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Tém tit: Nghién clru nay giai quyét bai toan hai chiéu vé ché do thuy dong luc tich hop
(song, dong chay va muc nudc) khu vuc bién Pa Néang bang mé hinh MIKE 21/3 Couple
Model FM cua DHI. Pay 1a mdt mé hinh hién dai da va dang duogc ap dung nghién ctru
manh m& & Viét Nam va nhiéu nudc trén thé gidi. Mo hinh da dugc 4p dung tinh toan hiéu
chinh va kiém dinh v&i s6 liéu khao sat thuc dia va tram quan trac Hai van Son Tra (thang
05/2021) dé tim ra bo thong s phu hop cho két qua chi s6 Nash va tuong quan trén 70%
ctia higu chinh va 75% cua kiém nghiém. Tir d6, nghién ctru sir dung dé mo phong ché do
thuy dong luc khu vuc bién Pa Ning bién dong theo gié muia TAy Nam va gié mua Dong
Bic. Cac dic trung ché do thuy dong luc ciing cho thay thé hién tinh chat mua rd nét va
hinh thanh cac hoan luu ven bd voi quy mé 16n nhé khac nhau tiy vao timg thoi diém. Nhin
chung, két qua nay c6 thé 1am co s cho cac nghién ctru tiép theo vé thuy dong luc ba chiéu,
hé thong hoan Iuu ven bo (dong RIP), van chuyén bun cat va bién doi dia hinh, bai toan 6
nhiém méi trudng, sinh thai.

Tir khoa: MIKE 21/3 Couple model FM; M6 phong; Thity dong luc; Pa Nang.

1. Mé diu

Hién nay, c6 rat nhleu nghién ctru trong linh vyc hai duong ing dung dung cac mé hinh
hinh toan d¢é giai quyet van dé trong va ngoai nudc. Cac mod hinh mé phong the hién phan
anh dugc buc tranh tong thé toan canh khu vuc nghién ctru song dong va chi tiét cu thé. O
Viét Nam, md hinh hoa da va dang dugc ap dung rong rai trong nghién cttu va tinh toan mo
phong ché d6 thiry dong luc don 1é va tich hop song, dong chay va muc nude [1-3]. Trong
d6, mo hinh MIKE 12 bd mé hinh mé phong vé cac hoat dong cua nudc do vién Thiy luc
Dan Mach xdy dung. B mé hinh nay dugc tich hop gdm rat nhiéu cac mo hinh thanh phan
gitip mod phong cac qué trinh thity vin, thiy dong luc ho, van chuyén bun cat, moi trudng,
sinh thai. Trong d6, mé hinh MIKE 21/3 Coupled Model FM mé phong ché do thuy dong
luc hai chiéu (séng, dong chiay va myc nudc) viung ven bién. Mé hinh MIKE 21/3 Couple
FM 14 hé thong lién két dong co thé két ndi cac mé hinh dong luc (MIKE 21FM) [4-5] va
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mod hinh séng (MIKE 21SW) ma viéc lién két dong cac mo hinh cho phép tinh toan tuong
tac qua lai 1an nhau giita cac qué trinh nhu twong tac séng va dong chay. Hién nay, mo hinh
nay dugc tmg dung kha rong rii & Viét Nam trong cac cong trinh nghién ciru [6] dén cac dé
tai cac cap trai dai doc ven bién [7-1 1].

Tuy nhién, trong bdi canh bién d6i khi hau nhimg nam gan day, khu vyc nghién ctru
dang phai chiu anh huéng cua nhiéu loai hinh thién tai nguy hiém va khéc nghiét hon nhu
béo, 1ii, muc nudce bién dang, boi tu—x6i 1& b bién,... ma nhitng hién tugng thién tai nay lai
lién quan mat thiét dén ché do thiry dong luc viing ven bién n6i chung, trong d6 c6 Da Ning
gy anh huong manh mé dén qua trinh phat trién kinh té bién cua thanh phd, dic biét 1a anh
huong dén phat trién du lich ving bién [12-14]. Ma ving bién Da Ning ¢ hoat dong kinh
té hang hai, du lich rat phat trién mang lai thu nhap 16n cho thanh phd. Do d6, dé tiép can
lam sang t6 va hiéu biét vé cac quy ludt va hoat dong ciia tu nhién, trong d6 c6 cac qua trinh
thily dong luc dan nham giam thiéu thiét hai cta thién tai va thiic day kinh té dia phuong.

Viy, thiét 1ap nghién ctru cac qua trinh thay dong luc tich hop (soéng, dong chay va muc
nudc) bang MIKE 21/3 coupled model FM ving bién Pa Ning voi muc dich lam sang to
phan nao qué trinh thity dong luc khu vuc bién Pa Ning 1a can thiét. Cac budc tién hanh va
két qua dat duoc s& dugc trinh bay dudi day.

2. Phwong phap nghién ciru va dir liéu sir dung

2.1. Khu vuc nghién ciru

Da Ning la thanh phd ven bién véi duong bo bién dai 70 km, mot thanh phd trye thude
trung wong, nam trong ving Duyén hai Nam Trung Bo Viét Nam, trai dai tir 15°15°-16°40
Vi Bic va tir 107°17°-108°20° kinh Péng, trén truc giao thong Bic—Nam vé duong bo, duong
sat, duong bién va duong hang khong, la mdt trong nhimg ctra ngd quan trong ra bién ctia Ty
Nguyén va cac nue Lao, dong bac Campuchia, Thai Lan va Myanma (Hinh 1) [15].
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Hinh 1. Ban d6 hanh chinh TP. Pa Néng.

Nam 2005, bién Ba Ne:mg da dugc tap chi Forbes binh chon 1a mét trong sau bai bién dep
nhét hanh tinh, v6i nhimg khu du lich sinh thai, hiéu dia danh du lich tdm linh ndi tiéng cting
nhiéu khu nghi dudng rt sang trong. Da Nang nim & trung tAm ciia tam giac di san vin hoa
thé gi6i, hé thong giao thong dudng bo, duong hang khong, duong thity ngy cang md rong va
hoan thién hon, tao diéu kién thudn loi cho du lich bién phat trién [15].
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2.2. Phwong phap nghién ciru

M6 hinh két hop MIKE 21/3 COUPLED MODEL FM l4 hé théng mé hinh dong luc c6
thé 4p dung cho ving ctra song, ven bién va trong song [1-3, 16]. Bo mo hinh gdm cac mo
dun sau: M6 dun dong chay (MIKE 21 FM); M6 dun tai khuéch tan; M6 dun chat luong nudc
va sinh thai hoc; M6 dun van chuyén bun, cat; M6 dun phé) song (MIKE 21 SW). M6 dun
dong chay va phd song 1a hai thanh phan co ban ctia mé hinh MIKE 21/3 COUPLED
MODEL FM. M5 hinh nay cho phép tinh toan twong tic giira song va dong chay bang viéc
sir dung két hop giita mo dun dong chay va mé dun song. Su két hop gitra cac mo dun cia
mo hinh cho phép mé phong su tuong tac qua lai day du cia nhing thay doi vé do sau dén
tinh toan song ciing nhu dong chay nén d¢ chinh xac ciia mé hinh ciing dugc nang cao so voi
cac mo hinh khéc.

- M6 dun dong chay MIKE 21 FM [4, 5, 16]: 1a m6 dun co ban tinh toan truong dong
luc dong chay vé6i cach tiép can mat ludi linh hoat dang tam gic phi ciu trac. M6 dun nay
duogc tmg dung nghién ciru cho hai dwong hoc, méi truong ving cira séng ven bién. M6 dun
gdm c6 hai phuong trinh chinh 1a phuong trinh lién tuc va phuong trinh dong lugng.

- M6 dun séng MIKE 21 SW [1, 16]: 1a mé dun tinh phd song gié duoc tinh toan dwa
trén ludi phi cau trac. M6 dun nay tinh toan sy phat trién, suy giam va truyén song gié va
song ling ¢ ngoai khoi va khu vyc ven bo.

2.3. Dir liéu sir dung

- S6 lidu d6 sau va duong bo ciia khu vire viing ven bién va cira song thanh phd Pa Néng
va lan can duoc thu thap va sb hoa tir cic ban do dia hinh day bién (hai do) tir cac ty 16 khac
nhau ty 1¢ 1:100000 va 1:25000 do Cuc Po dac Ban dd va BO Tu lénh Hai quan Quéan doi nhan
dan Viét Nam xuat ban. Nhiitng dit liéu tir nhimg manh ban do trén gidy va da dugc quét vao
may tinh va s6 hoa. Céc dit liéu chuyén thanh cac dang s6 héa luu trén may tinh duoc xtt 1y va
chinh bién thanh hé thong nhét tir cic manh ban d6 roi rac [17]. Tir s6 liéu sau khi da duge xir
Iy ding xay dung ludi tinh va mién tinh (Hinh 2a). Khu vuc nghién ctru duoc thé hién trudng
do sau sau khi da xay dung duoc ludi tinh va mién tinh (Hinh 2b).

-S4 liéu dung cho cac bién: 1a myc nudc thuy tridu dugc 1y tir md hinh phén tich hing
s6 diéu hoa [18]; S liéu song ngoai khoi tai diém E duoc 14y tir mé hinh toan ciu WaveWatch
IIT (Hinh 2¢) [19]. S6 lidu song va myc nudc tai tram AWAC [20] va tram Son Tra [21] 1a
dé hiéu chinh, kiém dinh mé hinh Mike 21/3 couple (Hinh 2d).

Pé thuan loi cho viéc tinh toan, md phong cac qua trinh thuy—dong luc ¢ ving nghién
clru, mién tinh todn dugc mo rong ra ngoai phia bién khang 50 km nham giam sai s6 ctia bién
anh hudong dén két qua moé phong cia mo hinh. Toa dd mién tinh tir 15,7°N—16,6°N va
108,05°E-108,8°E.
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Hinh 2. Céc diéu kién déu vao va so sanh trong khu vyre nghién ctru: (a) Mién va luéi tinh khu vuc
nghién ctru; (b) Pia hinh khu vuce nghién ciru; (¢) Vi tri bién song; (d) Vi tri tram hiéu chinh—kiém
dinh.

3. Két qua va thao luan

3.1. Két qua hiéu chinh va kiém nghiém

a) Két qua hiéu chinh: M6 hinh MIKE 21/3 Couple Model FM dugc thiét 1ap tinh toan
mod phoéng cho khu vuc nghién ctu ving bién Pa Nang. Cac di li€u st dung danh gia hi¢u
chinh la:

- Thoti gian hiéu chinh myc nude triéu tur thang 11/2020 (tr 13/11/2020-14/11/2020) tai

tram muc nudc Son Tra (Hinh 3);

- Thoi gian hi€u chinh m6 hinh song thang 5/2021 (ttr 02/05/2021-09/05/2021) tai tram
AWAC (Hinh 4).

Két qua hiéu chinh phan 4nh twong dbi chét lugng c6 do dam bao chinh xéc ot nhu thé
hién 6 Bang 1.

Bang 1. Két qua hiéu chinh mé hinh M hinh MIKE 21/3 Couple Model FM.

TT Yéu to Hé s6 Nash H¢ s twong quan
1 Muyc nudc tram Son Tra 0,762 0,7938
2 Soéng tram do AWAC 0,712 0,7653
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Hinh 3. Két qua hiéu chinh myc nudc gitra thuc do va tinh toan tai tram Son Tra tir 13/11/2020 dén
14/11/2020: (a) Bién trinh muc nudce (thye do 1a duong xanh—tron; tinh toan 1a duong do—khéng
tron); (b) Tuong quan myc nudce gitra thuc do va tinh toan.
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Hinh 4. Két qua higu chinh ciia dic trung song (Hs, Tp, Dir) thuc do va tinh toan tai tram AWAC tir
02/05/2021 dén 09/05/2021 (thyc do 1a dudng mau xanh —khéng tron; tinh toan 1a duong mau den—
tron).

b) Kiém dinh: Bo thong mo hinh sau khi dugc hi€u chinh s& dugc st dung dé tinh toan
kiém nghiém nhu sau:
- Thoti gian kiém dinh muc nudc triéu tir thang 11/2020 (tor 15/11/2021-17/11/2021) tai
tram muc nudc Son Tra (Hinh 5) ;
- Thoi gian kiém dinh mé hinh séng thang 5/2021 (tir 19/5/2021-31/05/2021) tai tram
AWAC (Hinh 6).
Két qua kiém nghiém cho thiy twong d6i chat lugng c6 d6 dam bao chinh xac tét nhu
thé hién ¢ Bang 2.

Bing 2. Két qua kiém nghiém mo hinh M6 hinh MIKE 21/3 Couple Model FM.

TT Yéu té Hé s6 Nash Hé s6 twong quan
1 Muyc nudc tram Son Tra 0,795 0,8427
2 Song tram do AWAC 0,762 0,7945
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Hinh 5. Két qua kiém nghiém muc nudc gitra thuc do va tinh toan tai tram Son Tra tur 15/11/2020
dén 17/11/2020: (a) Bién trinh myc nudc (thyc do 1a dudng xanh—tron; tinh toan 1 dudng do—khong
tron); (b) Twong quan myc nudc gitra thuc do va tinh toan.
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Hinh 6. Két qua kiém nghiém ciia dic trung song (Hs, Tp, Dir) thuc do va tinh toan tai tram AWAC
tir 19/05/2021 d&én 31/05/2021 (tinh toan 1a dwdng mau xanh—khéng tron; thuc do 1a duong mau den—
tron).

Két qua hiéu chinh va kiém dinh mé hinh cho két qua tai diém khao kha t6t, nhu vay co
thé sir dung b thong s6 cia md hinh @€ tinh toan che d¢ thuy dong luc cho khu vuc bo bién
Pa Ning.

3.2. Két qua tinh toan trong mia gié Tdy Nam

Qua két qua mé phong truong song cho thiy, vung ven bo bién ba Ning chiu anh L huong
khd 10 rét cua thuy triéu. Khu vuc nghién ciru c¢6 ché do ban nhat tridu khong déu, mdi ngay
1én xubng 2 1an, bién d6 dao dong khoang 0,6 m, 16n nhit dat trén 1,4 m. Vao mua gid mua
Téay Nam khu vyce nay huéng song chu yéu la Nam, Bong Nam va Bong tac dong chu yeu
den khu vyc (Hinh 7). Trong d6 huéng song Dong va Bong Nam la 2 hudng song chiém tan
sut khé 16n. Trong ndm séng c6 d6 cao 16n thudng tap trung vao mua hé, 16n nhat vao thang
VII va IX. Va do hién twong khuc xa song, khi tién vao ving nudc noéng, hudng song co
khuynh huéng truc giao v6i dudng déng su.

V& chiéu cao séng: Chiéu cao song gié mua Tay Nam bé hon so véi do cao song trong
mua gié Pong Béc, tham chi c6 lac chi bang ¥ so voi GMPB. Vao mua hé, dong chay ven
bo nhin chung ¢6 hudng tir Nam 1én Bic (Hinh 8). Tuy nhién do anh hudng cia hinh thai
dudng bo va dia hinh day ma timg noi xuét hién cac hudng chay riéng biét, c6 noi dong chay
1éch v6i hudng chu dao tao nén cac dong chay quan. O khu vuc ngoai khoi, trudong dong chay
d6ng nhét hon so v6i khu vuc gan bo.
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Hinh 7. Két qua mé phong trudng séng mia gio Tay Nam: (a) Thoi ky trudng song luc tridu 1én; (b)
Thoi ky Truong song luc dinh tridu; (c) Thoi ky treong song luc tridu xubng; (d) Thoi ky trudng
song luc chan triéu.
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Hinh 8. Két qua mo phong truong dong chay muia gié Tay Nam: (a) Thoi ky truong dong chay lic
tridu rat; (b) Thoi ky Truong dong chay luc tridu 1én; (¢) Thoi ky Truong dong chay luc dinh triéu;
(d) Thoi ky Truong dong chay lic chan triéu.

3.3. Két qua tinh todn gié miia Péng Bic

Qua két qua mo phong cho thay, ving ven bién chiu anh huong kha nhiéu cta ché do
thuy triéu. Trong mot ngay, khi triéu dang song c6 kha ning tién sat vao trong bo va khi triéu
rut thi song & cach bo kha xa.

Hudng song ngoai khoi chi yéu 14 huéng Pong, Pong—Pong Bic va Dong Nam, nhung
chu yéu 13 huéng Pong Bic tring véi hudng gié mua Pong Bic (Hinh 9). Do anh huéng cia
hién g khuc xa song, cac hudng song ngoai khoi cé thé khac nhau nhung khi tién vao ving
nudce nong, hudng song c6 khuynh huong truc giao voi duong ddng sau. Vi vdy song & cac
khu vyc gén bo ¢6 hudng nam trong cung Déng Dong Bic-Dong-Dong Nam.

Chiéu cao song gi6é mua Pong Béc cao hon hin trong thoi ky gié mua Tdy Nam, chiéu
cao s6ng ngoai bién 16n nhét khoang tir 2,6-3,0 m chiém tan suit 16n va chidu cao song ven
b tir 0,25-0,7 m 1a cha yéu. Khi song ngoai bién truyén vao gan bo, song bi bién dang va
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khuc xa, 6 cao song giam dan tir ngoai khoi vao khu vuc gan bd do hiéu ting song v va ma
sat day kha lon.

Vao mua dong, dong chay ven bd nhin chung c6 hudng tir Bic xuéng Nam (Hinh 10).
Tuy nhién, trong ty nhu mua he, do anh hudng cia hinh thai duong bo va dia hinh day ma
ting noi xudt hién cac huéng chay riéng biét, c6 noi dong chay 1éch v6i hudng cha dao tao
nén cac dong chay hoan luu. O khu vyc ngoai khoi, trudng dong chay dong nhat hon so véi
khu vuc gan bo.
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Hinh 9. Két qua mé phong trudng song mua gié Pong Bic: a) Thoi ky Truong song luc tridu 1én; b)
Thoi ky Truong song luc dinh tridu; ¢) Thoi ky Truong song luc tridu xudng; d) Thoi ky Trudng
song luc chan triéu.

[deg] [geg)

1625 1625

1620 16.20

Surface elevation [m)

1615 16.15

16.10 16.10
16.05 16.05

16.00

(] undefied Vae

(deg) [deg]

OO
ANNANANNNSNS
SNNNNNNNNN

1625 16.25

1620 1620

Surface elevation [m]

16.15 16.15

16.10 16.10

16.05 16.05

16.00

©) @

108.10 10820 108.10 10820 108.30

Hinh 10. Két qua m6 phong truong dong chay muia gié Dong Béc: a) Thoi ky Trudng dong chay lic
tridu 1én; b) Thoi ky Truong dong chay lac dinh triu; (c) Thoi ky Truong dong chay lac tridu xudng;
d) Thoi ky Truong dong chay luc chan triéu.
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4. Két luan

B¢ mo hinh MIKE, trong d6 c6 mé hinh MIKE 21/3 COUPLED MODEL FM [a mét
cong cu manh trong viéc tinh toan, m6 phong dong chay 2 chiéu trong d6 co su tuong tic
gitra yeu t6 song va dong chay bang phwong phap phan tir hitu han.

Két qua nghién ciru thong qua qua trinh m6 phong thuy dong luc (song, dong chay va
muc nudc) di duoc hiéu chinh va kiém nghiém dya trén s6 liéu quan trac do dac thuc té thang
5/2021 cho thay d6 d6 chinh xac twong dbi tot pho bién trén 70% voi séng va trén 75% voi
muc nudc. Tir d6, cac két qua mo phong ché do thuy dong luc tir mo hinh MIKE 21/3 Couple
Model FM cho thay yéu t song va dong chay thé hién dugc tinh chét gié mua Pong Bic va
Tay Nam theo su bién dong thay ddi cta thuy tridu kha rd. Bén canh d6, hiéu ung tac dong
ctia dia hinh va duong bo 1én ché do thuy dong luc ciing dugc thé hién phan nao trong khu
vuc nghién ctru. Ngoai ra, su giao thoa gifta song va dong chay tao nén nhiing dong chay
hoan luu theo cadc quy mo 16n nhé khac nhau tiy vao thoi ky con nude ¢ khu vue cira song
va ban dao Son Tra.

Do viy, ddy chi 1 két qua so bo do ludi tinh van chua thé hién duogc cac dic trung ven
bo va dac biét 1a sy tham gia cau cac cira sdng; thoi gian hi€u chinh va kiém nghiém van con
han ché chua dai. Nén khu vuc nay van can c6 nhiing nghién clru cy thé va sau hon dé thé
hién 16t ta dugc birc tranh tong thé hon va ung dung cho cac van d¢ lién quan khac. Nhin
chung, két qua nay c6 thé 1am co s& cho cac nghién ciru tiép theo vé thity dong luc ba triéu,
hé thong hoan luu ven bo (dong RIP), van chuyén bun cét va bién doi dia hinh, bai toan 6
nhiém moi trudng, sinh thai,.....

bong gop cia tac gia: Xay dung y tuong nghién ctru: HT.B., B.b.C., NM.H., N.Q.T.; Lya
chon phuong phép’ nghién ctu: B.D.C., NNM.H., N.Q.T.; Xu 1y s0 liéu: L.b.H., N.T.S.,
b.T.T., N.Q.T.; Viét ban thao bai bao: H.T.B., B.D.T., N.Q.T.; Chinh sira bai bao: .D.C.,
N.Q.T.

Loi cam on: Tac gia xin chan thanh cam on dé tai co so cip Vién dia 1y “nghién ctru ing
dung mo hinh sé tri phuc vu danh gia ché do thiry dong luc (song, dong chay, thuy triéu) khu
vuc ven bién tp. Pa Ningtrong diéu kién bién doi khi hau va nude bién dang” do ThS. Hoang
Thai Binh lam cht nhiém, Vién Dia Iy — Vién Han 1am Khoa hoc va Céng nghé Viét Nam la
co quan chu tri da ho tro, cung cép co s& dir liéu dé thuc hién bai bao nay.

Loi cam doan: Tap thé tac gia cam doan bai bio nay 1a cong trinh nghién ciru cta tap thé
tac gia, chua dugc cong bd & dau, khong sao chép tir nhitng nghién ciru trudce day; khong co
su tranh chap loi ich trong nhom tac gia.
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Abstract: This paper solves the two—dimensional problem of integrated hydrodynamic
regimes (waves, currents and water levels) in the Da Nang coastal zone using MIKE 21/3
Couple Model FM of the DHI. This is a modern model that has been strongly applied in
research in Vietnam and many countries others. The model has been calibrated and verified
with field survey data and Son Tra station (May 2021) to find a suitable set of parameters
for the Nash index and the corresponding index which results in over 70% of the correction
and 75% of the test. This study uses it to simulate the hydrodynamic regime in the Da Nang
coastal zone, which fluctuates with the southwest and the northeast monsoon. The
hydrodynamic regime features also show clear seasonality and the formation of coastal
circulations with different large and small scales depending on the time. In general, this
result can serve as a basis for further studies on three dimensional hydrodynamics, coastal
circulation system (RIP current), sediment transport and topographic change, environmental
pollution, ecology.

Keywords: MIKE 21/3 Couple Model FM; Simulation; Hydrodynamics, Da Nang.



