dugc d6 1on. Chudi dong dat thir hai xay
ra & ngodi khoi Viing Tau - Phan Thiét bat dau
tir nam 2005 va kéo dai vai nam sau d6. Khoi
dau 1a mot tran dong dat M,, = 4,5 xay ra ngay
5/8/2005, chudi dong dat duogc ghi nhan véi hai
tran dong dat manh nhat c6 do 16n lan luot
bang 5,2 va 5,3  xdy ra vao ngay 8/11/2005. Hai
dong dat nay Xay ra gan nhu tai cung mot vi tri
va déu ¢ do sdu 12 km. Thdng tin vé chin dong
ctia dong dat nay da duoc Vién Vat ly Pia ciu
diéu tra, tap hop va xir Iy va thé hién trén ban
d6 duong déng chin. Co cu chén tiéu cua céc
dong dat ndy phan anh co ché truot bang tréi
theo phuong & kinh tuyén, thé hién sy nang cao
va dich chuyén twong ddi hudng nam cua khéi
vo Pong Duong so voi mang Bién Dong, goc
dich trugt khoang tir -19° dén -22° thé hién co
ché trugt bang trai c6 hop phan thuan.

Trén co so tap sb lidu dong dat ghi nhan
duoc trén khu vuc thém luc dia Viét Nam, cac
chuyén gia dia chan ciing dua ra nhitng két qua
wdc luong khac nhau vé gia tri do 16n cuc dai
ctia dong dat c6 kha niang phéat sinh trén déi dat
gdy kinh tuyén 109°. Nguyén Hong Phuong
(2001) du bdo dong dat cuc dai c6 gié tri 6,6 +
0,5 [21]; Nguyén Pinh Xuyén (2004) du béo
dong dat cuc dai ¢ gia tri 6,1 do; L& Tt Son
(2010) du bdo dong dat cuc dai c6 gié tri 6,4 +
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0,8 [22] va B6 Vian Linh (2010) du bao dong
dat cyc dai ¢ gia tri 7,9 (doan 2) [23].

Cac két qua nghién ciu Cac dédc trung kién
tao dia dong luc trén co so t6 hop sd liéu dia
chat, dia vat ly, dong dat, ndi lira déu cho thay
su that khéng thé phu nhéan vé hoat dong cua
ctia d6i dut gay kinh tuyén 109° trong giai doan
hién dai. Mac du mirc d6 hoat dong cua ddi duat
gdy khong duoc danh gia cao va mic di co ché
ciia doi dut gdy la trugt bang, kha nang phat
sinh s6ng than do dong dat trén doi dut gay
kinh tuyén 109° van can phai dugc xem Xeét
dén. Nhu vay, d6i dut gay kinh tuyen 109° co
thé coi 12 mot ngudn phét sinh song than gan c6
kha ning gay thiét hai cho cac ving bd bién
cua Viét Nam trong tuong lai.

MO HINH NGUON PONG PAT CUC DAI
GAY SONG THAN TREN DPOI BPUT GAY
KINH TUYEN 109°

Dé danh gia do nguy hiém séng than tir
ving nguodn kinh tuyén 109° t6i cac ving bo
bién ctia Viét Nam, céc kich ban song than cuc
dai dugc xdy dung va mb phong. Trén co s
nhitng hiéu biét vé c4c dic trung cau tric va dia
dong lyc tai thoi diém hién tai, md hinh nguon
dong dat cuc dai gy song than trén déi dut gay
kinh tuyén 109° dugc xay dung véi cac gia
thiét ban dau sau day:

1) Pong dat gy song than ¢ do 16n M,, =
8,0 va do sau chan tiéu 15 km phét sinh trén doi
dut gay kinh tuyén 109°. D6 16n dong dat cuc
dai gay song than duogc ldy theo cén trén céc
gia tri My, duoc xac dinh cho deoi dut gay nay
boi cac tac gia khac nhau tir trude dén nay.

2) Pt gdy ngudn c6 co ciu truot bang, bao
gdm hai doan véi mirc 46 hoat dong khéac nhau.
Doan tht nhat ¢6 mirc do hoat dong dia chén
thip hon, chay doc ven bién mién Trung tir vi
tuyén 18°N xudng phia nam t&i khi cit voi doi
khau Tuy Hoa tai vi tuyén 12°N. Poan thir hai
c6 mirc do hoat dong dia chin cao hon, bit dau
tir doan cat voi d6i khau Tuy Hoa tai khoang vi
tuyén 12°N xuéng tan cing phia nam cta déi
dut gay tai vi tuyén 4°N.

3) Poi pha hay hinh chit nhat ¢d chiéu dai
L (km) va chiéu rong W (km).

Duya trén cac gia thiét ban dau néu trén, ba
kich ban song than cuc dai dugce xay dung. Hai
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dong dit kich ban dau duoc gia thlet phéat sinh
trén doan dut gy ngudn thir nhat (nam & phia
bic doi khau Tuy Hoa), con dong dat kich ban
thir ba duge phat sinh trén doan dat gay ngudn
thar hai (nam o ph|a nam déi khau Tuy Hoa).
Phan bd chan tdm cac dong dét kich ban dugc
lra chon sao cho tac dong ctia song than gy ra
cho bo blen Viét Nam 12 16n nhat (hlnh 6).

Céc biéu thirc thuc nghlem cua Wells va
Coppersmlth (1994) dugc ap dung dé xéac dinh
cac tham so nguon cua dong dat kich ban gay
s6ng than trén vang nguon dat gay kinh tuyen
109° [24]. Quy trinh x4c dinh cac tham so
nguon da duoc mo ta chi tiét trong truong hop

mang bién sau Manila [4]. Trong tru’cmg hop
nay, do dt gay kinh tuyén 109° dugc Xac dinh
la mot duat gay truot bang nén céc biéu thirc h01
quy ng voi truong h0’p dut gdy truot bang
dugce su dung Wells va Coppersmith (1994)
[24] Céc biéu thirc duoc sir dung biéu thi cac
moi twong quan sau day:
1) Moi tuong quan gitta dich chuyen cuc
dai D (m) va chicu dai déi pha huy trén bé mat
cua dut gay L (km) dugc thé hién bang cac
biéu thrc:

log(D)=-1,69+1,16+*log L (1)

s6ng than kich ban phét sinh trén ving ngudn log(L)=-1,49+0,64+log D )
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Hinh 6. Vi tri cac kich ban séng than phét sinh trén doi dut gay kinh tuyén 109°
sir dung cho md phong
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2) Méi tuong quan giita chiéu dai déi pha
hiy trén bé mat cua dut gay L (km) va md men
dia chan M dugc thé hién bang cac biéu thirc:

M, =516+112=log(L) 4)

4) Mbi twong quan gitta dich chuyen cuc
dai D (m) va dong dat theo thang mé men dugc
thé hién bang biéu thirc:

log(D)=-3,55+0,74M (3)
3) Méi twong quan gitta do I6n dong dét log(D)=-7,03+1,03M, ©)
theo thang md men M, va chiéu dai d6i phd & day:
hay trén bé mat caa dut gdy L (km) duoc thé
hién bing bidu thic: M, =6,81+0,78+log(D) (6)
Bdng 1. Cac tham sé ngudn xac dinh cho ba kich bdn song than (M,, = 8,0)
phét sinh trén doi dat gy kinh tuyén 109°
Kich Kinh Vi Chiéu Chiéu D;cl} bo Goc G’C')C Géc
ban do do dai rong chuyén sau phuong vi cam truot
N° (d0) (d0) (km) (km) (m) (km) (d6) (d0) (d%)
1 109.33 15.57 | 151.356 | 46.774 5.25 15 345 60 -30
2 109.91 13.03 | 151.356 | 46.774 5.25 15 353 60 -150
3 109.67 | 11.25 | 151.356 | 46.774 5.25 15 12 60 -150
AP DUNG MO HINH comMcoT MO oP gh on
PHONG CAC KICH BAN SONG THAN ot TReosgay 070 ()
CUC DPAI PHAT SINH TREN VUNG
NGUON BUT GAY KINH TUYEN 109° Q. gh M, g ©)
M& hinh COMCOT dugc su dung dé md 8t R 0¢

phong kich ban song than cuc dai phat sinh
trén ving ngudn dut gdy kinh tuyén 109°.
COMCOT (Cornell  Multi-grid  Coupled
Tsunami model) duoc xay dung dau tién tai
truong Pai hoc Cornell, Hoa Ky va cho dén
nay da dugc phat trién dén phién ban 1.7 [25].
bay la mét trong ba md hinh md phong va
tinh toan song than duoc st dung rong rai trén
thé giGi va khu vuce chau A - Thai Binh Duong
dugc viét bang ngdn ngit Fortran véi ma
ngudn mo.

COMCOT sur dung phuong trinh tuyén tinh
va phi tuyén nudc ndng trong ca hé toa do Cau
va hé toa do Descartes. Trong hé toa do cAu, hé
phuong trinh tuyén tinh nuéc néng cé tinh dén
luc Coriolis cé dang:

¢ day: n 1a 6 cao mat nude; (P, Q) biéu thi cac
thong luong theo hudéng X (doOng- tay) va Y
(nam bic), tuong tng (¢, y) biéu thi cac vi do
va kinh d¢ cua Trai dat; R 1a ban kinh cua Trai
dat; g la gia toc trong truong va h 1a do sau.
Thanh phan -6h/dt phan anh hiéu tmg cia
chuyén dong tirc thoi dudi day bién co thé ap
dung cho trudng hop truot 1¢ dit tao ra séng
than. Hé s6 luc Coriolis f do tac dong quay cua
Trai dat duoc tinh theo cong thuc:

f =Qsing (10)
véi Q 14 van tde quay cua Trai dat.

Cac phuong trinh phl tuyén nudc ndng cé
tinh dén luc ma sat day c6 dang:

. 1 [ o _on o, 1 [ op _oh

. +Rcos¢{6w a¢(cos¢Q)} p (7) p +Rcos¢{ o (cos¢Q)} o (11)
L i{P—Z}+13{PQ}+ 9H 0% _ 54k -0 (12)
ot Rcosgowy | H R O¢ Rcos¢ oy
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Q1 {PQ} Q LI (13)
ot Rcos¢ oy R 8¢ R 0¢
trong d@é: H 1a tong chiéu sau cua nude va H = bé mo phong su lan truyen ctia song than

n +h; F,va Fy 1a ma sat ddy cta huéng X va Y trén Bién Dong, hai luéi tinh 16ng nhau dugc
twong tmg. Hé sé nham n dugc tinh theo cong ¥ dung va dugc danh s6 theo thir tw 1 va 2

thire cia Manning:

25°

20° M

15°

10°

50

0° fi

90°

(hinh 7). Céc ludi tinh c6 do chi tiét ty 1&
nghich vai pham Vi ctia luéi, hay noi cach khac
1a pham vi cua ludi tinh cang hep thi do chi tiét

F = g’ P(P? +Q?)"? (14) cua ludi tinh cang ting Ién. D phan giai cua

YOH cac dir ligu dia hinh day bién cling dugc thu

thap va xtr Iy dé c6 do phan giai phu hop tuong
Q(P? + Q)2 (15) ximg véi moi lugi tinh. Théng tin chi tiét vé
cac ludi tinh duogc liét ké trong bang 2.

X 7
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Hinh 7. Hé thdng luéi tinh 16ng sir dung trong nghién ciru ndy
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Bang 2. Thong tin céc ludi tinh &p dung trong nghién ciru nay

STT Ludi 1 Ludi 2
Hé toa do Cau Cau
Phuong trinh chinh Tuyén tinh nudc ndng Tuyén tinh nudc nong
Kich thudce luéi 1’ 0.5’
St dung ma sat day Khong Cé
Hé s6 nham Manning Khong 0.025
S4 6 ludi theo phuong X 1621 478
S4 6 ludi theo phuong Y 1621 1078

KET QUA VA THAO LUAN

Trén céc hinh 8a—8c la minh hoa Ve phan
b6 d6 cao song trén toan khu vuc Blen Dong
xay dung cho ba kich ban song than cuc dai.
Tur cac két qua nay, c6 thé nhan thay su khéc
biét vé pham Vi dnh hu'ong ctia cac kich ban
Song than nguon gan SO vGi cua C&c kich ban
nguon xa. Khac véi tru:ong hO’p kich ban song
than phét sinh trén vung ngudén Mang bién sau
Manila, tac dong cua cac kich ban song than
phat sinh trén vung nguon kinh tuyén 109°
mang tinh cuc b va chi gay anh hu’ong manh
nhat trén dai ven bién gan nguon phat sinh
nhét. Trong kich ban 1, song than tac dong
manh nhat t6i dai ven bién thudc hai tinh
Quang Nam va Quang Ngéi, doan tur vi tuyen
15 N ti vi tuyén 16°N. Trong kich ban 2, song
than tic dong manh nhét toi dai ven bién thudc
hai tinh Binh Dinh va Khanh Hoa, doan tir vi
tuyén 12°30°N t6i vi tuyén 14°N. Déi véi kich
ban 3, song than tdc dong manh nhét tGi bo
bién ciia CAc tinh tir Khanh Hoa téi Ba Ria-
Ving Tau, doan tir vi tuyén 10°23°N t6i vi
tuyen 12°40°N. Ciing tir phan b6 do cao song
trén hinh 8, c6 thé thay song than da lan truyén
t6i tan cac Vung bo bién vinh Béc B va cac bo
blen ctia cac qudc gia khac nhu luc dia Trung
Quoc (kich ban 1), luc dia Trung Qudc va bo
bién phla tay dao Luzon cua Philippines (kich
ban 2) va cic vlng bo bién phia bac Borneo -
Palaoan (klch ban 3), song dnh hudng ctia song
than t6i cac ving bo bién néu trén 14 rat nho
(do cao song dudi 1 m khi téi bo) va do do
khong gay ra nguy hlem Tac dong cuc bo cua
ba kich bdn song than t6i bo bién Viét Nam
cling duoc the hién bang do cao séng than tai
duong bo bién minh hoa trén cac hinh 9a-9c.

D¢ danh gia chi tlet do nguy hiém séng
than trén toan dai ven bién Viét Nam, mot loat
C4C tram quan tric myc nude bién ao dugc xay
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dung doc theo bo bién Viét Nam va cac do thi
biéu dién bién do cua dot song cao nhat va thoi
gian lan truyen tor nguon to1 moi tram dugc xay
dung. Trén cac hinh 10a-10c minh hoa cac do
thi bicn trinh d6 cao song tai cac tram quan trac
myc nude bién ao tinh duge theo ba kich ban
song than cuc dai. Cac tham sO nguy hlem song
than bao gdbm bién d6 cua dot song than cuc dai
ghi nhén duoc tai cac tram quan tric myc nudce
bién 4o va thoi gian truyén song toi m01 tram
dugc ligt ké trong bang 3. Luu Yy ring trong
bang nay s lidu clia cac tram c6 bién do song
qua nhé da dugc loai bo va chi ligt ké cac gia
tri bién do6 cua dot s6ng cao nhat. Cac dau sao
dung dé chi céc truong hop khi dot song cao
nhét khong phai la dot song dau tién.

T cac do thi trén hinh 10 va bang 3, c6 thé
thdy trén toan vung bo bién Viét Nam, ca ba
kich bin song than cuc dai déu chi gay tac
dong manh nhat t6i dai ven bién mién Trung va
Nam Trung B9, doan tir tinh Quang Nam tai
tinh Ba Ria-Ving Tau. Py cao song cuc dai
ctia ca ba kich ban séng thin déu khong vuot
qua 4 m, trong d6 kich ban 1 gay song than cao
nhat t6i 3,59 m tai ven bién Dung Quit, Quang
Ngéi, kich ban 2 gy séng than cao nhat téi
3,66 m tai ven bién Tuy Hoa, Phi Yeén va kich
ban 3 gy song than cao nhét t6i 3,80 m tai
Phan Rang, Ninh Thuan. Xét vé thoi gian lan
truyen kich bdn 2 0 thoi glan lan truyen nhanh
nhat, chi mat 35 pht tir nguon téi ving bo bién
Tuy Hoa, Phu Yén. Cac ket qua nay khdng mau
thudn v6i cac két qua md phong song than do
Vi Thanh Ca va nnk., da cong bb nam 2008,
theo d6 kich ban song than do dong dat c6 do
16n 7,0 phat sinh trén ving nguon dut gay kinh
tuyén 109° gy ra séng than cé d6 cao cuc dai
nho hon 1 mét tai ven blen Nam Trung B0 va
thoi gian lan truyén tur ngudn téi ving ven bién
Nam Trung B¢ la thap hon 1 gio.
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Hinh 8b. Phan bé do cao song than trén khu vuc Bién Dong Viét Nam (theo kich ban song than
cuc dai s6 2 phat sinh trén viing nguon dut gay kinh tuyén 109° boi dong dat c6 do 1on M, = 8,0)
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Hinh 8c. Phan b6 d6 cao song than trén khu vuc Bién Pong Viét Nam (theo kich ban song than
cuc dai so 3 phat sinh trén viing nguon dirt gy kinh tuyen 109° béi dong dat co do 16n M, = 8,0)
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Hinh 9a. D¢ cao sng than tai dudng bo bién Viét Nam (theo kich ban song than cuc dai sb 1
phat sinh trén viing nguon dut gay kinh tuyen 109° boi dong dat c6 do 16n M,, = 8,0)
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Hinh 9b. B¢ cao Song than tai du:ong bo bién Vi¢t Nam (theo kich ban Song than cyc dai s6 2
phat sinh trén vung nguon dut gy kinh tuyén 109° boi dong dat c6 do 16n M, = 8,0)
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Hinh 9c. B¢ cao Song than tai duong bo bién Vigt Nam (theo kich ban Song than cyc dai s6 3
phét sinh trén viing ngudn dat gdy kinh tuyén 109° bai dong dat c6 do 16n M,, = 8,0)
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Hinh 10a. Bién trinh do cao song theo thoi gian tai cac tram quan tric do tinh duoc
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Hinh 10b. Bién trinh do cao s6ng theo thoi gian tai cac tram quan tric do tinh duoc
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Hinh 10c. Bién trinh d6 cao song theo thoi gian tai cac tram quan tric 4o tinh duoc
theo kich ban song than cyc dai s6 3 phat sinh trén ving ngudn dut gay kinh tuyén 109°
boi dong dat ¢6 do 16n M,, = 8,0)
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Bdng 3. Vi tri va cac tham sé nguy hiém s6ng than tai cac tram quan Uéc muc nude bién ao tinh duoc tir ba kich ban song than cuc dai (M,, = 8.0)
phéat sinh trén ving nguon dut gay kinh tuyen 109°

Kich ban 1 Kich ban 2 Kich ban 3
No. Tén tram Kinh d6 Vido Do cao | Thoi gian truyén | DO cao Thoi gian Do cao | Thoi gian truyén
song (m) (hh:mm) song (m) | truyén (hh:mm) | song (m) (hh:mm)
1 | TraCé - Quang Ninh 108,069990 | 21,483160 | 0,021(%) 09:00(*) 0,012(*) 09:22(%) 0,004 08:45
2 | Hon Dau - Hai Phong 106,818300 | 20,665300 | 0,224(*) 08:16(*) 0,189(*) 09:14(*) 0,051 07:57
3 | Sim Son - Thanh Hoa 105,919376 | 19,757336 | 0,446(*) 07:53(%) 0,130(*) 08:41(%) 0,055(*) 09:07(%)
4 Pong Hai - Quang Binh 106,642233 17,473654 0,232 03:52 0,135 04:48(*) 0,059 05:11
5 Son Tra - Pa Ning 108,250429 16,074557 0,968 01:17 0,470 02:32 0,368(*) 05:43(*)
6 | Hoi An - Quang Nam 108,385534 | 15,888973 1,044 01:24 0,389(*) 04:26(*) 0,303(*%) 05:08(*)
7 | Dung Quat - Quang Ngéi 108,747168 | 15,398079 3,598 01:19 1,123(%) 04:09(%) 0,686(*) 08:53(*)
8 Nghia An - Quang Ngai 108,901566 15,156786 2,300 00:56 0,596 01:39 0,415(*) 03:50(*)
9 | Quy Nhon - Binh Dinh 109,222996 | 13,757270 | 0,341(*) 04:17(*) 0,711 01:51 0,226(*) 04:11(*)
10 | Tuy Hoa - Phi Yén 109,344931 | 13,066992 | 0,608(%) 04:13(%) 3,663 00:35 0,733(%) 08:59(*)
11 | Nha Trang - Khanh Hoa 109,214370 | 12,289480 | 0,258(*) 04:58(*) 0,926 00:55 0,719(*) 07:25(%)
12 | Phan Rang - Ninh Thuan 109,046266 | 11,585533 | 0,584(*) 03:22(*) 1,206(%) 04:31(*) 3,804 01:08
13 | Phan Thiét - Binh Thun 108,115299 | 10,919823 | 0,445(*) 06:22(*) 0,833(%) 04:44(*) 2,299(%) 03:30(*)
14 | BaRia- Viing Tau 107,083800 | 10,319700 | 0,211(*) 08:33(*) 0,363 06:49(*) 0,948(*) 06:25(*)
15 | DAt Miii - Ca Mau 104,718934 8,604637 0,046 10:00 0,079 09:13 0,140(*) 10:00(*)
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Céac két qua md phong ba kich ban song
than cuc dai phat sinh trén ving nguon duat gay
kinh tuyén 109° boi dong dat c6 do lon M,
8,0 cho phép dua ra két luan chung vé kha nang
gay thiét hai do song than toi toan dai ven bién
Viét Nam la khong cao (d6 cao séng cuc dai
khoéng vuot qué 4 m). Tuy nhién, cling theo cac
tinh toan mo6 phong ba kich ban cyc dai, song
than phat sinh trén vung nguon dat gay kinh
tuyén 109° ¢ kha ning tan cong vung bo bién
Nam Trung B6 cua Viét Nam som nhat 1a 30—
35 pht tinh tir thoi diém xay ra song than. Vi

vay, ké hoach tng pho voi song than tai ven
bién Nam Trung B6 can phai duoc chudn bi sin
sang dé thyc hién dugc mot cach higu qud nhat
trong khoang thoi gian ngan ngii nay.

KET LUAN

Trong nghién ctru nay, mé hinh COMCOT
dugc 4p dung dé md phong ba kich ban séng
thén cuc dai phat sinh trén d6i dut gay kinh
tuyén 109° va danh gia tac dong cua ching t6i
toan by dai ven bién cta Viét Nam. Béi dit
gay kinh tuyen 109 dugc coi la mét vung
ngudn song. than gan d6i voi dai ven bién Vigt
Nam do nim ngay trén thém luc dia mién
Trung va Nam Trung B6 cua Viét Nam. Mo
hinh nguén dong dat gay song than cuc dai
dugce xay dung trén co sé nghién ctru cac dac
trung dia chan klén tao va dia dong luc cta déi
dut gy Kinh tuyen 109° thong qua tap s6 licu
dong dat, dia chat va dia vat Iy da cong bb. Cac
kich ban song than dugc gia thiét duoc phét
sinh boi dong dat cuc dai c6 do 16n M,, = 8,0
phat sinh trén hai doan cua ddi dat gdy kinh
tuyén 109°.

D6 nguy hiém song than ddi voi cac ving
bo bién Viét Nam dugce danh gia qua dai 1u0’ng
do cao song cuc dai do song than  gay ra va thoi
gian lan tmyen s6ng than tir nguon t6i b bién.
Céc két qua mod phong kich ban song than cuc
dai phéat sinh trén doi dut gay kinh tuyén 109°
duogc thé hién dudi dang cac ban d6 phan bd do
cao song trén toan Bién Pong va tai duong bo
bién ciia Viét Nam. Ngoai ra, mdi twong quan
gilta d6 cao song va thoi gian lan truyen song
than khi t6i bo duge khao sat chi tiet tai cac
tram quan tric muc nude bién do phén bd doc
theo toan bo dai ven bién Viét Nam. Cac két
qua md phong cua ca ba kich ban s6ng than cuc
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dai déu cho thay d6 nguy hiém song than tap
trung chi yéu doc theo dai ven bién mién
Trung va Nam Trung B Viét Nam (doan tir
tinh Quang Nam dén tinh Ba Ria-Viing Tau),
véi do cao song lon nhat khéng vuot qua 4 m
tai ngoai khoi cac tinh Quang Ngai, Phu Yén va
Ninh Thuan. Thoi gian lan truyen séng than
ngén nhét tir ngudn téi bo bién Nam Trung Bo
1a 35 phat. .

Véi co ché truot bang, doi dat gay kinh
tuyén 109° dugc danh gia la khdng c6 nhiéu
kha nang phat sinh dong dat manh gy song
than. Ngoai ra, cac két quda md phong trong
nghién ciru nay cung cho thay song than phat
sinh trén vung nguon dirt gdy kinh tuyen 109°
cling kho co6 thé gay ra thiét hai dang ké cho
viing bo bién cua Viét Nam. Tuy nhién, cac két
qua md phong kich ban séng than cuc dai cho
phép dy bao cén trén ctia mac do rui ro ma
s6ng than ngudn gan c6 thé gay ra cho dai ven
bién Viét Nam, ddng thoi cung cap nhimg
théng tin hitu ich cho cong tac canh bao va tng
phd song than & pham vi quc gia.

Loi cdm on: Nghién ciru néy dugc tai trg boi
Vién Han lam Khoa hoc va Cong ngh¢ Viét
Nam (VAST) trong d& tai ma s
VAST06.02/2018-2019 va VAST06.02/2020—
2021.
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