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Tém tat: Mo hinh Swan duoc tng dung tinh toan xac dinh truong song tai khu vuc Bai Dai
- Cam Ranh phyc vu tinh toan dong chay ven bo, dac biét 1a dong rip. M6 hinh toan (mo
hinh Swan) l1a phuong phép chu dao trong nghién ctru nay, ngoai ra con c¢6 cac phuong phap
khac nhu phuwong phap thu thap tong hop dit liéu, phuong phap thong ké, phuong phap
GIS,... Trudng gi6 tai phan tich khu vuc Bién Pong di duoc thu thap va 1a dit liéu quan
trong trong viéc tinh toan trudng song phat sinh do gié. Mién tinh 16n 1a khu vuc  bién tir
Phti Yén dén Binh Thudn va mién tinh nho 1a khu vyc Bai Dai - Cam Ranh (Khanh Hoa).
S liéu song thuc do tai ving ven bién Ninh Thuan nim 2013 va Bai Dai nam 2012 duoc
st dung hi¢u chinh va kiém dinh m6 hinh voi  két qua tu tdt dén rat tot vé hé sd tuong quan
R?, sai s6 trung binh (RMSE) va chi s6 Nash - Sutcliffe. M6 hinh Swan dugc tmg dung tinh
toan dic trung song chi tiét tai Bai Dai trong mua gié Pong Bac va Tay Nam nam 2021.
Két qua tinh toan da xac dinh dwoc vao thoi ky mua gié Tay Nam, khu vuc Bai Dai ¢6
huéng song chu dao la huong Bong Nam voi tan suat 96,77% va do cao séong < 0,6 m cd
tan suat 89,11%. Truong song thoi ky gi6 mua Bong Bic ¢o  huéng chu dao la huéng Dong
dén bong Bic, trong d6 hudng Pong Béc c6 tan suit 16n nhat 81,72%, d6 cao song > 1,0 m
c6 tan suat 48,52%.

Tir khéa: song bién; Swan; Bai Dai.

1. M& dau

Hién nay, khi tinh toan dong chay ven bién thi khong thé khong ké dén tac dong cua
song bién. Song bién dugc hinh thanh va phét sinh do truong gid ¢ ngoai khot, khi lan truyén
vao vung ven bd s& bi bién d6i do tic dong cua hinh thai dia hinh lam xut hién cac hién
tugng khic xa, nhiéu xa, sy ndng dan, sy bé v song,... Trong do, song v s& hinh thanh
dong chay ven bd do song gdm dong chay doc b va dong rip [1-7].

Dong chay doc bo do song 1a dong cé hudng song song voi dudong bo va thudng xuyén
xuét hién dudi tic dong cta song. Dong rip 1a mot dong dic biét cua dong chay ven bo, co
hudng chdy ra xa bo va xuét hién phu thudc vao diéu kién hinh thanh nhu song bién, thuy
triéu va dia hinh, dong rip 1a dong chay nguy hiém, né gy ra cac tai nan dudi nude & cac bai
tam du lich [8]. Dé nghién ctru dong rip thi viéc tinh toan truong séng ving ven bd 14 rat can
thiét vi n6 1a mot trong cac nguyén nhan chinh hinh thanh dong rip [1-7].

Ngay nay, mo hinh todn da phat trién vuot trdi va duoc g dung nhiéu tai Viét Nam va
Thé Giéi. Cac md hinh tinh toan séng tiéu biéu co thé ké dén nhu WAM, SWAN,
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WAVEWATCH I, MIKE 21 SW, STWAVE, DELFT3D, RCPWAVE, REFDIF-1,...[9-
15]. Tai Viét Nam, c6 rat nhiéu nghién ctru 4p dung cac mé hinh tinh toan mo phong trudng
song khu vyuc Bién Dong. Trong d6, c6 cic nghién ciru dién hinh nhu: mé hinh tinh séng
Swan va SUWAT duoc két hop dé mo phong tac dong ciia song va nude ding bao khu vuc
ven bién Mién Trung [16], m6 hinh Mike 21 SW duoc tmg dung tinh toan truong song tai
khu vuc ven bién vinh Nha Trang [8], md hinh WAM tinh to4n song ngoai khoi lam bién dau
vao cho mé hinh Mike 21 SW tinh toan séng vinh Nha trang [17].

Trong c&c md hinh tinh toan séng, md hinh Swan la mét méd hinh méa ngudn ma, chuyén
vé tinh toan song nudc nong va nudce sau, duge ing dung rong rai va mo ta dugc su bién dbi
ctia cac yéu tb song khi di vao ving nude nong [18], vi thé, m6 hinh Swan dugc lwa chon véi
muc tiéu tinh toan va danh gia duoc tan sut xuét hién trudng séng vao mua gio bong Bic
va Tay Nam nam 2021. D9 chinh xac cia m6 hinh s€ dugc danh gia thong qua so li¢u thuc
do nam 2012 va 2013, tir d6 tinh toan truong song mua gié Pong Bic va Ty Nam nam 2021.
Két qua nay la diéu kién dau vao phuc vu tinh todn dong rip nham phong tranh tai nan dudi
nuée cho du khach tai bai tim Bai Dai.

B&i Dai - Cam Ranh c6 chiéu dai doc bo khoang 11 km, véi d doc bai va day twong dbi
thoai va voi chat lugng nudc trong sach so v6i cac bai tim khac & thanh phd Nha Trang.
Theo cac nghién ctru trude, khu vire nay c6 xuét hién dong Rip. Vi thé, truong song khu vuc
nay s& dugc mo phong tinh toan va danh gia chi tiét phuc vu cho tinh toan dong rip.
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Hinh 1. Vi tri khu vuc nghién ctu.
2. Phwong phap nghién ciu va sé liéu sir dung

2.1. Phuong phap nghién ciru

Mb hinh Swan [13-14] duge Umg dung tinh toan truong song chi tiét cho bai taim khu
vuc Bai Dai theo so d6 phuong phéap luan nhu hinh 2.
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Hinh 2. So db khoi phwong phép luan nghién ctru.
2.2. Dt liéu tinh toan

2.2.1. Bj sau

D0 sau dia hinh chi tiét tai bai tim Bai Dai do dac véi ti 1¢ 1:1000 tir & tai “Piéu tra,
danh gia hién tuong dong RIP (RIP current) tai cac béi tam Khanh Hoa, x4c dinh nguyén
nhan va dé xuat cac giai phap phong tranh” nam 2012 va d6 sau khu vyc luéi tinh 16n ngoai

khoi ké thira tir dit liéu thu thap va xir Iy cling tir dé tai trén [8]. Hinh 3 thé hién dia hinh day
khu vuc tinh toan.
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Hinh 3. Dia hinh va vi tri xut két qua tai Bai Dai.
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2.3.2. Dir liéu dau vao vé song, gio

38

- Dit liéu bién song: D6i voi mién tinh 16n, trudng song dugce tinh toan tir di lidu truong
gi6 tai phan tich khu vuc Bién Dong... P61 véi mién tinh nhd, bién 1ong ngoai khoi 1a két qua

tinh toan va trich xuAt tir mién tinh 16n.

- S6 liéu gi6: Truong gi6 thu thap la trudong gid tai phan tich (NOAA) nam 2012, 2013
va nam 2021 bién doi theo khong gian va thoi gian [20]. Dir liéu gi6 thu thap duoc xtr 1y va

thé hién nhu trong Hinh 4.
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Hinh 4. Gi6 tai phan tich khu vuc Bién Dong tai thoi diém 10:00 CH ngay 21/07/2021 va 1:00 CH

ngay 29/12/2021.

2.3. Hiéu chinh va kiém dinh mé hinh

M5 hinh s& dugc higu chinh va kiém dinh
voi s6 lidu thuc do tai 2 tram nhu hinh 5.

Két qua hiéu chinh mé hinh cta luéi tinh
16n tai diém do ven bién Ninh Thuan trong thoi
gian tir 11:00 CH ngay 6/1/2013 dén 7:00 SA
ngay 12/1/2013 (Hinh 6a, 6b) cho thiy hé sb
turong quan dat 0,88 va hé sé hiéu qua md hinh
Nash dat 0,86 (Hinh 6a) va sai s6 chu ky song
trung binh RMSE 1a 5,1% (Hinh 6b). Két qua
nay dugc xem xét danh gid mic do phu hop cua
mé hinh [21] cho thay két qua hiéu chinh t6t.

Mb hinh Swan dugc kiém dinh lai v6i s6
liéu thuc do trong giai doan tir 11:00 SA ngay
1/7/2013 dén 12:00 CH ngay 4/7/2013 ctia mién
tinh 16n tai diém ven bién Ninh Thuén va mién
tinh nho tai diém ven bién Bai Dai trong giai
doan tor 9:30 SA 11/08/2012 - 16:00 CH
12/08/2012. Két qua kiém dinh ca 2 mién tinh
déu cho hé s6 twong quan trén 0,8 va hé s6 hiéu
qua mo hinh Nash trén 0,75 (Hinh 6c, 6€) va sai
s6 chu ky song trung binh RMSE lan luot 3,4%
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Hinh 5. Vi tri do dac song phuc vy hiéu chinh va

kiém dinh.

(Hinh 6d) va 3,2% (Hinh 6f). Két qua kiém dinh lai bd thong s6 md hinh ciing cho két qua
tot, vi vay mo hinh Swan ti€p tuc dugc ing dung tinh todn hién trang cho nam 2021.
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3. Két qua va thao ludn

Két qua tinh toan truong song vao thoi ky gio mua Tay Nam thang 7/2021 cho thdy &
ngoai khoi do cao séng dao dong trong khoang 1-2 m, hudng soéng chu yéu 1a hudng Tay
Nam, chiu tic dong bdi ché do gié mua Ty Nam (Hinh 7a). Tuy nhién, khi trudng séng lan
truyén vao khu vuc nghién ciru ven by Bai Dai, d6 cao song giam con khoang 0,5-1,2 m,
hudng song cling chiu tac dong boi hinh thai bo va dia hinh day nén hudng song chu yéu la
huéng Bong Nam (Hinh 7b). Tai khu vuc bai tim ctia Bai Dai, dia hinh bt dau bién dbi phtre
tap, xudt hién nhiéu con cat va hinh thai dia hinh c6 dang ring cua nén d6 cao song ciing bién
d6i kha phirc tap so véi khu vuc ngoai. Hudng song tai ven bo ¢6 khuynh hudéng vudng goc
bo do bi tdc dong cua dia hinh bai bién.

Vao thoi ky gié mua Pong Bic, trudng song duoc tinh toan vao thang 12/2021 cho thay
d6 cao song ngoai khoi dao dong trong khoang tir 1-5 m, hudng séng chu yéu 1a hudng Bic
dén Pong Bic (Hinh 8a). Truong song vao thoi ky nay khi lan truyén vao ving ven bo khu
vue nghién ciru bi tac dong mot phan ctia dao Hon Tre nén hudng séng va do cao song di co
su thay d6i rd rét. Hudng song di chuyén sang huong Doéng, d6 cao song lic nay giam con
khoang 0,5-2 m (Hinh 8b). Khi truong song lan truyén vao khu vuc bai tam cua Bai Dai, do
cao song bién doi kha phure tap hon nhiéu so véi khu vue ngoai khoi, huéng song co khuynh
hudng vudng goc voi bo, déy 1a do tac dong cua dia hinh bai c6 nhiéu ring cua va xuat hién
nhiéu con cat.
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Ngoai ra, mé hinh s& dugc trich xuat két qua tinh toan song tai vi tri nude sau cia khu
vuc Bai Dai (Hinh 3) dé tinh toan xac dinh tin sudt song trong hai mua gi6 dic trung nim
2021.

Két qua song thang 7/2021 cho thay huong song chu dao 1a huéng Dong Nam voi tan
suat lén dén 96,77% con lai 3,23% la tan suat xuat hién huéng Nam (Hinh 9a). Trong tan
suét xudt hién cua huéng Bong Nam, d) cao sébng <0,6 m cod tan suét 16n nhit 1én dén 89,11%,
dd cao song tir 0,6 m dén 1,0 m chiém tan suit khoang 6,18%, d6 cao song > 1,0 m chi chiém
tan suét 1,48%. Tir két qua phan tich nay, song huéng Dong Nam 1a hudng chu dao va dic
trung cho Bai Dai vao thoi ky gi6 mua Tay Nam.

Két qua tinh toan truong song vao thang 12/2021 dugc thé hién chi tiét trong bidu d6 hoa
song hinh 3, 19 va bang 3,3. Két qua truong song vao thang 12/2021 cho thdy song hudng
Dong Biéc c6 tan suat xuat hién 16n nhat 81 /712%, hudng Doéng 1a 17,2% con lai mot phan rat
nho 1,08% 1a huéng Béic (Hinh 9b). Trong tin suét xuat hién song hudng Pong Bic, d cao
song > 1 m chiém tin suét dén 48,52%, d6 cao song tu 0,6 m dén 1,0 m chiém tin suét
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26,61%, con lai 6,59 % 1a tan suat xuat hién cta do cao song < 0,6 m. Vao thoi ky gié mua
bong Bac, song hudng Dong Bac 1a hudng chu dao va dac trung tai khu vuc Bai Dai.
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Hinh 9. Biéu d6 hoa song tai vi tri trich xudt (a) thang 7/2021 va (b) thang 12/2021.

4. Két luén

M6 hinh Swan d duoc tng dung md phong tinh toan chi tiét sy phan b truong song tai
vung bién B&i Dai va su bién thién séng theo khong gian va thoi gian tai giéi han khu vuc
nghién ctiu véi két qua kha chinh xac (Hé sb tuong quan R?, chi s6 Nash déu dat t6t, sai 6 <
10%). M6 hinh Swan da moé ta tot dugc cac yéu td hinh thanh va phat trién trudng song bién
¢ ngoai khoi, sur bién d6i cua truong song khi lan truyen vao vung ven bo.

Két qua tinh toan trudng séng tai Bii Dai cho thiy trudng song chiu tic dong cha yéu
vao ché do gié mua tai khu vuc (Pong Bic va Ty Nam). Tuy nhién, khi truong séng lan
truyén vao ving ven bd, cac yéu té chinh cta séng bién khong con giit nguyén ma bi bién
d6i boi tac dong ciia dia hinh day bién. Cu thé, vao thoi ky gié mua Tay Nam (thang 7/2021),
huong séng chinh ¢ ngoai khot la hudéng Tdy Nam nhung khi nao dén khu vuc Bai Dai,
hudng song lic nay la huéng Dong Nam voi tan sudt xuat hién 1én dén hon 95%, d6 cao song
lic nay ciing da giam dang ké. Vao thoi ky gié miia Dong Béc (thang 12/2021), huéng séng
ngoai khoi c6 hudng Dong Bic 1a chi dao, khi vao khu vyc Bai Dai huéng séng gan nhu
khong déi ¢ vung nudce sau, nhung khi vao vung nudc nong ven bod cua Bai Dai thi hudng
song gan nhu 14 hudng Pong, d6 cao song 16n hon so v6i mua gio Tay Nam nhung ciing
giam khi vao ven bd. D¢ cao sdng muia gié Pong Bac cao gan nhu gap d6i so voi do cao song
vao mua gié Tay Nam. Két qua tinh toan nay sé& 1a diéu kién dau vao quan trong trong mé
phong tinh todn su xuat hién cta dong chay ven bo do séng ciing nhu dong chay tong hop tai
khu vuc Bai Dai, trong d6 dong rip s& duoc danh gia chi tiét trong hé théng dong chay ven
bo tai khu vuc Bai Dai.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: N.N.T., N.T.B.; Lwa chon phuong
phéap nghién ciru: N.N.T., N.T.B.; Xt ly s6 liéu: N.N.T.; Hi¢u Chll’lh klem dinh mo hinh:
N.N.T.; Viét ban thao bai bao. N.N.T., Chinh stra bai bao. N.T.B.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong co su tranh chap loi ich trong nhém tac gia.
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Research to determine the coastal wave field in the Bai Dai — Cam
Ranh area using mathematical models

Ngo Nam Thinh'?, Nguyen Thi Bay3*
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Abstract: The Swan model is applied to calculate and determine the wave field in the Bai
Dai - Cam Ranh area to serve the calculation of coastal currents, especially rip currents.
Mathematical model (Swan model) is the main method in this research, in addition there are
other methods such as data collection method, statistical method, GIS method,... Wind field
Reanalysis of the East Sea area has been collected and is important data in calculating the
wave field generated by wind.The large calculation region is the coastal area from Phu Yen
to Binh Thuan and the small calculation region is the Bai Dai - Cam Ranh area (Khanh
Hoa). Real wave data measured in the coastal areas of Ninh Thuan in 2013 and Bai Dai in
2012 were used to calibrate and verify the model with good to very good results in terms of
correlation coefficient R?, root mean square error (RMSE) and Nash - Sutcliffe index. The
Swan model is applied to calculate detailed wave characteristics at Bai Dai during the two
prevailing monsoon seasons of 2021. The calculation results have determined that during
the Southwest monsoon season, the Bai Dai area has a direction The dominant wave is
Southeast with frequency 96.77% and wave height <0.6 m has frequency 89.11%. The wave
field during the Northeast monsoon season has the main direction from East to Northeast,
of which the Northeast direction has the highest frequency of 81.72%, wave heights > 1.0
m has a frequency of 48.52%.

Keywords: Wave; Swan; Bai Dai.
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