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LOI CAM POAN
Tén t6i 12 D3 Trung Kién, 1a ngudi viét luan 4n tién si “Nghién ctru md phong
va du doan chuyén dong ctia vét déu loang tai viing bién Viét Nam dya trén phuong
phép mo phong 3D”. Tbi xin cam doan ddy 1a nghién ciru clia ban than t6i, ndi dung
ctia ludn 4n 12 y tuéng va thé hién tu duy cua chinh ban than tac gia.
Két qua cuia ludn 4n, tai liéu dugc tham khao, cong trinh khoa hoc néu ra trong
luén 4n déu dugc chi 16 v& ngudn gbc, xudt xtr va dam bao yéu tb trung thyc./.

Héi Phong, ngay /| § thang & ndm 2025

Nghién ciru sinh

P6 Trung Kién



LOI CAM ON

Trong qué trinh thuc hién ban ludn 4n nay, tac gid da nhan dugc su tao diéu
kién, gitp d& tir cac co quan, phong ban thude Truromg Pai hoc Hang hai Vigt Nam.

Téac gia cling giri 101 cdm on t¢i Khoa Hang hai va Vién Dao tao Sau dai hoc,
cac giang vién, nha nghién ctru, chuyén gia da cung cip nhitng déng gép ¥ kién, chia
sé kién thirc, kinh nghiém quy gid va chinh x4c nhét.

T4c gia xin trAn trong giri 16i cam on t6i PGS.TS. Nguyén Manh Cudng,
nguyén Trudéng Khoa Hang hai, Trudng Pai hoc Hang hai Viét Nam va TS. D6 Vin
Cuong, Pho trudng B mon Luét hang hai, Khoa Hang hai, Truong Dai hoc Hang hai
Viét Nam d3 tin tinh, kip thoi dua ra nhitng hudng dan, dinh huéng ddi v6i ndi dung
cta ban luin an nay.

Dong thoi, tac gia ciing giti 101 cam on t6i chuyén gia trong cic hoi dbng, cac
nha khoa hoc trong va ngoai truong da dén, gép ¥, chinh stra dé cho ban luan 4n cla
t6i dugc hoan thién va hoan thanh dung tién do dugc dé ra.

Xin giri 16i cam on dén gia dinh, ngudi than, ban bé clia tic gia trong sudt thoi
gian thyc hién luén 4n da & bén canh, dong vién, chia sé nhiing kho khén, thir thach
dé t6i di dén budi bao vé cudi cung luan an./.

Hai Phong, ngay A8 thang §ndm 2025

Nghién ctru sinh

P6 Trung Kién
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MO DAU
1. Tinh cap thiét ciia luan 4n

Trén thé gidi, hang hai luén 13 nganh giao thong chu chét trong van tai
hang hoa toan cau. Trong do, dau thd va nhién liéu van 1a cac mat hang duoc
van chuyén nhiéu nhat, diéu nay dan dén nhitng nguy co tran dau tiém an khi
van chuyén loai hang nay. Cac nha quan 1y va cac cong ty dau khi phai ton mot
luong kinh phi khong hé nhé dé thuc hién ngin ngira va giam tac hai ctia dau
khi ¢6 su cd tran dau xdy ra. Muc d0 nghiém trong cua cac su ¢ tran dau
thuong phu thudc vao: khdi luong va loai dau tran, diéu kién moi trudng xung
quanh, mtrc d0 nhay cadm cuia cac loai vi sinh vat va da dang moi truong séng
voi dau,v.v..

O nhiém dau khong chi xdy ra trén mat bién, ma con ¢ thé ¢ cac ving
nuéc sau hon, din dén nhimg tac dong nghiém trong dén mai truong. Hién nay,
cong tac khai thac dau, cling nhu lip dit duong 6ng tai ving nudc siu ngly
cang tang, din dén nhiing ri ro nhu: ro ri dau ngu nhién tr giéng dau, vd
duong ong,v.v..

Bdng 1. Théng ké cdc vu tran dau trung binh (7-700 tan) va Ién (>700 tan) tir nam
1970 dén 2024 [1]

Thoi gian 7-700 tan Trén 700 tin
1970-1979 543 245
19801989 360 94
1990-1999 281 77
2000—2009 149 32
2010-2019 45 18
2020-2024 26 11

Mbt s vi du vé nhirng su ¢d tran dau 1on trén thé gi61 nhu: sy cd tran
giéng dau Ixtoc tai Mexico (1979) vé6i khoang 3,3 triéu thing dau tran ra bién;
su ¢d tran dau cua tau Atlantic Empress tai Tobago, Tay An (1979) v6i 287.000
tan dau tran; su ¢ tran dau cua tau Exxon Valdez tai Alaska, Hoa Ky (1989)

v6i 37.000 tan dau tran; su ¢d tran dau ciia tiu ABT Summer tai Angola (1991)
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v6i 260.000 tin dau tran ra; sy cd dau tran tir tau Prestige (2002) véi 63.000
tan tai bo bién Tay Ban Nha; su ¢b tran dau cua cong ty BP tai Vinh Mexico
(2010) voi khoang 4.9 triéu thung dau tran ra bién; su ¢d dau tran tir tau Sanchi
(2018) gay ra 113.000 tin dau tran ra bién tai Trung Qudc;

Theo thdng ké tir ITOPF, nguyén nhan gay ra cac vu tran dau trén thé giéi
chu yéu dén tir hoat dong cua tau thuyén, nhu: ddm va, méc can, hu hong than
tau; chiém t6i 52% (ddi voi cac vu tran dau tir 7-700 tan) va 1én t&i 74% (dbi

véi cac vu tran dau trén 700 tén), duoc thé hién chi tiét trong hinh sau:

B

»700 tonnes

3% |
8% |

1 100 tOnneg
s Dimva

s Mic can
= Hu hong than tau

. Hu hong trang thiét b

4% _

16”‘

Chay nd
Nguyén nhan khac

# Nguyén nhan chua o

Hinh 1. Nguyén nhdn gdy ra sw cé tran dau trén thé gioi [1]

Viét Nam c6 khoang 3.260 km duong bo bién, v6i hon mét triéu km? dién
tich viing bién va khoang 3.000 dao 16n nhd, nén kinh té nudc ta véi 28 tinh
thanh ven bién (dit liéu trudc 01/7/2025) dong gép hon mot nira vao tong thu
ngan sach cta ca nude. Ngoai ra, véi vi tri dia Iy nam trén tuyén dudng hang
hai kha nhon nhip tir Chau A sang Chau Pai Duong, ndi lién Thai Binh Duong

va An P Duong, do d6 mat do tau thuyén di lai trong khu vuc khong nguing
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gia tang, voi sb lugng 16n céc tau, dac bi¢t 1a cac tau chd dau thuong xuyén
chay trén cac tuyén duong nay. Do vay, Viét Nam co nhiéu diéu kién thuén loi
dé phat trién moi quan hé¢ thuong mai voi thé gidi1 va khu vuc, dac biét 1a cac
khu vuc Dong Nam A va Thai Binh Duong. Day 1a mot loi thé, nhung dong
thoi cling gdy ra nhitng ap luc dang ké 1én méi truong, cac hé sinh thai va da
dang sinh hoc. Cac thach thirc dit ra d6 1a sy 6 nhiém moi truong ven bién, nhu
dau, rac thai, vi nhua va cac ngudn gy 6 nhiém khac [2]. Pang va Nha nudc
dic biét quan tim dén cong tac tng pho su ¢ tran dau, thé hién qua Quyét dinh
s6 12/2021/QD-TTg ngay 24/3/2021 cia Thi tudng Chinh phi, quy dinh vé
phan cép, muc d0, chuan bi, to chirc ung pho va khic phuc hau qua,v.v. Quyét
dinh nay da duoc stra d6i, b sung béi Quyét dinh s6 24/2025/QD-TTg ngay
16/7/2025 nham dap (mg yéu cau thyc tién.

Theo Quy hoach tong thé phat trién hé théng cang bién Viét Nam ctia Thit
twéng Chinh pha: Muyc tiéu dén nam 2030, hé thdng cang bién ca nudc dap tmg
thong qua luong hang hoa tir 1.249 dén 1.494 triéu tan (trong d6 hang container
tir 46,3 dén 54,3 triéu TEU, chua bao gém hang trung chuyén quéc té); hanh
khach tir 17,4 dén 18,8 triéu lugt khach; Tam nhin dén nam 2050, hé thdng
cang bién dap tng nhu cau thong qua hang hoa véi téc do ting trudong binh
quan khoang tir 4,2 dén 4,8%/nam; hanh khach ting truéng binh quan khoang
tir 1,2 dén 1,3 %/nam [3].

Ngoai ra, hoat dong tham do va khai thac dau khi trén thém luc dia nudce
ta cling 1am gia ting lwong dau thai hang nim vao bién. Co thé thay rang, nguy
co 6 nhiém dau tai bd bién nudc ta ngay mot gia ting (sd vu tran dau duoc
théng ké chi tiét tai Phu luc I), c6 thé gy ra nhirng thiét hai rat 1én cho moi

truong, hé sinh thai néu khong dugc tmg pho kip thoi.



Ciing theo quy hoach cua Thil tuéng Chinh phu, khu vuc phia Bic dién
hinh 14 Hai Phong (trudc hop nhét 01/7/2025) s& duge dau tu trd thanh mot
trong hai cang bién dic biét cua Viét Nam, hé théng cang bién gém 4 khu bén
chinh va bén cang huyén dao Bach Long Vi, cac bén phao, khu neo ddu chuyén
tai, cac khu neo dau tranh, tri bao [3]. Hién nay, cang bién Hai Phong dang c6
51 bén cang trén tong s6 306 bén cang ctia Viét Nam [4]. Ngoai ra, Hai Phong
12 mot trong nhitng trung tim du trit, trung chuyén dau 16n nhat cua ca nuéc,
cung cap cac san pham dau cho khu vuc Mién Bic, ¢6 cac khu vuc kho bon
chtra khéi luong xang dau 16n va thudng xuyén cb cac tuyén tau van chuyén
xang dau ra, vio.

Dic biét, ngay 04/12/2024 vira qua, Thi tudng Chinh phit c6 Quyét dinh
s6 1511/QD-TTg vé viéc thanh 1ap Khu Kinh té ven bién phia Nam Hai Phong,
trong d6 ¢6 dau tu xdy duyng cum cang Nam Dd Son, voi kha ning tiép nhan
tau container trong tai 18.000 TEU, tau tong hop dén 200.000 tin, tau hang
long/khi dén 150.000 tan,v.v.. [3].

Diéu nay din dén nguy co rit cao cac vu chay nd, su ¢d tran dau trong khu
vuc Hai Phong, dac biét dén tir cac nguyén nhan nhu: va cham gitra cac tau
trong qua trinh van chuyén, v& duong 6ng dan dau van chuyén,v.v..

Ngoai cac diéu kién khach quan, nghién ctru sinh ciing c6 diéu kién thuén
lo1 hon khi thu thap cac dir li¢u vé dia hinh, khi tuong, thuy van, hai van, tran
dau tai khu vuc vung bién Hai Phong so v6i cac khu vyc khac tai Viét Nam.
Tai cac vung bién khéc, néu co diéu kién thu thap cac dit li¢u trén thi hoan toan
c6 thé trién khai thuc hién mé phdng va dy doan tran dau.

Tt thyc tién d6, can thiét xdy dung duge mot chuong trinh mé phong va
du doan chuyén dong cua vét dau tai vung bién nuéc ta noi chung va tai Hai
Phong noi riéng dé gop phan tu chu, giam su phu thudc vao cac phan mém

thuong mai, nang cao nang luc nghién ctru, du bdo tran dau trong nudce, do do
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nghién ctru sinh dé xuat nghién ctru thuc hién dé tai: “Nghién citu mé phéng
va dw dodn chuyén dpng ciia vét dau loang tai viing bién Vigt Nam dwa trén
phwong phap mé phong 3D”.

2. Muc dich nghién ctru ciia ludn an

X4y dung mo hinh mé phong su di chuyén cuia cac hat dau trén bién, véi
qué trinh mé rong va tréi dat, co tinh dén cac yéu t6 dau vao nhu gio, song,
dong chdy, nhi¢t d§ nudc bién, cac yéu td dia hinh khu vuc vung bién Hai
Phong, dap tng dugc cac yéu cau do tin cay, thong qua viéc diéu chinh céc dit
liéu dau vao thiy dong luc. M6 hinh sau d6 duoc ning cap dudi dang 3D, thé
hién 13 su bam dinh ctia vét dau vao dudng bo.

3. Phuwong phap nghién ctru cia ludn an

Luan 4n sir dung két hop cac phuong phap phan tich, tong hop, théng ké;
giai thich; tinh toan va mé phong thuc hién boi may tinh; phwong phap kiém
nghiém danh gia 6 chinh x4c cia mé hinh v&i phan mém thwong mai va truong
hop tran dau thyc té. Cy thé nhu sau:

- Phuong phap tong hop, théng ké: nhimng nghién ctru da thuc hién vé mo
phong va dy doan tran dau ¢ trong nude va trén thé gidi, tir d6 chi ra nhitng han
ché cta céc nghién ctru da thyc hién, dé 1am ndi bat tinh méi cta ludn an.

- Phuong phép giai thich: dé trinh bay nguyén 1y cta thuat toan duoc lya
chon, dién giai cac phuong trinh va cac thanh phan ciia phuong trinh dé toi uu
hoa chuong trinh mé phong.

- Phuong phap GIS dé s6 hoa va xir 1y s6 lidu dia hinh tir cac ban do dia
hinh va hai d6 theo céc ty 1é khac nhau ¢ ving ctra séng ven bién Hai Phong.
Céac phan mém GIS ciing duoc dung dé 10ng ghép va dong bo sb liéu dia hinh
& ving ven bién.

- Phuong phép tinh toan va mo6 phong trén may tinh: st dung mo-dun

MIKE Hydrodynamic dé tinh toan mé phong thiy dong luc 1am yéu té dau vao
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cho mo hinh MIKE 21/3 Coupled FM va mo hinh ty xay dung dua trén phuong
phap moé phéng Lagrange.

- Phuong phap phén tich va so sanh: véi phan mém thuong mai va su ¢
tran dau thyc té da xay ra.

- Phuong phép chuyén gia: trao doi, tham van ¥ kién tir cac chuyén gia
dau nganh tai Vién Tai nguyén va Moi truong bién (nay 1a Vién KHCN Ning
luong & Moi truong), Vién Co hoc, Vién Dia ly,v.v. thudc Vién Han 1am Khoa
hoc va Cong ngh¢ Viét Nam.

4. P6i twong va pham vi nghién ciru ciia luin an

- Béi twong nghién ctru: xay dung chuong trinh mé phéng sy ¢ tran dau
trén bién tai vung bién Viét Nam, cu thé luan an tap trung vao viéc nang cao do
chinh x4c ctia mo hinh thuy dong luc va mé phong 3D vét dau loang.

- Pham vi nghién ctru: md phong va du doan chuyén dong cua vét dau
loang trén bién, thi diém tai ving bién Hai Phong tai cac kich ban tran dau dat
ra nim 2022 va truong hop tran dau thyc té xay ra nam 2023.

5. Y nghia khoa hoc va thuec tién ciia luin an

- Y nghia khoa hoc: Xay dung duoc chuong trinh mé phong va du doan
chuyén dong cua vét dau loang dua trén phuong phap Lagrange, tai khu vuc
bién Hai Phong, Viét Nam. Chuong trinh do nghién ctru sinh tir xay dung cho
két qua mo phong tin cdy, thong qua cac chi tiéu danh gia sai s dé kiém soat
d6 chinh x4c ciia két qua mo phong thity Iuc, tir 6 lam phong phu thém dong
g6p khoa hoc trong linh vuc nghién ctru vé mo phong tran dau & trong nudc va
trén thé gidi.

- Y nghia thuc tién: Két qua nghién ctru cua ludn 4n s& gop phan lam da
dang thém céc chuong trinh mo phong tran dau & trong nude, ting budc lam

cht cong nghé mo phong tran dau, hd trg ing phoé sy ¢6 tran dau.



6. Cac dong gop moi ctia luan an

Luan an c6 cac dong gbp maoi sau day:

- Xay dyng m6 hinh mé phong tran dau dua trén phuong phap Lagrange,
phu hop v6i diéu kién tu nhién ving bién Viét Nam, thi diém tai ving bién Hai
Phong. M6 hinh cho phép linh hoat diéu chinh cac tham sé dau vao thuy dong
luc va kiém soat do tin cdy két qua dau ra théng qua céc chi tiéu danh gia sai
s6 (Hé sb twong quan - R, Sai s6 binh phuong trung binh - RMSE, d6 léch
tuong dbi - PBIAS va chi s6 Nash—Sutcliffe - NSE) dam bao d¢ tin cy;

- Két qua md phong da duoc tich hop hién thi quang canh 3D két hop ban
d6 dia hinh GIS, thé hién rd hinh anh vét dau loang va bam dinh vao bo bién.
So voi cac mo hinh 2D truyén théng, mé hinh 3D do nghién ciru sinh tu xay
dung cho phép nhan dién chinh xac khu vuc dau bam dinh. M6 hinh 3D dam
bao d6 tin cay va hd tro hiéu qua trong viéc ra quyét dinh tmg pho su c6.

7. Bo cuc ciia luin 4n

Pé thuc hién cac van dé nghién ctru, nghién ctru sinh trinh bay bé cuc luan
an thanh 4 chuong nhu sau:

Chuwong 1. Tong quan tinh hinh nghién ctru cic mé hinh va phwong
phip mé phéng sw phat trién ciia mang dau trén bién

Pua ra cac phan tich tong quan vé tinh hinh nghién ctru mé phong tran
dau va cac phuong phap nham thuc hién mé phong ¢ trong nudc, ciing nhu trén
thé gi6i dé 1am co so 1y ludn va lua chon phuong phép thuc hién mé phong.

Chuong 2. Co sé phwong phap luin va ngudn di liéu phuc vu nghién
curu

Trinh bay co s& phuong phap ludn nham thyc hién nghién ctru va ngudn
dir liéu dé nghién ctru. Tir d6 1am tién dé dé thuc hién mo phong ¢ cac chuong

tiép theo.



Chuwong 3. Mé phéng sy ¢ tran dau trén bién bang mé hinh MIKE
21/3 Coupled FM

Pé thyc hién so sanh kiém chtng kha ning tin ciy ctia mo hinh tran dau,
nghién ctru sinh da thyc hién mo phong thiy dong luc bang mo-dun thuy dong
lwc Hydrodynamic, sau d6 tién hanh mé phong céc kich ban sy ¢ tran dau trén
bién bang mo-dun tinh toan tran dau ECO Lab/ Oil spill.

Chuwong 4. M phéng su cb tran diu duwa trén phwong phap dé hoa
3D va so sanh d§ chinh xac ciia m6 hinh

Két qua mo phong chuong trinh tinh toan thuy dong luc bang mé hinh
MIKE 21/3 Coupled FM dugc sir dung 1am dit liéu dau vao ctia mé hinh tran
dau tu xdy dung. Dong thoi tién hanh phan tich, so sanh két qua mo phong 3D

va két qua mo phong vé6i chuong trinh MIKE dam bao d6 tin cay.



CHUONG 1
TONG QUAN TINH HINH NGHIEN CUU CAC MO HINH VA
PHUONG PHAP MO PHONG SU PHAT TRIEN CUA MANG DAU
TREN BIEN
1.1 Tong quan tinh hinh nghién ctru md phéng sw ¢6 tran du trén bién

Dic tinh cta dau sau khi tréi ndi trong méi trudng bién phu thudc vao mot
loat cac dién bién vat 1y, héa hoc va vi sinh hoc dugc xac dinh chu yéu bdi ca
tinh chat ctia dau ro i va cac diéu kién mdi trudng, khi twong thity van (song,
gi6, dong hai luu, buc xa mat troi,v.v.), va cac dac diém cta vu tran dau (tac
thoi/lién tuc, bé mat/nudce sau). Vong doi va dic tinh cua su ¢d tran diu sé& bi
anh huong dudi tac dong ctia cac qua trinh phong hoa dau: lan truyén dau, bay
hoi, nhil héa, hoa tan, oxy héa quang, phan hity sinh hoc, ling dong va cac qua

trinh van chuyén vat 1y, nhu: binh luu, khuéch tan, phan tan va tai tao bé mat.

Gio
i Oxy hoa
N& réng \ ; Bay hoi y
Dot chay Phan tan
=== huéch tan song ' ' l

Hinh 1.1 Cdc qud trinh chuyén héa ciia dau sau khi tran ra méi truong [5)



1.1.1 Téng quan tinh hinh nghién ciru trén thé gigi

Vén dé nghién ctru mé phong tran dau nhin chung dugc khai quat dudi hai
huéng chinh: (1) sir dung phan mém thuong mai c6 ban quyén dé tinh toan cho
tat ca cac khu vuc trén thé gidi; (2) nghién ctru tu xay dung bai todn mé phong
va du doén tran dau dé phu hop véi diéu kién dia hinh, tinh hinh khi twong thity
van, hai van tai ving bién nghién ciru. Tuy c6 hai huéng nghién ctru chinh nhu
véy, nhung thuc chit cac mé hinh thuong mai ciing c6 su ké thira cac nghién
ctru tu xay dung, sau do cai tién va tinh chinh cac thong s dé cho ra két qua
phu hop.

Xét vé gbc do thoi gian va tinh logic cua khoa hoc, cac nghién clru tu xay
dung md phong tran dau ra doi tir trude. Bat dau nhimg nam 60 cua thé ky
trude, Fay [6] da dua ra cac hoc thuyét vé mo phong tran dau dua trén céc tién
trinh luc hép dan, luc quan tinh, dd nhét va strc cing dau bé mat. Tuy nhién két
qua dya trén 1y thuyét cua Fay cho thay sy tién trién cia mang dau cham hon
so voi thuc té, cling nhu chua xét dén anh huong cua gid, dong va trén moi
truong mit nude yén tinh. Lehr [7] dd phat trién 1y thuyét mo phong tran dau
c6 tinh dén anh hudng ciia cac yéu to ngoai canh va coi mang dau duéi dang
Elip. Chen va cong su [8] d3 tién hanh mé phong mot vu tran trén séng Duong
T bﬁng céc hat dau chuyén dong 3 chiéu dugce st dung cho mo hinh trng pho
tran dau khan cip. Geng va cong su [9] dd nghién ctru tic dong cua song 1én
chuyén dong cua cac giot dau, minh hoa rﬁng dd khuéch tan xoay nhé gidm
nhanh theo d6 sau dan dén su lan truyén theo chiéu ngang 16n va ngugc lai. Két
qua cho thay rang cac mé hinh van chuyén hai chiéu c6 thé dang wdc tinh qua
cao tdc do lan truyén cta dau. Simecek-Beatty va Lehr [10] d4 str dung cac md
hinh tuan hoan Langmuir dé udc tinh sy hop nhat cua cac vét dau va stra doi
cac tham s hoa lan truyén dau hién c6 béng cach uéc tinh hiéu chinh dién tich

bé mit lan truyén do hiéu tng Langmuir.
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Mbt s6 mé hinh tran dau thuong mai dugc st dung rong rai nhét, c6 kha
nang du bao quy dao va $6 phan cua dau tran trén bé mit va/hodc dudi bién sau
la:

- CDOG (Comprehensive Deepwater Oil and Gas model) 1a mo hinh tran
dau duoc phat trién boi Yapa va Li [11], sau d6 dugc Zheng va cong su chinh
sira, cai tién [12]. M6 hinh nay tap trung vao viéc mo phong cac qua trinh lién
quan dén dau khi phat sinh tir cic cong trinh ngdm dudi bién sau, bao gdm ca
hanh vi lan truyén va bién d6i trong méi trudng bién. CDOG m6 ta chi tiét su
bién dong ba chiéu (3D) ctia dong chay khong 6n dinh, chiu anh hudng boi cac
yéu t6 nhu mat do, d6 min va nhiét d6 nudce bién. CDOG khéng chi duoc tmg
dung trong cac nghién ctru 1y thuyét ma con duoc trién khai trong cac tinh
huéng tmg ctru tran dau thuc té. Tinh tmg dung cao ctia md hinh da thu huat su
quan tim cta nhiéu co quan chinh phu Hoa Ky nhu: Co quan Quén 1y Khoang
san (MMS), Co quan Quan 1y Khi quyén va Pai duong Quéc gia (NOAA),
cling nhu céac tip doan dau khi, trong viéc thir nghiém va danh gia hiéu qua mo
hinh d6i véi céc su ¢d ngoai thuc dia.

- OILMAPDEEP [13, 14, 15] 1a m6 hinh mo phong tran dau dudi bién
sau, duoc phat trién boi Applied Science Associates (ASA) nham udce tinh hinh
dang va qua trinh van chuyén cta dau trong cac sy c¢d tran dau dudi day bién.
Mo hinh nay hd tro mé phong ca trong khu vuc ven bd va ngoai khoi, cung cap
kha nang phan tich toan dién cac tinh hudng tran dau phirc tap. OILMAPDEEP
tich hgp mot chuong trinh chuyén dung mé phong 16p dau phén tan phia trén
va mdt mo-dun hat theo phuong phap Lagrange.

- OSCAR 1a mdt dién hinh ciia md hinh ba chiéu dé thiét 1ap cac du an
tmg pho su ¢b tran do dau, do SINTEF phat trién [16,17]. M6 hinh nay tinh
toan hinh dang va anh hudng cia sy ¢d tran dau trén 16p mat hodc khéi dau

phun ra tir cdc cong trinh gian khoan ngam. Qua trinh troi dat va hinh dang cua
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16p dau trén bé mat duoc moé phong khong chi thong qua cac mé hinh thuy dong
luc, gi6 va su khuéch tan hon loan ma con théng qua cic chuong trinh tinh toan
phong hoéa, vi nhu lan truyén, bdc hoi, phan tan doc, ngang, nhii trong, hoa tan
dau va su bay hoi. Qua d6, OSCAR da dat duoc hi¢u qua trong ting pho su cd
tran dau, cling nhu trong 1ap ké hoach va hoat dong tmg pho.

- OILMAP [18] di duoc phat trién boi ASA ciing nhu SIMAP, va duogc
viét trén cing nén tang ma ngudn. Mic di, OILMAP 13 mé hinh Gmg phé tran
dau ba chiéu va lap ké hoach dy phong. M6 hinh nay xir Iy ca su giai phong
hydrocarbon tai cac 16p mat va gitra, d@)ng tho1 dua ra cac thuat toan cho su lan
truyén dau, su bay hoi, nhii trong, troi dat diu vao bo bién, léng xuéng nén day
bién va twong tac dau-bang (oil-ice interaction).

- GNOME (general NOAA operational modeling environment) duoc biét
dén nhu mot mo hinh tran dau dé du doan hinh dang va tién trinh di chuyén cua
vét chat 6 nhiém va dich chuyén ctia dau tir cic tac nhan bén ngoai nhu gid,
dong hai luu, thay tridu va gia ting dién tich [19]. N6 dugc cong bd rong rai dé
str dung cho nén tang mo, cac co quan quan 1y giam thiéu tac dong rong 16n
hon.

- M6 hinh vén chuyén hat OILTRANS [20] dwa trén mé hinh van chuyén
hat LTRANS v.2, dugc phat trién boéi North va nhitng nguoi khac [21]. Mo-
dun hinh dang vét dau cia OILTRANS tinh cac qua trinh van chuyén, su
chuyén dong va cac qua trinh khac vo1 mo6 hinh metocean hoat dong hién dai.

- MEDSLIK-II [22, 23] c¢6 ddc diém ctia mé hinh tran dau tién than
MEDSLIK cua né. Vo1 dac tinh 1a ma nguén mé cho cac vu tran dau 16p mat
trong nudc bién va duge ra doi dé du bao qua trinh van chuyén va tinh toan
khac cta vét dau va dé thé hién su dich chuyén ctia mot hat noi, st dung cong
thire Lagrange, két hop véi mo hinh luu thong dai duong Euler. Tap cac hat bi

phan tach boi cac yéu td nhidu loan méi trudong, duge hinh thanh thong qua
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phuong phap ngau nhién sir dung so d6 di bo ngiu nhién.

- Delft3D-PART, do Deltares phat trién, 1a chuong trinh con cta phan
mém thuy luc Delft3D nham tinh todn sy van chuyén va dich chuyén cua cac
vét chét trong méi trudng nudce bién, bd mé hinh dong chay tich hop duéi dang
2D/3D ciia Delft3D-FLOW (chwong trinh tinh thity dong luc hoc) [24]. So dd
kiém soat hat tuan theo phuong phap di b ngiu nhién, dugc goi 1a "phuong
phap Monte Carlo". Hon nira, Delft3D-PART cung tng hai chuong trinh con:
danh ddu, mé phong cac vat chat d& phan hay bao toan hoic bac mot, va tinh
tran dau, mo phong cac vu tran voi cac phan tir noi va phan tan. Mt khac, qua
trinh nay c6 sy lién quan dén sy déi luu ctia dau ndi voi gid va dong chay bé
mit, su phan tan cua dau do song gy ra, su toa hoi ctia dau 16p mit, nhil tuong,
tién trinh bam vao bd bién va cac tram tich dudi day.

- MIKE 1a mdt chuong trinh mé phong may tinh dugc gidi thi¢u boi Vién
Thuy lyc Dan Mach (DHI) [25]. Géi chuong trinh thuong mai ndy bao gdm rét
nhiéu cac chuong trinh con dé tinh toan theo cac chirc niang nhu: MIKE Zero
dé tinh toan ludi, MIKE Hydro dé tinh toan thuy luc tai cac luu vuc song, MIKE
21 tinh toan thuy dong luc hoc, MIKE Flood tinh toan ngap lut, MIKE 21/3
tich hop dé giai quyét bai toan van chuyén tram tich, tran dau,v.v..

1.1.2 Tong quan tinh hinh nghién ciru trong nwéc

Nghién ctru tran dau ngay cang duoc tiép ndi tir nhitng cong trinh da dugc
tiép can tir nhitng ndm 60 ctia thé ki trudc. Cac nghién ctru di vé& nén cuc dién
birc tranh vé nghién curu tran dau mét cach kha dﬁy du va chi tiét; tuy nhién, &
mot goc do nao d6 cac cong trinh trong nudc khong tranh khoi nhiing van dé
ma dén nay van cin c6 cac nha khoa hoc dao sau nghién ctru.

Vii Duy Vinh [26] da thyc hién nghién ctru cac van dé lién quan dén 6
nhiém moi trudng tai khu vyc cira Cam, séng Bach Pang. Dit lidu sir dung trong

nghién ctru bao gom céac dit liéu dia hinh tai ctra Cam va khu vuc lan can; Cac
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dit li¢u lién quan khi tugng, dir li€u thuy, hai van, dir liéu d0 mén va cac dir liéu
phuc vu tinh toan khac. V& phwong phép, stt dung phan mém Delft3D c6 hai
mo-dun quan trong la Delft3d-Flow va mo-dun Delft3d-Part. Day 1a cac cong
cu dong vai trd chinh trong chuong trinh mé phoéng su ¢b tran dau tai Bach
Ding, Hai Phong.

Du Vin Toan [27] dé xuat mot chuong trinh tinh toan tai moi truong khu
vuc Dong Nam Bo. Nét chinh cta phuong phap duoc thé hién théng qua
chuong trinh mé phong toan cho bai toan lan truyén song va cho dong chay tai
ving Dong Nam Bo. Pau ra cta chuong trinh dugce tich hop cac thong s do
sau, gi0, song, muc nudc, voi dir liéu dau vao duoc gid dinh cho 150 tAn tran
lién tuc trong 5 tiéng.

Nguyén Québc Trinh [28] trong nghién ctru ciia minh da thuc hién bai toan
tinh toan cho mé hinh tran dau nguogc tai khu vuc Bién Pong véi viée khao sat
tai nhiéu diém va nguén tran khac nhau. Dé thuc hién duoc viée nay, tac gia da
tinh toan xudi roi gia thuyét cho bai toan ngugce dé tim ra ngudn tran véi do
chinh x4c dat yéu cau. Cac yéu tb thuy dong luc cling dong vai tro rat quan
trong cho két qua cua bai toan lan truyén dau.

Tran Anh Ta [29] st dung md hinh Delft3D cho bai toan lan truyén dau
tai khu vuc dao Con Co véi nhiéu kich ban khac nhau tai cac mua trong nam.

Tran Duy Kiéu [30] lai st dung mé hinh MIKE cho viéc m6 phong su ¢6
tran tai khu vuc dao Phu Qudc. Mo hinh MIKE ciing dugc st dung kha phd
bién cho viéc nghién ctru nay.

Doan Quang Tri [31] lai dat dugc muc dich mo phong thong qua moé hinh
MIKE 21 dudi dang mé hinh sé 2D d tinh toan lan truyén dau trén bién tai

cang Lach Huyén, Hai Phong.
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Nguyén Hiru Nhan [32] ¢4 thuc hién xay dung mo hinh tran dau tich hop
trén ban d6 s6 2D bang phuong phap Euler va Lagrange c6 tén goi 1a mo hinh
quan tri tran dau ra bién ven b va cira song OilSAS.

Nguyén Thi Thay Hang [33] ciing 4p dung mé hinh MIKE dé phan tich
va du bao cic yéu té tran dau tai cang Container Long Son. Két qua trong
nghién clru nay ciing thé hién dudi dang s tri 2D.

Bén canh d6, nghién ctru sinh ciing tim hiéu thém géi phan mém do nhém
tac gia cua Vién Co hoc, thudoc Vién Han 1am Khoa hoc va Cong nghé Viét
Nam di nghién ctru, xdy dung va ban quyén hoéa. Trong khi Vién Co hoc sir
dung m6 hinh dong chay ba chiéu (u, v, w) két hop véi cac qua trinh loang dau,
bay hoi va phuong phap ngau hanh (random walk), thi mé hinh ctia nghién ctru
sinh don gian hoa bang cach sir dung mo hinh thuy dong lyc hai chiéu (u, v),
khong xét dén qua trinh bay hoi, nham giam déng ké thoi gian tinh toan. Cach
tiép can nay giup phii hop véi yéu cau img pho nhanh trong céc tinh huéng sy
cd tran dau ngan han - khi dau cha yéu phan b trén mit bién va it ¢6 kha nang
khuéch tan vao cot nudc.

1.2 Tong quan cic phwong phiap mo phéng do hoa 3D ciia mang dau trén
bién

Ttr cac thong ké trén co thé thiy da phan cac nghién ciru tran dau trén
thé gidi hién nay ciing chi tap trung dudi dang moé phong hinh anh 2D sau d6
tich hop trén ban d6 sb hodc ban d6 dja hinh dé thiy duoc tong quan cta qua
trinh md phong. Ngoai ra, hién nay cong ty Transas cling phat trién mo phong
két hop ca mo hinh sb hoc sau d6 dua dix liéu hién thi hinh anh 3D 1én trén man
hinh ctia phong mé phong dé c6 thé hién thi truc quan sinh dong. Tuy nhién mo
hinh cta ho chi don gian 1a viéc dan hinh &nh mang hoa tiét bé mat (texture)
ctia mang dau 1én trén bé mit bién, ma chua thyc hién duoc qua trinh phan tach

ciia mang dau trén bién.
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Péi véi qua trinh hién thi va moé phong hinh anh ctia mang dau trén bién
noéi riéng va chat 1ong noi chung, thi day ludn 1a mot bai toan khé va twong ddi
phtc tap ddi v6i cac nha nghién ciru trong va ngoai nude. S¢ di nhu vay vi dau
& trong mdi truong nude bién khong chi chiu tac dong béi chinh cac yéu té noi
tai bén trong ban than nd, ma con bi anh hudng bdi cac yéu t6 thoi tiét, moi
truong nude bién, didu kién gid, dong chay, nhiét do, v.v.. Mot chuong trinh
mo phong tdi vu s& phai thoéa min duge cac yéu ciu nay mot cach thuc sy
nghiém ngit, trong d6 hai vin dé quan trong nhat d6 1a tinh chinh xac chuyén
dong va tuan tht yéu t6 thoi gian thyc. Hinh anh mang dau chuyén dong duoc
xay dung dua trén cdc mo hinh toan hoc biéu dién su bién d6i co hoc va phong
hoéa ciia mang dau. Qua4 trinh bién d6i co hoc chu yéu gdm co cac qué trinh nd
rong va troi dat, ngoai ra ¢ thé ké dén qua trinh phan tin mang dau thanh cac
phan nho hon trén bién. Qua trinh phong hoda 1a su bién ddi cac dic tinh cua
mang dau vé mat 1y - hoa hoc, ddy 13 bai toan phirc tap va thudng xay ra sau
khi mang dau da ton tai dugc mot thoi gian di 16n trong méi trudng nudce bién,
6 thé ké dén nhu qua trinh bay hoi, ngung tu, két tua, khuéch tan,v.v.. Tt sy
tong két cac dé tai va thyc tién trén thé gidi, nghién ctru sinh nhan thay day 1a
van dé kho giai quyét nhat ciia mot chuong trinh mé phong d6 hoa 3D mang
dau trén bién dudi goc do phuwong phap dd hoa may tinh.

Mo hinh mé phong tran dau chi c6 thé duoc giai quyét néu xac dinh duge
phuong phép va md hinh mé phong. Trén thé gidi hién nay ton tai hai phuong
phap chinh nham dé giai quyét van dé nay d6 1a: phuong phap mé phong hinh
hoc va phuong phap mé phong vat 1y. Néu nhu phuong phap mé phong hinh
hoc ra doi tir trude va dit nén mong cho cac mod hinh mé phong so khai tran
dau trén bién manh nha tir thap nién 60 cua thé ky trudc véi nhitng mé hinh cta
Fay [6], khi d6 6ng coi mang dau don gian dudi dang hinh tron ting dan vé mat

dién tich trong moi trudng nudce bién véi cac yeu to dau vao gia thiét dugce lay
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tor nhitng thtr nghiém thyc té. Nguoc lai, m6é hinh mo6 phong vt 1y 4p dung cho
mo phong hinh dang cua vét dau chi dugc quan tim thich déng trong thoi gian
gan ddy va chi tip trung cho mot s6 nganh khoa hoc va linh vuc dic thu nhu
CFD hay trong linh vuc dién anh dé mo phong cac hiéu tmg khoéi, lira, nude.
Trong pham vi nghién ctru, nghién ctru sinh s& trinh bay cac cach tiép can dé
mo phong duoc hinh dang ctia chét 16ng dau tai moi truong bién.
1.2.1 M6 hinh moé phong hinh hoc

Nguyén 1y ctia phuong phap 13 xay dung mé hinh 2D hodc 3D bang cach
tao cac diém, duong, doan thrfmg. Sau khi phén thd cua vat thé d3 duogc tinh
toan, xay dung, mgt chuong trinh khac s& ddm nhan nhiém vu xay dung t6 chat
mau cho d6i trong dé sao cho dbi tugng c6 hinh dang giéng véi thuc té nhat.
Khi cau hinh phan ciing chua phét trién nhu ngay nay, thi phuong phap hinh
hoc t6 ra kha hiéu qua vi dap ing duoc ngay kha niang két xuat hinh anh ra man
hinh ma khéng tén qua nhiéu tai nguyén may tinh. Ngoai ra, d¢ moé phong
khong can qua chi tiét cac dbi twong nhu toa nha, hay song bién trong phong
mo phong hang hai, cling thudng thdy phuong phap nay dugc tmg dung rat
nhiéu. Trong y té, phuong phap hinh hoc ciing duge st dung cho cac btic anh
chup cong huong tir, cit 1op dé tim ra cac di vat, hodc diém bat thuong trong
cAu tric xuong so hodc cac by phan khac mdt cach chinh xac. Hinh v€ dudi day
thé hién nguyén 1y ctia phuong phap Marching Square dé v& nén cac vat thé co

chi s6 dang tri nhu nhau.
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Hinh 1.2. Hién thi hinh anh vét dau bcing cach chia lwoi hinh hoc

Fay [6] 14 nha khoa hoc dau tién dit nhitng vién gach cho phong trao
nghién ctru tran dau trén thé gidi. Cac thuc nghiém cia 6ng da mé ra nhimg
tranh cdi cho cac nha khoa hoc di sdu vao tim hiéu va nghién ctru van dé sau
nay va dat dugc nhiéu thanh tyu sau ndy. V&i nhitng nguoi di dau s& khong
tranh khoi cac thiéu sot, tham chi 1a bo qua rat nhiéu cac yéu t& moi truong,
mot trong nhitng co s& quan trong tao nén dd chinh xac ctia chuong trinh. Fay
chi don gian coi mang dau chuyén dong va mé rong dién tich dudi moi truong
nudc yén tinh va khong c6 cac tac nhan cua song, giod, dong chay. Do d6 mang
dau don gian chi la céc hinh tron to ra vé dién tich. Viéc tinh toan dién tich don

gian thong qua tinh toan ban kinh theo thoi gian #:

G(t):K2( 1/2 )ét% (1.1)

Trong d6, A = (p,, — 2,)/ p.. P, vah, 1a ty trong dau va nudc bién; g 1a

gia tdc trong trudng; «(1),x (1), 5(t) 1a ban kinh dau trong cac pha; » 14 stc cing

bé mat, 0 = 5wa —5a0 —50W, 5wa Vé§aovél 50W 1a hi¢u so6 strc cang bé mat gilta nude
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va khong khi, nudc va dau, dau va nude; »1a hé sd nhét dong hoc; ¢ 1a budc thoi
gian; V' 1a thé tich dau tran; K, K>, K; 1a cac hﬁng s6 duge xac dinh béng thuc
nghiém, thuong chon K; =1.14, K, = 0.98~1.5, K3 =0.13~2.3.

Lehr [34] d4 tiép tuc cac két qua ma Fay di dat dugc, ong coi mang dau
phat trién trong méi truong nude bién dudi dang hinh elip va co tinh dén cac
yéu t6 ngoai canh nhu gié, dong chay. Dién tich ctia dau duoc hinh thanh dua
trén tinh toan cac ban truc 16n va nho cua elip do:

11
0=C[(p,-p,) p, PVt
R=Q+CW"%" (1.2)

T
A="0R
4Q

Vi, O 1a ban truc chinh cua elip; R 1a ban truc phu cua elip; 0, va p, la
ty trong cua dau va nuée bién; V13 thé tich dau tran ban dau; W 13 van toc gio;
A 1a di¢n tich mang dau; C;, C, 1a cac hé sb thue nghiém, phu thudc vao loai va
dic tinh cta dau, thuong chon C; = 1.1, C,=0.03.

Blokker [35] lai tinh dén 4nh hudng ctia trong luc va thé tich dau, ong da
b6 qua mdt sb cac yéu t6 hinh thanh nén su chuyén dong va cac phat trién noi
tai cia mang dau.

(dw—do)j—"Vt 3 (1.3)

w

24K
T

D=|D]+

Véi, D 1a duong kinh ban dau ciia mang dau; d,vad, la ty trong cua nudc
bién va dau; K 1a hr:ing s6 Blokker, phu thudc vao céc loai dau khac nhau.

SURF [36] 1a mot mé hinh duogc ra doi v6i nang cap theo hudng dé danh
gia cac yéu to anh huong cua dau tran. Voi gia thiét vét dau dudi dang cac khoi
try (7 1a thé tich dau) c6 ban kinh » va phuong trinh gidn nd tai trang thai can

bang nhu sau:
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2
0 : _ 3VA§ N 3ror 260817 pwr\/gﬂ
o’ 2mr  pV pV dt

(1.4)

Trong d6 céc tham sd cua (1.4) gidng véi (1.1).

1.2.2 M6 hinh mo phong vt ly

Phuong phap vat Iy dugc hinh thanh do qua trinh xét cac vat chat dau cling
duogc cau thanh tir nhiéu chat diém co kich thude khac nhau. Cac chat diém nay
cling c6 nhiing dic tinh riéng va chiu tac dong cua yéu té méi trudng, ngoai
canh. Va cic nha khoa hoc di dya trén tinh toan d6 dé mé phong su chuyén
dong cua cac hat vat chat bang phuong trinh Navier-Stoke, day 1a phuong trinh
duogc dat tén theo hai nha khoa hoc c6 cdng hién trong viéc giai phuong trinh
chat luu khong nén duge. Co sé cia phuong phap duoc tinh toan dua trén
trudng vec-to cua cac hat, su chuyén dong cua hat tinh toan thong qua cac chi
sb vec-to van toc, gia tdc hat.

Ngoai ra, cic hat dau ciing bi anh hudng ctia cac hat ddu xung quanh.
Ngoai tinh toan anh hudng cta méi truong, ciing can tinh toan anh hudng cia
cac vat chat xung quanh ma ta goi 1a trudng vec-to, ¢ ddy 1 cc trudng vec-to
¢6 hudng. Tir d6 chuong trinh s& tinh toan duoc cac ludng dich chuyén cua chat
lru theo khong gian va thoi gian nhat dinh.

Cac truong vec-to dugc biéu dién trong cac h¢ toa do khong gian 2 chiéu
hodc n chiéu. Gia tri vec-to dugc tinh toan tai cac vi tri va thoi diém biéu dién

cac thanh phan van tdc c6 lién quan nhu trong Hinh 1.3.
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(ON-1) = (1,N-1)  (2,N-1) (M-2,N-1) = (M-1,N-1)
g Pl
. | || L1

(0N-2) | (1N-2) | (2.N-2) (M-2,N-2) | (M-1,N-2)
(0,1) (1,1) @2y | (M-2,1) | (M-1,1)
0o<——F—0 o oO—+——0
o o} o o) o)
(0,0) (1,0) (2,0) (M-2,0)  (M-1,0)

Hinh 1.3. Nguyén Iy mé phéng chat long dwa trén phirong phdp vit Iy [37]

Yéu t6 quyét dinh trong tinh toan chét luu nhu d3 noéi ¢ trén 1a xac dinh
chinh xac van tc cua chat diém theo mot thoi gian ¢ nao d6. Va phuong trinh
Navier-Stokes sau khi giai sé& tinh toan dugc gradient van tdc ctia cac chat diém
khi chiu tac dong cua ngoai luc. Pay 1a mot tdc nhan quan trong trong chuong
trinh tinh todn cac hat chat luu dé dam bao su chuyén dong giéng vai cac vat
chat ngoai thuc té nhat.

Véi su phat trién ciia cac thé hé phan cting mdy tinh nhu ngay nay, viéc
giai phuong trinh Navier-Stokes & toc do cao 1a kha thi. Minh chimg 1a ngay
cang nhiéu chuong trinh mé phong tmg dung trong cac linh vurc giai tri dap tng
dugc tinh chan thuc ngay cang cao phuc vu thi hiéu nguoi dung. Céc k¥ thuat
nay co thé ké dén nhu GPGPU trong CUDA d¢é ting kha ning tinh toan cia
chuong trinh mé phdng.

Z—L;:—Vp+VT+f (1.5)
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u(x,t) 1a van toc; p(x,t) 1a ap suat vo hudng; T twong ting cac luc bién dang
trong chét long; f'1a cac luc khac nhu trong luc, luc quan tinh; V 1a gradient
ctia cac s6 vo hudng.

Mo hinh mé phoéng vat 1y ¢6 uu diém tinh toan chinh xac hon va mo ta chi
tiét hon chat 10ng. Tuy nhién sé luong cac phép tinh 16n ciing dit ra thach thirc
v6i viée dap tng kha nang chuyén dong uyén chuyén cta vat thé. Cong nghé
hién nay ra doi dé di giai dap van dé nay.

Pé giai quyét phuong trinh Navier-Stokes, hién nay lai c¢6 hai cach tiép
can pho bién d6 1a phuong phap Euler va phuong phap Lagrange.
1.2.2.1 Phuwong phap Euler

Phuong phap Euler 1a mot phuong phap dua trén ludi va phuong trinh

Navier-Stoke cho chat 1ong khong thé nén duge sir dung pho bién duoc dua ra

dudi day:
Phuong trinh khdi luong: V-u =0 (1.6)
ou V
Phuong trinh dong luong: a = (‘“ ‘ V)u + W - ?p +f (1.7)

Trong do, , 1a ty trong; p 1a ap suét; £d0 16n cua luc; u 1a van tbe; v 1a hé
sb nhat dong hoc.

Phuong phéap Euler ro1 rac hoéa phuong trinh (1.7) thanh lué1 va sau do
tinh toan sy thay d6i trang thai cta ting nat ludi ¢6 dinh. Kass va Miller [38]
d3 dua ra phuong trinh tuyén tinh nudc ndng hai chiéu dé giai truong do cao.
Chen va cong su [39] da sir dung phuong trinh Navier-Stokes hai chiéu dé giai
truong van toc bé mit va phuong trinh Bernoulli ap suat dé giai trudng do cao
biéu thi mat nudc va mod phong tac dong cua cac vat thé chuyén dong va cac
chudng ngai vat khac 1én dong chay. Uu diém cua viéc st dung tinh toan trudng
d6 cao 1a toan bo mo phong 14 hai chiéu, tranh viéc tinh toan ba chiéu phirc tap

va tén thoi gian nhung hiéu qua khong 1y tudng. Forster [40] da sir dung phuong
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trinh Navier-Stokes ba chiéu dé¢ mé phong chuyén dong cua chét 1ong, MAC
(Marker va Cells) dé giai chat 1ong, nhung do dinh dang 16 rang nén budc thoi
gian phai dap tmg diéu kién CFL (Courant Friedrichs Lewy), dé lam cho toan
bo phép tinh hoi tu.

Mot s nghién ctru 4p dung phuong phap Euler c6 thé ké dén nhur:

- Nguyén Hiru Nhan [41] trong mé hinh OILSAS x4y dung mé hinh s6 tri
lan truyén va phong hoa dau tran theo phuong phap Euler.

- Nguyén Quéc Trinh [28] di xdy dung md hinh md phong su ¢d tran dau
theo phuong phéap Euler ¢ Bién Pong c6 xét cac yéu té moi trudng nhu dbi luu,
khuéch tan ngang va cac qua trinh phong hoéa khac nhau.

- Pau Thi Nhan [42] di st dung m6 hinh Delft3D, mot cong cu dua trén
phuong phéap Euler, ¢ mé phong sy lan truyén cua dau trong khu vyuc bién Can
Gi0.

- Tran Manh Cuong [43] d4 st dung md hinh ROMS (Regional Ocean
Modeling System) dua trén phuong phap Euler dé mo phong dong chay va lan
truyén dau tran trong khu vyc vinh Bic Bo.

- Tkalich [44-45], mdt mo hinh da pha Euler dugc dé xuat dé biéu dién
dong chay dau véi cac cong thirc nhat quan vé mat vat 1y. Pong luc hoc cua
dau duoc tinh bang phuong trinh Navier-Stokes 1dy trung binh trén do day cua
vét dau loang va néng d6 dau trong cdt nude duoc didu chinh bai phuong trinh
doi luu-khuéch tan.

- Agrawal va Dakshinamoorthy [46] danh gid anh huong cua song va
chuyén dong thiy triéu trong quy dao cta vang dau ¢ ving nudc nong bang
cach sir dung mé hinh Euler v6i ba pha (khong khi, nudc va dau).

- Raznahan [47] ciing st dung mé hinh Euler ba pha dé nghién ciru su ¢6
tran dau gan bo dudi tic dong cta dong nudc, sdng va nhiét do. Cac cong trinh

lién quan dén mé phong CFD vé 1o ri dau dudng dng ngdm dudi tac dong cua
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dong nudc va song di duoc tién hanh bang cach sir dung phuong phap tiép can
Euler cho cac pha khong khi, dau va nudc [48-49] hodc dong chay Euler cho
khong khi va nude va cac hat rdi rac Lagrange cho dau tran [50].

- Sarhadi [51] trién khai mé hinh tran dau Euler sir dung phuong phap thé
tich hiru han voi bién u6t-kho, hé thong luéi so le dé mo ta qua trinh phong héa
ctia diu nhu lan rong, bdc hoi, hoa tan va nhii tuong hoa.
1.2.2.2 Phuong phap Lagrange

Phuong phap coi cac hat 12 roi rac va thuc hién mo phong chuyén dong
cua cac phén tr hat ro1 rac nhau, st dung cac phuong trinh Navier-Stokes dugc

biéu dién lai nhu dudi day:

Du , Vp
—=Wu-——+ 1.8
D » f (1.8)
Pay 1a mot cach biéu dién khac ctia phuong trinh trén:
du, _f
a =—=—
i p (1.9)

V6i 6 1a gia tde cua hat thir i, « 1a van tdc hat tha i™; f; 1a luc tdng hop

cua hat; f; 1a mat do vi tri cia céc hat.

Phuong phap Lagrange st dung dé tinh toan luc cta timg hat twong dbi
doc 1ap va tinh toan vi tri cta cc hat ndy tai thoi diém tiép theo thong qua tich
phan. Céc nghién ctru hién nay chi ra ring phuong phap Lagrange da tién dén
mot mic d6 nhat dinh. Stam [52] lan dau tién gi6i thiéu phwong phap SPH
(thuy dong luc hoc hat min) dé mod phong mat s6 hién tuong khi. Premoze va
cong su [53] di sir dung phuong phap MPS (Moving Particle Semi-implicit) dé
mo phong cac loai dong chay khac nhau, bién phuong trinh Navier-Stokes
thanh dang twong tic cua cac hat chuyén dong. Li va cong su [54] d3 dua
phuong phap luéi Boltzmann (LBM) vao linh vuc d6 hoa, linh vuc nay khong

theo ddi moi hat thic nhung mé ta sy phat trién cia ham phan bé hat.
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C6 nhiéu cong trinh nghién ctru vé mo phong tran dau bang phuong phap
Lagrange trén toan thé gioi. Dudi day 1a mot sé vi du:

- Beegle-Krause [55] da khai thac cac cau tric mach lac Lagrange (LCS)
dé tinh toan céc hat troi dat phuc vu tim kiém ctru nan va mé hinh tran dau trén
bién.

- Li Shihan [56] d4 st dung phuong phap Lagrange c6 cai tién ham thoi
tiét ¢¢ mo phong cho khu vuc thém lyc dia Scotian, nam & phia tdy nam Nova
Scotia, Canada. M6 hinh nay dugc tich hop dé xay dyng nén mé hinh tran dau
MOHID.

- Spaulding [57] d4 lua chon hé s phén tan dé st dung trong cic mé hinh
van chuyén dau tran Lagrange nham bao toan dong luc dong chay va rao can
véan chuyén co ban.

- Guo va cong su [58] da dé xuat mot mo hinh sira d6i tinh toan xac suét
tran dau va ap dung vao vu tai nan & Cang Pai Lién. M0 hinh nay tinh toan dua
trén quy dao hat dau duoc xay dung boi phuong phap Lagrange.

- Fearon va cong su [59] mé phong sy ¢6 phun dau ¢ ving nude siu trong
dong hai luu Agulhas bang phuong phap Lagrange.

- Jaebeen Lee [60] da phat trién va xac thuc moé hinh dya trén hoc sau
(LSTM). Pé mod phong dau tran, vang dau duogc coi 1a mdt cum céac hat
Lagrange va di chuyén trong hang tram gidy dugc thu thap dua trén vén toc
nudc va hat.

- Danial Ghaderi [61] d4 1ap ban d6 danh gia rti ro bo bién do tran dau &
khu vic phia dong kénh Qeshm. M6 hinh GNOME duoc phat trién boi NOAA
da duoc st dung, cong cu nay dong vai tro nhu mot trinh mé phong mé hinh
quy dao Lagrange.

- Nguyén Hiru Nhan [62] trong mé hinh OILSAS ciing xdy dung mo hinh

s tri lan truyén va phong hoa dau tran theo phuong phap Lagrange.
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- Poan Quang Tri [63] da st dung phuong phép theo doi hat Lagrange mo
phong su phan tan cta sy ¢b tran dau gan dao Cat Ba dé xay dyung ban dd chi
s6 nhay cam moi trudng (ESI) ing pho khan cép voi su ¢b tran dau ven bién.

Phuong phap Lagrange c6 wu diém 1a tinh toan nhanh va khéng phu thudc
vao do phan giai cua 6 ludi tinh toan (ddc biét 1a anh hudng khuéch tan sd
khong nhiéu) nhu phwong phap Euler. Hién nay, hau hét cac phan mém thuong
mai déu dua trén 1y thuyét hat Lagrange cho chwong trinh mé phong tran dau
nhu MIKE 21/3 Oil Spill, DELFT3D, MEDSLIK, GNOME, MOHID,
ADIOS,v.v..

1.3 Tong quan diéu Kién tu nhién ciia khu vue nghién ciru

Viét Nam ndm & cuc Dong Nam ciia ban dao Péng Duong. Phia Nam giap
v6i vinh Thai Lan, phia dong vinh Bac Bo va bién Pong, phia Bic giap Trung
Quéc va phia Tay giap Lao va Campuchia. Viét Nam c6 dién tich phan dat lién
khoang 331 nghin km?, hinh chit S trai dai tir kinh tuyén 102°10° E dén 109°26°
E va tir vi tuyén 8°27° N dén 23°23° N va c6 hai quan ddo Hoang Sa, Truong
Sa thudc chil quyén cua Viét Nam. V6i duong bo bién dai 3.260km (khong ké
cac dao) va co noi thuy, 1anh hai, ving tiép giap lanh hai, ving dic quyén kinh
té va thém luc dia rong 16n do do rat thuan loi dé phat trién cang bién va van
tai bién qudc té.

Nam tai ving Pong Bic Pong bang song Hong, Hai Phong 1a thanh pho
tryc thugc Trung vong, 1a d6 thi loai I, nam trong h¢ toa do dia ly 20°30'39"N
- 21°01'15"N va 106° 23'39" E - 107°08'39"E. V& phia Bic va Pong Bac, Hai
Phong giap tinh Quang Ninh doc theo song Pa Bac va Bach Pang, phia Tay
Bic giap Hai Duong, Ty Nam giap Thai Binh doc theo Séng Ho4, song Thai
Binh va phia Pong Nam giap vinh Bic Bo (dir liéu trudc ngay 01/7/2025).
Thanh phé Hai Phong c6 dién tich dat tu nhién 1.507 km?, chiém 0,47% ctia ca

nudc [64].
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Hinh 1.4 So d6, vi tri cac séng khu vuc Hai Phong [65]

Nam ¢ ha luu cta hé thong song Hong va song Thai Binh, Hai Phong (s6
liéu trude 01/7/2025) gom 05 hé thong séng chinh theo hudng tir Pong Bic
xudng Tay Nam (Hinh 1.4) véi chiéu dai qua dia phan Hai Phong nhu sau: Bach
Pang (khoang 32 km), Cam (khoang 25 km), Lach Tray (khoang 35 km), Vin
Uc (khoang 33 km) va Théi Binh (khoang 31 km) [65]. Vi mang luéi song
day dic, dan dén dia hinh bd bién khu vuc Hai Phong bi ngit quang do co céac
clra song do6 ra bién nhu: cira Cam, ctra Lach Tray, cira Vin Uc va ctra Théi
Binh.

Hai Phong 1a mot trong nhiing tinh thanh c6 s6 luong ddo 16n nhat ca
nuéc, riéng quan dao Cat Ba da c6 gan 400 dao, 1a khu du trit sinh quyén cua
thé gio1 voi té)ng s6 2.386 loai sinh vat trén can va dudi nude. Trong do, co6 89
loai dong vat dugc ghi trong Sach b6 Viét Nam & cac mirc d bao v¢ khac nhau

[66].
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Nguon loi hai san cua bién Hai Phong cuc ky phong phu véi da dang cac
loai, hién c6 hon 500 loai/nhém loai thugc 10 nhom sinh thai 16n va nhom loai
khac nhau. Trong d6, nhém ca day c6 so loai cao nhat (234 loai), tiép theo 1a
nhom ca ran san ho (117 loai), ca ndi (86 loai), nhom giap xac (47 loai),v.v.
[66]

Véi vi tri dia 1y 14 ctra ngd huéng ra bién quan trong bac nhét cia mién
Bic, dic biét 1a Vung Béc B9, cing voi tiém ning tai nguyén phong phu, Hai
Phong gifr vai trd 14 mot dong luc phat trién kinh té ctia mién Béc va ca nudc.
Giao thuong phat trién kinh té manh, cung hoat dong hang hai s61 dong, do do
ving bién Hai Phong tiém 4n nguy co xay ra c¢d sy ¢b gay 6 nhiém mai truong
cao, trong do ¢ tran dau.

1.3.1 Ché dp nhiét

Ving bi phan hod thanh 2 mua do su chi phdi ctia hoan luu cuc déi: vao
tho1 ky mua He thang 5 dén thang 9 nong, nhiét do trung binh trén 25°C; vao
thoi ky mua Pong, thang 11 dén thang 4 lanh, nhiét d6 trung binh dudi 20°C.
Nén nhiét d6 khong khi trung binh nim dao dong trong khoang 23°C - 24°C
kha dac trung cho viung nhiét d&i. Nhiét d0 cling thay d6i theo mua va theo ché
do gid: gia tri trung binh mua He 14 27,9°C; mua Pong 1a 19,8°C; cuc dai 36,8°C
vao thang 8 va cuc tiéu 6,5°C vao thang 1. Chénh I¢ch nhiét d§ gitra hai mua la
8°C - 10°C va dao dong nhiét do gitra ngay va dém la 5°C - 6°C. [64].

Bang 1.1. Nhiét do khong khi trung binh nhiéu nam tai tram Hon Déu
Donvi:°C

Théang 1 2 3 4 5 6 7 8 9 10 11 12 Nam

T.binh 16,8 16,8 19,2 22,8 27,0 28,5 29,0 284 27,6 253 223 19,0 23,6

Cycdai | 272 27,5 29,6 32,5 35,0 37.8 38,0 38,6 34,6 34,0 323 29,6 38,6

Cuc tidu 6,5 7,1 9,6 13,0 16,5 19,2 19,9 21,5 18,6 16,6 12,6 6,9 6,5

[Nguén: Bai KTTV khu viee Péng Bic]
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1.3.2 Ché d¢ gio

Khu vuc ven bién Hai Phong nim trong vanh dai nhiét d6i gié mua chau
A, chiu anh huong cua ché do khi hau mang tinh chit nhiét d6i gié mua, cy thé
nhu sau [65]:

- V& mua Dong (thang 11 dén thang 3 nam sau), khu vuc nay chiu anh
huong chil yéu cua khéi khong khi cuce d6i bién tinh dugc hinh thanh tir ving
Xibia (Nga) tran vé phia nam. Mua déng huéng gié thinh hanh 13 d6ng nam,
béac va dong, cac hudng khac chiém tan suat rat nho. Van tée gio trung binh dat
3,2 - 3,7m/s. Hang thang trung binh c6 3 - 4 dot gié mua dong bac, kéo dai tur
5 -7 ngay, gdy ra mua nho, van tdc gi6 nhitng ngay dau dat dén cép 5 - 6 (twong
duong 8 - 13m/s), van téc gié 16n nhat c6 thé dat toi 25 - 30m/s, sau d6 giam
dan;

- Vé mua Ha (thang 5 dén thang 9), khu vuc nay chiu anh hudng cua cac
ludng khong khi néng va am tir phia tiy va nam tran qua. Hudng gio thinh hanh
chu yéu la dong, dong nam va nam. Toc d6 gi6 trung binh dat 3,5 - 4,0m/s, cuc
dai dat 20 - 25m/s. Trong mua ha doi khi xudt hién cac dot gi6 tdy nam tuy co
tbc do nho nhung mang lai thoi tiét kho nong.

- Trong thoi ky chuyén tiép khi hau (thdng 4 va thang 10), sy chi phdi clia
cac khoi khong khi gié mua giam, thuong xuat hién sy hoat dong manh cia gio
bién - dat (breeze) véi van téc khoang cip 3 - cap 4, ban ngay c6 giod thoi tir
bién vao dét lién, ban dém c6 gi6 thoi nguoc lai tir dat 1ién ra bién.

Bang 1.2. T an sudt gio tai tram Hon Dadu giai dogn 2014-2023

Hudng N NE E SE S SW w NW Téng SPB
Khoang

(/s) n |[p% | n |p% | n [p% | n |p% | n |p% | n [p% | n |p% | n |p% n p% | %

Ling 874 | 5,910 | 100
0,30-1,50 765| 5,170 914| 6,176 | 611 4,128 | 215| 1453 | 160| 1,081 | 111| 0,750 144| 0973 | 552 3,730| 3472 23,461 | 94,09
1,60-3,30 881| 5,950| 674| 4,554| 183212,378| 1089| 7358 | 477| 3223 | 212 1432 46| 0311| 381| 2,574| 5592 37.780| 70,635
3,40-5,40 11| 0,750 | 161 ] 1,088 | 1332] 9,000| 956| 6,459| 656| 4,432 129| 0,872 2| 0,014 21| 0142 3368 22,757 | 32.855
5,50-7,90 6] 0040 25| 0,169| 323| 2,182| 367| 2,480| 374| 2,527| 23| 0,155 0| 0,000 2| 0,014| 1120| 7,567| 10,098
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8,00-10,70 1| 0,010 1{ 0,007 531 0,358 122| 0,824 172 1,162 31 0,020 0 0,000 0| 0,000 352 2,381 2,531
10,80-13,80 0] 0,000 0| 0,000 2| 0,014 31 0,020 10| 0,068 1] 0,007 0| 0,000 0| 0,000 16 0,109 0,150
13,90-17,10 0 0,000 1{ 0,007 0] 0,000 1] 0,007 3| 0,020 0| 0,000 0 0,000 0| 0,000 5 0,034 | 0,041
17,20-20,70 0 0,000 0| 0,000 1] 0,007 0| 0,000 0| 0,000 0| 0,000 0 0,000 0| 0,000 1 0,007 | 0,007
>20,70 0] 0,000 0| 0,000 0] 0,000 0| 0,000 0| 0,000 0] 0,000 0| 0,000 0| 0,000 0 0,000 0,000
Téng 1764 (11,920 | 1776 (12,001 | 4154 (28,067 | 2753 18,601 185212,513 479 3,236 192 | 1,298 956 | 6,460 [ 14800 | 100,000
Cuec dai 8 16 18 15 17 11 4 6
Trungbinh | 1,863 1,890 3,270 3,880 4,510 2,910 1,310 1,550
- ;
3 - p z
[Nguon: Dai KTTV khu vuc Dong Bac]
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Hinh 1.5. Hoa gio tai tram Hon Ddu giai doan 2014 — 2023

Theo s6 liéu do tai tram Hon DAu, huong dong co tan suit 16n nhét khoang
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27%, tiép sau d6 1a hudng dong nam xap xi 18%, hudng bac khoang 13%,
huéng nam va hudng dong bic xap xi 12%. Cac hudng gié khic c6 tan suat
kha nhé véi gia tri nhé hon 10%. Gia tri van tde trong khoang 1,6 - 3,3 m/s
chiém xép xi 37,78%, sau do6 la gia tri van tbc 0,3 - 1,5 m/s chiém khoang
23,5%, gia tri van tdc 3,4 - 5,4 m/s chiém khoang 22,7% va tap trung chu yéu
vao cac hudéng dong, nam va dong nam (hinh 1.5).

1.3.3 Ché dp song

O ving bo Hai Phong, nhin chung song khong 16n, phy thudc vao ché do
gi6 theo mua, toc do gio (bang 1.3) va dic diém dia hinh va hinh dang duong
bo. Soéng & ngoai ving nude siu truyén vao bo, do anh hudng cta ma sat day,
cac dac trung cua song (téc do lan truyén, do cao, chu ky, do dai) cling nhu
huéng van dong ludn thay doi;

Trong thoi ky mua dong, gié mua déng bac hoat dong manh ca vé tan suat
1an tdc 0, song do dao Cat Hai, Cat Ba che chin lam giam kha 16n ning luong
gi6 tac dong 1én mat bién, hon nita da song lai ngén va do sau nho nén 6 khu
vuc nghién ctru song gié kém phat trién hon so voi ngoai khoi;

Vé mua hé ché do song gio cd dac diém nguoc lai so voi mua dong ca
huéng 14n cap d6 cao. Song gid c6 hudng thinh hanh, anh hudng 16n dén qua
trinh thuy dong luc khu vuc nghién ciru 1a d6ng nam va dong voi tan suat xuat
hién cao [66].

Bdng 1.3. Vin téc gio va dé cao séng trung binh twong trng nhiéu nam

tai khu viee Hon Déu

Thang 1 2 [ 3] 4 5 6 | 7 8 9 [10] 11 ] 12 [TBN
Gio(m/s) | 4,7 | 45 | 44 | 46 | 53 | 57 | 58 | 46 | 43 | 47 | 45 | 44 | 4.8
Séng(m) | 0,7 |07 (07 |08 0909|1008 08 08][07]07]o08

[Nguén: Bai KTTV khu viee Péng Bic]

Séng hudng chinh 1a dong, dong nam va nam véi tan suat xuat hién lan

luot khoang 30%, 21,5% va 8%. BJ cao song nho hon 0,75 m chiém t&i
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41,98%, do cao song trong khoang 0,75 - 1,25 m chiém 19,61%, con lai 1a do
cao song khoang 1,25 - 2,0 m chiém 1,99% va 2,0 - 3,5 m chiém 0,138%

(khong c6 truong hop do cao song trén 3,5 m) (bang 1.4).

Bdng 1.4. Tan sudt séng tram Hon Ddu giai doan 2014 - 2023

Huéng N NE E SE S SW w NW
n | P®%) | F%)
Khoang(m)| N [P(%)| n |[P(%)| n |[P%) | n | P (%) |N|P(%)| n |P(%) P(%) | n|P%)

Lang 3975 36,280 100
0,25-0,75 [ 115 {1,050 | 91 0,831 [2723 | 24,854 |[1394 | 12,724 [259 |2,364 | 2 0,018 0,009 (14 | 0,128 4599 41,978 | 63,718
0,75-1,25 19 (0,170 | 28 0,256 | 660 6,024 865 7,895 (571 15,212 | 4 0,037 0,000 2 0,018 2149 19,612 | 21,740
1,25-2,00 0 10,000 5 0,046 | 32 0,292 85 0,776 {96 10,876 | 0 |0,000 0,000 0 0,000 218 1,990 2,128
2,00-3,50 0 10,000 0 0,000 4 0,037 7 0,064 4 10,037 | 0 {0,000 0,000 0 0,000 15 0,138 0,138
3,50-6,00 0 10,000 0 0,000 0 0,000 0 0,000 0 {0,000 | 0 |0,000 0,000 0 0,000 0 0,000 0,000
6,00-8,00 0 10,000 0 0,000 0 0,000 0 0,000 0 {0,000 | 0 |0,000 0,000 0 0,000 0 0,000 0,000
8,00-11,00 0 10,000 0 0,000 0 0,000 0 0,000 0 {0,000 | 0 |0,000 0,000 0 0,000 0 0,000 0,000
11,00-14,00| 0 0,000 0 0,000 0 0,000 0 0,000 0 {0,000 | 0 |0,000 0,000 0 0,000 0 0,000 0,000
>=14,00 0 10,000 0 0,000 0 0,000 0 0,000 0 {0,000 | 0 |0,000 0,000 0 0,000 0 0,000 0,000

Téng 134 1,220 | 124 |[1,133 |3419 | 31,207 [2351 |21,459 (930 8,489 | 6 (0,055 0,009 (16 | 0,146 10956 100,000
Cuc dai 1,17 1,50 2,50 2,50 2,50 1,08 0,50 0,75
Trung binh | 0,547 0,610 0,580 0,670 0,840 | 0,830 0,500 0,530

[Nguon: Bai KTTV khu viee Péng Bic]
Ttr dic diém vé ché do séng cho thiy day 1a khu vuc ¢ chiéu cao song &

muc trung binh so vi cac khu vue khac. Tuy nhién, song tai cac tuyén luong

chinh ctia cang Hai Phong tai ludng Lach Huyén va Nam Triéu c6 dic diém

nhiéu loan gan bo do noi day c6 rat nhi€u cura song va dao.
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[Nguén: DBai KTTV khu viee Péng Bic]

Hinh 1.6. Hoa song tai tram Hon Dau giai doan 2014 — 2023

1.3.4 Thuy triéu
Ving bo Hai Phong c¢6 ché do nhat tridu thuan nhat voi hau hét sé ngay

trong thang (khoang 25 ngay) chi c6 mdt lan nude 16n va mot 1an nude rong.

Thoi gian trung binh triéu dang 11 - 12 gio va thoi gian tricu rat 13 - 14 gid.

Pay 1a khu vuc c6 bién do triéu thudc vao loai 16n nhat so véi cac vung

bién khac ctia nudc ta, tinh chat nhat triéu déu va bién do tri€u gidm dan tur phia
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bac xudng phia nam. Hang nam thuy triéu ¢ bién d6 16n vao cac thang 6, 7, 12
va thang 1 ndm sau, va c¢6 bién do nho hon vao cac thang 3, 4, 8, 9.

Muc nuéc trung binh nim tai Hon Dau c6 nhitng gia tri tinh toan khac
nhau, tuy theo thoi diém, khoang 1,83 m, hoac 1,88 m; cao nhét dat 4,21 m
(22/10/1985) va thap nhit 13 - 0,07 m (21/12/1964), chénh 1&ch triéu 16n nhat
tai Hon Dau 14 3,94 m (bang 1.5) [64].

Bang 1.5. Myc nuoc t{"iéu dac trung tai tram Hon Ddu
trong nhiéu nam (1960 - 2007)

Pon vi: cm
Thang 1 2 3 4 5 6 7 8 9 10 11 12
Trung binh 183 | 179 | 179 | 180 | 183 | 185 | 187 | 188 | 196 | 206 | 201 | 191
Lon nhat 399 | 379 | 351 | 368 | 385 | 401 | 418 | 396 | 418 | 421 | 402 | 403
Nho nhat -6 3 7 2 6 -1 0 7 14 9 2 -7

[nguén: Pai KTTV khu viee Péng Bac]
1.4 Két luan chuong 1

Hién nay, cac nghién ctru mo phong tran dau trong va ngoai nude chil yéu
theo hai huéng: (1) sir dung phan mém thuong mai dé tinh toan; (2) tu xay dung
phan mém mo phong phi hop véi didu kién dia phwong. Cac mo hinh hién nay
phan 16n thyc hién moé phong 2D; cac mo hinh 3D hién c6 chi yéu moé phong
theo ¢ot nudc, con han ché trong viée truc quan hoa qué trinh dau tiép xtc va
bam dinh vao bo. Khoang trong nay chinh 14 huéng nghién ctiru ma nghién ctru
sinh tap trung phat trién trong luan an.

Khu vuc bién Hai Phong, c6 mat do tau thuyén ra vao 16n 16n, nhiéu kho
trung chuyén dau va dudng bo bién phic tap, 1a khu vuc dién hinh ¢é nguy co
6 nhiém cao; dong thoi dai dién tiéu biéu cho diéu kién tw nhién cua cac ving
bién Viét Nam. Do do, khu vuc nay dugc nghién ctru sinh lya chon lam khu
vuc nghién ciru thi diém. M6 hinh do nghién ctru sinh ty nghién ctru, phat trién
c6 kha ning tmg dung cho cac ving bién khac tai Viét Nam, khi c¢6 du cac dix
liéu dau vao can thiét.
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CHUONG 2
CO SO PHUONG PHAP LUAN VA NGUON DU LIEU
PHUC VU NGHIEN CUU
2.1 Co sé phwong phap luan

Khi mot lugng dau duoc thai ra méi trudng bién, cac yéu tb nhu dong
chay, song, gid,v.v. s& tac dong manh mé& dén qua trinh lan truyén cta vét dau
theo hudng dong chay va diéu kién dong luc hoc ciia khu vyuc. Do d6, nghién
ctru dong luc hoc bién dong vai tro then chdt trong viéc xac dinh sy phan bo,
truyén tai va du doan hudng di chuyén cia vét dau loang.

Hién nay, chiing ta c6 nhiéu phuong phap va cong cu md hinh hoa duoc
sir dung dé danh gia mic do 6 nhiém trong moi trudng bién. Pi véi cac ngudn
thai da hinh thanh, phuong phap thuc nghiém thuong dugc uvu tién. Tuy nhién,
trong truong hop du bao ngudn thai s& phat sinh trong twong lai, phuong phap
mo phong lai to ra uu thé hon nho kha ning linh hoat va hiéu qua. Mot s6 mo
hinh mé phong pho bién c6 thé ké dén nhu: WASP7, AQUATOX, QUAL2K
(Q2K), DELFT3D, BASINS, MIKE,v.v..

Trong s6 d6, MIKE va DELFT3D hién 13 hai m6 hinh thuy dong luc hoc
duoc sir dung pho bién nhat ¢ ca trong nudc va qudc té. Mdi méd hinh c6 nhiing
dic diém va wu diém riéng. M6 hinh MIKE duoc phat trién boi Vién Thay luc
DPan Mach (DHI) véi giao dién dd hoa truc quan, than thién véi nguoi dung,
tich hop nhiéu cong cu hd tro xir Iy dit liéu dau vao, phan tich két qua va hién
thi trén nén GIS. Hé thong nay cho phép sir dung ca ludi cé cau triic va phi cau
trac (hinh tam giac hodc chir nhat), dic biét phu hop dé mo phong ¢ cac khu
vuc dia hinh phire tap nhu ven bién va clra song.

DELFT3D do Deltares (Ha Lan) phét trién ciing 1a mot hé théng mé hinh
manh, hd tro mé phong cac qua trinh thuy dong luc hoc va chét lugng nude

trong moi trudng 2D va 3D. Tuy nhién, véi muc tiéu mo phong lan truyén dau
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loang tai khu vuc cira séng va ven bién — nhitng noi c6 dia hinh phuc tap va
thudng xuyén xay ra cic su ¢d tran dau — nghién ctru sinh lra chon mé hinh
MIKE 1a cong cu chinh dé thuc hién céc tinh toan va mé phong. Thuc té cho
théy, cac su ¢d tran dau tai vung bién Viét Nam chu yéu xay ra g?ln bo, tai cac
cang bién va tuyén giao théng thity ndi dja. M6 hinh MIKE d3 duoc Gmg dung
hiéu qua tai nhiéu qudc gia trén thé gidi trong cac nghién ctru twong tu va dic
biét c6 kha nang tich hop dit liéu GIS - diéu rat can thiét trong viéc mo phong,
theo do1 va du bao su lan truyén cta vét dau.

Trong bd phan mém MIKE c6 chia ra 1am nhiéu mé hinh, nhu MIKE
Zero, MIKE 11, MIKE 21, MIKE 3, MIKE SHE,v.v. trong d6 m6 hinh MIKE
21 chuyén vé mo hinh hai chiéu (2D), cung cip cac md phong chinh xac vé
dong chay va chuyén dong cuia nude & cac ving ven bién, cira song va song.
M6 hinh cho phép du doan chinh xac muc nudc, dong chay, bién dong nhiét o
va 1 lut, vu diém trong viéc quan ly do sau phuc tap va cac luc bén ngoai nhu
hi¢u tng gio.

Trong md hinh MIKE 21/3 Coupled FM thi mo6-dun thuy dong luc
Hydrodynamic 1a thanh phan tinh todn co ban cuia toan b hé théng, cung cap
co s¢ thuy dong luc cho cac mo-dun khac.

Vi cac uu diém va mo-dun nhu trén, nghién ctru sinh lya chon st dung
mo hinh MIKE 21/3 Coupled FM véi 2 mo-dun chinh 1a Hydrodynamic va
ECO Lab/Oil spill mé phong va du doan kha nang lan truyén dau tai ving bién
Viét Nam.

2.1.1 Mé6 hinh MIKE 21/3 Coupled FM

MIKE 21/3 Coupled FM 1a mot hé théng mé hinh tinh toan dong chay hai
chiéu (2D — MIKE 21) va ba chiéu (3D — MIKE 3) sir dung luéi tam giac phi
cau tric (FM - Flexible Mesh) dé mo phong cac hién tugng thily dong luc, lan

truyén chat 6 nhiém, van chuyén tram tich va cac hién tugng bién — ven bo phire
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tap. Diéu nay dac bi¢t phu hop véi diéu kién thuc té tai vung nghién ctru ven
bién Viét Nam, nén moé hinh duoc st dung rong rii trong nghién ctru, quy
hoach, quan 1y mdi truong bién, cira song, hd chira va ving ven bién.

M35 hinh bao gdm cac mo-dun thanh phan sau:

- Hydrodynamic (HD): M6 phong dong chay, muc nude, van tdc, phan bd
man - nhiét do.

- Transport (TR): M6 phong su lan truyén ctia cac chat hoa tan hodc huyén
phu.

- Sediment Transport (ST): Tinh toan qué trinh van chuyén trim tich
(bun/cat), x6i 10, boi tu.

- Wave (SW): M6 phong song ngin bang phuong trinh ning luong hoic
phuong trinh phan b pho.

- ECO Lab/ Oil Spill: M6 phong qua trinh sinh thai hoc, su lan truyén va
phan ra ctia dau trong mdi truong nude.

Trong nghién ctru cua ludn an st dung két hop mo-dun thay dong luc
Hydrodynamic va mo-dun tinh toan tran dau ECO Lab/Oil spill, cho phép mo
hinh héa qua trinh lan truyén dau mot cach hiéu qua, dong thoi ¢ thé mo phong
cac tinh hudng sy ¢d khac nhau dé hd tro cong tac tng phé va du bao.
2.1.1.1 Mo-dun thuy dong luc

Mo-dun thay dong luc (Hydrodynamic module - HD) 1a mét thanh phan
rit quan trong trong goi phan mém MIKE 21, dugc phat trién nham mé phong
cac qua trinh dong chay khong 6n dinh trong ving nudc néng. Mo-dun nay giai
hé phuong trinh nudc nong hai chiéu (2D), bao gdm phuong trinh lién tuc va
cac phuong trinh dong luong duoc tich phan theo chiéu dimg tir hé phuong
trinh Navier—Stokes, nhim mé ta chinh xac su phan bd van téc va muc nude

theo thoi gian.
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Phuong phép giai trong MIKE 21 HD dua trén lugc d6 sai phan hiru han,
ap dung trén hé ludi phan tir hiru han phi ciu trac (Flexible Mesh — FM), véi
cac ludi dang tam giac hodc tir giac. Ty chon luge d6 giai bao gdm phuong
phap Euler bac nhat hoic Runge-Kutta bac hai 1 rang cho tich phan thoi gian,
dam bao d6 on dinh va chinh x4c trong tinh toan.

Thong luong ddi luu tai cac mat 6 ludi duoc tinh bang bo giai Riemann
gan dung, cho phép md phong hiéu qua cac hién tuong dong chay c6 tinh chat
phi tuyén manh, ddc biét 1a tai cac ving c6 dia hinh thay d6i dot ngot nhu cira
song, ctra bién hodc ving xuat hién budc nhay thuy luc (hydraulic jumps).

Mo-dun Hydrodynamic cho phép xét dén nhiéu yéu t6 tac dong dén truong
dong chay, bao gdm gié mit, chénh 1éch mat do (do bién d6i nhiét do va do
min), anh huong cia séng, (mg suat day, hiéu Gmg rdi va diéu kién kho — uot
tai cac bi triéu. Tinh linh hoat cao trong ciu triic ludi va kha ning tich hop
diéu kién bién thuc té gitp mo-dun Hydrodynamic tré thanh cong cu manh
trong md phong thity dong luc hoc ven bién, cira song va ving nudc nong.

Phuong trinh mé phong chuyén dong ctua dong chay hai chiéu theo
phuong ngang duoc xay dung trén co s& tich phan theo chiéu dung ciia hé
phuong trinh Navier—Stokes ba chiéu, dudi gia thiét dong chay tang mong va
vén tdc phuong dimg khéng dang ké. Qua trinh tich phan nay phan anh su bao
toan khoi lugng va dong luong theo chiéu thang dimg trén toan bo 16p nudc, tir
d6 dan dén hé phuong trinh nudc nong hai chiéu (2D Shallow Water
Equations), c6 dang [68]:

oh Ohu Ohv

o T T 2.1
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Trong do, ¢ 1a thot gian; x va y la toa do bé cac; 1 1a dao dong muc nudc;
d 1 @6 sau; h=n+d 1a d6 sau tong do; U,V 1a cac thanh phan vén téc trung binh

theo phuong x va y; f=2Qsin® la tham s Coriolis, véi (2 1avan téc gbc quay
cua Trai dat, & 1a vi do dia ly; g 1a gia téc trong truong; v, 1a nhét rdi thang
dung; p 1a mat do nudc; p, 1a ap suat khi quyén; p, 1a mat do chuan; S 1a do 16n
ctia luu lugng do cac diém ngudn va (u,vy) 12 van tdc cia dong luu lugng di
va0 mién tinh; (z,,7z,,) va (7,,,7, ) la cac thanh phﬁn X,y ciia ung suat gi6 bé
mit va Gng suét day.

Céc thanh phan van tdc trung binh do siu (#,V ) theo cac hudng x, y 1a:

ha=[" udz va ho=[" vdz (2.4)
Trong d6: u, v 1a cac thanh phan van toc theo cac hudng x, y.
Thanh phan (mg suat nhét rdi ngang 1a:

ou Jdu dv av
Toy =24—; T, =A|\—+—); T,, =24A— .
XX ax ’ Xy <ay + ax>' yy ay (2 5)

Trong nhiéu Gmg dung, c6 thé sir dung mot gia tri dd nhét rdi ngang khong
d6i theo phuong ngang. Ngoai ra, Smagorinsky (1963) dd dé xuat biéu dién su
chuyén dong & quy md ludi bang mot ¢ nhét réi ngang hiéu dung lién quan

dén d6 dai dic trung [69]. PO nhot roi ngang dugc xac dinh nhu sau:
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1/0u 0v
A = c2l? /zsxysxy 5 Syy = E<6_+a_> (2.6)
y x

Trong d6: ¢ 1a hing s6; / d6 dai dic trung.
Van toc gi6 mat dugc xac dinh ¢ d§ cao 10m so v&i mat nudc bién ().
Cac thanh phan van toc gi6 (4, i, ) theo phuong x va y.Ung suét gi6 dugc

xac dinh trén Umg suat bé mat la:

Ts

Ts
- = pacfluwluwxi

—Z = PaCrltwlty (2.7)
Heé s6 ma sét gi6 (c;) 1a khong d6i hodc phu thudc van téc gio. Cong thirc

thuc nghi¢ém do Wu [70] dé xuat dugc sir dung dé tham sb hoa hé sd ma sat gio.

Déi v6i khu vuce kin hoic sir dung thue nghiém thi chung thudng duogc st dung

theo Greernaert va Plant [71]. H¢ s6 ma sat gi6 dugc xac dinh la:

1,255x1073 u, <7
2
-3 _ -4 _
¢ 1,255x1073 + 510 (ug —7) 7<u,, < 25 (2.8)
2,425x1073 25<u,,

Ung suét day dugc xac dinh nhu sau:

Thx Tby
— = crluplupy — = crluplupy (2.9)
Po Po
Hé s6 ma sat day dugc xac dinh nhu sau:
g g 25.4
Cr = 2 (Mh1/6)2’ = 1 1/6 (2.10)
S

Voi: crla hé s6 ma sat gi0; u, la van tdc g16 ban dau; up la van tdc dong
chay; up, va up,, lan lugt 12 van téc dong chay theo phuong x va y; C 1 hé sd
Chezy; M 1a h¢ $6 Manning; &, 1a d0 nham day.

Diéu kién bién bé mat 1a z=n (muc nudc tu do - m):

DPdi véi qua trinh dong luc la:
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n,-%, -9
—tu—+v—=0
0y O y
) Q2.11)
Ju dvy 1
(5,5,) = 7oz 07

Dbicu kién bién day 1a z = -d (dd sau tong cong cua cot nudc - m):

DPdi véi qué trinh dong luc la:

6; v ' 1 2.12)
(35.) = g, (e

Diéu kién bién:

- Bién dat (bién ctng/bién dong): trong chuong trinh tinh toan ddi voi bién
dat khong can noi suy d§ cao muc nudc va coi la béng 0;

- Bién ho (bién md/bién nudc): trong chuong trinh tinh toan, can dic biét
luu ¥ té1 cac bién nude, va nguoi st dung phai ¢6 ky nang phan biét va ndi suy
pht hop véi diéu kién dia hinh thyc té ciia khu vuc thuc hién moé phong. Tir d6
mao1 nang cao do chinh xac cua chuong trinh tinh toan.

Diéu kién hoi tu ciia so d6 thuat toan duoc thé hién qua diéu kién Courant-

Friedrichs-Lewy (1928) (CFL):
(oo« (Vo ) _ 2.13)

Al ax

C=A,

Trong d6: C 1a s6 Courant; Al 1a d6 dai dic trung quing duong di chuyén;
Ciax 12 86 Courant 16n nhat ma phai nho hon bang 1 (Cpax <1).

Tich phan thoi gian va diéu kién 6n dinh Courant: Trong qué trinh tich
phan thoi gian cac phuong trinh nudc noéng, bude thoi gian duge phép thay doi
theo tirng budc tinh toan dé dam bao diéu kién 6n dinh Courant (CFL condition)
luon duoc théa man, voi sé Courant ludn nhé hon hodc bang gia tri giéi han

(C< Cuax). DO dai diic trung ctia mot phan tir ludi duoce xac dinh bang dién tich
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cua phﬁn ttr chia cho d6 dai canh dai nhét. Cu thé, déi véi phﬁn tur tam giac, do
dai dic trung (Leer) duoc tinh bang cong thuc:

24 (2.14)

char = I
max

Trong d6: A 1a di¢n tich cta phﬁn tr va Zmax 12 d0 dai canh dai nhét.

Trong mo hinh thuy dong luc, phuong phdp ADI (Alternating Direction
Implicit) két hop véi phuong trinh quét kép (Double Sweep — DS) duogc ap
dung dé giai hé phuong trinh tuyén tinh theo timg phuong khong gian (huéng).
Tai mdi budc giai, cac bién an theo timg huéng (chang han nhu van tdc theo
phuong x va y) duoc tach riéng va giai 1an luot, tir 6 dam bao tinh hiéu qua
va 6n dinh cho bai toan. Cach tiép cin nay cho phép thoa min ddng thoi cac
diéu kién bao toan dong lugng va khoi lugng trong mién tinh.

Pbi véi bai todn co ranh gidi di chuyén (wetting—drying interface), mo
hinh 4p dung phuong phéap xt 1y dugc dé xuat béi Zhao va cong su [72] va
Sleigh va cong su [73]. Theo d6, néu d6 sdu nudc tai mot phan tir nhod hon
ngudng gidi han dinh trude (threshold depth), phan tir 46 dugc chuyén tir trang
thai udt sang kho va loai trir khoi mién tinh toan. Viéc cap nhat trang thai phﬁn
tr duoc thuc hién bang cach dit cac thong luong dong lugng bang 0, trong khi
chi bao toan thong luong khéi luong dé duy tri tinh lién tuc.

Khi d6 sau tai mot phﬁn tir duoc dit vé 0, thé tich nude bi mat dugc phan
phéi lai cho cac phan tir 1an cin nham bao toan tong khdi lugng. Tuy nhién,
diéu nay d6i khi ddn dén d6 sdu 4m tai cac phan tr xung quanh. Do d6, mé hinh
ap dung co ché hiéu chinh lap lai d6 sau, v6i s6 1an lap ti da 1én dén 100 vong.

Trong thuc té, qué trinh nay thuong hdi tu chi sau mot vai budc.
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2.1.1.2 Mé-dun tinh todn tran diu

Mo-dun ECO Lab/ Oil spill dugc st dung dé mo phong sy bién doi va di
chuyén ctia dau bi xa thai hodc tran ra ho, cira song, khu vuc ven bién hodc bién
khoi.

Dau duoc md phong dudi dang cac hat Lagrange, di chuyén cing v6i moi
truong nudc xung quanh va chiu &nh hudng cua cac qua trinh phong hoa. Qua
trinh phong héa ndy duoc moé hinh héa bing mé hinh phong héa mic dinh
(Oilspill_A3).

Céc qua trinh ¢ thé dugc dua vao mo phong bao gdm: Lan truyén dau co
hoc (Spreading); Bay hoi (Evaporation); Hoa tan (Dissolution); Phan tan theo
chiéu thang dimg (Vertical dispersion); Lang dong (Settling); Phan huy sinh
hoc (Biodegradation); Quang héa (Photooxidation).

Céc chirc niang bd sung khéc:

- Ngudn di chuyén (vi du nhu tau 10 ri dau).

- Toc ddc bé mit do gi6 (tac dong cua gid 1én su chuyén dong cua dau trén
mat nudc).

- Xuét dir liéu dau ra: Danh sach céc hat dau duéi dang tép XML; Ban d6
noéng do dau duogc nodi suy tir cac hat vao ludi tinh toan, luu trit dudi dang tép
DFS2 (2 chiéu) hodc DFS3 (3 chiéu).

Dau duoc md phong dudi dang cac hat (particle) riéng 1€, goi 1a hat
Lagrange, di chuyén trong khong gian theo dong chay ciia méi trudng nudc.
M&di hat dai dién cho mot ph?m khoi luong dau va mang theo thong tin vé trang
thai héa — 1y (nhu thanh phr:?m, do nhot, mat do,v.v.).

Chuyén dong cua hat dugc xac dinh béng:

GO 4T+ gy 2.15)
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Trong d6: ¥ 14 vi tri cua hat dau; %(%, t) 1a van toc dong chay (thu duoc
tir mo6 hinh thuy dong hoc MIKE 21/3 HD); w,, 1a van tdc do g10; ug, la thanh
phan khuéch tan ngiu nhién (moé phong khuéch tan phan tir va rdi).

Céc hat diu nam trén bé mat nudc va tiép xtc véi gioé sé bi anh hudng theo
hai céch:

1. Gidn tiép: thong qua dong chay thiy dong hoc co tinh dén anh huong
cua gio.

2. Truec tiép: chiu thém mot luc bd sung tir gi6 tac dong truc tiép 1én hat
dau.

Mirc d6 anh huéng cua gio dén tbe do cua hat dau phu thudc vao ban chit
ctia hat dau, cu thé 1a mtrc d6 ma hat dau ndi va tiép xuc véi bé mit. Do do,
mdt hé sd hiéu chinh duge st dung dé biéu thi phén tram van toc gi6 duoc
chuyén thanh van toc cua hat.

Quy dao hat dau chiu anh hudng cua dong chay va gié bé mat s& diéu
chinh quy dao tréi nhu sau:

Upgrt = CcU + Cylyy.Sin (@ — T + 6)
Vpart = CcV + Cylyy.sin (¢ — 1 + 0) (2:10)

Trong d0, Upare = (Upart » Vpare) 18 VéC-to van tc troi ctia hat dau theo dong
chay va va gio; i(%,t) = (@, %) 12 véc to van téc dong chay trung binh; c. va ¢,
1a hé s6 thanh phan dong chay va gid; iy, Va u,, 12 thanh phan gié theo phuong
x vay; @ la huéng gid; 0 1a goc troi gio.

Luc Coriolis thudng dugc dua vao dong chay thuy dong, nhung dbi véi
luc gid lam tang tdc cac hat bé mat thi luc Coriolis cling phai dugc xem xét. Do
anh huong cta luc Coriolis, huéng cia dong trdi gid bi xoay twong ddi véi

hudng gid. Géc 6 cua do Iéch duge goi 1a goc troi1 gid. N6 quay sang phai &
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Bic ban cau va sang trai & Nam ban cau. Theo Al-Rabeh [74], goc troi gio duoc

xac dinh la:

~0.3 10—9|uw|3>

0 =pf.ex
p p( 9Yw

(2.17)

Trong 46, B= 28°38°; ¥,, la do nhdt dong hoc; g 1a gia tdc trong luc.
Thanh phan khuéch tan ngiu nhién trong phuong trinh (2.15) duoc thé
hién dudi dang:
Uar = (W,v) = N(,1)V2dt D (2.18)
Trong 40, ug;; = (u',v") la véc-to van tdc phan tan ng?tu nhién (réi) theo x
va y; N(0,1) 12 ham ngdu nhién phan b tir 0 dén 1; D 13 hé s6 khuéch tan.
Phuong trinh (2.15) két hop phuong trinh (2.16) va phuong trinh (2.18)
duoc viét lai dudi dang:
dx = upgdt +u'dt
, (2.19)
dy = Vpgredt + v dt
Trong md-dun ECO Lab/ Oil spill ¢6 tinh toan dén qua trinh phong héa
cta tran dau, cyu thé nhu sau:
1. Loang co hoc
La qua trinh dién ra ngay tirc thoi sau khi tran dau va dén do 2 nguyén
nhan: Do ban chat hoa 1y cta dau (su khong giéng nhau vé mat do, sirc cing
mit ngoai); Qua trinh khuéch tan boi song, gié va dong chay.
Thuong coi khoi du 1a thong nhat, tién trinh loang thanh nhiing 16p mong
hon, dién tich loang theo thoi gian ¢ do Mackay va cong su (1980) dé xuat [75]:

dAoy 13 (Vo \?
—— =K A 2.20
dt a” ol (Am-l) (2.20)

Trong do, K, la hﬁng $0; A,y 1a dién tich dau loang; V,; 1a thé tich dau;
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2. Qud trinh béc hoi dau
Qua trinh nay chiu anh hudng bdi thanh phﬁn cua dau, nhiét do nuéc
bién,v.v.. Toc dd bay hoi dau duoc tinh theo cong thirc do Betancourt va cong

su (2005) va Reed (1989) thé hién nhu sau [75]:

Pvp- Aoil

R.T
Trong do, EVAP 1a van tdc bay hoi; K, 1a h¢ s6 dich chuyén khoi lugng;

K,.
EVAP = =2 f.MW 2.21)

P,, 12 4p suat hoi; R 14 hang s6 khi; T 1a nhiét d6; MW 1a trong lugng phan tir;
f1a ty 18 thanh phan dau.

3. Qud trinh khuéch tan thang diing

Pay duoc coi 1 qua trinh dich chuyén dau trong ¢t nudc tinh dén nhiing
tién trinh sau: sy hoa tan, khuéch tan doc va ngang, phan tan va ling dong,
trong d6 khuéch tan va phén tan 1a nhimg qua trinh dong vai tro rat quan trong
lam cho khéi luong ciing nhu thé tich giam theo thoi gian.

4. Qud trinh hoa tan ddu

Van téc hoa tan duoc thé hién nhu sau [75]:

dVdSi

M:
= G = A (2:22)
14

Trong do, K. Silé hé sb; o la d0 tan cua nhan td thir i plamatdo cua dau;
X; 1a phan mol; M; 1a trong luong phan ti.

5. Qud trinh nhii twong héa dau

C6 thé hiéu day 1a két qua cua viéc ddu ngdm nude tir d6 1am ting trong
luong, thé tich cuia vat chat. N6 dién ra trong khoang thoi gian tir vai tuan téi
vai thang sau khi tran. Téc do phu thudc vao loai dau, nhiét do moi truong, do
man,v.v..

Do cac hop chat dau sau khi tran ra moi truong, thong thudng s& duge xir
Iy trong mot khoang thoi gian ngan nén dé phu hop véi diéu kién thuc té, nghién

46



ctru sinh chi tinh toan cho céc qué trinh binh Iuu, khuéch tan va qua trinh loang
co hoc trong chuong trinh mé phong va du doan chuyén dong cua vét dau loang
tai ving bién Viét Nam.

2.1.2 Mé hinh truyén tdi vit chit irng dung déi véi dau tran

2.1.2.1. Khdi qudt vé phwong phdp Lagrange

Trong mo hinh truyén tai vat chit theo phuong phap Lagrange, cach tiép
can dugc str dung khac biét hoan toan so voi phuwong phéap Euler truyén thong.
Thay vi mo phong vat chat dudi dang ndng d6 tai cac diém cb dinh trén ludi
khong gian, phuong phap Lagrange chia vt chat thanh cic hat riéng biét
(particles), mdi hat c6 toa d6 va khéi luong cu thé. Céac hat nay di chuyén theo
dong chay va chiu tac dong cua cac qua trinh vat 1y, héa hoc va sinh hoc trong
moi truong nudc.

Mot trong nhirng uu diém noi bat cua phuong phap Lagrange 1a kha ning
tinh toan nhanh khi sé luong hat con & muc thip, dong thoi khong phu thudc
vao ciu tric ludi tinh toan, qua d6 giam thiéu anh hudng cua khuéch tan sb.
M6 hinh nay cting cho phép theo doi chinh xac duong di hay quy dao cua tirng
hat vat chat, rat phu hop trong cac (mg dung mo phong tran dau, lan truyén vi
sinh vat hodc cac chat 6 nhiém trong mdi trudng bién.

Tuy nhién, phuong phap nay ciing ton tai mot sb han ché va gia thiét don
gian hoa nhét dinh. Cu thé, mé hinh khong xét dén su khuéch tan noi tai gilra
cac hat, tc 1 khong ap dung dinh luat khuéch tan Fick va bo qua tuong tac
gilra cac hat do mdi hat dugc xem 13 doc 1ap. Bén canh d6, mo hinh gia dinh
gia toc tirc thoi, nghia 1a cac hat duoc coi 1a dat ngay van tdc ctia dong nudc
xung quanh tai mdi thoi diém. Gia thiét nay chi phu hop véi cac hat co kich
thudc nho, khdi lugng nhe va mat do gan twong duong véi nude, noi cd thé bo
qua quan tinh. Do do, phuong phap nay khong phu hop khi moé phdéng cac hat

16m, ndng hodc ¢6 quan tinh cao.
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Chuyén dong cia timg chat diém trong md hinh Lagrange khong chi phu
thudc vao van tdc trung binh ctia dong chay ma con bao gém thanh phan van
dong ngau nhién do anh huéng cua nhiéu loan dong chay. DAy chinh 13 bin
chat vat 1y ctia qua trinh phan tan trong méi trudng. Dé mo phong chinh xéac
qua trinh van chuyén va phén tan nay, phuong trinh Langevin ngau nhién dugc
str dung lam nén tang, cho phép md ta quy dao cia mot hat trong dong chay c6
tinh nhiéu loan va bién doi theo thoi gian.

Phuong trinh Langevin cho chit diém (theo Garcia) [76], quy dao ctia mot
hat tai thoi diém t+At duoc mo ta theo véc-to nhu sau:

2(t +AD) = X(t) + U ). At + u'(® t). At (2.23)

Trong d6, %(t) 1a vi tri ctia chat diém tai thoi diém t; % (%, t) 14 van toc di
chuyén cua chat diém; ;'(55, t)1a toc do di chuyén phan tan, r6i; At 1a bude thoi
gian.

Phuong trinh Langevin trong m6 hinh Lagrange c6 y nghia vat 1y quan
trong khi mo phong sy van chuyén cua hat vat chat trong méi trudng nudc.
Phuong trinh nay mo ta ddng thoi hai qua trinh: di chuyén theo dong chay trung
binh (binh luu) va phan tan ngau nhién do nhiéu loan, tir &6 cho phép tai hién
su phan bd khong dong nhét ctia cac hat trong khong gian. Mdi hat c6 thé mang
theo mot khéi luong chit nhét dinh, va tir tap hop céc hat trong mién tinh toan,
c6 thé ndi suy ra truong nong do bién doi theo thoi gian va khong gian.

Uu diém ndi bat cua viée sir dung phuong trinh Langevin trong mé hinh
Lagrange 1a kha ning mé phong duoc ban chat ngiu nhién cua dong chay thuc,
diéu ma cac mo hinh dang Euler thudng bé qua. Ngoai ra, phuong phap nay
cho phép m6 phong qua trinh phan tan cuc bd ma khong can ting do phan giai
ludi tinh toan, tir d6 tiét kiém dang ké tai nguyén tinh toan. Viéc hiéu chinh hé

s6 khuéch tan trong phuong trinh ciing tuong dbi linh hoat, d& dang thich nghi
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v6i cac diéu kién thuc té khac nhau nhu trong kénh hé, cira séng hoic ving
bién xa bo.

Trong qué trinh giai phuong trinh vi phan mo ta chuyén dong cua hat, c6
ba so d6 tinh toan phd bién dugce sir dung. Thtr nhat 1 so dd Euler - mot phuong
phap don gian va c6 dién, duoc ap dung rong rii trong cac nghién ctru co ban.
Thr hai 13 so d6 Runge-Kutta bac bén (RK4), 1a phuong phap bac cao cho do
chinh xac 16n, dac bi¢t phu hop vo1 cac mod hinh vat 1y - sinh hoc. Phuong phéap
nay st dung cac van tdc trung gian ¢ bén budc trong mdi budc thoi gian, va
yéu cau noi suy van tdc dat cung bac dé duy tri do chinh xac mong mudn. Thi
ba 1a phuong phap Adams-Bashforth-Moulton (ABM), mdt so d6 du bao - hiéu
chinh dugc st dung hiéu qua trong cdc mo hinh sinh hoc nhu mé phong dong
vat phu du. Vi ABM can gia tri van toc tlr cac bude trude, nén thudng sir dung
Euler hodac RK4 trong ba dén bdn bude thoi gian dau dé khai tao. Vé mit tinh
toan, so d6 RK4 yéu cau bd nhé 16m hon do phai luu trit cac van tdc trung gian,
trong khi so d0 ABM va Euler tiét kiém bo nhd hon dang ké. Tuy nhién, ABM
bac cao con c6 uu diém 1a tde do tinh toan nhanh hon so véi RK4, vi chi can
xac dinh vén téc trong mot bude thoi gian thay vi nhiéu budc trung gian. Do
vay, lua chon so d6 tinh toan phu thudc vao sy cin bang giita yéu cau vé do
chinh xac, kha ning tinh toan va tai nguyén luu trit ciia hé thong mé phong.
2.1.2.2. Co sé Iy thuyét vé phwong phdp Lagrange

Ké thira Garcia [76], nghién ctru sinh mé phong quy dao hat bang céch sir
dung ba so d6 dé tim ra yéu t6 hon kém ctia cac phuong phap. Mot truong dong
chay hai chiéu dugc xem xét:

Xps1 = Xy + Upape. dt + b(£)EdE +u’.dt
(2.24)
Yni1 = Yn + Upare. dt + b(£)EdE + v’ dt
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Péi voi thanh phan phan khuéch tan:
- Thoi gian tir dau dén 12 gio:

b(t)= b*(t/24)"" (2.25)

- Thot gian 16n hon 12 gio:

(48—1)/48 2.75

b(t)= b*(e —1.7) (2.26)

Trong 6, b 14 hé sb phan tan; ¢ 12 thoi gian (gio).
Dbi v6i thanh phan quén tinh:
u'=0.1(C.u + Cy,uy,y)
(2.27)
v'=0.1(C.7 + Cyuy,y)
Trong 46, X,+; va Y,+1 1a vi tri hat dau theo truc x va y tai thoi diém t+dt;
X, va Y, 13 vi tri hat dau theo truc x va y tai thoi diém t; C, va C,, 13 hé s thanh
phan dong chay va gid; i va ¥ 1a thanh phan dong chay theo phuong x va y;
Uy VA Uy, 1a thanh phan gi6 theo phuong x va y; Upart VA Vpare 12 VAN tdc troi do
dong chay gay ra; b 1a hé s6 phan tan; £1a gia tri ngiu nhién dugc x4c dinh bién
d6i tir -1 dén 1; u’ va v’ 1a thanh phan quan tinh theo phuong x va y ciia dong
chay va gi6 tai thoi diém n+1; dt 1a bude thoi gian; ¢ 1a thoi gian (gio).
Phuong phap Lagrange thé hién rd vu diém trong cac img dung mo phong
vat chat phi lién tuc nhu vét dau, rac thai nhua, hay vi sinh vat. Kha nang theo
doi riéng 1é timg hat giip mo phong chinh xac sy di chuyén va phan bo khong
dong déu clia vat chat trong moi truong nude. Pong thoi, kha nang loai bo linh
hoat cac hat khéng con ¥ nghia vat 1y (qua nho, da phan ra,v.v.) giup toi vu tai
nguyén va ting téc do tinh toan, dic biét hitu ich trong cdc mo6 hinh quy mo

16n.
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2.1.2.3. So db ciu triic thudt todn va cdc chwong trinh tinh todn

e
( BATDPAU )

- . /,

—_— -

v

Poc dir liéu dau vao va
diéu kién ban dau

T
Cap nhat va tinh toan yéu
to moi trurong

!

Tinh toan va mo phong tran diu béng phwong phap Lagrange

Tang thot

Cap nhat Tinh toan cac g : i
2 s A e . Tinh toan su gian At
= | thong tindau | == | qua trinh vat 3
o ; lan truyén A
tran ly
//'/’ ~\\\\
// \\\"‘-\
" =] £ IR z 3 \»\\ Sai
<,\ ba hét thoi gian tinh toan
\\ = el &
\A /

In két qua tinh toan

v

S —

( KET THUC )
S~ o

Hinh 2.1. So d@6 thudt todn tong thé day di

Dua trén cach thirc tinh vé bai toan du bao dau tran ra moi truong bién &

muc 2.1.2.2; cac co s& toan hoc ddm bao qua trinh ro1 rac hoa va diéu kién can

cho xay dung chuong trinh tinh toan, nghién ctru sinh di thiét ké xay dung so

d6 cau trc thuat toan nhu duéi day. Hinh 2.1 13 so d6 thuét toan tong quét ctia

mo hinh mé phong dau tran. Tir ddy, xdy dung cach tinh toan theo cac khoi

thong tin khac nhau (xem Hinh 2.2, 2.3, 2.4 va 2.5) bang ngon ngir lap trinh

Fortran. Cau trac chuong trinh gdm chwong trinh chinh va cac chuong trinh

phu trg 1am giam d6 cong kénh, dé dang hon trong qua trinh st dung.
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Boc théng tin dau vao: \ Doc théng tin dia hinh va
10ng gian (mien tinh), tho \ | xdy dung dia hinh trong
gian (khoang va budc) va /) mién tinh theo ludi khong
cac théng tin phu tro khéc glan

Poc thong tin dau tran (thoi

gian, vi tri khong gian,
lwong dau, kiéu tran)

g

Hinh 2.2. X ly thong tin

Hinh 2.2 14 so d6 khdi thanh phan vé dua thong tin dit liéu dau vao va xay
dung thiét 1ap cac diéu kién dau. Trong phan nay, cac khdi tinh toan dugc thiét
ké va 1ap trinh theo timg chuong trinh con. Chuong trinh doc cac thong tin yéu
t6 khong/thoi gian tinh toan, cc chi s6 thong tin tinh toan cia cac yéu té moi
truong tham gia tinh toan. Chuong trinh doc thong tin dau tran bao gdém thoi
gian va vi tri xay ra sy ¢b, lugng dau tran mot 1an hay dau tran theo thoi gian.
Sau khi thiét 1ap xac dinh duoc cac thong tin dau vao phu hop phuc vu tinh
toan. Chuong trinh chinh s& tiép tuc cac cong doan sau nhu cap nhat va xir 1y
tinh toan cac yéu té moi truong vé cung thoi diém (nat ludi va thoi gian).

A

Cap nhit va tinh toan yéu t6 méi trwong:

Théng tin bé mit bién:
- Dong chay:

Thoéng tin khi twong: Théng tin trén bé mat
- 10, L - Nhiét d6 nudc;
- D6 muds.

- Nhiét d6 khong khi - Song

T

Hinh 2.3. Cdp nhdt va xit 1y théng tin diéu kién cdc yéu t6 méi truong
Hinh 2.3 1a so d6 khi thanh phan cdp nhat va xu 1y thong tin diéu kién
moi truong va yéu té hai duong. Theo thong tin chi s6 ctia cac yéu t6 tham gia

tinh toan dé tién hanh chay chuong trinh. Trong so dd nay, cac dit liéu moi
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truong dau vao thuong c6 dd phan giai khac nhau ca vé khong gian va thoi gian
nén can thiét phai c6 cac budc xir Iy dua vé cung hé toa do trén cung ludi tinh
vao cac thoi gian trung nhau. Sau khi xtr Iy cac y€u to6 méi truong dua vé dang

gidng nhau theo khong/thoi gian thi s& chuyén sang cac bude tiép.

JL

Tinh toan cac qua trinh vat ly:

|:¢\\ ;
Qua trinh binh luu 2 Qua trinh khuéch tan

z//

N

Hinh 2.4. Qud trinh binh luu va khuéch tin

Hinh 2.4 13 so d6 khoi thanh phan xir Iy tinh toan qua trinh binh luu va
khuéch tan cua dau tran trén mit bién. Cac chuong trinh con thyc hién so dd
nay quyét dinh dén tién trinh di chuyén cta vét dau tran hai chiéu. Dbi voi qua
trinh binh luu duoc thiét ké xay dung véi dau vao 13 cac yéu tb moi trudng (goi
chung 1a qué trinh thity dong luc) trén bé mit bién dudi dang hai chiéu. Con
d6i voi qua trinh khuéch tan 13 duoc thiét ké xay dyng dua vao tinh chat va
luong dau tran két hop qua trinh chuyén dong rdi do gid, song va dong chay
tao ra trén bé mit bién dudi dang hai chiéu theo phuwong ngang (cong thirc 2.24).
Sau khi thyc hién xt 1y xong so d6 nay s& lam dau vao cho tinh toan sy lan

truyén cia dau tran.
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Hinh 2.5 14 so d6 khéi thanh phan dau ra sau khi tinh toan lan truyén
trén bién. Trong so d6 nay c6 thé thyc hién triét xuat toan bd nhiing thong tin

v€ tham s0, y€u t0 tham gia trong cac chuong trinh chinh va con ctiia mo6 hinh.

<L

In két qua tinh toan:
7é vi tri va cac dac trung
cua tran dau

Hinh 2.5. X Iy théng tin dau ra ciia mé hinh

Nhu vay, trong muc nay dugc tom luogc lai vé so d6 ciu tric thuét toan va
cac chuong tinh toan di duoc mo ta nhu trén. Cac so d6 nay duoc dung dé ap
dung cho bai toan tinh todan md phong tran dau theo thodi gian bang phuong
phap Lagrange.

2.1.3 M¢t s6 chi tiéu ddnh gid sai so

Do chinh xac ciia két qua quan trac do dac va tinh toan duoc danh gia bang
mot sb yéu t6 theo mot s chi tiéu. Cac yéu to quan trac do dac 1am chuan dugc
goi tat 1a X'va cac yéu td tinh toan mo phong so sanh duoc goi tat 14 Y.
2.1.3.1 H¢ s6 twong quan R

N6 1a hé s6 thong ké dugce danh gia muc do twong quan giira yéu té chuan
(Xnet) va yéu t6 so sanh (Xsim) theo quan diém ty 18 sai 1éch (Kenney va Keeping

[77]). Cong thirc xac dinh tinh toan duoc viét dudi dang:
i [(Xnet - Xmeanfnet )* (Xsim - Xmeanfsim )]
i=1

\/ S (=X S * K =X o (2.28)

i=l1 i=1

=

1< 1<
Xmean_net = _ZXnet ) Xmean_sim = _szim
n o n i
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Vi, r 12 hé s Pearson; X; va ¥;: 1a gia tri cua bién x va Vs Xmean V& Yrean 12
gia tri trung binh; 7 1a sb thir tu thir i cia chudi tir 1 dén n; n 1a téng $6 gia tri
ctia bién x va y.

Hé s twong quan 1a chi s6 thong ké do ludng mirc do manh yéu ciia moi
quan hé giira hai bién s. Trong do:

- Hé s twong quan c6 gia tri tir -1.0 dén 1.0. Két qua duoc tinh ra 16n hon
1.0 hodc nho hon -1.0 c6 nghia 1a c6 15i trong phép do twong quan;

- Hé s6 twong quan c6 gia tri Am cho thay hai bién c6 mdi quan hé nghich
bién hoic tuong quan 4m (nghich bién tuyét doi khi gia tri bang -1.0);

- Hé sb tuong quan c6 gia tri dwong cho thidy méi quan hé dong bién hoic
tuong quan duong (ddng bién tuyét ddi khi gid tri bang 1.0);

- Tuong quan bang 0 cho hai bién doc lap v6i nhau.
2.1.3.2 Chi sé trung binh phwong sai RMSE (Root Mean Square Error)

Chi s6 RMSE 14 chi sb thdng ké dugc danh gia twong quan giita yéu td
chuan (Xue) va yéu té so sanh (Xgim) theo quan diém d6 1éch trung binh binh
phuong (Kenney va Keeping [78]). Cong thirc xac dinh tinh toan duogc viét dudi
dang:

RMSE = %Z (x,, -Xx, ) (2.29)

Trong d6, RMSE 1a chi s6 trung binh phuong sai; X; va Y;: 1a gia tri tht i
ctia bién quan tric do dac x va tinh toan mé phong y; i 1a sb thi ty the i coa
chudi tir 1 dén n; n 12 tong s6 gia trj ctia bién x va y.
2.1.3.3 Chi s6 NASH

Cong thirc x4c dinh tinh toan dugc viét duéi dang:

Zn:(Xnet_Xsim)z 1 n
NASH = 1 - ;:l 5 Xmean = ; ZXm’t (2'30)

Z (Xnet - Xmean )2 =

i=1
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Vi, NSE 1a chi sb Nash-Sutcliffe [79]; X; va Y;: 1a gié tri tha i cua bién
quan tric do dac x va tinh toan mo phong v; Xyean Va Yipean 12 14 tr1 trung binh;
i 12 s6 thir tu tht i cua chudi tir 1 dén n; n 13 téng s gia tri cua bién x va y.

Chi s NSE cho thay phu hop twong quan do dac voi md phong, vé gia tri
co ban cang tién gan dén 1 thi do tin cdy cia mo phong cang sat thuc. Sy bién
dong cua gia tri NSE dugc thé hién:

- NSE = 1, tuong {mg 13 két qua mo hinh va quan sat 1a hoan hao.

- NSE = 0, twong tng 1a két qua mé hinh va do dac cho thdy khong co
tuong hd. Trudng hop nay cling gan nhu khong co.

- 0<NSE<I, tuong tmg 1a két qua mo hinh va quan sat 1a c6 quan hé.
Nhung truong hop nay thuong duge phan ra cac trudong hop nho nhu la:

+0,0<NSE<0,2 13 twrong quan rat thap (rat kém);

+ 0,2<NSE<0,4 1a twong quan thap (kém);

+ 0,4<NSE<0,6 1a trung binh;

+ 0,6<NSE<0,8 1a cao (tdt).

+0,8<NSE<1,0 1a rat cao (rat tbt).

Chu ¥, dé gia tri NSE c¢6 muc d6 dam bao thi can o s6 liéu du dai hodc
cang dai cang t6t ma duoc dam bao tinh chat dic trung cta yéu t6 can danh gia.
2.1.3.4 Chi s6 dp léch chuin PBIAS

Chi s6 PBIAS 1a chi sé théng ké duoc danh gia twong quan giita yéu to
quan sat (Xne) va yéu to md phong (Xgim). Cong thirc xac dinh tinh toan duoc

viét dudi dang [80]:

n

Z(Xnet - Xsim )>l< 1 00
PBIAS =| = (2.31)

n
2 X
i=1
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Véi, PBIAS 14 chi s6 d6 1éch trung binh; 7 1a s6 thi tu thir i ctia chudi tir 1
dén n; n 1a tong sb gia trj cua bién x va y.

PBIAS do luong xu hudng trung binh cua cac dong chdy mo phong 1a 16n
hon hodc nhé hon so vé1 cac dong chdy quan sat duogc; gia tri t6i wu 12 0,0; céc
gia tri duong biéu thi d6 1éch ctia mé hinh hudng dén viéc uée tinh thip hon
(thién thap), trong khi cac gia tri 4m biéu thi do 1éch hudng dén viéc udc tinh
cao hon (thién cao) [81].

2.2 Ngudn dir liéu
2.2.1 Nguon dir liéu dia hinh
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Hinh 2.6. Vi tri dia Iy khu vuc nghién cuu vung ven bo Hai Phong
(dir liéu trucc 01/7/2025)

Hinh 2.6 thé hién vi tri dia 1y viing bién Hai Phong, véi dic diém dia hinh
bo bién bi ngat quang va khong lién tuc do co cac ctra song do ra bién nhu cira
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CAm, ctra song Lach Tray, cira song Van Uc,v.v. gdy anh hudng nhat dinh khi
tinh toan, cling nhu do chinh xac ciia mo hinh trudong thuy dong luc.

Bén canh d6, ving cira song ven bién Hai Phong 13 vinh nuéc néng ven
bd ¢d céu tao dia hinh day rat phirc tap do hé thong bai ngam va ludng lach
luon bién dong. Song ¢ ngoai ving nudc sau truyén vao bo, do anh hudng cua
ma sat day, cac ddc trung cua séng (toe do lan truyén, do cao, chu ky, do dai)
cling nhu hudng van dong ludn thay dbi. Vi vay, ché d6 song khac biét han véi
ché do song ving nudc sau ca vé hudng thinh hanh va cap do cao [66].

Pé xay dung truong do sau va duong bd ctia khu vire nghién ciru, nghién
ctru sinh thyc hién s6 hoa cac hai d6 gidy ty 1& 1:25.000, 1:100.000 va 1:500.000
ctia Cuc do dac, Ban d6 va Thong tin dia 1y Viét Nam (B0 Nong nghiép va Moi
truong) ké thira tir du 4n nghién ctru [82]. Céc dit liéu dia hinh nay duoc quy
vé hé toa do VN2000.

Ngoai ra, sb liéu vé do sau cua vung ven bién thanh phé Héi Phong va lan
can thong thuong duoc 1y tir nhiéu nguén nhu: cac chuyén khao sat cua Tong
cong ty tu van thiét ké giao thong van tai (TEDI) ndm 2006; cac khao sat cia
Vién Pia 1y ndm 2007 va 2008, duogc ké thira tir du 4n nghién ctru [83]; nguén
dit liéu dia hinh toan cau ETOPO1 cua Trung tam Tu liéu Pia vat li Qubc gia
Hoa Ky NGDC (National Geophysical Data Center), day 1a sé liéu dia hinh c6
d6 phan dai 1 phut dugc xir 1y tir anh vé tinh két hop véi cac s6 liéu do sau.

Sau khi thu thap cac nguén dir li€u ro1 rac voi hé quy chiéu khac nhau,
nghién ctru sinh tién hanh chuyén ddi vé ciing mot hé quy chiéu chung va dong
nhat dugc dit liéu dia hinh ving bién Hai Phong tai Hinh 2.7. Tiép do, sir dung
mo hinh MIKE dé xdy dung mién tinh, luéi tinh phuc vu cho cho bai toan lan

truyén dau tinh toan cho khu vuc ving bién Hai Phong & cac budc tiép theo.
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Hinh 2.7. Dir liéu dia hinh ddy bién ving bién Hai Phong

2.2.2 Nguon dir ligu khi twong

Dir liéu khi tuong duoc léy tur cac tram khi tuong 6 dinh thudc Bo Nong
nghiép va Mbi truong va ngudn sb liéu tai phan tich toan cau tir Internet ctia
quéc té, cu thé nhu sau:

- Tram khi tuong cd dinh nghién ctru sinh tién hanh léy dir liéu 1a tram
Hon Dau (Bang 2.1), véi dit liéu duogc thu thap trong giai doan tir thang 01/2020
dén thang 12/2023 (Hinh 2.8).

Bang 2.1. Théng tin vé tram khi twong — hdi van Hon Ddu (dit liéu truede 01/7/2025)

Vi tri

T Tén tram
Bia danh Kinh d6 (°E) Vido (°N)

Pao Hon Dau, quin D6 Son, TP.
Hai Phong

1 Hoén Dau 106° 48" 0.0™ 20°40° 0.07
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2.2.3 Nguon dir liéu thiiy vin
Dir 1iéu thuy van duogc léy tur cac tram Thuy van ¢d dinh thudc Bo Nong
nghiép va Méi trudng. Déi v6i khu vie nghién ctru, nghién ctru sinh tién hanh
thu thap sb liéu tir tram Ctra CAm va tram Do Nghi voi thong tin tram (Bang
2.2) va dir liéu thu thap tir tram nhu sau (Hinh 2.10 va Hinh 2.11).
Bang 2.2. Théng tin vé tram thiy vén (dit liéu truée 01/7/2025)

Khu vie, Vi tri
tinh va . . . Kinh 6 Vido
TT tén tram bia danh Liru vire song Song (°E) (°N)
i P Hung Vwong, quéin )
1 v Héng Bang. Tp. Hai ThaiBinh | Kinh Thiay | 106°50° | 20°46°
Cam \
Phong
Tam Hung, Thuy _
2 Do Nghi | Nguyén, Tp. Hai Thai Binh Bach Pang | 106°33° 20056
Phong
250
200
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Hinh 2.10. Bién trinh myc nwéc tram Thuy van Cua Cam giai dogn
01/2020 dén thang 12/2023
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- Tram do lién tuc tai mot sd vi tri thoi ky thang 01 nam 2020 (Bang 2.3

va Hinh 2.13) duoc ké thira tir cac dé tai, du an nghién ctru [84].

Bang 2.3. Thong tin vé mét sé tram lién tuc

] Toa d6 (VN2000)
S6 vi tri ID
Y (m) X (m)
01 diém tai ludng Nam Triéu S1 2293521,33 620027,75
. . S2 2299067,00 621746,59
02 diém doc theo luong Lach Huyén
S3 229649371 623642,87
. ; No.1 2292591,00 626477,00
02 diém doc theo luong Lach Huyén
No.2 2289522,00 628931,00
01 diém ngoai khoi phia luong Lach Tray No.3 2285121,00 632398,00

«%.” .Hon Dau

3 ~ &% Gauge Station .~

Hinh 2.13. So do vi tri cdc tram do lién tuc giai dogn thang 01/2020
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Hinh 2.19. Bién trinh myc nwéc tram No.3 giai doan thang 01/2020
2.2.5 Dt liéu vé sw cé tran dau

Theo Hiép hoi cac chii hang chd dau qudc té, trong sd 39 quéc gia duoc
théng ké, Viét Nam 1a mot trong 3 qudc gia (cung v6i Trung Qudc va Hoa Ky)
c¢6 s6 luong su ¢b tran dau nhiéu nhat véi sé luong tir 10 sy ¢b trd 1én, trong
giai doan tir nam 2005 dén nam 2014.

Ciing theo Hoi bdo v¢ thién nhién va Moi truong Viét Nam, tir nam 1992
dén 2019, c6 190 su ¢b tran dau xay ra tai Viét Nam. Trong d6 c6 37 vu ngoai
khoi chiém 19%, 88 vu ven bo chiém 47% va 65 vu trén dét lién chiém 34%.
Su ¢6 tran dau ven bo xay ra nhiéu nhat (47%) do rii ro & khu vuc nay cao hon,
mat d6 luu thong céc tau thuyén 16n, nguy co tau va ddm nhau, hay tau dam va

vao cau cang, bi mac can cao hon rat nhiéu so voi trén bién [85].
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Ngoai ra, theo thong ké ctia Tong cuc Bién va Hai dao Viét Nam (nay 1a
Cuc Bién va Hai dao Viét Nam), tr ndm 2018 dén 2023, trung binh mdi nim
c6 khoang 3 - 5 su ¢d tran dau bao gém ca xac dinh dugc va khong xac dinh
dugc nguyén nhan [86]. Trong giai doan nay, dd xay ra 12 vu tran dau trén bién,
trong do6 c6 3 vu xay ra tai Hai Phong véi chi tiét duoc trinh bay tai Phu luc I.

Bén canh d6, théng qua cac thong ké va cac phuong tién khac dua tin da
ghi nhan théy c6 mot s tai nan xay ra tai khu vuc duyén hai va vung bién Viét
Nam thoi gian gan ddy tiém an cac nguy co xay ra sy ¢ tran dau nhu: vy tau
Ha An 01 gip tai nan bj chim trén ving bién Thai Binh vao thang 9/2022 v&i
hon 1.000 tin dau DO trén tau; vu tau Hoang Gia 46 ngang qua ving bién Sa
Huynh thi va vao d4 ngdm lam tau bi thung day troi dat vao bo bién, khi xay ra
tai nan trén tau c6 khoang 8.000 lit dau;v.v.. Mit khac, con nhiéu truong hop
phat hién thiy cac dau vét ctia dau tran trdi dat vao bo bién ma khong xac dinh
duogc thoi gian va ngudn gy 6 nhiém. Tai Hai Phong, thoi gian gan day ciing
da xay ra mot s6 mot s6 sy ¢d tran dau 1am anh huong 1on dén kinh té, xa hoi
va moi truong, nhu: vy tiu My Pinh chta khoang 200 tin dau DO, FO ngay
20/12/2004 (cach dao Long Chau 5,5 hai Iy vé phia Tay Bac) bi dam vao da
ngém, chi xtr ly duogc khoang 65 tan, sb dau con lai tran ra bién; hay vu tran
dau khoang 300 tan tai lach song cira cong May Dién, quan Ngd Quyén ngay
20/11/2014 do bi v& duong din dau cua Cong ty hoa chit Sofl-SCC [87]. Va
gan day nhat 13 vu tran dau chua r& nguyén nhan tai khu vuc bén pha Got va
Cang qudc té Lach Huyén HICT xdy ra ngdy 26/02/2023, véi vét dau duoc xac
dinh ¢6 chiéu rong tu 1 dén 3 mét, chiéu dai khoang 300 mét doc theo bo bién
[88].

Cin clr vao hoat dong thuc té & khu vuc ngoai khoi, phu can va sé liéu

thong ké thuc té tir nhiéu nam qua cia don vi chtic nang cho thiy nguy co tiém
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an gy su cd tran dau trén dia ban thanh phd xuat phat tir 6 nhom nguyén nhan
chinh, gém: hoat dong hang hai, duong thuy noi dia; tang tri¥, van chuyén va
phan phéi xing dau ven bién; khu neo du tranh tra bio cho tau cé; hoat dong
tham do khai thac dau khi; cac hoat dong xdy dung cang bién, khai thac khoang
san bién, san lap mit bang 1an bién va dau trdi vao tir cac ngudn khac khong rd
nguyén nhan (khu virc bién 14n can va ngoai hai phan Viét Nam);

Véi hoat dong van tai séi dong, cac tuyén duong bién ndi cac cang cia
Hai Phong di céc tinh trong nude, qudc té chuyén chd hanh khach, hai san,
thuong pham, nhién liéu va cac tuyén vén tai duong song trong luu vuc cac
song: Bach Pang, Lach Tray, Van Uc, Cam,v.v. ludn tiém 4n nguy co su cb
tran dau do ddm va, méc can;

Ngoai ra, v4i vai tro 13 1 trong 5 trung tim nghé ca 16n cta ca nude, voi
Iwu lugng hoat dong ciia tau thuyén khai thac thuy san, neo dau tai cac bén ca
16n nhu thoi gian qua va sy phat trién manh cia nganh du lich bién ciing duoc
danh gia 12 mot trong nhiing nguy co giy ra sy c¢d tran dau, giy 6 nhiém moi
truong bién;

Pic biét, 1a mot trong nhitng trung tdm du trit, trung chuyén dau 16n nhat
clia ca nude, cung cap cac san pham dau cho khu vuc Mién Bic, Hai Phong c6
cac khu vuc kho ton chta khdi luong xing dau 16n va thudng xuyén cd cac
tuyén tau van chuyén xing dau ra, vao kho cang. Do dé, nguy co xay ra chay
nd, sy ¢b tran dau do v& duong dng van chuyén hodc va cham gitta cac tau chd
dau trong qua trinh van chuyén trén ving bién cua Hai Phong 1a rat 16n.

Nguon dau tran thudng 1a ddu DO, FO cé thé gay tac dong nghiém trong
dén cac hé sinh thai ven bo va tai san cua cong ddng, cung véi d6 1a nguy co
chay nd cao, do d6 dit ra nhu cau burc thiét can phai ¢ ké hoach phong ngira,

kip thoi tmg ctru khi sy ¢6 tran dau xay ra.
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2.3 Két lun chwong 2

Nghién ciru sinh da sir dung va cai tién co s& 1y thuyét ciia chuong trinh
mo phong va du doan chuyén dong ctia vét dau loang trén bién, sir dung phuong
phap tiép can Lagrange. M6 hinh do nghién ctru sinh tu xdy dung moé phong
ddng thoi qua trinh binh lvu va khuéch tan ngdu nhién, tai hién quy dao cta cac
hat dau trong moi trudng bién dong mot cach tin cay.

Ngoai ra, m6 hinh tran dau do nghién ctru sinh ty xay dung c6 kha ning
nang cao d6 chinh xéc, thong qua diéu chinh cac diéu kién dau vao cia mo hinh
thuy dong luc MIKE, day 1a mo6 hinh da thé hién tinh hiéu qua khi thyc hién
mo phong tai khu vuc cira song ven bién. P9 chinh xac cia mo hinh tran dau
phu thudc chu yéu vao két qua dau vao 1a cac tham sé tinh toan thay luc. Do
d6 nghién ctru sinh di 4p dung céac chi tiéu danh gia sai sé dé dat duoc tiéu chi
nay.

Dt liéu phuc vu nghién ctru thi diém tai khu vuc Hai Phong duoc nghién
ctru sinh thu thap cong phu, bao gdm bién song, nhiét d9, do man, ty trong nudc
bién, d6 cao muc nudc va giod tai cac tram quan trac,v.v.. Day déu 1a nhimg yéu
t6 mang tinh dic thu dia phwong ma cac mé hinh thuong mai kho c6 diéu kién
tiép can day du va chinh xac.

Nhiing ndi dung nay 1a tién dé quan trong cho qua trinh xay dung mo hinh,

hiéu chinh, kiém dinh va phan tich két qua mo phong & cac chuong tiép theo.
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CHUONG 3
MO PHONG SU CO TRAN DAU TREN BIEN BANG MO HINH
MIKE 21/3 COUPLED FM
3.1 Dir liéu dia hinh

Dit liéu dia hinh khu vuc bién Hai Phong va 1an can bao gom:

- Céc ban dd dia hinh UTM hé toa do dia Iy VN2000 ty 1€ 1:25.000,
1:100.000 va 1:500.000 do Cuc do dac, Ban dd va Thong tin dia 1y Viét Nam
(Bo Nong nghiép va Moi truong) ké thira tir du 4n nghién ciru [82].

- Co s dir liéu GEBCO cua Trung tim tu liéu Hai dwong hoc Vuong québc
Anh (British Oceanigraphic Data Centre) [89].

- Co s¢ dit liéu dia hinh toan cau ETOPOI1 cua Trung tdm Tu liéu Dia vat
li Qudc gia Hoa Ky NGDC (National Geophysical Data Center).

Sau d0, tién hanh chuyén cac dit liéu dia hinh vé cting hé théng kinh tuyén,
vi tuyén theo hé toa d0 UTM 48; dir 1iéu do cao 1§y theo mdc cao d6 quéc gia.
Céc dir liéu nay dugce st dung lam dau vao cho viéc tao ludi tinh va truong do
sau trén mo hinh MIKE 21/3 Coupled FM phuc vu cho tinh toan & phan tiép
theo.

3.2 Xay dwng mién tinh toin va cac diéu kién ban diu cho mé hinh thiiy
dong lue
3.2.1 Mién tinh, ludi tinh va dia hinh

Dt liéu khi tugng, thily van va hai van dugc thuc hién trong luan an nay
g6m c6 tram Khi twong — Hai van Hon Déu, tram Thity van Do Nghi, tram thity
van Ctra Cam cd dinh thuéc Bé Nong nghiép va Moéi trudng va ngudn sd lidu
tai phan tich toan cau tir Internet cia qudc té.

Tao ludi tinh toan 1a mot bude rat quan trong trong mé hinh tinh toan va
du bao thuy triéu. Mién tinh toan dit ra trong mé hinh 1 khu vuc ving bién

Hai Phong duoc gioi han boi kinh d6 13 106°37.2' E va 107°06.6' E, vi d6 gici
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han 12 20°34.1' N va 20°56.4' N trong hé thong trac dac UTM-48. Lu6i tinh todn
13 lu6i tam giac phi cdu trac, trong d6 khu vuc ctra Cam, ctra Do Nghi, cac khu
vuc cang Hai Phong 1 khu vuc ¢6 nguy co cao xay ra su ¢ tran dau s& dugc
tao ludi chi tiét hon véi dién tich t6i da cua mdi 6 13 1.5 km? cho toan mién.
Ving nghién ctru bao gdbm 14.522 niit va 24.851 phan tt, trong d6 goc nho nhat
cho phép 1a 32° nhu Hinh 3.1.
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Hinh 3.1. Mién tinh va lui tinh
Pé tao ludi cho mé hinh thity dong luc (Hydrodynamic), thi luéi can phai
dugc 1am min nhiéu 1an sau khi tao va trudc khi ndi suy phép do d6 sau. Qua
trinh 1am min (mesh smoothing) s& thay d6i vi tri ctia cac diém nit cia ludi da
tao, dé cac phan tir khong bj méo (skewed), khong qua nhon hodc qua det [90].

Trong vi du dugc hién thi trong Hinh 3.2, viéc 1am min 20 lan s& tao ra goc tbi
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thiéu nho hon, nhung vé téng thé thi gia tri goc cia cac phan tir s& 16n hon.

Viéc 1am min chi dién ra néu luéi méi tong thé tot hon ludi ban dau.
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Hinh 3.3. Thiét lgp cdc diéu kién ban ddau cho khu viec mé phong
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3.2.2 Diéu kign tinh todn mé phong va diéu ki¢n ban diu
3.2.2.1 Piéu kién tinh todin mé phéng

Chuong trinh lya chon md hinh tich hgp MIKE 21/3 Coupled FM véi 2
mo-dun 12 moé-dun thity lyc Hydrodynamic va mé-dun tinh toan tran dau ECO

Lab/ Oilspill nhu hinh dudéi.

E MIEE Zero - [Test_05 - 02.2023b.mfm - Modified] — O 4
® File Edit View FRun Window Help - 8 X
DEd =882 R
~ MIKE 21/3 Coupled Modsl F ~l
o Do [Module Selection g
i o Time -
Tl Module Selection Module Selection el
- o {Hydrodynamic Moduie’ _ o
i ol &
5 of ECO Lab / Oispil Module Hydrodynamic =
m L
[ ]Transport =1
=
ECO Lab / Qilspil @
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(P
[ ]Particle Tracking
[ ]sand Transport
[]spectral Waves
- v
Nawigation " >
|
A< T+ v validation / Smulaton 7 ;
Ready Mo Tracking
T

T= T =Tl T T

Hinh 3.4. Lwa chon cdc mé-dun dé tinh todn
Chuong trinh tinh toan véi 2 bién nudc 1a Cua Cam va Do Nghi, bién bo,

bién bién va vinh Ha Long.
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Hinh 3.6. Lwa chon cdac diéu kién tinh todan cho mé-dun tran dau
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Chuong trinh thuc hién trich xuét dix liéu thuy dong luc tai 6 tram lién tuc:
S1, S2, S3, N1, N2, N3 va tai tram Hon DAau véi cac toal do theo vi tri X,Y
trong h¢ toa do VN2000.

Bdng 3.1. Théng tin vé vi tri trich xudt dit liéu thity dong luc

T Vi tri theo VN2000 Ky hi¢u
X(m) Y(m) Tén tram
1 688800,00 2286700,00 Hon Dau
2 698027,75 2293521,33 S1
3 699746,59 2299067,00 S2
4 701642,87 2296493,71 S3
5 704477,00 2292591,00 N1
6 706931,00 2289522,00 N2
7 710398,00 2285121,00 N3
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Hinh 3.7. So do vé vi tri trich xudt dir liéu thuy dong luc
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3.2.2.2 Piéu ki¢n ban diu

Chuong trinh tinh dua trén co so mién tinh, lu6i tinh va dic diém dia
hinh dé Iya chon budc thoi gian tinh toan ban dau phu hop. Trong mé hinh,
nghién ctru sinh lya chon budc thoi gian 1a 30 gidy vai 46.080 budce, dam bao
tinh chi tiét va thoi gian thuc cua cac budc tinh toan trong vong 15 ngdy nhu
Bang 3.2. Péi vai didu kién lua chon do hoi tu CFL ciing hoan toan phu hop
v6i diéu kién tinh toan. S6 Courant cho chung ta biét thong tin di chuyén nhanh
nhu thé nao qua 0 ludi. Do do, viéc lua chon s6 Courant rét quan trong vi no
dan truc tiép dén kich thudc cta budc thoi gian. Kich thudc bude thoi gian co
hai ¥ nghia chinh: y nghia dau tién 14 tinh 6n dinh ctia so d6 rdi rac thoi gian, ¥
nghia tht hai lién quan dén y nghia vat 1y cta budc thdi gian. Néu diéu kién
CFL > 1 tirc 14 thong tin lan truyén trong mot bude thoi gian duy nhat, ¢ thé
nhdy qua mdt vai 6 do do, bi mét thong tin va co thé tao ra céac 13i, dan dén mat
6n dinh cia mé hinh. Nhu vay, dé phu hop thi can lua chon diéu kién héi tu
CFL < 1, dwa trén kinh nghiém va cac kién thirc trong mo phong thay luc bang
mo hinh MIKE, nghién ctru sinh Iya chon diéu kién CFL = 0,85 nhu trong Bang
3.3.

Bang 3.2. Thong tin lya chon tinh toan moé phong

TT Nbi dung / Yéu té Tham s
1 Thong tin thoi gian mé phong
L1 | S6 budc thoi gian 46.080
.2 | Budc thoi gian 30 giay
1.3 | Thoi gian bat dau Trong vong 15 ngay (01/2022,

07/2022, 02/2023)

L4 | Thoi gian két thuc

Il | Cac mé hinh dwoc lwa chon moé phong
II.1 | M& hinh thuy dong luc

IL.3 | M6 hinh truyén tai dau tran
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At, At,
Y
olele CFL<1
At, At,
G B T m— CFL>1
[ ) [ ) o

Hinh 3.8. Nguyén ly xdc dinh diéu kién héi tu
Bang 3.3. Thong tin lva chon cua mo hinh thuy dong lyc

TT

Noi dung

Yéu to

Tham so

Giai phap cong
nghé

Phuong trinh nudc
nong

- Theo thoi gian la tinh toan bac cao;

- Theo khong gian la tinh toan bac cao;
- Budc thoi gian nho nhat 12 0,01s;

- Budc thoi gian 16n nhét 1a 30,0s;

- biéu kién hoi tu (CFL) 14 0,85.

Phuong trinh
truyén tai khuéch
tan

- Budc thoi gian nho nhét 14 0,01s;
- Budc thoi gian 16n nhét 1a 30,0s;
- biéu kién hoi tu (CFL) 12 0,85.

Piéu kién ti€u chuan kho va uét

- D0 sdu kho 1a 0,005m,;
- B sau ngép 1a 0,010m;
- b6 sau uot 1a 0,025m.

Nhét rdi

Nhét réi ngang

Theo cong thirc Smagorisky véi gia tri hang sd
1a 0,28

Tham so roi

- Tham s6 nho nhét 1a 1,0e-3 m?/s;
- Tham s6 16n nhét 1a 1,0e+10 m%/s

Ma sat day

Theo sé Manning véi gia tri hang sb 1a 31,5
1,nl/3/s

Luc Coriolis

- Bién d6i theo khong gian clia mién tinh

Luc gi6 bé mat

- Bién dbi theo thoi gian va dong nhit theo
khéng gian ctia mién tinh;

- Hé s6 ma sat nho nhit 0,001 vi gid nhé hon
2,5m/s;

- Hé s6 ma sat 16n nhat nhat 0,0032 véi gid
bang hodc 16n hon 25m/s.

biéu kién ban dau

- Muc nudc 1a 0,0 m;
- Dong chay (u, v) 1a 0,0 m/s.

Piéu kién bién

- Bién muc nudc &
cac bién ho;

- Vi bién song 1a tram thity van Cira CAm va
tram thiy van Do Nghi;
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Tham so
- V6i bién bién 1a dy bao myc nudc theo hang
s0 dieu hoa cua phan mém MIKE san c6.

Yéu td
- Bién d6i ban dau
1a 3.600s;
- C6 sy tham gia
cia luc Coriolis;
gio.

TT Noi dung

- Theo s6 liéu truong timg gid 1a muc nudc,
dong chay;

- Theo s6 liéu diém tram cu thé ting gid 12 muc
nudc, dong chay.

10 Pau ra

3.2.3 Diéu ki¢n bién

Dt licu khi tugng dugce thuc hién trong luan an nay gém co:

- S liéu khi twong 1a tir ngudn sb liéu tai phan tich toan cau ERAS cia
Chéau Au (ECMWE). Do s liéu ndy c6 budc thoi gian chi tiét timg gio va vi tri
sat bién ngoai, nén nghién ctru sinh lya chon dé dua vao mo hinh tinh toan.

- S6 liéu bién song 1a sir dung muc nude tai tram Cira CAm va tram Do
Nghi; s6 liéu bién bién va vinh Ha Long sir dung s liéu du tinh thuy triéu tir

mé hinh MIKE, cu thé nhu trong Hinh 3.9.

a
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d) Bién Bién 2
Hinh 3.9. Dy doan thuy triéu ciia MIKE 21 Flow Model FM tai cdc bién
3.2.4 Diéu ki¢n dau vao cho diu tran
Nhu vay co thé lua chon duoc thong tin vé tran dau phuc vu cho tinh toan
nhu sau:

Bdng 3.4. Théng tin lira chon ciia mé hinh truyén tdi dau tran

TT Néi dung Tham s

1 Céc 16p dau vao Pi duoc chuan hoa theo mé hinh (DHI Oil Weathering Model
2013)

2 Cac nguén tran dau Nguén 1: Khu vuc ctira Lach Huyén gﬁn bén Got;

Nguon 2: Khu vue cira Bach Pang.

3 Kiéu ngudn Nguon tran dau 1 14n ¢ budc tinh dau tién
4 Phan tan va khuéch Hé sb khuéch tan ngang 1a 0,025m?s;
tan Hé s6 phan tan thing ding 13 1,0e-5 m?/s.
Bién d6i troi Str dung nguén dir liéu tr m6 hinh thuy dong luc

Tuong tac nham ddy | Str dung ngudn dir lidu tir mé hinh thay dong luc

Dau ra Theo s6 liéu truong va diém timg gio
Dic tinh dau T(R)ng‘ trong luong dau 1a 7.700 kg (dugc chia thanh 250
hat dau, trong d6 bao gom dau nhe (bay hoi), dau nang va
cac thanh phan khac
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A

ay Cao Ccua

lwe MIKE

r

ong
tin ¢

A
——Hobs 01

~

0

/4

hinh tinh toan m6 phong, qua dé cho thay d
—Hsim

hinh thity d

an mo

r

’

(Hobs_01) s& dugc hi€u chinh theo s6 li€u tinh todn m6 phéng (Hsim), két qua

r

3.3 Phan tich va danh gia két qua tinh to

~

ua mo

9

dinh ¢

S6 liéu quan trac theo hai d6 sau khi dugc hi¢u chinh theo moc Quoc gia

/4

cho thay su twrong dong kha cao vé pha va bién d¢ (Hinh 3.10 va 3.11), thé hién

9
A

3.3.1 Hiéu chinh mo hinh
su On

21 Hydrodynamics

mo hinh.

00:0 0TOT/91/1
00-¢T 0T0T/ST/T
00-0 0T0T/ST/T
00-CT 0T0T/PI/T
00-0 020U/ F1/T
00-CT 0TOT/ET/T
00-0 020¢/e1/T
00-¢T 0C0T/CI/T
00-0 020T/CI/T
00-¢T 02O/ TT/T
00-0 02O/ T1/T
00-CT 0T0T/0T/1
00-0 020¢/01/T
00-C1 0T0T/6/1
00:0 0T0T/6/1
00-CT 0C0T/8/T
00:0 020¢/8/1
00:CT 0TOT/L/T
00:0 020T/L/T
00-¢T 020OT/9/1
00:0 0T0T/9/1
00:CT 0TOT/S/T
00:0 0T0T/S/1
00-CT 0TOT/P/1
00:0 0T0T/#/1
00:CT 0TOT/E/T
00:0 020T/€/1
00-CT 0T0OT/T/1
00:0 020T/T/1
00:CT 0TOT/T/1
00:0 0T0T/1/1

——Hobs 01

—Hsim

Hinh 3.10. Hiéu chinh muc nudce tai tram Hon Dau tir 01/01/2020 dén 16/01/2020

o 2o o
S 2 v
- & S <

(ur) oonu SN

-2,00

00-0 020T/91/T
00-CT 0COT/ST/T
00-0 020T/ST/T
00-CT 0TOT/FI/T
00-0 020T/¥1/1
00-CT 0TOT/ET/T
00-0 020T/eT/T
00-CT 0TOT/TI/T
00-0 020T/CT/T
00-CT 0TOT/TI/T
00-0 020¢/TT/T
00-CT 0TOT/OT/1
00-0 020¢/01/1
00:Z1 0T0T/6/1
00-0 020Z/6/T
00:Z1 0T0T/8/1
00-0 020¢/8/T
00:21 0T0T/L/T
00-:0 0C0C/L/T
00-21 020T/9/1
00-0 020¢/9/1
00-21 0T0T/S/1
00:0 020T/S/T
00-21 0TOT/P/1
00:0 020C/HF/T
00-2T 0TOT/E/T
00:0 020C/E/T
00-2T 0T0T/T/1
00:0 020¢/T/1
00-21 0TOT/T/1
00:0 020¢/1/1

4

Hinh 3.11. Hiéu chinh muc nuwoc tai tram lién tuc SI1 tur 01/01/2020 den 16/01/2020

80



Hinh 3.11 biéu thi so sanh twong quan gitta muc nudec md phong (Hsim)

va myc nudc quan tric theo tram Qudc Gia (Hobs_01) c6 su tuong ddng cao

vé pha va bién d6. Chi sd hé sb twong quan déu 16n hon 0,95 cho thay két qua

d6 chinh x4c cao. Bang 3.5 thé hién két qua trung binh tinh toan mé phong va

thuc do tai tram Hon DAu va 6 tram quan trac lién tuc, déng tho1 tai cac tram

quan trac déu cho thay céc chi tiéu danh gia sai s6 déu dat yéu cau nhu hé so

tuong quan 16n hon 0,95 . Chi s6 NASH ¢6 d6 chinh xac & mirc rat cao (< 1).

Chi s6 PBIAS ciing thé hién d6 chinh xé4c cao, hé s6 RMSE nho hon 0,5.

2,5

2,0

1,5
E 10
i' 0,5
0,0
0,5
-1,0
15

Hob

y=1,1327723x - 0,2630409
R>=0,9697823
o o7on e n = wn o
-—I' o [a] —
Hsim (m)
Hobs_01 Linear (Hobs_01)

a) Tram Hon Ddu

vd
[

25
2,0
1,5
1,0
0,5
0,0
-0,5
1,0
1,5

(m)

Hobs 01

y = 0,9728669x + 0,0275622

R =

0,9946135

-1,5

Hobs 01

mn
(=

S v
<

—

'\
—

Hsim (m)

[

'\
ol

Linear (Hobs 01)

b) Tram lién tuc S1

Hinh 3.12. Twong quan muc nuoc gitta thyc do (Hobs 01) va mé phong (Hsim) tu
01/01/2020 dén 16/01/2020 (a) tram Hon Ddu; (b) tram lién tuc SI

Bang 3.5. Panh gia do chinh xac giita myc nwedc thuc do va moé phong tai tram Hon
Dau va tram lién tuc tir 01/01/2020 den 16/01/2020

Trung | Trung Chi s6 danh gia
M binh binh
TT Tén tram ng’ao thuc | tinh PBIAS
0 do toin R RMSE | NASH (%)
(m) (m)
. Hai d6 | 2,020 0,985 1,628 | -2,718 | 79,390
1 Tram Hon Dau . 0,437
Quoc gia | 0,160 0,985 0,383 0,795 |-160,786
2 Tram lién tuc S1 Hai d6 1,890 | 0,003 | 0,997 1,889 | -3,547 | 99,851
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Quéc gia | 0,030 0,997 0,075 0,993 | 90,698
) Hai do 1,890 0,997 1,892 | -3,561 | 99,995

Tram lién tuc S2 . 0,000
Quoc gia | 0,030 0,997 0,080 0,992 | 99,692
) Hai dd 1,890 0,997 1,891 | -3,559 | 99,975

Tram lién tuc S3 PE— 0,000
Quoc gia | 0,030 0,997 0,077 0,993 | 98,418
) Hai do 1,890 0,997 1,891 | -3,556 | 99,944

Tram lién tuc Nol . 0,001
Quoc gia | 0,030 0,997 0,078 0,992 | 96,530
. Hai dd 1,890 0,997 1,892 | -3,563 |100,017

Tram lién tuc No2 PE— 0,000
Quoc gia | 0,030 0,997 0,080 0,992 (101,035
) Hai do 1,890 0,997 1,894 | -3,571 |100,096

Tram lién tuc No3 PE— -0,002
Quoc gia | 0,030 0,997 0,082 0,991 |[106,006

Hinh 3.13 va 3.14 thé hién két qua mo phong thuy dong luc tai pha nudc

1én va nudc xudng. Dua trén két qua phan tich co thé thdy nhiing khu vuc c6

van tbc dong chay 16n 1a phia ngoai ctra Nam Tri¢u, Lach Tray, khu vuc kénh

Cai Trap va ctra Lach Huyén. Truong dong chay vao thoi diém triéu cudng co

gia tri van toc kha nho. Huéng dong chay bién dong theo pha dao dong cua

muc nudc voi hat hudng chu dao: trong ky triéu cuong do su xam nhép cua cac

khéi nudc bién vao phia trong nén dong chay c6 huéng chu dao 14 tir phia ngoai

bién vao trong sdng; nguoc lai trong ky triéu kiét, hudng dong chay chi yéu tir

phia trong song ra ngoai bién. Van téc dong chay ciing c¢6 xu hudng ting dan

tur phia ngoai vao trong song trong ky tri€u cuong va giam dan tur song ra phia

ngoai bién trong ky triéu kiét.
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1/5/2020 8:00:00 Time Step 912 of 4968

Hinh 3.13. Truong déng luc thoi ky triéu kiét lic 15 gio ngay 05/01/2020
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/1412020 18:00:00 Time Step 2268 of 4968.

Hinh 3.14. Truong dong luc thoi ky triéu cuong lic 01 gio ngay 15/01/2020
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3.3.2 Kiém nghiém mé hinh

Nhu céc két qua hiéu chinh danh gia gitra s6 liéu thuc do quan tric va sb
liéu tinh todn mo6 phong 1a kha tdt theo cac hé s6 R, RMSE, chi s6 NSE va
PBIAS. Do d6, nghién ctru sinh tién hanh kiém nghiém mé hinh véi bo thong
s6 da duoc hiéu chinh & phﬁn trén va cling thé hién do 6n dinh cia mo hinh mo
phdéng gilra cac s6 liéu muc nude, tuong quan myc nudc gitra thuc do
(Hobs 01) va md phong (Hsim), va thé hién théng qua trich xuat tir mé hinh
thuy dong luc. Qua dé cho thay két qua tinh toan 1a tin cy.

2,50
2,00
150 | o
1,00 |{

—Hsim ——Hobs 01

0,50
0,00 [f
-0,50
-1,00

Muyec nude (m)

-1,50
-2,00

16/2020 0:00
6/2020 12:00
17/2020 0:00
7/2020 12:00
18/2020 0:00
8/2020 12:00
19/2020 0:00
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20/2020 0:00
1/20/2020 12:00
1/21/2020 0:00
1/21/2020 12:00
1/22/2020 0:00
1/22/2020 12:00
1/23/2020 0:00
1/23/2020 12:00
1/24/2020 0:00
1/24/2020 12:00
1/25/2020 0:00
1/25/2020 12:00
1/26/2020 0:00
1/26/2020 12:00
1/27/2020 0:00
1/27/2020 12:00
1/28/2020 0:00
1/28/2020 12:00
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(m)

Hobs 01

a) Tram Hon Ddu
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20 y =1,1309485x - 0,3539047
’ 2=0,9654350
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) i ) o vy — vy (o}
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Hsim (m)
Hobs 01 Linear (Hobs 01)

Hobs (m)

e T A
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0,5
-1,0
1,5

y =0,9780535x + 0,0105776
R*=0,9901552

i
—
1

- m 2 —= 0
oo o —
Hsim (m)

Hobs 01

b) Tram lién tuc S1
Hinh 3.17. Twong quan myc nudc giita thuc do (Hobs_01) va mo phong (Hsim) tir
16/01/2020 den 31/01/2020 (a) tram Hon Dau; (b) tram lién tuc S1
Bang 3.6. Danh gia do chinh xac gitta myc nudc thuc do va mo phong tai tram
Hon Dau va tram lién tuc twr 01/01/2020 den 16/01/2020

o Ny
[}

Linear (Hobs_01)

Trung | Trung Chi s6 d4nh gia
M4 binh binh
0c cao .
TT Tén tram R thyc | tinh PBIAS
do do | toan R | RMSE | NASH %)
(m) | (m)

. Haidd | 1,933 0,983 | 1,554 | -2,845 | 79,530

1 Tram Hon Dau PE— 0.404

Quoc gia | 0,073 0,983 | 0,392 | 0,756 439,170

. Haidd | 1,877 0,995 | 1,872 | -4,025 | 99,644

2 Tram lién tuc S1 PR 0,007
Quodc gia | 0,017 0,995 | 0,086 | 0,990 | 60,939
i Haidd | 1,877 0,994 | 1,878 | -4,056 | 99,938

3 Tram lién tuc S2 PE— 0,001
Quoc gia | 0,017 0,994 | 0,093 | 0,988 |93,213
) Haidd | 1,877 0,995 | 1,877 | -4,050 | 99,885

4 Tram lién tuc S3 P 0,002
Quoc gia | 0,017 0,995 | 0,088 | 0,989 |87,419
i Haidd | 1,877 0,995 | 1,874 | -4,032 |99,719

5 | Tram lién tuc Nol PR 0,005
Quoc gia | 0,017 0,995 | 0,085 | 0,990 | 69,223
) Haidd | 1,877 0,995 | 1,874 | -4,032 | 99,738

6 | Tram lién tuc No2 P 0,005
Quoc gia | 0,017 0,995 | 0,086 | 0,989 |71,024
i Haidd | 1,877 0,995 | 1,875 | -4,037 |99,774

7 | Tram lién tuc No3 P 0,004
Quoc gia | 0,017 0,995 | 0,088 | 0,989 |74,986
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3.3.3 Két qud tinh todn mé phong thiiy déng lic

Ttr két qua hiéu chinh mé hinh dén kiém nghiém mé hinh cho thdy d6 6n
dinh va chinh x4c ctia mo hinh kha t6t. Nghién ctru sinh tiép tuc tinh toan thity
dong luc dudi tdc dong cua gid, thuy triéu va c6 su tham gia dao dong muc
nudc séng tai cac vi tri tram Cira Cam va tram thity vin Do Nghi. Panh gia
tuong quan giita tinh todn mé phong vai so liéu do dac thyc té tai tram hai van
Hon Dau cung thoi ky duge thé hién qua cac dién bién dudng qua trinh muc
nudc va cac chi tiéu danh gia twong quan theo cac hé sé R, RMSE, chi s6 NSE
va PBIAS. Do d6, luan 4n tién hanh trinh bay két qua mé phong cua cic thang
dic trung cho ché do gié mua nhu thang 01/2022 gi6 mua Pong Bic, thang
07/2022 gié Tay Nam. Cac két qua nhu sau:
3.3.3.1 Két qua mé phong thoi ky gié miva Pong Bic (thing 01/2022)

Hinh 3.18 1a biéu do so sanh cac gia tri muc nudc mo phong (Hsim) va
gia tri muc nude quan trac theo tram Qudc gia (Hobs 01), két qua cho thay cac

gia tri ndy c6 do tuong dong cao vé pha va do 16n.
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Hinh 3.18. Kiém nghiém muc nuoc tqi tram H ut

19/01/2022
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Bang 3.7 cho thiy két qua mo phong danh gia d6 chinh xac tai tram Hon

Déu theo cac chi tiéu dénh gi sai sd, trung binh thuc do va trung binh tinh toan.

Nhin chung, céc chi sb cho thdy déu dat do chinh x4c cao nhu hé s6 twong quan

déu 16n hon 0,95. Chi s6 NASH ¢6 d6 chinh xac & mirc cao (nam trong khoang
0,6-0,8). Chi s6 PBIAS cling thé hién d6 chinh xac cao va con cho théy duoc
muc d6 thién cao (< 0). Hé sé RMSE nho hon 0,5.

Bang 3.7. Danh gia do chinh xac giita muc nudc thuc do va moé phong tai

tram Hon Déu tir 03/01/2022 dén 19/01/2022

Tram Hon Dau

T bdc trung Chura hidu chinh Hiéu chinh
1 Trung binh thyc do 1,975 0,115
2 Trung binh tinh toan 0,477
3 R 0,988 0,988
4 ... .. |RMSE 1,569 0,483
5 Chiso danh gid =, gy _1,708 0,744
6 PBIAS (%) 77 409 287,118

3.3.3.2 Két qud mé phéng thoi ky gié miua Tay Nam (thdng 07/2022)

Hinh 3.19 1a biéu do so sanh cac gia tri muc nudc mod phong (Hsim) va

gia tri muc nude quan trac theo tram Qudc gia (Hobs 01), két qua cho thay cac

gia tri ndy c6 do tuong dong cao vé pha va do 16n.
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Hinh 3.19. Kiém nghiém myc nuoc tqi tram Hon Dau tir 04/07/2022 dén
20/07/2022
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Bang 3.8 thé hién cac chi sb déu dat do chinh xac cao nhu hé sb tuong
quan déu 16n hon 0,95. Chi s6 NASH c6 do chinh xic & muc cao (ndm trong

khoang 0,6-0,8). Chi s6 PBIAS ciing thé hién d6 chinh x4c cao va con cho thay

duge muc do thién cao (< 0). Hé sé RMSE nho hon 0,5 13 kha nho.

Bang 3.8. Banh gia do chinh xac giita myc nwdc thuc do va mo phong tai
tram Hon Dau twr 04/07/2022 den 20/07/2022

TT Dic trung ; Tram Hon Déu.
i Chua hiéu chinh Hiéu chinh

1 Trung binh thuc do 2,071 0,211
2 Trung binh tinh todn 0,494

3 R 0,989 0,989
4 . X s .. | RMSE 1,654 0,435
5 | Chisodanheid Fo) o 22,057 0,788
6 PBIAS (%) 77,956 -116,495

3.3.3.3 Két quda mé phéng khi xdy ra sw c6 tran dau thuc té (thdng 02/2023)

Tuong tu nhu cac két qua phan tich & muc 3.3.3.1 va 3.3.3.2 cho thiy két
qua so sanh muc nudc tinh toan va quan tric c6 do twong dong cao vé pha va
bién d6, dong thoi thong qua céac chi tidu danh gia sai sd ciing cho thay két qua

mo phong dap tng kha tét cac tiéu chi nay.
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Hinh 3.20. Kiém nghiém myc nuoc tai tram Hon Dau tir 26/02/2023 dén
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Bang 3.9. Ddnh gia do chinh xdc gitta myc nudc thuc do va mo phong tai
tram Hon Dau tir 26/02/2023 dén 11/03/2023

Tram Hon Déu
TT Dic trung
Chua hiéu chinh Hiéu chinh
1 Trung binh thyc do 1,956 0,096
2 Trung binh tinh toan 0,153
3 R 0,975 0,975
4 , ) RMSE 1,695 0,169
Chi s6 danh gia
5 NASH -4,597 0,944
6 PBIAS (%) 92,185 -58,606

3.4 Phén tich két qua tinh toan tran diu bang mo-dun tinh toin tran dau
MIKE ECO lab/ Oilspill

Tir két qua tinh toan mo phong da duge trinh bay, nghién ctu sinh thuc
hién m6 phong su ¢b tran dau theo kich ban vao hai thoi ky gié mua dién hinh
néu trén va kich ban tran dau thuc té xdy ra vao thang 02 nim 2023 & khu vuc
nghién ctru. Cac két qua duoc thé hién nhu sau:

3.4.1 M6 phéng truwong hop tran diu thuc té (thdng 02/2023)

Nghién ctru sinh da str dung phan mém MIKE ECO lab/ Oilspill d&¢ mo
phong cho truong hop vét dau khong rd ngudn gdc xuat hién tai Bén Got, Lach
Huyén vao thang 02/2023 (Hinh 3.21 a). Sau d6 dudi tic dong cua tridu xudng,
vét dau c6 xu hudng chay ra phia ngoai khu vuc cau sb 3.4. Sang ngay 27/2,
vét dau c6 xu hudng chay theo huéng Bic Tay Bic tiép can khu vuc cang nha
may Vinfast (Hinh 3.21 b). Dén cac ngay tiép theo, vét dau chay theo hudng
chinh 12 Pong Nam va Tay Bac (Hinh 3.21 ¢ va d).
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Hinh 3.22 thé hién tong hop quy dao di chuyén cua cac thanh phan hat dau
tir 26/02/2023 dén 11/03/2023. Dudi tac dong cua ngoai canh, vét dau chi yéu

tap trung tai khu vuc luéng Nam Triéu va luéng Lach Huyén.
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Hinh 3.22. Truong tong hop qui dao di chuyén cia cdc thanh phan hat dau tran tie
26/02/2023 dén 11/03/2023

3.4.2 M6 phéng tran ddu thoi ky gié mita Pong Bic (thang 01/2022)
Tai thoi ky gi6 Pong Béc thang 01/2022, nghién ctru sinh thuc hién mo
phong cho hai kich ban xay ra su ¢d tran dau: tai bén Got va tai Cang Dinh V1.
Dai vai kich ban xdy ra sy ¢ tran dau tai bén Got, vét dau tir khu vyuc bén
cang Lach Huyén, troi dat chu yéu theo huéng Nam va Tay Nam anh huong t6i
khu vuc luéng Nam Triéu va troi xuéng khu vuc D6 Son, Hon Du. Dién bién

quy dao vét dau va hat dau tir 03/01/2022 dén 19/01/2022 nhu Hinh 3.23.
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Hinh 3.23. Vét dau tran va vi tri cia hat dau (hinh tron nho) tir 03/01/2022 dén
19/01/2022 (tqi bén Got lic 07 gic ngay 18/01/2022)
Hinh 3.24 thé hién tong hop quy dao di chuyén ctia cac thanh phan hat dau

tir 03/01/2022 dén 19/01/2022.

(m]

2316000

2314000

2312000

2310000

2308000

2306000

2304000

2302000

2300000 2 iy

Suspended, Total mass
inclding heavy. voliatie, wax

2288000 ‘and asphalten without water

2266000

2294000

2292000

2290000 4224

2288000

2286000 J——

2284000

2282000

2280000

2278000

2276000

Selow [
Undefined Value

670000 675000 680000 685000 700000 705000 710000 715000 720000
[m]

Hinh 3.24. Truong tong hop quy dao di chuyén ciia cac thanh phan hat dau tran tir
03/01/2022 den 19/01/2022 (tai bén Got)
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Péi véi kich ban xdy ra su ¢ tai cang Pinh Vi tu 03/01/2022 dén
19/01/2022. Vét dau di chuyén theo huéng cha dao 1a Nam va Tdy Nam tac

dong t6i cac khu vuc ven bién Hai Phong, D6 Son, nhu trong Hinh 3.25.

Im]

206 :
- s1n ||
2304
P
aragn 1
2300
N \
SRR
e 7L PP P AN
i TR T SR
LERNN RN R
2206 Fll 3 ’F{: ‘l:\\
R YRREIEE SRR
R IR A SRR
IEE R REI R RET
204 e PRAR PR SRR
T Vo e e f Azt
Phiidiinipesy
RS RN I
= CER T
IR IR B
2 Qi ddiadaeidessss
2N 22 vrrliiriaatiaaas
- B T
< P T IR s
o 0, % 2 q4aa : 3 e e
= R e f J R
A SR N 9y AR e ]
2440 il A RN PRV R 3! N et s
2286 =
i R L L) RV e (s
Vilipebvaaara|iieciidusly R A s
: ‘”LIU Prbiididiccadiiyy S A s
- - ; ATy N e S
1 Tairrileviiyy VY Ry
B LA /é’j",”? IR 5 f‘f R iy s o
PR FARE] TER] Yy 7 I e vy
i A
i R IATIZT
280
PR
slen U TRelyy gy gﬁjL s
. Y ST v g&ﬂt )
it = T v i A v IRV
& 0 680000 685000 590000 695000 700000

1122 00000 Time Step 2150 of 2304,

Hinh 3.25. Vét dau tran va vi tri ciia hat dau (hinh tron nhé) tir 03/01/2022 dén
19/01/2022 (tqi cang Dinh Vii lic 07 gio ngay 18/03/2022)
Truong tong hop quy dao di chuyén ctia cac thanh phan hat dau tran duoc

thé hién trong Hinh 3.26.

.

2317000 | 22

2308000
2206000

a7 5N
2304000

2300000

2208000 | o 4

22268000

2292000 | 2w aa'n

2220000

2288000

ar
2286000 ——

20 3N

zz82000

220000

g

2278000

INNEERERRECTT T TN

]

p ‘ p Py
| # ;
oo oo oo sasow wson oo vmes | 7o meoo 7200

[m]

i
ey

1132022 0.00.00 Time Step 0 af 2304

Hinh 3.26. Truong tong hop quy dao di chuyén cia cdc thanh phan hat dau tran tir
03/01/2022 den 19/01/2022 (tgi cang Dinh Vii)
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3.4.3 Mé phéng tran dau thoi ky gié miua Tay Nam (thdng 07/2022)

Déi voi thoi ky gié mua Tdy Nam, nghién ciru sinh ciing thuc hién mé
phong ddi vai hai kich ban su ¢d tran dau xay ra tai bén Got va cang Dinh Vil

Truong hop su ¢d tran dau xay ra tai bén Gét, vét dau tir khu vuc bén cang
Lach Huyén tr6i dat cha yéu theo huéng Béc va Tay Béc anh huong t6i khu
vuc luéng Lach Huyén, kénh Ha Nam, dao Céng (Cat Hai), ddo Qua Xoai sau
d6 kéo dai 1én phia nam dao Hoang T4n (Quang Yén, Quang Ninh). Dién bién
qui dao vét dau va hat dau tir 04/07/2022 dén 11/07/2022 nhu Hinh 3.27. Hinh
3.28 thé hién tong hop quy dao di chuyén cta cac thanh phan hat dau tir
04/07/2022 dén 11/07/2022 trong kich ban tran dau tai bén Got.

[m]

2
2312000 T

2310000 1

2308000 4=

2306000 -

2304000 14~

2302000 -

2300000 =+

2202000 +4-

2296000 -

! [ N s b oo
2294000  popad4: coooliolsoctoaod T

: ; G50 ap ol
LT EL o SRR B Rt o I S

N :
2200000 LN ]
= ERE :
Gllo 2000 :
=] KRR :
D B ] - - - R
: : ; : : ‘ ;
£80000 685000 690000 695000 700000 705000 710000

[m]
7M1/2022 0:00:00 Time Step 1008 of 2304.

Hinh 3.27. Vét dau tran va vi tri ciia hat dau (hinh tron nhé) tir 04/07/2022 dén
11/07/2022 (tai bén Gét lic 07 gio ngay 11/07/2022)
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[m]

2316000 {-20° 56'N ; ;| : ‘ —f—
i i

2314000
2312000 124N
2310000 :':%
20° 52'N M
208000 e
T v —
20° 50'N
2304000
2302000 i
20° 48'
2300000 2mis
Suspended, Totel mass
inciding heavy, voliatile, wax
2298000 -} 207 46N and asphaiten without water
[mu-gim*3]
2296000 J---ree b S e G Bl tbove Se+008

B 764008 - 5e+008

] - I 164007 - 564007
2264000 JRiRet I 564006 - 164007
I 1e+006 - 564006
1 [ 5e+005 - 164006
2292000 [ 164005 - 564005
- - 564004 - 184005
J20° 42 18+004 - 5e+004
2280000 [0 5000- 1e+004
B 1000- 5000
2288000 | 500- 1000
e [ 100- 500
20°40'N . : E 75- 100
2286000 fr— = 50- 75
________ 26- 50
R E 20- 25
2284000 Aol e 15- 20
a] RSN Paia = 7 — IR
2282000 J-— s - { % 22 . 5. 75
RN LA BT
YA Y = - — 2. 28
i i =2 :
2280000 ] S e ; IR
20° 36'N i . - — | 1- 15
o " i 7 ] B o5 1
2278000 s 5 4 i m @ g w - 83: g g
P % & A i & & & B o o1
2278000 {8l o BBl e Kl & Bl 5 [ Below 2
207 34 . : == : : : T ] ! 1 Undefined Value

670000 675000 680000 885000 §90000 695000 700000 705000 710000 715000 720000

[m]
7/4/2022 0:00:00 Time Step 0 of 2304.

Hinh 3.28. Truong tong hop quy dao di chuyén cia cdc thanh phan hat dau tran tie
04/07/2022 dén 11/07/2022 (tai bén Gét)

Trong kich ban su cd tai cang Pinh V1, ctra Bach Dﬁng tir 04/07/2022 dén
19/07/2022. Vét dau di chuyén theo hudng chii dao 1a Nam va Pong Nam anh
huodng dén cac khu vuc cum cang Deep C, Vinh Hai Phong va kéo dai ra phia
nam cta quan dao Cat Ba. Quy dao ctia vét dau va hat dau tran nhu Hinh 3.29,
truong tong hop quy dao di chuyén cia cac thanh phan hat dau tran duoc thé
hién trong Hinh 3.30.

96



[m]

2302000
2306000
2304000
2302000 A %
2mls
- Suspended, Total mass of
2300000 = Nt oil particle incl,
t e . ;a watercontent [mu-g/m"3]
) &i: 9 oy Bl 2oove  Ses008
2298000 o6 TR el seume
T IR S84 Se+007
§ 184007
. v S
2296000 e x'v§§-§ e Se+008
<~ PR PR - 184006
o RS R 2+005
.~ R YL LNy M -
- A N IR I i [ 5e+004 - 124005
2294000 -~ 1 [ 1e+004 - 5e+004
AR UNININ 5000 - 184004
o
WA uh 1 1000- sooo
SR N 3 || 1000
2292000 -2 o= R e R <00
Y D . 1 =
R [ 100
o REENENENE (| 75
2290000 15 Bt (| 50
S | 25
s (| 20
| 15
2283000 {-* 10
\E 75
I [ | 25
2286000 — 3
z 15
- 1
2284000 k- 3-f 2 2 i L T e e R e T e e e A e et e et g | 05
ﬁs 0.2
0.1
p=s . - P e . [ Below v
2282000 Pl b, ; [ undefined Value

t T T T
685000 690000 695000 700000 705000 710000 715000
[m]
711912022 0:00:00 Time Step 2160 of 2304,

Hinh 3.29. Vét dau tran va vi tri ciia hat dau (hinh tron nhé) tir 04/07/2022 dén
19/07/2022 (tai cang Pinh Vi liic 07 gio ngay 19/07/2022)

[m]
: [
2316000 |- 20° 56'N } 4
2314000
2312000 223N
2310000 ==y
20 52N Ry
2308000 1
2306000
20° 50'N
2304000
2302000
20°48'N
2300000 s
Suspended, Total mass of
2298000 J 55 i ol pericle incl. vaterconte
| 20°4 [mu-gim*3]
5e+008
2206000 e
~1e+008
-8e+007
2294000 et
- 5e+008
- 1e+008
2292000 Taernoe
-1e+005
20°42'N ~50+004
2290000 ‘ “Ser00s
5000
0 1000
228800 000
20°40'N | 100
2286000 75
50
25
2284000 2?
. 1
20" 38'N 1
2282000 75
5
25
2280000 4 2
[20°36'N | 15
2278000 w w W [ as
: : ¥ = 2
2276000 | ‘N§| 8 S ] [}
207 38 ; s T ; ; Undefined Value
670000 675000 680000 685000 620000 695000 700000 705000 710000 715000 720000
[m]

7/4/2022 0:00:00 Time Step 0 of 2304

Hinh 3.30. Truong tong hop quy dao di chuyén cia cdc thanh phan hat dau tran tie
04/07/2022 den 19/07/2022 (tai cang Dinh Vi)
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3.5 Két luan chwong 3

Mo hinh thiy dong luc x4y dung bang mo-dun MIKE Hydrodynamic da
dugc hiéu chinh va kiém nghiém k¥ ludng véi s6 liéu quan tric tai cac tram
nhu Hon Déu va 6 tram lién tuc, thong qua viéc diéu chinh diéu kién dau vao
thuy dong luc, nhu: d§ hoi tu, do nhdét, ma sat day,v.v.. Két qua cua mo hinh
thuy dong luc dugc kiém soat ¢ chinh xac théng qua cac chi tiéu danh gia sai
sb, dam bao do tin cay.

Pong thoi, nghién ciru sinh da sir dung mo-dun MIKE ECO lab/ Oilspill
dé mé phong lan truyén dau theo ba kich ban: thoi ky gié mua Pong Bic, thoi
ky gié mua Tay Nam va truong hop tran dau thuc té nam 2023. Két qua mo
phong duoc st dung dé danh gia do chinh xac cia mé hinh do nghién ctru sinh

tu xay dung & Chuong 4.
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CHUONG 4
MO PHONG SU CO TRAN DAU DUA TREN PHUONG PHAP PO
HQA 3D VA SO SANH PO CHINH XAC CUA MO HINH

4.1. Thiét ké chuin bi dit liéu thily dong lwe tir mdé hinh MIKE

Str dung dir liéu thuy dong luc da dugc hi€u chinh, kiém nghiém tr mo
hinh MIKE 21/3 Coupled FM d¢ lam co sé dit liéu nén, dam bao méi trudng
dung chung 13 dng nhit va chuan hoéa phuc vu cho cong tac so sanh va danh
gia mo phong tran dau gilta phan mém thuong mai (phan mém MIKE) va phan
mém tu xay dung ciia nghién ciru sinh. Cac budc chi tiét chuyén do6i di liéu thé
hién trong phan Phu luc.
4.1.1 Chuyén doi mién tinh va lwdi tinh

Str dung cong cu ciia phan mém MIKE dé phuc vu cong viéc nghién ctru
thuan loi. Cong cu chuyén doi nay s€ thuc hién dinh dang tép c6 dudi “.dfsu”

sang dinh dang tép c6 duoi “.dfs2”.

<3 New File x>

Product Types:

Documents:

#-3 MIKE Zero

W Time Series {.dfs0)

[ MIKE HYDRO W Profile Series (.dfs1)

=1 MIKE 11 W Data Manager (.dfsu,.mesh,.dfs2,.dfs3)
=1 MIKE 21 Grid Series (.dfs3,.dfs2)

= MIKE3 Flot Composer {.plc)

= mrpii‘lé?; Integrated Models Result Viewer (.rev)

g MIKE FLOOD Bathymetries {.batsf)

= MIKE SHE ® Climate Change (.mzcc)

® Ecolzb {.2colab)

@ 2uto Calibration (.auc)

@ Eva Editor {.eva)
Mesh Generator {.mdf)
Data Extraction FM (,dxfm)
MIKE Zero Toolbox (.mzt)

Grid Series

Cancel

Hinh 4.1. Chuyén tép tir “.dfsu” sang “.dfs2” trong mé-dun MIKE Zero
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Import from dfsu file - Step 4 of 5 >

ltem Information

Mame Type Unit
Surface elev | Surface Elevation met:
Total water d| Water Depth met:
U welocity u-welocity component m's

mi's
m's
m's

W welocity w-welocity component
Wind U veloc | Wind Velocity
Wiind VWV veloc| Wind Velocity

@onf e fra)=

Inzert Append Delete tem Filtering...

nan

Delete value:  -1e-030 Land value:

= Back Mext > Cancel Help

Hinh 4.2. Cdc truong gid tri sé xudt khi chuyén sang tép “.dfs2”’
Sau khi tién hanh thuc hién cac budc tuong tu nhu thé hién & hinh 4.1 va

4.2 thi két qua chuyén doi duoc trinh bay nhu hinh 4.3.

[m]

2318000 7

2318000

2314000
07 54 N

Bathymetry [m]
Above 7.0
60- 7.0

50- 6.0

2312000

2310000

2308000
0° 51"

2306000

2304000

2302000

{20748 N

2300000

2298000

2296000

2294000

2292000

2290000 =

2288000 7-f~

2286000

RRRRE B T 1T (T amae

2284000

2282000 R R R - SR = B s e Y O ol Bl i F e e

2280000

Ty
g
=

2278000

2276000

-40.0--38.0
Il Beiow 0.0
d i d 1 b - — — [ undefined vaue
670000 675000 680000 665000 630000 695000 700000 705000 740000 715000 720000

[m]

6" % E
06" 39" E
06" 42" E
06|

o
S

2274000

12/30/1899 0:00:00 Time Step 0 of 0

a) Luwoi phuc vu tinh toan trong MIKE
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2.319E+08

231E+08
2 305E+0B ]
T
I i
] ';_\ =S
L 1 T
= B
E 23E+0B T
—_ —
) m
T
1
2 295E+0B
2 29E+086
2 285E+0B
680000 685000 gaooon 685000 Tooooo 705000 710000
Bt nie P o Dk e wimil

b) Ludi phuc vu tinh toan
Hinh 4.3. Mién tinh, lwdi tinh va truong dia hinh khu viee nghién ciru
Dé thuan loi cho viéce kiém tra va ra soat dit liéu, ching ta c6 thé thuc

hién chuyén thanh tép ghi dang ma “ASCII” nhu hinh 4.4.

T VIRE £810 - (MUY_janeves aise — i ~

W File| Edit View Tools DataOveray Window Help - = =
C New > RUNRE: S |- Ee®p| n o Q@ Wind V velocity v
= Open >
Close ‘Wind V velocity o
Close Project g
Ctrles 23
m
i 2
s
Export to ASCIL...
Data Utility..
Print Setup.
Print Preview...
Print. Ctri+P
Recent Files >
El Recent Projects >
E Recent Log Files >
g Options >
= Exit Alt+Fd
2 14000
12000 2 R, -
Wing V velocty [mis]
Apove 02586
10000 [ 0.2s20- 02586
[ 0.2574- 0.2580
[ o2see-02574
8000 [ v.2ss2- 0.2s68
B 0.2s56 - 02562
[ 02550 - 0 2556
6000 [ 0.2544 - 02550
[ 02538 - 0 2544
[ 0253202538
4000 I 02526 - 0.2532
I 02520 - 02526
B 02514 - 02520
2000 B 02502 02514
I 02502 - 0 2508
N Beiov, 02502
N ] undsfined Value
0 5000 10000 15000 20000
(Grid spacing 50 meter)
/512022 12:00:00 PM, Time step: 360, Layer: 0
I jkProjection

Hinh 4.4. Chuyén dinh dang ma héa néi dung trong tép “.dfs2” ciia phan mém
MIKE sang tép “.txt” cua ma “ASCII”
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4.1.2 Chuyén doi dir ligu thiyy dong luc
Tuong tu nhu chuyén doi tép dia hinh, tép chura dir li¢u vé két qua tinh
toan ciing duoc tién hanh nhu cac budc trén. Cac két qua dugc thé hién trinh

bay nhu hinh dudi day.

Zuse

[T T

zoEo

T, I

zze0000

zanann

TR SR

2284000

ZzEa000

zzeoonn

2275000

2276001

iAo

70000 Gran Frteey e300 Lo [T Foucen Vom0 T13000 Tiscoo Fanann
I

EZ2 LLUDD 11 Etep U o 2304,

Imi]
376000 - E
ueee |

20c004 rd W A

a) Dang tép “.dfsu”

Burtace elevation

26000 3
aacee |

23cc0

rg 50 meter]

15000 |
e |

RECSES

10EC0

] 5300 1Ccon 18000 20001 23001 30023
[0l appariog S0 mali] [

b) Dang tép “.dfs2”

Hinh 4.5. Truong muc nuoc
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(e wpacing S0 meien

EELT)

a3rzoo0

ZALO00 T

228000

2284000

22RECO0 A

22E4000

azECO00

az7E000

1om) e et ]
I pes 22
[ R

F!

2
3
s
H
-1z
il
it
H

o
d

BT BTSN AR1000 BA5100 AL A85L00 FAAEL THELLA 7000 TISL0G T

URINFZ 0000T Tive Step ©of 2304

a) Dang tép “.dfsu”

Total water depth

Tuial walar dooh ]

Eckw 4
Lndefiznd Yakin

B
||
=
=
=

oo e 1w 2uLen
#3nd spasing 50 mesar)

VEIEL AZ ORI A, Tme sien O, Lager O

b) Dang tép “.dfs2”

Hinh 4.6. Truong do sau khu vuc nghién cuu
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2378000

237 coo0

2374000

2373000

2570000

TR

EELTY

ZICACCD

23032000

2300000

FALIURE

22mE000

2000 ]

2253000

2260000

Zdeeood

2FEEOOD Loweocky s
Blurve 040

az- 0

22 02é. 032
2051
Q08 01E

2287000 Sma. nos
205 0
0G0

2280000 D206
032024

Zavenod =0.40-.03%
048040
055048

20760 5o oz
07208

i =k

BTN BRI HUS000 HELDO0 BEELOO Ll VR Sl FaL ] seuen
Il

TRECEE AXE Time Somp O af 2304,

a) Dang tép “.dfsu”

Il L wizleity

T

AN00OD

JRCCO

2O

24cco

T F (I —

G =panirg 50 meter)
= = m
& a8 2
2 2 2
T

1L

1oGEn
L vl [rvs]

]
P A S— . 230 0.3

anre [T ERCECEH
12

2000

[ 1 e vaus

a 5030 ioceo 18Cco 20007 2000 loees)
(G spacieg 50 malar] I

b) Dang tép “.dfs2”
Hinh 4.7. Truong dong chay theo kinh huong (U) khu vuc nghién ciru
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zah
237 G000
214
2372000
2
23CECOD
2304000
230000
22SE0OD
2254000
2250000
k2
" ¥ ey ()
W pec D4
224000 |- ESEE
Q12 0AE
E ang- 012
H Q00 006
- SA0S. Do
- b
2280000 = ‘aze oz
EEHEE R
# e
EEEEE IR
4B - 042
227E000 54 -4
-0ED- 054
RLLE L H
° T - L1 uncafned vaus
BT 75 BRLLCO 8500 #HL000 £55000 T TSN TI0 IS TR
Im
1RP0EF 00000 Tive Step 0o’ 2334,
a) Dang tép “.dfsu”
Imil W welocity
BRL00 =
I =g
i
e
FLT T ...
by o
4
2ECCD
2acce
FAlY
200ED
H
i
PTT 3 SRR S YN S
&
@
£
£ 1800
&
v
2
EERPI T
I
100
W am lonry Irive]
[-Tu0o0, TS
oo

acco

iR

Annw &
nezalingd Va s

0

a S 100G 15000 20000 25000 W00
157 spanig B0 metery I

1PF2922 20000 AM, Time step: 0 _ayec:

b) Dang tép “.dfs2”
Hinh 4.8. Truong dong chay theo vi hwong (V) khu viec nghién ciru
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[m]

2318000

2316000

2314000 ‘

2312000 \

2310000 // \ (

2308000 o
) S

2306000

2304000

2302000

2300000 i

2298000

2296000

2294000 -

2292000

2200000 5

Wind U velocity [m/s]
B nbove 38350

2288000

2286000 /5 B

2284000

2282000

2280000

2278000 o

2276000

2274000 ‘ ‘ ‘ ‘ [ Undefined Value
670000 675000 680000 585000 690000 695000 700000 705000 710000 715000 720000
[m]

/512022 12:00:00 Time Step 360 of 2304.

a) Dang tép “.dfsu”

[} “Wind U velocity

22000

20000

15000

¥Erd pecing S0 relar
g

vind Jezisaty (sl

13000

E000

G

a T
[ se00 10030

10ind spacing

b.Dang tép “.dfs2”
Hinh 4.9. Truong gio theo kinh huong (U) khu vuc nghién curu
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m]
2318000
2316000
2314000
2312000
2310000
2308000
2306000
2304000
2302000
2300000
2298000
2296000
2294000
2292000
2290000
2288000
2286000
2284000
2282000
2280000
2278000
2276000

2274000

[ml

Wi wpaEng S0 re

5 | ‘Wind W velocity [mis]
: I “bove 0.2600
[ 02592 - 02500
[ 02584 - 02592
[ 02576 -0.258¢
[ 02s88-02576

g [ 02544 - 02582
[ 02535- 02544

[ undefined Value

T
670000 675000 680000 635000 690000 695000 700000 705000 710000 715000 720000
Im]
1/5/2022 12:00:00 Time Step 260 of 2304,

a) Dang tép “.dfsu”

Wlind W walocity

N W e by |my

L.
i,
L.

uEne
s
e
-2
DN - 220
OINM L2
02532 - 0.2330
OIHE - 2532
02580 - 02526
0250 - 0.2530
02508 - 0,250
03502 - 1
B 2oew  C2502
L1 drdefred vaue

b} A0 L FOO00
il i S0 rele ]

b) Dang tép “.dfs2”
Hinh 4.10. Truong gio theo vi huong (V) khu vuc nghién ciru
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4.2 Chuwong trinh tinh toan tran diu bang phwong phap Lagrange

Duya trén co s& va so do thuat toan ciia md hinh mé phong dau tran da
dugc trinh bay & Chuong 2 (Hinh 2.1), nghién ciru sinh tién hanh xay dung
chuong trinh tinh toan str dung ngon ngir 1ap trinh Fortran cho chuong trinh
chinh va cac chuong trinh phu trg nhu sau:

1. Chwong trinh chinh
| B osLm_Mainf = =

IPngram 0il_Spill_Lagrange Method =

Imnplicit none
Include '0il_Lagranges.h'

dem = 0 ; ttime = 0.
1000 Wwrite(*,*) '0il Spill Running ....... !
Lo Initialise Conditions ~ Cac dieu kien ban dau:
1001 @Zall Initialise
print*®, ' ... Initialise’

Lo Input Information Reading ~ Doz cac thong tin dau wao:
1002 WCall Input_Read
print*®. ' ... Input Information REeading'

........ Input of constant= ~ Cac tham =o ~ thong =o:
lDDS Call Constant= Input
print*®, ' ... Input of constants'

........ =etup Dll =pill ~ Cac tham =0 4 thong so cua nguon dau tran:

1004 Write(#*, *)'| | =etup oil.. ... ..
if (Idoil eq 1) then
Call setup oil FO(Oil_fn.np_oill,.=0.v0.1id_oil0, uol, vol
. V_Has=0 H_Ha==0. W_Mas=0 i Ha=z=0.T mas=s0 )
=pl = 0. : ypl = 0.
Dok =
=pl
vp0
Enddo
=pl
=1t

.np oill
=pl + =0{k}
vpl + y0ik)

[T

=zplsfloat{np o1ll)
vplsfloat(np o1l0)}

=l=s
=top
endif

........ setup dynamic ~ Cac tham =0 ~ thong =o cua moi truong thuy dong luc:

lDDSl ...... Setup dynamic ~ Cac tham =o ~ tthg =0 cua moi truong thuy dong luc:
Write(* *)'! . =setup dynamic .......
If (Iddgnamlc .eq. 1) then
Call =etup dynamics FO(O.Dyvnamic_fn.n.m.dep
czetal . T_depl U _curl . V_curl . U_winl.V_winl
czetald T _dep2 . U_cur V_cur?.U_win2.V_win2 )
El=ze
=top
Endif

........ 0il_Spill Compute ~ Tinh tosn mo phong tran dad:
write(*, %) '0i1l Spill Compute'
Call 011 Compute

Hinh 4.11. Churong trinh tinh todn mé phéng tran dau chinh
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2. Chwong trinh con doc dit ligu ddu vao va xdy dwng diéu kién ban

dau

- Theo so dd khéi da duoc trinh bay tai Hinh 2.2, chuong trinh tién hanh

doc thong tin dau vao: khong gian (mién tinh), thoi gian (khoang va budc) va

cac thong tin phu trg khac.

1 OSLM_Initialisef *

(= )

Subroutine Initialise
Inplicit none
Include '0O1l_Lagranges.h

at 20deg.C at 20deg.C

yearl = 2020 mnonthd = 01 day0 = 01
hourl = 0 ;o minuteld = 0 secondl = 0.
Call SET _TIHE{secondl.minutel,hourl,dav0, month(, veaxl)
Call Julian({secondl.minutel, hourl,dayl, nonthl, yearl, STine0)
years = yearl mnonths = month0 day= = dayl
hours = hour0 o minutes = minutel seconds = secondl
imax = 1 Jmax = 1 kmax = 1 iint = 1 iprint = 1
iskp =1 : 4Jskp =1 ; IHots =0 HFILE = 0 ; HTECP = 10
Igrid = 0 ; INEST = 0 ; loop =0 loops = 0 k_coast = 0
IVind = 0 : IPres = 0 ITema = 0 ILWREad = 0 ; ISWRad = 0
IRain = 0 :ICloud = 0 ; IEhZ2m = 00 IWave = 0 ITide = 0
ICurr = 0 ITenw = 0 ISalt = 0 IRiwer = 0 Ilewel = 0
Fgrid _Time = 0 ; Pr_Time = 0 ; Tecpl time = 0 Hots Time = 0
hhour= = 0.; ihhour = 0.; hhoure = 0.; hhourd = 0.; in_hhour = 0.
STimel = 0.: STime=s = 0.: iSTime = 0.: STimee = 0.: in STime = 0.
S5Time = 0.; TTime = 0.: Timeoc = 0. Timeol = 0.: hmax = 0.
pi = 4 *®atan{l.} rad = atan{l. )~ 45
When= = 1028.0 ADen= = 1. 225 I kgem®
Uwisco = 8.90e-5 I m™2-=2 at Z20deg.C
ovDen=0 = 755.0 ohDen=0 = 940. I kgom*
Uvisco = 1. 4e—-6 I mn"2r2
grav = 9.81
EAST E0 = 0.; EAST E= = 0.; EAST E= = 0. =00 = 0.
HORTH_EO = 0.: HORTH_E= = 0.: HORTH_E= = 0.
d=0 = 0. dyv0d = 0. d=zl = 0.; dyl = 0.
d=z = 0.; dy = 0.; d=2 = 0. dy2 = 0.
Longl = 0. LatO = 0. ; Longs = 0. Lat=z = 0.
Longe = 0. ; Late = 0. ; dlon0 = 0. dlatd = 0.
dellatl = 0. dellat2 = 0.: dellonl = 0.: dellon2 = 0.
dlon = 0.: dlat = 0.
dtl = 0. ; dt = 0. odtl = 0. odt = 0.
radius = 0.; distance = 0.
0 _drift = 0 U driftl = 0. U drift2 = 0.
¥ _drift = 0. . W¥W_driftl = 0. V_ drift2 = 0.
T=_drif = 0. . Ua_drifl = 0. Ua_drif2 = 0.
Va_drif = 0 ; Wa_drifl = 0. Va_drif2 = 0.
=0 = 0. v = 0. ul = 0. w0 = 0.
ual = 0.; wal = 0. uol = 0. wol = 0.
Toilld = 0. owDens0 = 0. ToilhO = 0. chDen=s0 = 0.
®l = 0.: vl = 10.; ul = 0.; wl = 0.
ual = 0.; wal = 0.; uol = 0. wvol = 0.
Toill = 0.; owDensl = 0. Toilhl = 0. ohDensl = 0.
=2 = 0.; v2 = 0. ; uz = 0.; w2 = 0.
ua2 = 0.:; wa2 = 0.; uo2 = 0.; wo2 = 0.
Toil2z = 0.: owDens2 = 0. Toilh2 = 0. ochDensZ = 0.
iz = 0.: iy = 0.; iw = 0.; iv = 0.
iua = 0.; iva = 0. iuo = 0. ; ivo = 0.
iToil = 0.; iovDens = 0.; iToilh = 0. ichDens = 0.
a4

Hinh 4.12. Chirong trinh doc théng tin dau vao
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- Sau d6, chuong trinh tién hanh doc thong tin diéu kién tinh toan (dia

hinh va xay dung dia hinh trong mién tinh theo luéi khéng gian):

OSLM_Input_Read f*

(=2 s |

Subroutine Input_Read
Inplicit none

Includs

'011_Lagrange.h'

-

FEeadil.
Headi(l.
FEeadil.
REeadil.
Headi(l.
Read(l.
REeadil.
Headi(l.
Read(l.
REeadil.
Headi(l.
REeadil.
Feadi(l.
Feadi(l.
FEeadil.
Feadi(l.
FEeadil.
FEeadil.
Headi(l.
FEeadil.
REeadil.
Headi(l.
Read(l.
REeadil.
Headi(l.
Read(l.

odt
Headi(l.
FEeadil.
Feadi(l.

COFEH(1.FILE = '0il_Lagrange.inc')

*3) Longl

*#] Latl

#37 EAST E0
=] HORETH_EO
*®) =00

*) n

*) I

*®) d=

*®) dy

*| years
*) months
*) days

* hours
*) minutes
*) =zeconds

*) weare
*) monthe
*) daye

*) houre
*#) minutee
*) =econde

*) odto
= odt0

*} Hotzs Tine
*) Fgrid_Time

Feadil.=) Tecpl_time
Feadi{l.*} Pr Timne

Feadi(l.=) igrid
if {igrid.gt.0) then
Read(l, '{aZ50)') Dep_fn
Call Depth Readi{Dep fn.n.m.depl)
endif
Read(l.#*)
Read{l.'{a2503') Out_fn
FEeadi{l.*)
Read(l.#*) Idoil
if (Idoil.gt.0) Fead{l,'(a250)') 0il_fn
Fead(l. =) Iddvnamnic
if {Iddynamic.gt.0) Read{l.'({aZ50}'}) Dynanic_fn
if (Iddynamic.gt . 0) Read({l.#*) dt0O
Read(1l.#=) IVIND
if (Iwind.gt.0) Read{l.'(a250)') Windin
Feadi{l.*) IPFres
if (IPre=.gt.0) Read{l.'({aZ50)'}) Prestn
Feadi(l.=) ITema
if (ITema.gt. 0) REead{l.'(aZ50)') Temafn
Read(l.#*) Ilsvel
if (ILlewel gt.0) Read(l.'(a2t0)') Levelin
FEeadi{l.*) ICurr
if {(ICurr.gt.0) Read{l.'({2250)') Currin -
»

el |

Hinh 4.13. Chuong trinh con vé doc dir liéu vé diéu kién tinh todn
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+ Trong cac dir li¢u vé diéu kién tinh toan, thong tin dia hinh duoc

chuong trinh doc nhu sau:

Depth_Read.f* =N =R ==

Subroutine Depth Readifilenane,im, im.dep) =
Inplicit none

Character*250 filenans, titile

Integer 1.3.3im.im

Feal. dimension{l000.1000) :: dep

openill file=trim{filenamne), err=101)

Do j =115
Read(1l.#*)titile
Enddo

Do j = jm.1.-1

Read({11l.%) {dep(i.j). 1 = 1,im)
Enddo
clo=eill)

101 Continue

Return
End

]| oy

Hinh 4.14. Chuong trinh doc thong tin dia hinh

- Chuong trinh tiép tuc cong doan doc thong tin dau tran (thoi gian, vi tri
khong gian, lugng dau, kiéu tran):

setup_Oil_Spill * (=6 sl

Subroutine sstup oil FO(fname, np. long,.lat.id. u.v —
. V_Ha==.H Ha== W Has=.A Ma=s.T mass)

implicit none

character*250 fnamne

integer np

integer, dimension{l0001}) :: id

real . dimnension(l0001) :: long. lat,Dep. Age. hdir hspeed.¥V_Hass
JH _Mass W_Mass, A Mass, Water Fract.Drop.F_Area, I_Water
T _Mass . T_Massl.T_EMass.u.v

Trite(*, %) trim{inamns)

openi{l, file= trim{fname))}

read(l, =)

np = 0

101 np = np + 1

read(l, *, end=999)id{np)
clong(np). lat{np) ., Depinp). Age(np) hdir{np), hspeed{np)
.V _Mass(np).H Massinp).V_Massinp). A Mass(np).Water Fract(np)
.Drop(np).P_Area(np).I_Water{np)
T_Ma==linp).T_Mas={np).T_EMa=={np)

uinp) = hspeed{np)*sind{hdir{np}))
vinp) = hspeed(np)*cosdihdir(np)) u
goto 101
999 hp = np — 1
close(l)
if(np.gt. 100000003 np = 10000000
|
| IReturn
End =
I oy

Hinh 4.15. Chieong trinh doc thong tin ddu tran
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3. Chwong trinh con cdp nhdt va xit Iy thong tin diéu kign cdc yéu t6 méi
truong

Chuong trinh s& tién hanh xtr 1y cac yéu té méi truong (song, gio, nhiét do
khong khi,v.v.) vé cling hé toa d trén cing luéi tinh vao cac thoi gian tring

nhau, theo so' dd khéi tai Hinh 2.3.

setup_dynamics.f EI@

Subroutine Setup_dynamics FO0{id., fname.nz.ny. depth
,ztal, depl Tl .V ol U w1l V_wl
,ztal? dep? U c2 V_ o2 U w2 V_w2 )

implicit none

character#250 fname

integer id.i.j.nz.ny

Feal, dimens=ion(l000,1000) :: depth
,ztal, depl U 1.V 1, U wl W_wl
L2taZ. depl . U_c2.V_c2 U_w2. V_w2

if {id.gt.0) goto 1000
Cpen(ll, file= trim(fnams))
Do i =1.21
Read(10,%*)
Enddo
Read{10, *)
Read{10. =)
Read(10. =)
Do j = 1.0y
Read{1l0.%*) (depth(i.,j).i=1.nx)
Enddo
Read(10. %)
Read{10, =)
Do j = ny.1.-1
Read{l0,.%®) (ztal{i,j).1=1.nx) I "WNater Lew=l"
Enddo
Read(10. =)
Read{10, =)
Do j = ny.1.-1 i
Read(l10,.%®) (depl{i.j).1i=1.nx) I "Total Depth"
Enddo
Read(10. =)
Read{10, =)
Do j = ny.1.-1
Read(10,%®) (U cl{i.3).1=1.nx) I "U Current”

Read(10. =)
Read{10, =)
Do j = nv,
Read(10, =
Enddo
Read(10. =)

Read{10, =)

Do j = ny.1.-1
Read(10. %) (U wl{i.q).i
Enddo

Read(10. =)

Read{10, =)

Do j = ny.1.-1
Read{10, %) (V_wlii.j).i=1,nx) | "V Wind"
Enddo

1.-1
b (V_clii.j).i=1 n=) I "V Current"

I
—

LX) I "0 Wind"

IF {depl{i,j) 1.0e-5% then
depl{i.j}
ztalii.j)

U_clii.j)

1)
1)
i

¥V clii.]
U_wlii.]
T wlii.

| i wE

Hinh 4.16. Chirong trinh con vé cdp nhdt va xir Iy cdc yéu té méi truong

oo ol

112



4. Chwong trinh con tinh todn cdc quda trinh vt ly

Chuong trinh tinh toan qué trinh binh luu va khuéch tan ciia dau tran trén
mit bién véi so d6 khdi duoc trinh bay tai Hinh 2.4. Chuong trinh nay déng vai
trd quan trong trong viée tinh toan su di chuyén cua cc hat dau dudi tac dong
ctia cac yéu té moi truong thuy dong luc.
JSubroutine 0il_Compute

Implicit none
Include 'Oi1l_Lagrange.h'

Integer deml, nleng.nlap.ik.jk.ik0,jk0

Real phi,Uwa, Vwa, Uval, Vwal, UVwal,. Dirwal,k hsc. hsw, heso

6. U, Vo, Ve, Dric, Uw, Vo, UVw, Dirw, ®xc.yo,cor, hsl hs2, locx, locy
Real Dimension(1000,1000) :: D,D1.Ucl Vel Uwl, Vwl

: .D2.Uc2. V2, Uu2, Va2

deml = 0

nlap = 20

dt = dt0/float(nlap)

np_oil = np o0ill

heso = 1.

hsc = 1

hsw = 0.0265

Do k = 1, np o1l
iz(k) = =0(k) iy(k) = y0(k) . iid_oil(k) = id_oilO(k)
iuo(k) = uol{k) : ivo(k) = vol{k) : 1V_Mass(k) = V_Mass0{k)
iu(k) = uol(k) : iv(k) = vol(k)
iga(k) = xD(k) N iya(k) = y0(k)
ina(k) = H iva(k) = 0.
iV Mass(k) = V_MassO(k) : iH_Mass(k) = H_MassO(k)
il _Mass(k) = W _MassO(k) . iA_Mass(k) = A _MassO(k)
1iT_Mass(k) = T_MassO(k)

BEnddo
Do 3 =1. m
Doi=1n

U_drift(i.j) = 0 Ua_drif(i.j) = 0
V_drift{(i.j) = 0 Va_drif(i.j) =0
Enddo
Enddo

1000 gContinue

deml = 0

2000 gContinue

dem = dem + 1

deml = deml + 1

isecond = isecond + dt

Call SET_TIME(isecond.imirute, ihour,iday, inonth,ivear)

Call Julian(isecond.iminute,ihour.iday.imonth,iyear.1STine)

ihhour = TTimes3600.

if (TTlmE gt. 0. ) heso = 1 -0.25%EXP(-1./1hhour==0. 35)
heso =

if (TTime .1t. 30 .%=60.) then
hs_diff= 2. 15e-2%ihhour*=0. 1
else
hs_diff= 2.1%5e
*MAX(EXP(MAX(&E —ihhour,1.e-5)~48.)-1.7, 1 e-7)**2 75
endif

]
4000 JJContinus
Call Outputs Writs

Write(*, '(5I4.2, 16 4)'
int(isecond).iminute.ihour, iday.inonth, iyear

TTine = TTine + dt

Do k = 1.np_oil

ima(k) = i=(k) : iyatk) = iy(k)

Enddo

If {deml .le. NLAF) goto 2000

Do i = 1.m

Do i=1.n
zetal(i.j) = zeta2(i.d) H T depl(i.j) = T_dep2(i.j)
U curl(i.j) = U_cur2(i.j) B V_curl{i.j) = V_cur2{i.j)
U winl(i.j) = U_win2({i.3) : V_winl(i.3) = V_win2(i.3)

Enddo

Enddo

if (Iddynamic .=q. 1) then

Call setup dynanics FO0(1,Dynamic fn.n.m.0..0..0 0 .0
.zeta?, T_dep?, U cur?, ¥ cur?.U_win2, v Vi j

endif

Goto 1000

[Return
End

Hinh 4.17 Chuwong trinh con vé tinh todn binh lwu va khuéch tan cdc hat dau
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5. Chwong trinh con in két qud tinh todn

Sau khi tinh toan su di chuyén cta cac hat dau, chuong trinh con nay s&
tién hanh trich xuat toan bo thong tin vé qua trinh tran dau, véi so 6 khdi dugc
trinh bay tai Hinh 2.5.

Qutputs_Write.f * EI@

Subroutine Output=s WUrite
Inplicit none
Include '01l_Lagrange.h'
Feal ko, kol

F=al, Dimension(l000) :: iowlewvel,iow,iowa, iouwl, iouwal
Feal., Dimension{l1000,1000) :: iw,iwa
1 ====================================================================
I iowi(k) = 0. iowal(k) = 0.
!
If (TTime .le. dt}) then
nlinks = 'Depth’
=tyle =' plt'
Frname = trim{QOut_fn)--trim{nlinks)-~trim{(stvle)

Open(2.file= trim({Fname).,status='unknown' )}
write(2, =)

' ITLE = "Example: Simple XY Plot" '
write(? =)

' WARTABLES = =[m].vw[m].d[m]’
write(2.*®)

ZONE T="Only Zone". i='.n.' .j='.m,' , F=BLOCK'
Do j = 1.m
write{2,'(<n>£10.1)"') (iEAST E{i.j).i=1.n)
Enddo

write(2.*®)
Do 3 = 1.m
write(2, '(<n»£10.1)') (iHORTH_E{i.j).i=1.n)}
Enddo
write(2, =)
Do 3 = 1.m
write(2, ' '(<n>£13.7) ") {dep0{i.j).1=1.n)

Clo==i2)
|
nlinks = 'Point_'
styvle =' . plt'
writeinfilel, '(id4.4,2i2 .2, 2,3i2.23")
5 ivear.imonth,iday,. '_'.ihour.iminute, int{isecond)
Fname = trim{Out_fn)- - trim{nlinks)-~trim{nfilel) ~ trim{style)

Open(2.file= trim{Fname).status='unknown' )}
write(2,*®)
' TITLE = "Example: Simple XY Plot" '
write(2,'(A105)"';
@ ' VARIABIES = x[m].y[m].Dep[n].U¥[m-=].U[n =].V[n-=].Wn'=s]
B UValn-=s].Ua[n =], . Valn =] . Valn =]"
write(2.*®)

' ZOWE T="Onlv Zone", i='.np_oil, ' ., F=POINT
Do k = 1.np oil
iow(l) = 0. ; iowa(k) = 0. ; iowleveli{lk) =0

write(2, '(2£17.7_10£12 73"}
ixm{lk). ivik). iowlevel(lk)
Jdiouw(k) sdiufk) Ldiwi(k) Liowik)
Jiouvaik) iuadk).divailk).iowailk)
Enddo

Clo=ei2)
!
nlinks = 'Point_a'
Fnam= = trim{Cut_fn)- s trim{nlinks)- - trim{nfilel)-- trim(styvls)
Mrené? filas trimdFrnamal ctatnes anboomm ' Y 2
4 >

Hinh 4.18 Chuwong trinh con in két qud tinh todn
4.3 Két qua tinh toan md phéng tran dau trong khong gian hai chiéu (2D)
va ba chiéu (3D)

Tir két qua tinh thuy dong luc dd duogc trinh bay, luan an nay thé hién két
qua tinh tran dau gia thiét theo diéu kién gi6 mua dién hinh néu trén va thém
phan két qua diéu kién kich ban tran dau thyc té xay ra vao thang 2 nam 2023
& vung bién Hai Phong.
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4.3.1 Két qua mé phéng trwong hop tran diu thuc té (thdng 02/2023)

Két qua tinh toan duoc danh gia gitta m6 hinh MIKE va mé hinh tu xay
dung theo vi tri gan nhat ma céc so sanh danh gia nay s& duogc thé hién qua hé
s0 R, RMSE, chi s6 NSE va PBIAS.

Hinh 4.19 thé hién khoang cach twong quan giita cac hat dau tir mé hinh
MIKE (dudng cham tron mau xanh) va mé hinh tu xay dung (dudng cham tron
mau d06). Biéu dd thé hién khoang cach giita cac hat dau tir hai mo hinh kha
nho, tir 6 cho thay do tin cdy ctia mé hinh tir xay dung.

12000

~o MIKE[m] ——Building[m]

10000
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=
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Khoang cach (m)
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B
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& .
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Hinh 4.19. Khodng cdch tir vi tri tran ddu dén vi tri gan nhat ciia mé hinh
MIKE va mé hinh tu xdy dung tir 26/02/2023 dén 04/03/2023

Bang 4.1 dua ra cy thé hon ba thong so: khoang cach trung binh tir vi tri
tran dau dén vi tri gén nhéat cia MIKE 1a 2.966,632m va tu xay dung la
2.962,996m, nhu vay chi chénh léch 3,6m; khoang céach vi tri gén nhat gilra
MIKE va tu xay dyng lan luot 13 365,298m va 63,647m; ddi voi cac chi tiéu
danh gia sai sb déu dat yéu cau nhu hé s6 R > 0,95, NASH = 0,998 dat 6 chinh
xéc rat cao (0,8-1,0), chi s6 PBIAS > 0 ¢ muc thién thap.
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Bang 4.1. Dg chinh xdc thong ké khoang cach cia hat dau tic mé hinh MIKE va mé
hinh ty xay dung tie 26/02/2023 dén 04/03/2023

Khoang cach trung binh tir vi tri MIKE 2.966,632
tran dau dén vi tri gan nhét [m] Building 2.962,996
Khoang cach vi tri gan nhat giira Lén nhét 365,298
MIKE va ty xay du:ng [m] Trung binh 63,647
Chi s6 danh gia ve  khoang cach R 0,999
tir vi trf tran dau dén vi tri gan RMSE 66,158
nhét gitra m6 hinh MIKE va tu NASH 0,998
xay dung PBIAS (%) 0,123

Hinh 4.20 13 d0 thi bac 1 so sanh twong quan khoang cach cta hat dau tir
mo hinh MIKE va mo hinh ty xay dung, két qua do thi & dang tuyén tinh cho

thay su dong nhat cao giita hai mé hinh.

12000
y =0.9925443x + 25.7277872
10000 R2 = 0.9980870
8000
£
5 6000
=
4000
2000
0
o O o 0 o o o o o o o o o
S & & & & & & & & S S 3
S & & & & 3 3 3S3S S S S
= 8 @ F A0 F » S = A
Building (m)
MIKE-Building Linear (MIKE-Building)

Hinh 4.20. Tuwong quan khodng cach cua hat dau tir mé hinh MIKE va mé
hinh ty xdy dung tir 26/02/2023 dén 04/03/2023

Hinh 4.21 thé hién tuong quan so sanh khoang cach vi tri gan nhat giita
mé hinh MIKE va mé hinh ty xay dung giai doan tir 26/02/2023 dén
04/03/2023, duong lién nét thé hién bién thién khoang cach nho nhat, duong
dut nét thé hién bién thién khoang cach tuyén tinh nhé nhat. Nhin chung khoang
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cach duoc thu hep dan tir 70m tién vé dan 50m vao ngay 04/03/2023. C6 mot
s6 thoi diém bién thién khoang cach ting dot bién tai cac thoi diém 07h ngay

26/02, 15h ngay 28/02, 22h ngay 01/03 va 00h ngay 03/03.

—lkc minfm] = eeeees Linear (kc_min[m])
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Hinh 4.21. Bién trinh khoang cdch vi tri gan nhd; gitta mo hinh MIKE va mo hi
tw xay dung tir 26/02/2023 den 04/03/2023

Hinh 4.22 thé hién twong quan so sanh khoang cach tir vi tri tran dau dén
vi tri nong d6 dau 16n nhat ciia moé hinh MIKE, mé hinh tu xay dung va khoang
cach gitra hai vi tri ndy (kc_max[m]) giai doan tir 26/02 dén 04/03/2023. Puong
mau do dut nét thé hién muc do thay doi tuyén tinh khoang cach tiang dan tir
1.200m dén 4.000m vao nhitng ngay cudi ctia md phong. Puong chim tron
mau d6 13 mo hinh ty xdy dung, duong chdm tron mau xanh 1a mé hinh MIKE.
Bién thién khoang céch tur vi tri tran dén vi tri co néng d6 dau 16n nhat cua hai
mo hinh ndy ting din, cung pha, cling bién dd, co ti 1 twong dong cao. Két
thiic giai doan mo phdng vao ngay 04/03 khoang cach ciia mo6 hinh MIKE la

10.000m va mé hinh ty xay dung 14 hon 6.000m so véi vi tri tran dau ban dau.
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12000 o— MIKE[m] —lcc_max[m] ——DBuilding[m] = cseees Linear (kc_max[m])

10000
y =397.52x - 2E+07
2000 R2=10.2273

6000

Khoang cach (m)
.
=
<

2000

26/02/2023 00:00
26/02/2023 06:00
26/02/2023 12:00
26/02/2023 18:00
27/02/2023 00:00
27/02/2023 06:00
27/02/2023 12:00
27/02/2023 18:00
28/02/2023 00:00
28/02/2023 06:00
28/02/2023 12:00
28/02/2023 18:00
01/03/2023 00:00
01/03/2023 06:00
01/03/2023 12:00
01/03/2023 18:00
02/03/2023 00:00
02/03/2023 06:00
02/03/2023 12:00
02/03/2023 18:00
03/03/2023 00:00
03/03/2023 06:00
03/03/2023 12:00
03/03/2023 18:00 |
04/03/2023 00:00
04/03/2023 06:00
04/03/2023 12:00
04/03/2023 18:00
05/03/2023 00:00

Hinh 4.22. Bién trinh khoang cach tw vi tri tran dau dén vi tri né‘ng dé dau 1ém nhat
cua moé hinh MIKE, mo hinh tw xdy dung va khoang cach giita hai vi tri nay tie
26/02/2023 dén 04/03/2023

Hinh 4.23 thé hién twong quan so sanh nong d6 dau 16n nhat ciia mo hinh

MIKE va mé hinh ty x4y dung giai doan tir 26/02/2023 dén 04/03/2023. Sau
12h dAu tién tran dau, néng do dau giam dot ngdt, moé hinh MIKE néng do giam
nhanh hon tir mtrc 3.125kg/m? xuéng mirc gan 600kg/m?, sau 30h thi nong do
giam nhung gan nhu khong d6i cho dén ngay 04/3. M6 hinh tu xay dung sau
12h dau tran néng do chua giam ngay ma can dén 24h nong d6 méi giam tir
3.125kg/m? xudng muc hon 500kg/m? sau d6 6n dinh quanh mirc nay. Bang
4.2 thé hién chi tiét cac thong s6 nay va chi sé danh gid sai s6 déu nam & muc
cho phép. Nong d6 trung binh gitra hai mé hinh chénh 1éch hon 200kg/m?. Hinh
4.24 va 4.25 so sanh khoang cach tur vi tri tran dau dén vi tri néng do 16n nhat
va nong d6 16n nhat gitta mé hinh MIKE va mé hinh ty xay dung giai doan tir
26/02/2023 dén 04/03/2023 dudi dang do thi bac 1.
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[FS]
—
ra
n

625

125

Ndng @6 16n nhat (ke/m2)
v

—o MIKE mass[kg/m2]

——Building_mass[kg/m2]

IR
[T 000 QX0

26/02/2023 00:00
26/02/2023 06:00
26/02/2023 12:00
26/02/2023 18:00
27/02/2023 00:00
27/02/2023 06:00
27/02/2023 12:00
27/02/2023 18:00
28/02/2023 00:00
28/02/2023 06:00

28/02/2023 12:00

28/02/2023 18:00

01/03/2023 00:00
01/03/2023 06:00
01/03/2023 12:00
01/03/2023 18:00

02/03/2023 00:00

02/03/2023 06:00

02/03/2023 12:00
02/03/2023 18:00
03/03/2023 00:00
03/03/2023 06:00
03/03/2023 12:00

03/03/2023 18:00

04/03/2023 00:00
04/03/2023 06:00
04/03/2023 12:00
04/03/2023 18:00
05/03/2023 00:00

Hinh 4.23. Bién trinh nong doé dau 16n nhat ciia mé hinh MIKE va mé hinh tw xdy

dung tir 26/02/2023 dén 04/03/2023

Bang 4.2. P chinh xdc thong ké khodng cdch tir vi tri tran dau dén vi tri nong do
I6m nhdt va nong dé 1ém nhat gitta mé hinh MIKE va mé hinh tw xdy dung tir

26/02/2023 dén 04/03/2023

Pic trung Khoang cach Nong do 16n nhét
‘ [m] [kg/m’]

Trung binh tir vi tri tran dau dén vi tri gan MIKE 4.762,596 299,059
nhit Building 3.071,173 529,514
Khoang cach vi tri nong d6 16n nhét giita Lén nhat 9.354,787
MIKE va ty xay dung [m] Trung binh 2.713,917

, L , R 0,776 0,499
Chi s6 danh gia vé nong do 10’1’1 I’}hﬁt va RMSE 2.153,883 597,912
khoéng cach (tl‘,l,.’ vi tri tran dau dén vi tri NASH 0,039 0,431
nong do 16n nhat) gitra mo hinh MIKE va
tu xay dung PBIAS (%) 35,515 -77,060
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vy =0.9969276x + 1,700.8590914

12000 R?=0.6017469 5000
10000 -
o = 4000 y = 0.4855443x
& 8000 » R = 0.4372970
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Building (m) Building (kg/m?2)
MIKE-Building Linear (MIKE-Building) MIKE-Building Linear (MIKE-Building)

7000

Hinh 4.24. Tuwong quan khodng céach tir vi tri tran ~ Hinh 4.25. Tuwong quan nong dg lém nhdt giita

ddu dén vi tri nong dé 1ém nhat gita mé hinh , mo hinh MIKE va m6 hinh tw xdy dung tir
MIKE va mé hinh tw xdy dung tir 26/02/2023 dén 26/02/2023 den 04/03/2023
04/03/2023

Hinh 4.26 thé hién su so sanh quy dao vét dau tran theo vi tri cia hat dau
tr mo hinh MIKE (hinh vudng mau tim) va mé hinh xay dung (hinh tron mau
xanh) giai doan tir 26/02/2023 dén 04/03/2023 véi kich ban su ¢b tran dau tai
bén Got, ctra Lach Huyén. Trong thoi gian dau, quy dao mo phong va quy dao
MIKE kha twong dong. Tir ngay 28/2 tré di, quy dao cua chuong trinh md
phong cac hat dau c6 xu hudng dich chuyén theo huéng Nam lan ra vinh Hai
Phong nhiéu hon, con quy dao mé hinh MIKE cac hat dau c6 xu hudng dich
chuyén theo hudng Nam va lan vao ludong Nam Triéu. Hinh 4.27 thé hién két
qua md phong vét dau ngay 27/2, tirc 13 sau mot ngay xay ra su cd tran dau
(ngay 26/2) c6 hién tuong bam vao khu vuc bén Got, vét dau co chiéu dai
khoang 350m. Két qua nay hoan toan trung khép véi dit lidu thuce té thu thap
dugc trong mot cong bd trén Cong tin tirc Thanh phé Hai Phong dang ngay
27/2/2023 [88].

Pé thé hién tinh méi cua nghién ctru, moé hinh do nghién ctru sinh xay
dung da thuc hién mo6 phong 3D hinh anh vét dau tran theo khong gian ba chiéu
va tién hanh so sanh quy dao di chuyén cta hat dau tir md hinh MIKE (hinh
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vuong mau tim) va md hinh xay dung (hinh tron mau xanh) giai doan tu

26/02/2023 dén 03/03/2023. Hinh 4.28 1a két qua mo phong 3D cia vét dau

trong Hinh 4.26.
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b) Luc 16 gio ngay 26/02/2023 (sau 12 gio)
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¢) Luc 04 gio ngay 28/02/2023 (sau 2 ngay)

Hinh 4.26. Vét dau tran theo vi tri cua hat dau tir mé hinh MIKE (iginh vuong mau
tim) va mo hinh xay dung (hinh tron mau xanh) tw 26/02/2023 deén 04/03/2023
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Hinh 4.27. Vét dau tran bam vao bo khu virc gan Bén Got sau mot ngay xdy ra sie
co tran dau luc 04 gio ngay 27/02/2023
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b) Luc 16 gia‘ ngay 26/02/2023 (sau 12 gio)
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¢) Luc 04 gio ngay 28/02/2023 (sau 2 ngay)

Hinh 4.28. Vét dau tran 3D tir mé hinh MIKE (hinh vuoéng mau tim) va mo hinh xdy
dung (hinh tron mau xanh) tw 26/02/2023 den 03/03/2023

Hinh 4.29 13 két qua m6 phong quang canh 3D hinh anh vét du bam dinh
vao bo bén Got (hinh mau xanh mo) tai hai thoi diém: 2 gio va 1 ngay sau khi
su ¢d tran dau xay ra. Hinh anh mo phong 3D cho thay tir thoi diém 6 gio sang
ngdy 26/2 dén 4 gid sang ngay 27/2 vét dau da lan rong hon va bam vao bo
bién sau khi xay ra su ¢d tran dau. M6 hinh 3D tai hién mot cach truc quan qua
trinh dau tran bam vao b, cho phép nhan dién chinh xac khu vyc dau bam dinh,
lam ting kha nang ting phé, thu gom dau va dua ra quyét dinh xtr Iy so vi mo

hinh 2D don thuan.
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Vi tri dau bam
vao b&

2

Vi tri tran dau

a) Luc 06 gio ngay 26/02/2023 (sau 02 gio)

Vi tri dau bam
vao b&

Vi tri tran dau

b) Luc 04 gio ngay 27/02/2023 (sau I ngay)
Hinh 4.29. Vét dau tran bam vdo bo khu viee gdn Bén Gét
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4.3.2 Két qua mé phéng tran dau thoi ky gié mia Péng Bdc thdng 01/2022
Nghién ctru sinh tién hanh thuc hién mé phong cho truong hop gia dinh
ky gi6 muia Pong Bac thang 01/2022. Két qua tinh mé hinh dugc danh gia gitta
m6 hinh MIKE va m6 hinh ty xay dung dua trén cac thong sb khoang cach va
ndéng d6 duogc thé hién nhu cac hinh vé va bang bén dudi. Cac thong sé nay

dugc danh gia qua hé sé R, RMSE, chi s6 NSE va PBIAS.

30000 o
—o— MIKE[m] ——Bulding[m]
25000
E
~= 20000
B
o
5
15000
g
510000
5000
0 R Tl v i i LAl SLUEl 4 l !
(=== e P R Il e B == Rl Rl e e Il Bl =Rl Rl Rl Rl B = D P Pl I = Bl = 2. =2 = = [ = Rl e Rl e Pl e I e R e}
SSSS233SSS2353333833333383523832333&3
O VAl OO NSOV OOVAEN OO O WOUE 0O VWA 0D Ol oo O
S S~ 11001 OO0 A IO AT DO A AOO A ADO DD
[ T o T o A A ot Nt O A o N ot O o o N ot N O A o A N o o N o A At T o A o I O I o A IO o o B |
ol I I B o o o o O o O o O ol O o o Ot O I O OO o O o, N o o O o ot Nt A o OO o A o, O ot O ot O ot L ot O o O o B o |
DO OO0 OO OO OO OO OO OO OO OO0 0 OO
Lo o I I o I o I B ot I o N IO o I o I N o I o I N o Y o I I o I I N o N o I o A o Y o I IO o AN o I o B o I o I o B o |
T T T T T T Tl T T Tl T T Tl T T Tl T T T T T T T T T e T T T T e T T e
[ e R e R s s s R s e e e s e s Qs Ju s s e s s g g Qe g s s Ja g g
OO0 OO LD Lo Lo Lo LoD oo oo oo o e
T T T e T T T R e T o T R R R o m I T T T T e e o e e o m m m = o= T T
NN NN st st S SO GO0 OO 000N DD OO O~ o~
C OO OO OO OO OO OO0 OO OO0 OO0 OO0CO =~ —

Hinh 4.30. Bién trinh khodng cdach tir vi tri tran dau dén vi tri gan nhat ciia mé hinh
MIKE va mo hinh ty xdy dung ter 03/01/2022 den 11/01/2022 (tai bén Got)

Bdng 4.3. P chinh xdc thong ké khodng 24000

cach tir vi tri tran dau dén vi tri gdn 22000 y =0.9918226x - 29.5955400
nhat giita mé hinh MIKE va mé hinh ti 20000 Re=10.9067830
xdy dyng tir 03/01/2022 dén 11/01/2022  *%
(tai bén Got) E14000
Khoéng cach MIKE | 3.526,394 512000
trung binh tir vi tri £ 10000
tran ddu dén vi tri | Building | 3.585,308 8000
gan nhét [m] 6000
Khoang cach vi tri | Lén nhat | 1.469,361 4000
gan nhat gitra Trun 2008
MIKE va ty xay ane 75,754 ccccccscsccccooso o
binh £828s8gss8ssss¢
dung [m] SY¥e®SSFTERSHF
Chi s6 danh gia R 0,998 Building (m)
vé khoang cach tir | RMSE 252,012 © MIKE-Building  — Linear (MIKE-Building)
vi tri tran dau dén | NASH 0,997
vi tri gan nhat Hinh 4.31. Tuong quan khodng cdch tir vi tri
giua mo ‘hmh . PBOIAS 1,671 tran dau dén vi tri gan nhdt giita mé hinh
MIKE va ty xay (7o) MIKE va mé hinh tw xdy dung tir
dyng 03/01/2022 dén 11/01/2022 (tai bén Gét)
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«+«-s-Linear (kc_min[m])

[m]

ke mm

y = 0.5012x - 22236
R’ = 6E-05

TR W

R LR Y]

1600

1400

o o o <o <o
o oo o o <O
ol oo O =t
.|.

() yogo Sugoysy

200

00-90 TTOTZ/TO/TT
00-00 TTOZ/TO/TT
00-81 TCOT/TO/OT
00-CT TCOT/TO/0T
00-90 TCOT/TO/0T
00-00 TCOT/TO/OT
00-81 TCOT/T0/60
00-C1 TC0T/10/60
00-90 TC0T/10/60
00-00 TC0T/10/60
00-81 €C0T/10/80
00-C1 TC0T/10/80
00-90 TCOT/T0/80
00-00 TCOT/T0/80
00-81 TCOT/TO/LO
00-C1 CC0T/10/L0
00-90 €C0T/10/L0
00:00 TTOT/T0/LO
00:-81 TTOT/10/90
00:-C1 TTOT/10/90
00:90 TTOT/10/90
00:00 TTOT/10/90
00:81 TTOT/10/S0
00:C1 TCoz/10/50
00:90 TC0T/10/50
00:00 TCOT/10/50
00-81 TC0T/10/¥0
00-C1 TCoT/10/¥0
00-90 TCOT/TO/ V0
00-00 TCOT/TO/V0
00-81 TCOT/T0/0
00-CT TCOT/T0/E0
00-90 TCOT/T0/0
00-00 TC0T/10/€0

an nha

I

N

4

Hinh 4.32. Bien trinh khodng c

0 hinh

\

0 hinh MIKE va m

ra m

tgi

L8

I

ach vi tr
w 03/01/2022 den 11/01/2022 (tai b

en Got)

I

1y dung t

ay

tw x

» Linear (ke_max[m])
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Hinh 4.33. Bién trinh khoang cach tur vi tri tran dau dén vi tri nong do dau lon nhat

w

i nay t

I4

ita hai vi tr.

hinh MIKE mé hinh tw xay dung va khoang cach gi

A

cua mo

2

I

03/01/2022 den 11/01/2022 (tai bén Got)

/4
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—o MIKE mass[kg/m2]

5]
—
[g=]
n

(=)}
r2
tn

Néng d6 1én nhit (kg/m2)
BB

L

——Building_mass[kg/m?2]

03/01/2022 06:00
03/01/2022 12:00
03/01/2022 18:00
04/01/2022 00:00
04/01/2022 06:00
04/01/2022 12:00
04/01/2022 18:00
05/01/2022 00:00
05/01/2022 06:00
05/01/2022 12:00
05/01/2022 18:00
06/01/2022 00:00

06/01/2022 06:00

06/01/2022 12:00
06/01/2022 18:00
07/01/2022 00:00
07/01/2022 06:00
07/01/2022 12:00

07/01/2022 18:00

08/01/2022 00:00
08/01/2022 06:00
08/01/2022 12:00
08/01/2022 18:00
09/01/2022 00:00
09/01/2022 06:00

09/01/2022 12:00

09/01/2022 18:00
10/01/2022 00:00
10/01/2022 06:00
10/01/2022 12:00
10/01/2022 18:00
11/01/2022 00:00
11/01/2022 06:00

Hinh 4.34. Bién trinh nong do dau lo"n’nhdrt cua mé hinh MIKE va mé hinh tuy xdy
dung tir 03/01/2022 den 11/01/2022 (tai bén Got)

Bang 4.4. Do chinh xdc thong ké khoang cach tir vi tri tran dau dén vi tri nong dé
[6n nhat va nong do lon nhat gitta mé hinh MIKE va mo hinh ty xdy dung tir
03/01/2022 den 11/01/2022 (tai bén Got)

. Khoang cach | Nong do 16n nhit
bac trung 2
[m] [kg/m]
Trung binh tir vi tri tran dau dén vi tri gan MIKE 6.085,171 295,218
nhat Building 7.775,799 1.001,036
Khoéng cach vi tri ndng d6 16n nhét giita Lon nhat 2.385.072,750
MIKE va ty xdy dung [m] Trung binh 8.095,067
R 0,778 0,496
kl‘loéng cach (tl‘,l’.’ vi tri tran dau dén vi tri ’ ’
nong d6 16n nhat) gitra mo hinh MIKE va NASH 0,526 1,894
tu xay dung
PBIAS (%) -27,783 -77,060
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Hinh 4.35. Tuong quan khodng cach tie vi tri Hinh 4.36. Twong quan nong dé Ién nhdt giita
tran dau dén vi tri nong do lom nhdt gita mé mo hinh MIKE va mo hinh ty xdy dung tur
hinh MIKE va mé hinh t xdy dung tir 03/01/2022 dén 11/01/2022 (tai bén Gér)
03/01/2022 dén 11/01/2022 (tai bén Gét)

Véi thoi ky gio mua Pong Bic, nghién ctru sinh thuc hién mo phong véi
hai kich ban:

- Trong kich ban xay ra tai khu bén Got, cira Lach Huyén xay ra giai doan
tir 03/01/2022 dén 10/01/2022 (Hinh 4.37) thé hién so sanh quy dao di chuyén
ctia cac thanh phan hat dau tir mé hinh MIKE (hinh vudng mau tim) va mé hinh
x4y dung (hinh tron mau xanh). Vét dau tir khu vuc bén cang Lach Huyén, troi
dat chii yéu theo hudng Nam va Tay Nam anh huéng t6i khu vuc ludng Lach
Huyén, kénh Ha Nam, kénh Cai Trap, luéng Nam Triéu va troi xuéng khu vuc
D6 Son, Hon Dau. Két qua so sanh trong trudng hop nay cho thiy sy twong
d6ng kha cao giira chuong trinh MIKE va chuong trinh xdy dung. Hinh 4.38 13
két qua so sanh dudi dang 3D cua Hinh 4.37.

- Trong kich ban su cd tai cang Pinh V1, ctra Bach Déng ttr 03/01/2022 dén
13/01/2022. Vét dau di chuyén theo huéng chu dao 1a Nam va Tay Nam anh

hudng dén cac khu vuc ven bién Hai Phong, ven bién D6 Son. Két qua so sanh ca
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dudi dang 2D (Hinh 4.39) va dudi dang 3D (Hinh 4.40) déu cho thiy hudng dich
chuyén ctia chuong trinh MIKE va chuong trinh mé phong 1a tuong dong cao.

7 3T50E+0B

231256406 [mee
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23100E+05 b2 + Building
2.3075E+06 |
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2 3050E+0B Deplm]
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Hinh 4.37. Vét dau tran theo vi tri ciia hat dau tir mé hinh MIKE (hinh vuéng madu tim)
va mé hinh xdy dyng (hinh tron mau xanh) tir 03/01/2022 dén 10/01/2022 (tai bén Got
luc 07 gio ngay 10/01/2022, sau 7 ngay)

= MIKE
« Building

Hinh 4.38. Vét déu tran 3D tir mé hinh MIKE (hinh vuong mau tim) va mo hinh xday dyng
(hinh tron mau xanh) tir 03/01/2022 dén 10/01/2022 (i bén Gét hic 07 gio ngay 10/01/2022)
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Hinh 4.39. Vét déu tran theo vi iri ciia hat déu tir m6 hinh MIKE (hinh vudng méu tim) va mo hinh
xdy dung (hinh tron mau xanh) tir 03/01 dén 13/01/2022 (tai cang Dinh Vi kic 07 gicrngdy 10/01/2022)
Z

= MIKE
# Building
—_—g

m
0.5™

Dep[rm]
50
25
20
15

Hinh 4.40. Vét dau tran theo khéng gian ba chiéu cia hat dau tir mé hinh MIKE )
(hinh vuéng mau tim) va mo hinh xday dung (hinh tron mau xanh) tw 03/01/2022 den
10/01/2022 (tai cang Dinh Vii lic 07 gio ngay 10/01/2022)
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4.3.3 Két qua mé phéng tran dau thoi ky gié mia Tay Nam thang 07/2022

Trong truong hop gia dinh ky gié mua Tay Nam thang 07/2022. Két qua
tinh m6 hinh dugc danh gia gitta mo hinh MIKE va mo hinh ty xay dung dua
trén cac thong sb khoang cach va ndng d6 duogc thé hién nhu cac hinh vé va
bang bén dudi. Cac thong sd nay ciing dugc danh gia qua hé sé R, RMSE, chi
s0 NSE va PBIAS.

—o MIKE [m]

——Building [m]
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Hinh 4.41. Bién trinh khodng cdach tir vi tri tran dau dén vi tri gan nhat ciia mé hinh
MIKE va mo hinh ty xdy dung tue 04/07/2022 den 12/07/2022 (tai bén Got)

Bdng 4.5. DY chinh xdc thong ké khoang 13000
cdch tir vi tri tran dau dén vi tri gan nhat 12000
gitta mé hinh MIKE va mé hinh ty xdy dung i éggg
ti 04/07/2022 den 12/07/2022 (tai bén Got) 9000

y = 1.0007438x - 2.0280633
R = 0.9998294

Khoang céch trung MIKE 6.072,627 ‘s 8000

bi‘nh tr vi tri tran 5 Zggg

dau den vi tri gan Building 6.070,140 S 5000

nhat [m] i 4000

Khoang cach vi tri L6n nhat 500,225 3000

gan nhat gitra Trun 20000

MIKE va ty xay ik 33,788 R P

dungm] _____ sssssgggsssg¢e¢s
Chi s6 danh gia vé R 1,000 ~SERIIFTERBIEESER
khoang cach tur vi RMSE 41,902 Building (m)

tri '[1‘"211’1 dé\llrl dén vi NASH 1,000 o MIKE-Building —— Linear (MIKE-Building)
tr1Aga‘n nhat gitra ‘ PBIAS i
md hinh MIKE va (%) 0,041 | Hinh 4.42. Twong quan khoang cdch tir vi tri tran déu
ty xdy dyng dén vi tri gan nhat giita mé hinh MIKE va mé hinh t

xdy dung tir 04/07 dén 12/07/2022 (tai bén G6t)
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Hinh 4.44. Bién trinh khoang cdch tu vi tri tran ddu dén vi tri nong do dau lon nhat
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h gitta hai vi tr

04/07/2022 den 12/07/2022 (tai bén Got)
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o MIKE mass[kg/m2] ——Building_mass[kg/m2]
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Hinh 4.45. Bién trinh nong dé dau Ién ﬂhét cua mé hinh MIKE va mé hinh ty xdy
dung tir 04/07/2022 den 12/07/2022 (tai bén Got)

Bang 4.6. Do chinh xdc thong ké khoang cach tir vi tri tran dau dén vi tri nong dé
[6n nhat va nong do lom nhat gitta mé hinh MIKE va mo hinh ty xdy dung tir
04/07/2022 den 12/07/2022 (tai bén Got)

- Khoang cach Nong ‘1"’ 16n
Dac trung nhat
Trung binh tur vi tri tran dau dén vi tri MIKE 4.914,505 237,537
gan nhat Building 7.209,030 957,695
Khoang cach vi tri ndng d¢ 16n nhat Ldn nhat 15.829,365
gitta MIKE va tu xay dung [m] Trung binh 4.035.,460
R 0,724 0,541

Chi 56 danh gid vé nong do 1n nhat va | - pyrgp 3.507,379 924,344
khoang cach (tur vi tri tran dau dén vi
tri nong @6 1on nhat) gitta mo hinh NASH 0,417 2,570
MIKE va tu xay dung

PBIAS (%) -46,689 -303,177
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Hinh 4.46. Tuwong quan khodng cach tir vi tri
tran dau dén vi tri nong dé 1ém nhat gitta mé
hinh MIKE va mo hinh tw xdy dung tu
04/07/2022 dén 12/07/2022 (tai bén Gét)
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Hinh 4.47. Tuong quan nong dé Ién nhdt gitka
mo hinh MIKE va mo hinh t xdy dung tir
04/07/2022 deén 12/07/2022 (tai bén Got)

Trong diéu kién gié mua Tay Nam, nghién ctru sinh thuc hién mé phong

vo1 hai kich ban:

- P6i véi kich ban xay ra tai khu bén Got, cira Lach Huyén xdy ra giai

doan tir 04/07/2022 dén 11/07/2022 (Hinh 4.48) thé hién so sanh quy dao di

chuyén ctia cac thanh phan hat dau tir mé hinh MIKE (hinh vuéng mau tim) va

mo hinh xay dung (hinh tron mau xanh). Vét dau tir khu vuc bén cang Lach

Huyén, trdi dat chu yéu theo hudng Bic va Tay Béc anh hudng toi khu vuc

ludng Lach Huyén, kénh Ha Nam, dao Céng (Cat Hai), dio Qua Xoai sau d6

kéo dai 1én phia nam dao Hoang Tan (Quang Yén, Quang Ninh). Két qua so

sanh trong truong hop nay cho thay su tuong dong kha cao gitta chuwong trinh

MIKE va chuong trinh x4y dung. Hinh 4.49 1a két qua so sanh dudi dang 3D

cua Hinh 4.48.
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Hinh 4.48. Vét ddu tran theo vi iri ciia hat déu tiem6 hinh MIKE (hinh vuéng mau tim) va mé hinh xay
cmg (hinh tron mau xanh) tir 04/07/2022 dén 11/07/2022 (iai bén Got lic 07 giorngay 11/07/2022)
Z

= MIKE
» Building
[,

0.5™

Hinh 4.49. Vét dau tran 3D tirméd hinh MIKE (hinh vuong mau tim) va mo hinh xdy dyng (hinh tron
mau xanh) tir 04/07/2022 den 11/07/2022 (tai ben Got lic 07 gio ngay 11/07/2022)
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- Trong kich ban sy ¢ tai cang Pinh Vi, cira Bach Pang tir 04/07/2022
dén 11/07/2022. Vét dau di chuyén theo hudng chii dao 1a Nam va Pong Nam
anh huong dén cac khu vuc cum cang Deep C, sau d6 ¢6 xu hudng lan ra khu
vuc vinh Hai Phong. Két qua so sanh ca dudi dang 2D (Hinh 4.50) va dudi
dang 3D (Hinh 4.51) déu cho thdy huéng dich chuyén cia chuong trinh MIKE

va chuong trinh mé phong 1a twong dong cao.
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2 3050E+08
2 3025E+08
Y—2 3000E+06
3
> so75E408 :
2.2850E+06
2.2025E+06

2.2900E+06

2.2875E+06

2.2050E+06

§80000
§82500
685000 =
887500
890000
892500
5000
697500
700000
702500
705000
707500
710000

xafm]
Hinh 4.50. Vét déu tran theo vi iri ciia hat du tiem6 hinh MIKE (hinh vuéng mau tim) vai mé hinh xy
dumg (hinh tron méu xanh) tir 04/07/2022 dén 11/07/2022 (tgi cing Dinh Vi ic 07 giongay 11/07/2022)
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Hinh 4.51. Vét déu tran 3D tirmé hinh MIKE (hinh vuong mau tim) va mo hinh xdy dyng (hinh
tron mau xanh) tur 04/07/2022 den 11/07/2022 (tai cang Dinh Vi ic 07 gio ngay 11/07/2022)

4.4 Két luan chwong 4

Mo hinh tran dau do nghién ctru sinh tu xay dung bang ngdn ngir 1ap trinh
Fortran, c6 kha ning nang cao d6 chinh xac thong qua diéu chinh cac diéu kién
dau vao cua mo hinh thuy dong luc.

Dic biét, mo hinh do nghién ctru sinh phat trién, thé hién wu thé ndi bat
v6i kha nang mé phong 3D vét dau két hop ban do dia hinh GIS. M6 hinh da
mo phong duoc hinh anh vét dau loang va bam dinh vao bo bién. Tinh ning
ndy gitip nhan dién rd rang khu vuc bi anh hudng, hd trg hiéu qua cho cong tac
g pho va thu gom dau tran. Diéu nay 1am ndi bat tinh méi va tmg dung thuc

tién cua nghién ctru so vo1 cac mo hinh 2D truyén thong.
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KET LUAN VA KIEN NGHI
1. Kétluin

Trén co s& cac két qua nghién ciru thyc hién, trong pham vi luan an nay
nghién ctru sinh da:

1. K& thira va cai tién co s& 1y thuyét ciia chuong trinh mé phong, du doan
chuyén dong vét dau trén bién theo phuong phap Lagrange. M6 hinh tu xay
dung mé phong dong thdi qué trinh binh luu va khuéeh tn ngiu nhién, tai hién
quy dao hat ddu mot cach tin cay.

2. M6 phong thily dong lyc bang mo-dun MIKE Hydrodynamic va két qua
tinh toan d3 duoc hiéu chinh, kiém nghiém voi s6 liéu quan tric thuc té. Két
qua ctia mo hinh thay dong luc duge nang cao do chinh xac thong qua viéc diéu
chinh cac tham sb dau vao nhu do hoi tu, o nhét, ma sat ddy. Do chinh xac
ctia md hinh tran dau phuy thudc chil yéu vao két qua tinh toan thay luc, do d6
nghién ctru sinh da 4p dung cac chi tiéu danh gia sai s6 dé dat duoc tiéu chi
nay.

3. Mo hinh tran dau do nghién ctru sinh tu xay dung c6 kha ning mo phong
3D vét dau két hop ban d6 dia hinh GIS, thé hién rd hinh anh vét dau va khu
vuc bam dinh vao bo. Tinh nang nay gitip nhan dién chinh xac vung anh huong,
hd trg tng phé va thu gom, khang dinh tinh méi va gi tri ing dung so véi cac
mo hinh 2D truyén théng.

Két qua nghién ctru ctia luan an hoan toan c6 co sd 1y luan va thyc tién dé
phat trién ap dung cho cic co quan quan 1y nha nudc chuyén nganh hang hai,
cac cang bién, trung tdm tng pho sy cb tran dau trén bién nghién ctru va danh
gia tac dong cuia su ¢b 6 nhiém tran dau xay ra tai khu vyc dé giam thiéu tbi da

anh hudng ctua cac vu 6 nhiém tran dau.
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2. Kién nghi

Trong tuwong lai, nghién ctru sinh s& tiép tuc nghién ciru cai tién chuong
trinh mo phong va du doan chuyén dong ctia vét dau loang co xét dén cac giai
doan phong hoa khac nhu bay hoi, két tia, nhil trong,v.v.. Dong thoi, nghién
ctru mo rong két qua nghién ctru sy bam dinh cua vét dau ddi véi cac loai két
cau dudng bo khac nhau.

Bén canh do, nghién ctru sinh s& tiép tuc nghién ctru tu xay dung phat trién
chuong trinh mé phong thiy dong luc, tir d6 1am co so phat trién hon nita
chuong trinh mo phong sy cd tran dau, tirng budc tu chu va ndi dia hda chuong

trinh mo6 phong sy c6 tran dau ¢ trong nudec.
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Nim Cac vu dau tran va héa chat ro ri trén bién Kinh | xayrasw | [oaidia | KO Dig¢n tich bj hoi Khoi | tich bj
dé Vido ¢ t.r an lwgng anh hwong chit ro lwgng anh
: (tan) (km?) i (tan) | huwdng
(km?)
- R W A Khu vuc gan dao Dau DO Nho Vét dau loang
2018 | Quang Ninh: R0 11 ddu eua s Daphaco 06 hadc | o vinh Ha | 06/5/2018 | vinuée | khong | nho, khong i i i
glycop : P Long la canh dang ké | xac dinh duoc
. A Dau DO; 5 X, 1A
2018 Quang Ninh: R0 ri dau ctia tau Nam Duong 2 Ifc‘)lin ugic_%g?n 24/6/2018 défu nh’('yt kll\llgr?g Vgﬁgall(lhlgigg i i i
(HD-1388) . va nudc . p (g
Pha 1 h dang k& | xac dinh duoc
a can
Hai Phong: Chay tau Hai Ha 18 cua Cong ty Hai 16h‘3 0
2018 1 1 inh khi cap cang K99, khong xay ra tran dau ) i neay ) i i i ) )
: ’ 10/3/2018
0,007
(trong do
Hai Phong: Tran dau tai nha may xi mang Chinfon, ¢6 0,002
2019 | thi trin Minh Duc, huyén Thiy Nguyén, Tp. Hai - - 11/10/2019 FO tan tran - - - -
Phong xudng
song
Thai)
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Toa do DAu tran trén bién Hoa chét ro ri trén bién
5 . 2 Thoi gian £ A os . Loai e !)ién.
Nim Cac vu dau tran va héa chit ro ri trén bién Kinh XAy rasw | Loai dia | KO Dién tich bi hos Khoi | tich bi
do Vi do co trin lugng anh huwéng chét ro luwgng anh
: (tan) (km?) i (tan) | huéng
(km?)
2019 | Quang Binh: tran diu ving bién Hon La 1%63E35 157015\10 22/01/2019 Dr?ﬂ ;If‘“ 0.005 - - - -
Ha Tinh: Vo hoi 04h00 phat ngay 28/11/2019,
Cang vu Ha Tinh nhan duoc ,théng tin tau Nordana .
Sophia, So hiéu HSCP2, Quoc tich Thai Lan, trong Chiéu Siéli
tai 8.976 tan c6 18 thuyén vién. Tau bi thing budng Khon bo bién
2019 may, nudc tran vao va chim tai vi tri cach miii Ron 106°29 | 18°07' 29/11/2019 FO hc g khoang 3km i ) )
khoang 2km, cach cang Son Duong khoang 10km. "40”E 58N dinh (Khong xac
bén khoang 7h ngay 29/11/2019 doc bo bién Tan : dinh dugc
Phuic Thanh dién tich)
Héi Thanh va Pong Yén xa Ky Loi c6 mdt luong
dau den troi dat vao bo
Quing Nam: Dau von cuc tai bai bién xa Tam DAu von 6-7 km chiéu
2020 Thanh, TP Tam Ky ) i 02/01/2020 cuc 168 ke dai bo bién i ) )
Ha Tinh: Hién tugng dau tran trén mat nude xuat
hién vao khoang 03h sang vao ngay 15/11/2021 do A 3
2021 | PVT Dragon, s IMO 9140580 thudc s& hitu ciia - - 15/11/2021 FO Xlzg‘é?fh (21;?;‘;32‘; - - -

cong ty TNHH xédng dau Giang Nam dang cap cang
Xang dau Viing Ang gy ra su c0. Su c0 lam anh

152




Toa do DAu tran trén bién Hoa chét ro ri trén bién
3 . 2 Thoi gian £, A o1 Loai A, !)ién.
Nim Céc vu dau tran va héa chat ro ri trén bién Kinh XAy rasw | Loai dia | KO Di¢n tich bi hos Khoi | tich bi
do Vi dé co trin lugng anh huwéng chét ro luwgng anh
: (tan) (km?) i (tan) | huéng
(km?)
hudng dén bo bién khu vuc tir dén Eo Bach dén
khu vuc bé n6i Viing Ang, xa Ky Loi, thi xa Ky
Anh
Quang Binh: Ving ven bién 2 huyén Quéang Ninh, 31/8/2021
20211 16 Thuy va thanh phé Déng Hoi - - ; FO 385 - - - -
I P 8 05/9/2021
. Vung nude bién
Quaéng Ninh: tran dau do chay tau tai ving nudc thudc Cang i i i
2021 bieén thudc Cang khach quoc t€¢ Ha Long khach quoc té Ha 22/1172021 DO 0.03 0.00002
Long
. \ \ .o 3 X £ 20° 106°37
2022 | Thai Binh: tau Ha An 01 bi chim nam gan phao s0 | 30.4¢ | 'g8 7¢* | 08/9/2022 | DO 1077 . . - -
0 luong cang Diém Dién, huyén Thai Thuy ’s ,
07°N E
Chiéu rong tur
Hai Phong: diu tran tai khu vue ven bor tir Bén pha | Tir Bén pha Got Khone | on 3 met
2023 | Got dén Bén cang so 3, Cang quoc t& Lach Huyén, dén Beén cang so | 26/02/2023 FO ~nons . - - -
oA s e xac dinh | khoang 300
thi tran Cat Hai 3 .
mét doc theo
bo bién
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1

hinh tran dau MIKE 21/3 Couple Model FM

an mo

r

r

I1. Két qua tinh to
(Chuong 3)

——Hobs 01

Hsim

ong luc
)

A

hinh thiiy d

2,50
2,00

1. Hiéu chinh mo

00:0 0T0T/91/1
00:TT 0COT/ST/T
00:0 0C0T/ST/T
00:CT 0COT/F1/1
00:0 0COT/FI/1
00:CT 0C0T/ET/T
000 020T/ET/1
00:CT 020T/C1/T
00:0 020T/CI/T
00:CT 0COT/T1/1
000 0TOT/TI/1
00:CT 02OT/01/1
00:0 02OT/OT/1
00-CI 020T/6/1
00:0 020T/6/1
00-CT 020T/8/1
00:0 0C0C/8/1
00:CT 020T/L/T
00:0 02T0T/L/T
00-CT 020T/9/1
00:0 020T/9/1
00-CT 020T/5/1
00:0 020T/5/1
00-CT 020T/¥/1
00:0 020T/¥/1
00-CI 020T/E/T
00:0 020T/E/1
00:CI 020T/T/1
00:0 020/
00:CT 020/ T/1
00:0 0T0T/1/1

I'e

Hiéu chinh myc nwdc tai tram lién tuc S2 giai doan tw 01/01/2020 dén 16/01/2020

——Hobs_01

Hsim

~,
D
B
(=] ] < =] =] (=] (=1 ] (=] (=]
S I S T s R B N R
A e A
() oonu onA

00:0 020T/91/1
00:CT 020C/ST/T
00:0 020C/ST/T
00:CT 0TOT/FI/T
00-0 020T/F1/1
00:CT 020T/E1/T
00:0 020T/E1/T
00:2T 020¢/CI/T
00:0 0C0C/CI/T
00:CT 0TOT/TI/T
00:0 02OT/TT/T
00:CT 020Z/01/1
00-0 020Z/01/1
00-CT 020T/6/1
00:0 0C0Z/6/1
00:CT 020¢/8/1
00:0 020¢/8/1
00:CT 0C0T/L/T
00:0 0COT/L/T
00:CT 020¢/9/1
00:0 020¢/9/1
00:CT 020T/S/1T
00:0 020T/S/T
00:CT 0C0T/#/1
00:0 0C0C/H/1
00:C1 020¢/€/1
00:0 0C0Z/e/T
00:CT 020T/T/1
00:0 0C0¢/T/T
00:CT 020T/1/1
00-0 020T/1/1

e

Hiéu chinh myc nuoc tai tram lién tuc S3 giai doan tur 01/01/2020 dén 16/01/2020
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——Hobs_01

Hsim

00:0 0T0C/91/1
00:CT 0COC/ST/T
00:0 02TOC/ST/T
00:CT 0TOT/HI/T
00:0 0TOT/HI/T
00:CT 0C0T/eT/T
00:0 0COT/ET/T
00:TT 0T0T/CI/T
00:0 0C0C/TT/T
00:CT 0TOT/T1/T
00:0 0TOC/TT/1
00:CT 0C0Z/01/T
00:0 0C0C/0I/T
00:CT 020T/6/1
00:0 0C0Z/6/1
00-CT 020¢/8/1
00:0 020Z/8/1
00:CTT 0C0C/L/T
00:0 020Z/L/
00:CTT 020¢/9/1
00:0 020¢/9/1
00:CT 020T/S/T
00:0 020T/S/1
00:CT 0C0T/w/1
00:0 0C0T/H/1
00:CTT 020c/e/1
00:0 0C0¢/e/1
00:CT 020¢/T/T
00:0 020T/T/1
00:CT 020/ T/1
00:0 020T/1/1

I'e

doan tir 01/01/2020 dén 16/01/2020

ai

) g

tai lién tuc No

woc

Hiéu chinh muc n

——Hobs 01

Hsim

-2,00

00-0 020T/91/1
00:CT1 020T/ST/T
00-0 0C0T/ST/1
00:CT 0COCT/HI/T
00:0 0C0T/FT/1
00:C1 020C/eT/T
00-0 020T/E1/1
00:CT 0C0T/TI/T
00-0 0C0T/C1/T
00:CT 0TOT/TI/T
00-0 0C0T/TT/1
00:CT 0TOT/OT/T
00:0020T/0T/1
00:TT 0T0T/6/1
00:0 020T/6/1
00-CT 020T/8/1
00:0 020C/8/1
00-TT 0C0T/L/T
00:0 020T/L/
00:TT 020T/9/1
00:0 020T/9/1
00-CI 020T/S/1
000 020T/S/1
00-CT 020T/#/1
00-0 0C0T/¥/1
00-TT 020T/e/T
00:0 020T/e/T
00-CT 020T/T/T
00+0 020C/T/1
00-CT 020/ T/1
000 020/1/1

4

A

en

ai doan tir 01/01/2020 d

.2 giai

16/01/2020

155

tram lién tuc No

1

yc ta

uoc

Hiéu chinh muc n



2,50

—Hsim ——Hobs 01
2,00 o .
R @Y I o A
1,50 A 4!
~— ."'. £ \
g 1,00 ) I3
S 1
o \
2 050 || . e
= Y S A v AN
0,00 | i i ]
Q ¢ ¢+ L 7 % J 1
=3 'S {4 & £ " ¥ %
2-0,50 | T % I\ /
-1,00 Vs
-1,50
-2,00
[~EE~-EE- NN~ TN~ NE N~~~ N~ N~ S~ I~ N~ S~ R~ R~ = S = B S S~ B = B B = B < S =
e LRIIeEERELIDEREYEEERERRRER RS
O NN O NN O O 0N O N O O O o O 0 O 6N o NN O 6o o O O
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SO O O o O d o d O ado dodo oo oo oaoaa
o dcadaoddaododaocgoadaoacdocaocdodadacocdoaceacs
D598 9398989888989383888g88sg8xg¢8s8¢8
S S s A NS S - = S e B s B R R I A R
S Cf R0 530933V 3Y a3 3 S g e X own
= = = = = = = = g = T S T oy ST S g R g S
= = = = = =
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Hiéu chinh myc nudc tai tram lién tuc No.3 giai dogn tir
16/01/2020

S
S
&
S

1/01/202

2,5 2,5
20 | ¥=09726450x +0,0302140 20 | ¥70.9724649x +0,0298384
’ R2 =0,9937463 ’ R2=0,9944478
1,5 L5
E 10 =10
— \:‘, Chart Area
S, 05 2 05
< T 0,0 Plot Area
E 0,0 s i)
-0,5 -0,5
-1,0 -1,0
-1,5 -1,5
{7 N Vo S — S Vo S R Vo S S B VY o7 o o = 0 A
—_ ! o o —_ ~ i < ] (=] — o~
' Hsim (m) Hsim (m)
Hobs 01 Linear (Hobs_01) Hobs_01 Linear (Hobs_01)
a) Tram lién tuc S2 b) Tram lién tuc S3
2,5 2,5
20 y=0,9700241x + 0,0292846 20 y = 0,9697580x + 0,0306089
’ 2=0,9943522 ’ R2=10,9940712
1,5 1,5
g 10 g0
_.g 0,5 _.g 0,5
T 0,0 T 0,0
'0,5 _055
-1,0 -1,0
-1,5 -1,5
Vi o~ 1 o W = AN w7 N e o = 0 o
= g = - of - = < ~ o
Hsim (m) Hsim (m)
Hobs 01 Linear (Hobs 01) Hobs 01 Linear (Hobs 01)
¢) Tram lién tuc No.l d) Tram lién tuc No.2
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2,5

y =0,9701155x + 0,0320705
2,0 R2=0,9936438
1,5
g 1,0
S, 0,5
3
© 0,0
I
-0,5
1,0
-1,5
v — wy < w — wy o~ W
) S — o
Hsim (m)
Hobs 01 Linear (Hobs 01)

e) Tram lién tuc No.3

Twong quan muc nudée giita thiee do (Hobs_01) va mé phéng (Hsim) giai doan tir 01/01/2020 dén
16/01/2020 (a) tram lién tuc S2; b) tram lién tuc S3; c) tram lién tuc No.1; d) tram lién tuc No.2;
e) tram lién tuc No.3

2. Kiém nghigm mé hinh thiy dong lyc

2,50
A .
_ —_—
Chart Area jhart Area HS]II] HObS—Ol
2,00
0 A A
1,50 \ ]! A n N
g L0011t 4 N S - - I A
Q i
5 0,50 @ P d
b | 7 X J
o= v 7T % J % m 4 %
0,00 [\ ] Sead § |
g | 1 W
’ ] A7
= -0,50 0
-1,00
-1,50
-2,00
c O 0 o0 0 Q0 0 o oo 0 o0 0 o0 o o Cc o Q0 o Q0 oCcoCco
e e LLeYLYLYRYYYRYRERREOERRRR? R
S NS O O NN O N O O O N O NS o N o O O
o "o " o o "o "o "o o "o o o “To o Z o "o - o
S oD oD oD S e D oo a0 oD oo d O oo o oo A
S oS o oo ad o a0 o ado cdo a oo daododoaadodoado
Sg8g9gdgdfgigfgogdgdgadgdgggggags
9 9 a8 cs 8 FdFads 9 d 985 9 a9 =
S o2DadgogoagdgoFdgaogagadgdgaogo
SO A A0 s 0020 d3d3dsddsdsdogozm
— — — — — — — — — — — — — — —

Kiém nghiém myc nuoc tai tram lién tuc S2 giai doan tir 16/01 dén 01/02/2020
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——Hobs 01

Hsim
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2,00
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1,00

00:00T0T/TE/T
00:CT 020C/0¢/T
00-0 0T0T/0¢/T
00:CT 0C0T/6T/T
00-0 0T0Z/6T/T
00:CT 020C/8¢T/1
00-0 0T0Z/8T/T
00:CT 020T/LT/T
000 0TOZ/LT/T
00:T1 020T/9¢/1
00:0 020€/9¢/1
00:CT 0C0T/STUT
00-0 0T0T/ST/T
00:CT 0C0T/FT/T
00-0 0T0Z/FT/T
00:CT 0T0CT/ET/T
00-0 0T0Z/€T/T
00:CT 0T0T/TT/T
00:0 0T0Z/TT/T
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00:0 020¢/1¢/1
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00-0 0TOZ/81/1
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00:CT 0T0C/9T/T
00-0 0TOT/91/1

I4

iai doan twr 16/01 den 01/02/2020

m lién tuc S3 g

yc tai tra

uc nuoc

2

Kiém nghiém m

——Hobs 01

Hsim

00:0 0C0¢/1¢/1
00:CT 0TOT/0E/T
00:0 0TOT/0€/T
00:CT 0T0T/6T/T
00:0 0T0T/6T/T
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uc nuoc
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Kiém nghiém m

Hsim
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Kiém nghiém muyc nuoc tai tram lién tuc No.3 giai dogn tur 16/01 dén 01/02/2020
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(m)

Hobs_01
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(m)

(=)
[@)

k)

0,0
-0,5
-1,0

Hobs 01

-1,5
7y

y=0,9767585x + 0,0159821

R?=0,9886184

Hsim (m)

Hobs 01 Linear (Hobs_01)

a) Tram lién tuc S2

y=0,9763887x + 0,0119731

R?*=0,9904814
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- . e wvn - wn o
(=3 o —
Hsim (m)

Hobs 01 Linear (Hobs 01)

¢) Tram lién tuc No.l

If)'\
I\

2,5
20 | ¥=0.9774522x +0,0150119
’ R?=10,9897687
1,5
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E 0,0
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Hsim (m)
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b) Tram lién tuc S3
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d) Tram lién tuc No.2



I
[

20 y=0,9774511x + 0,0128141
’ R?=0,9897477
1,5
E 10
S, 0,5
£
2 0,0
= 0
-0,5
-1,0
-1,5
e N S S SR B )
n < < - o
Hsim (m)
Hobs 01 Linear (Hobs 01)

e) Tram lién tuc No.3
Twong quan muc nwée giita thie do (Hobs) va mé phong (Hsim) giai doan tir 16/01/2020 dén
01/02/2020 (a) tram Hon Ddu; b) tram lién tuc S1,; c) tram lién tuc S3; d) tram lién tuc Nol, e)
tram lién tuc No2; f) tram lién tuc No3)

3. Trwong hop tran dau thuc té (thing 02/2023)

[m]
2308000 <]

2307000 3
2308000 3-+-F-

2305000 § 20t 4

2304000 7

2mis ;

Suspended, Total mass
inciding heavy, voliatile,
wax and asphatten without
water [mu-g/m3]

B :2oove  Ses008
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2
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1 25 5
2293000 0 2 =
2292000 ] -III 15’ fn
= 75 10
2291000 §--- = s 75
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2290000 15 [ 5 ac
: A h B s 2
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fm]

2/25/2023 22:00:00 Time Step 6 of 1890

a) Luc 05 gio ngay 26/02/2023 (sau 1 gio)
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2.3025E+08

F=2.3000E+08

E

>§ 2975E+08

2.2950E+08
2.2925E+08 -8.0
-10.0
-12.0
2. 2900E+08 4.0
-16.0
-18.0
2.2875E+08 900
=220
4.0
2.2850E+08
= = = = = = = = =3 = = 5372
= = g £ 5 8 £ 5 8 g 8 8 ¢
E & § & 5 & § & 2 & B & B
= o = = = o ® = = S S S =
T 3 £ £ 2 g 2 .3 & = & & =
x[m]
b) Luc 07 gio ngay 05/07/2022 (sau 1 ngay)
2.3150E+08
2.3125E+08
= MIKE
2.3100E+08 + Building
2.3075E+0B
1 mis
2.3050E+08 Dep[m]
5.0

2 3025E+08

F=2.3000E+06

E

—_

>\2 2875E+08
2. 2050E+08
2 2925E+08
2.2000E+08
2 2B75E+0B

2 2B50E+06

o o o o o o o o o o o o o
= =} = =1 = =} = =} = = = =} =
= s} =] ] = s} =} I} = o =] I} =
=} & Ire} - = & e} = = o =) ™~ =}
@ @ @ =) o @ @ @ = =1 =1 o =
@ @ @ @ o @ ci ]m ~ ~ ~ ~ -

¢) Luc 07 gio ngay 06/07/2022 (sau 2 ngay)
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Vi tri dau bam
vao b¢

d) Luc 07 gio ngay 11/07/2022 (sau 7 ngay)
3.2. Tai cing Pinh Vi, cira Bach Péng:

7 3150E+08
2 3125E+086
= MIKE
2 3100E+08 # Building
2 3075E+06
1mis
2.3050E+08 / Deplr]
ol ath A4 5.0
Vi tri dau tran | A o - g
2 3025E+086 T 28
] } ’ 2.0
1.5
=3 3000E+06 10
e 05
— 0.0
>§ 2975E+08 0.5
-1.0
i 1.5
2.2950E+08 =% 2.0
- 4.0
- 6.0
2 2925E+086 -8.0
[ -10.0
-12.0
2 2900E+06 = 140
-16.0
-18.0
2 2B75E+06 0o
-32.0
-24.0
2 2850E+086
= = = = = = = = = = = = =
= = = = = = = = = = = = =
2 I = I 2 I = I 2 It = I 2
=} g 2 2 =} g 2 £ 2 & 5 £ 5
2 @ @ = = o 5 = = = = = =
= & = = & @ @ & = = = = =
x[m]

a) Liic 07 gio ngay 04/07/2022 (ban dau)
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23150E+06

2.3125E+06
" MIKE
2.3100E+06 + Building
2.3075E+06
1 mis
2 3050E+06 Dep(m]
5.0
25
2.3025E+06 2
15
=3 3000E+06 1.0
1= 0.5
= 0.0
>§.2975E+Ua 0.5
1.0
15
2 2950E+06 2.0
4.0
6.0
2.2025E+06 8.0
-10.0
-12.0
2.2900E+06 140
-16.0
-18.0
2.2875E+06 900
-22.0
-24.0
2.2850E+06
s & =& =© = =& & = = = © © D
s & & & & 5 & 8 &8 =2 &8 & =8
E B8 g & 2 & £ £ 8 8 & £ 8
B o @ = = = E = = o S S =
5 2 8 2 82 8 8 .2 B R R R C
X[m]
, . \ \
b) Luc 07 gio ngay 05/07/2022 (sau 1 ngay)
7 3T50E+06
2.3125E+06
= MIKE
2 3100E+06 + Building
2.3075E+06
1 mis
2.3050E+06 Dep[m]
5.0
2.5
2 .3025E+06 o
15
=3 3000E+05 1.0
= 0.5
>§ I0TSE+0R 0.5
1.0
; 15
2.2950E+06 2.0
4.0
6.0
2,2925E+06 -8.0
-10.0
-12.0
2,2900E+06 4.0
-16.0
-18.0
7 2875E+06 0
-22.0
-24.0
2.2850E+06

o o o o =1 o =1 o o o o =1 o
=1 = =1 = = =1 = =1 =1 =1 =} = =}
=1 Il =] w0 =1 =) = =l =1 =) = o =
=1 i o) = =] =] ) - =1 o Ire} = =
@ @ @ @ @ @ @ @ =1 o =} = =
@ @ @ @ @ =1 LE ]m — ~ [ ~ [

¢) Luc 07 gio ngay 06/07/2022 (sau 2 ngay)
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Vi tri tran dau

Vi tri dau bam
vao b&

d) Luc 07 gio ngay 11/07/2022 (sau 7 ngay)
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IV. Chuyén ddi mién tinh va lwéi tinh tir mé hinh MIKE

<3 New File
Product Types: Documents:
-7 MIKE Zero W Time Series {.dfs0)
""" [C MIKE HYDRO ' Profile Series (.dfs1)
""" = MIKE N ‘ ata Manager (.dfsu,.mesh,.dfs2,.dfs3)
""" = MIKE 21 rid Series (.dfs3,.dfs2)
""" [ MIKE 3 . Flot Composer (.plc)
----- =1 MIKE 21/3 Integrated Models A Result Viewer (rev)
|/ Bathymetries (.batsf)
; ® Climate Change {.mzcc)
® Ecolzb {.2colab)
@ 2uto Calibration (.auc)
@ Eva Editor {.eva)
A Mesh Generator (mdf)
A\ Data Extraction FM {.dxfm)
. MIKE Zero Toolbox (.mzt)
Cancel
Buorc 1: Mo mo-dun MIKE Zero chon Grid Serries (.dfs2)
Mew Grid =

E Blank Grid
E From Ascii File

o :::- 4 From Dfsu File

| oK | Cancel

Buoc 2: Chon muc tao tép ti dinh dang “.dfsu”
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mport from dfsu file - § | 33 Open X
Dfsu file Lookin: [ | Outputs <] @ % @
= * Name . Date modified T
) W HD_Apr2022.dfsu 8/12/2004 522 AM M
Quick access W HD_Apr2022_in.dfsu 2/10/2024 11:26 PM M
val W HD_Apr2022a.dfsu 8/12/2004 522 AM M
W HD_Dec2023.dfsu 8/12/2024 544 AM M
Desktop W HD_Dec2023_jin.dfsu 8/10/2024 12:31 AM M
- W HD_Dec2023a.dfsu 8/12/2004 5:44 AM M
" W HD_Feb2023.dfsu /112004 5:58 AM M
Libraries W HD_Feb2023._in.dfsu 8/10/2024 11:13 PM M
W HD_Feb2023a.dfsu 8/11/2004 5:58 AM M
! W HD_Jan2020.dfsu 8/30/20247:33 AM M
This PC W HD_Jan2020a.dfsu 8/13/20249:15 AM M
A B HD _Jan2022.dfsu 8/11/2004 749 AM M
@v W HD Jan2022 indfsu /1072024 11:22 PM MY
< >
Network
Flle name [Ho_Feb2023.d65u -
Fles of type: Unstructured data fies (*disu) v
Perod Info.  tem Irfo.  Constraints Info.
Start Date
Required None
Selectedfle:  2/25/2023 3.00.00 FM
End Date
<Back Next > Cancel Help Requied Mere

: Selsctedfle:  3A11/2023 Cancel
Tl
Buoc 3: Chon tép “.dfsu” tw kho dir lieu MIKE

Import from dfsu file - Step 1 of 5 *

2282000 i

Difsu file

< Back MNext = Cancel Help

Buoc 4: Lua chon tén tép HD Feb2023.dfsu
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| Import from dfsu file - Step 2 of 5

E Map Projection

E Type: UTM-43 v
_=:‘% Origin and Orientation

E Geographical Coordinates

i Type of input: Decimal degrees ~

| Longitude: [106.6161134308791 |ideal

* Latitude: |20.57018179307016 |ideal

| North to f orientation: [ 0.567963050743321 |ideal

.\ Map Projection Coordinates

I Easting: [668453.823407864 |im1

: Northing: [2275414 55679502 |im1

i Grid rotation: [0 |ideal

il Validation Status

; oKl

o

: Impaort from dfsfile...

: < Back Mext > Cancel Help

Buéc 5: Chirong trinh doc sé hién thi cdc théng sé cia tép “.dfsu”

Import from dfsu file - Step 3 of 5 bt

Time Axis Properties

Auis Type: Equidistant Time Asis

Start Time: 2/25/2023 9:00:00 FM 5w
Time Step: 2056960 sl

No. of Timesteps: 18591

Geometry Properties
J-direction: K-direction: L-direction:

MNumber of grid points: x |20 x |20

Spacing [m.m.m]: [z7072 | . [218878 | . 7195

< Back Mext > Cancel Help

BuGc 6: Lia chon cdc théng sé thoi gian va kich thuwée hedi cho tép “.dfs2”
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Import frem dfsu file - Step 4 of 5 *

ltem Information

Name Type Unit
Surface elev | Surface Elevation
Total water d| Water Depth
U velocity u-velocity component
W welocity wv-velocity component
Wind U veloc| Wind Velocity
Wind V veloc| Wind Velocity

mfen | dm oo fpaf =

EEE

Inzert Append Delete ltem Fittering. ..

Delete value: |-1e-030 Land value:

< Back MNext > Cancel Help

Buée 7: Cdc truong gid tri sé xudt khi chuyén sang tép “.dfs2”

Overview
Position of origin of grid ~
Map projection = UTM-43)
106.62|
Grid extert = 20 x 20
Grid spacing = Z
v

< Back Cancel Help

Buéc 8: Cdc théng sé cia tép “.dfs2”sau khi xudt
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V. Chuong trinh md phéng tran dau

Oil_Lagrange_methodf + X

1 | Program 01l_Lagrange_Method
2 Implicit none
3 Include "0il_Lagrange.h’
5 I
7
2
9 1a8a write(*,*) '0il sSpill Running .......'
1@
11 e Initialise:
12 1881 Call Initialise
13 print*, ".... Initialise"
S g
16 lwweawInput Information Reading:
17 1882 Call Input_read
12 print*, ".... Input Information Reading®
19
R i
1 D rennnn Input of constants:

1883 Call Constants_Input

print*, '.... Input of constants'

L pa

25 L i et et R
26 1884 Write(*,*)'!...setup oil....... -

27 if {(Idoil .eq. 1} then

28 Call setup_oil_re(0il_fn,np_cile,xe,ya,id oile,uce,vod

29 & JV_Massa,H_Massa,l_Massd,A_Masse,T_masse )

e else

31 stop

32 endif

33

34 g
35 1885 Write(*,*)'!...setup dynamic ....... '

36 If {Iddynamic .eq. 1) then

37 Call setup_dynamics_Fa{e,Dynamic_+n,n,m,dep

35 & ,zetal,T_depl,U_curl,v_curl,U winl,v_winl

39 & ,zeta2,T_dep2,U_curz,v_cur2,U win2,v_win2 )}

aa Else

41 stop

42 Endif

43

44 m e e e e e e e cc e mccmcm e mcmccmcce—c e mm = =
45 1885 write(*,*) '01l_sSpill_Compute’

45 Call 0il_cCompute

48 [ ====================================================================

49 STOP

ca END

t1

g3 | #*¥xkdkrrtrrrtdrrddrrdrrirrrsdrrtddrddrdrrbrrdirr bbbk bbbk bbb E
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| #F XX XXX FFFFFFFFFXXFFXTXIFFXIFFFIFIIFFFFXXIFXIFFIFFFFFTFIFFERFXXREXXIFIFIFFFFFEEITTF XX ST

subroutine 0il_Compute
Implicit none
Include "0il_Lagrange.h'

Integer deml, nleng,nlap,ik,jk

Real phi,Uwa,Vwa,Uwal,Vwal,Uwwal,Dirwal,hsc,hsw,heso

& , uc,vo,uvc,Dric,Uw,Ve,Uve,Dirw,xc,yvc,cor,hsl,hs2,lock, locy
Real, Dimension(lese,18e8) :: D,D1,Ucl,Vvcl,Uwl,vwl

& JD2,UC2,Ve2, W2, V2
I ====================================================================

deml = @

nlap = 2@
dt = dte/float(nlap)

np_oil = np_olle

heso = 1

hsc = 1

Do k =1, np_oil

ix(k) = xa(k) ; 1y(k)
iuwofk) = uwod{k) ; ivolk)
iufk) = uoeik) ; iv{k) voa{k)
ixafk) = x8{k) ; iva{k) = ye{k)
ivaik) = 8. H iva{k) = 8.

iv_Mass{k} = Vv_Massa(k) ; IH_Mass(k)} = H_Massa{k)
iW_Mass{k) = W_Massa{k) ; 1a_Mass(k) = A_Massa{k)
iT_Mass{k) = T_Masse(k)

ya(k) ; 1id_oil{k) id_epile(k)
voa{k) ; Iv_Mass(k) = V_Masse{k)

Enddo

Do j =1, m

Do i =1, n
U_drift{i,j) = a. H Ua_drif{i,j) =
v _drift{i,j) = a. H Va_drif{i,j)
Enddo
Enddo

n o1
G
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1288 Continue
demli = @
2eea Continue
dem = dem + 1
deml = deml + 1
isecond = isecond + dt
Call SET_TIME(isecond,iminute,ihour,iday,imonth,iyear)
Call Julian{isecond,iminute,ihour,iday,imonth,iyear,isTime}

ihhour = TTime/2E88.

if {(TTime .gt. 8. ) heso = 1.-8.25%EXP{-1./ihhour#®#a,35)
heso = 1.

if {TTime .1lt. z8.*68.) then
hs_diff= 1.25e-2*ihhour#**a.1
elsze
hs_diff= 1.2%e-2
& *=MaX{EXP(MAX(58.-ihhour,1.e-5)/58.)-1.7,1.8-7)%%2,75
endif

2188 Continue
Ucl = @. ; Vel = 8. ; Uc2 = 8. ; V2 ;D1
Uwl = 8.  Vwl =©.  Uw2 =@. ; Vw2 =@. ; D2 = @.
hsl = float(deml-1} /fleoat{nlap)
hs2 = (@.5+float(deml-1})/float{nlap)

1]

*
-

1]

[ax]

Do j =1, m
Do i=1, n

D1(i,J) = T_depl{i,j}
uci(i,j)y = U_curl{i,j}
woi1(i,j) = v_curi{i,j}
Uwl(i,j) = U_winl{i,j}
wwil(i,j) = V_wini{i,j}

(T_dep2(1,3)-T_depl(i,j})*hsl
(U_cur2{i,j)-uv_curi{i,j})*hsl
(v_cur2{i,j)-v_curl{i,j))y*hs1
(U_win2{i,j)-U_winl{i,j)}*hs1
(Vv_win2{i,j)-Vv_winli{i,j}}*hs1

+ + + + +

p2(1i,3) = T_depl(i,j}
Uc2(i,j)y = U_curl{i,j)
ve2(i,j) = v_curi{i,j}
Uw2(i,§) = U_winl{i,j}
Ww2(i,j) = V_wini{i,j)

(T_dep2{i,]j)-T_dep1{i,j})*hs2
(U_cur2{i,j)-u_curl{i,j))y*hs2
(v_cur2{i,j)-v_curl{i,j))y*hs2
(U_winZ{i,j)-U_wini{i,j})}*hs2
(V_winZ{i,j)-v_winil{i,j}}*hs2

+ + + + +

D{1,3) = max {D1(i,Jj),02(1i,]),8.)
If (D(i,j) .1t. 1.e-5) then
u_drift(i,j) = e. ; va_drif(i,7)

V_drift{i,j) = @&. ; Va_drif(i,j) = .

I}
@
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m M MmN

m mn mm

Elze

Uc = @.5% {ucl{i,j) + vcz(i,in
Vo o= 8.5% (vol{i,d) + vez(i,in
W = sgri(uc**2, + VC*¥2.)

Call angle(vc,Uc,Dric)

We = sgrifuc2(i,ji**2. + vo2(i,ji**2.)
Call angle{vc2(i,j),uc2{i,j),pric)

hsc 1.- @.125¥%=qri{l.-exp({-UWWc/fgrav))
hsc 1.

Uwa = 8.5% {Uwl{i,j)+Uw2({i,]j))

Viwa = 8.5% {Vwl{i,j)+=vw2({i,j))

Ui = sgrifuwa*Uwa+vwa*vwa)

Call angle{vwa,Uwa,Dirw)

U = sqrifUw2(i,j)**2.+va2({i,j)**2)

Call angle{Vw2(i,j),Uw2{i,J),Dirw}
phi = 28.35%exp(-UVun/12.5)
phi = 48.%*exp(-Uvw/12.5)

Uw = Uw2{i,jr*cos(phi) - vw2{i,j)*sin(phi)
Vil = Uw2{i,j)y*sin(phi) + vw2{i,j)}*cos(phi)
Ui = sgri{uwiw+ve )

Call angle{vw,Uw,Diru)

hsw = 8.832%{1.-exp({-UVW/17.5))

hsw = @.e8325*=sqri(l. -exp(-UVu/17.51)
hsw = 8.282565

hsw = &.@

u_drifti{i,j)
v_drifti{i,J)

hsc*Uc2(i, ) + hsw*Uw
hsc*¥wc2(i,j) + hsw¥uw

UWwal = sqri{Uewl{i,j)**2.+Vwi{i,j)**2.)
Call Angle{vwl({i,j),Uwl{i,j),Dirwal)
phi = 28.35%exp(-Uvwal/12.5)
phi = 48.%*exp({-Uvwal/12.5)
Uwal = Uwl(i,J)*cos{phi) - vwl{i,Jj)*sin{phi)
Viwal = Uwl({i,J)*sin{phi) + vwl{i,Jj)*cos{phi)

va_drif(i,j)

= {hsc*Uc1{i,j)} + hsw*Uwal)/grav
Va_drif(i,]j) =

(hsc*wcl(i,j) + hsw*Vwal)/Sgrav

if {(TTime.gt.dt) then
U_drift{i,j} U_drift{i,j)*hesoc
Ua_drif{i,]j)
V_drift{i,j)*heso
Va_drif{i,]j)

=
+

v_drift(i, i)

=
+

endif

Endif
Enddo
Enddo



2288

Continue
Do k = 1,mp_oil
ivalk) = 8. 3 iva(k) = a.
ik = 8. ;oiv (k)Y = @,
CalL GRID_Interpolates{D,n,m,-9%39,
& 4EAST_E=,EAST_Ee,NORTH_ES,NORTH_Ee
& »1x(k},1y(k),1oTdep(k} )

if (ioTdepdk) .gt. 1.8e-5) then
CalL GRID _Imterpolates(u_drift,n,m,-9999,
& 4EAST_E=,EAST_Ee,NORTH_ES,NORTH_Ee

& 21x(k), 1y (k) ,1u(k) )

CalL GRID_Imterpolates(v_drift,n,m,-9993,

& ,EAST_Es,EAST_Ee,NORTH_ES,NORTH_Ee

& »1x(k), 1y (k) ,iv(k) )
locx = 1.+ {(ix{k)-EAST_Es)/dx 3 ik = int({locx)
locy = 1.+ (iy{k)-MORTH_Es)}/dy 5 Jk = int{locy)

hsl = u_drift{ik,jk)
(u_drift{ik=1,jk)y-u_drift{ik,jk}i*¥{locx-1k)
U_drift{ik,jk+1}
(u_drift{ik+1,jk+1)-U_drift{ik,jk+1})*{locx-ik)
iufk) = hsl + (hs2-hs1)}*{locy-Jjk}

el
+ i

h=s2

2
+

hs1 = v _drift{ik,jk)

(Vv_drift{ik+1,jk)-v_drift{ik, jk})*{locx-ik)
V_drift{ik,jk+1}
(W_drift{ik+1,jk+1)-v_drift{ik,ik+1})*{locx-ik)
ivik) = hsl + (hs2-hs1)*{locy-Jjk)

2
+ i

hs2

2
+

196



[
@

P P2

P3P
B3 =

[ % I %]

Pd
(KX}

[ I % ]
(]
f=

(2]
i

=]
(=3}

(%]

]
]

[ % I %]

[=]
oa

(]

P
L
M W

(%]

L
[t

[ % I %]
L

(2%}

(8]
(LX)

(=]

Lid
I

[ % I ]

L
u

Lid
(=]

[ % N N B S R N
U L g

[ T I R I )
K T R E B
[EE I % R T s R n i s ]

o

(8]

e
(=3}

(%]

[ ]
e S R L
o

W oa

[ I S ]
(%]
[2=)

wm
[y

[ P I W I N
oo
B pa

mn
u

(%]
(=]

P P2
i
Sl

(=]

if (k.eg.1} then
ivaik) = 8. ; ivalk) = e.
else if (k.gt.1 .and. k.lt.18 )} then
ivalk) = hs_diff* cosd{float{k-1}*368./8.)*8.81
ivalk) = hs_diff* sind(float{k-1)}*368./8.)*%8.01
else if (k.ge.12 .and. k.1t.27 } then
ivalk) = hs_diff* cosd{float(k-9}*368./16.)%0.85
iva{k) = hs_diff* sind(float{k-9)*2s8./16.)*8.85
else if (k.ge.27 .and. k.le.s1 } then
ivalk) = hs_diff* cosd(float({k-26)*368./24.)*%0.18
iva{k) = hs_diff*® sind(float({k-26)*3e0./24.)%*0.18
else if (k.ge.51 .and. k.1le.g7 } then
ivalk) = hs_diff* cosd(float({k-5e)*3ee./36.)1*0.28
iva{k) = hs_diff*® sind(float{k-58)*368./36.)%6.28
else if (k.ge.87 .and. k.1le.123 } then
ivaik) = hs_diff* cosd{float({k-26)*2E0./26.1%0,.25
iva(k) = hs_diff*® sind(fleat{k-86)*3E0./36.)%8.35
else if (k.ge.123 .and. k.le.152 } then
ivaik) = hs_diff* cosd(float{k-122)*368./35.)%8.5@
ivai{k}) = hs_diff* sind{float({k-122)*3c8./36.)%8.5@
else if (k.ge.159% .and. k.le.287 ) then
ivaik) = hs_diff* cosd{float({k-158)*368./48.)%8.75
iva{k) = hs_diff* sind(float{k-158)*368./48.)%8.75
else
ivalk) = hs_diff* cosd{float({k-28c)*3c@./(np_oil-28&5.))
ivalk) hs_diff* sind(float{k-286)*368./(np_oil-285.))
endif

if  {ix({k) .ge. EAST_Es } .and. (ix{k) .le. EAST_Ee }) then
if {({iy(k) .ge. HORTH_Es} .and. {iv{k) .le. NORTH_Ee)}) then

Call corieclis{cor,iya(k)/111e08.)

ix{k}
iy(k)
endif
endif

ixalk) + {iu(k) + ifuadk}) + cor®=ivik) )=dt
ivalk) + (iv(k) + ivalk) - cor*iu{k} )*dt

Endif
Enddo
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808 Continue
If( mod{TTime+dt, fleat{Pr_time}/&.) .egq.@. ) then
nleng = len{trim{oil_fn})
nlinks = 0il_fn{1l:nleng-28}
style =".txt’
write{nfilel, '(i4.4,4(a,i2.2))}")
& iyear,'-"',imonth,"-",1iday, '_",ihour,"-"',Iminute

Pt Pt Pt
B a0 pa

[1a}

Sl

[
B = T = T = T = T = R = I = Ay
[=3]

oa

269 Fname = trim{nlinks)//trim{nfilel}//trim{style)
27e

271 Call setup_oil_re(Fname,np_cile,xe,yd,id_cile,uce,vosd
272 & JV_Massd, H_Masse,l_Massa,A_Masse,T_masse )
273

274 € goto 48ge

275 if {dem .1t. nlap+1l) then

276 WC o= 8. 5 yC = @,

277 Do k = 1,np_oil

278 ®E = ¥C + xe(k)

279 yo = yo + ya(k)

238 Enddo

281 ¥ = ¥o/float(np_oil)

282 yo = yo/float(np_oil)

283 Do k = 2,np_oil

284 in(k) = 1x(K)-Ix{1}+xC

285 iy(k) = iy(k)-iy{1)+yc

286 Enddo

287 ix(1l) = xc

288 iy(1) = yc

289 endif

298 endif

291

=
2817 |  =================================================s======s=======s========
2818 SUBRCOUTIME Angle{s,c,val)

2819 implicit none

2ez2e REAL s,c,val,PI

2821

I T T T T
2823 PI = 4.*atan{1.)

2024

2825 IF {C.EQ.B®.) THEW

2026 IF {S.GE.@.) THEN

2927 val = PL/2

2828 ELSE

2829 val = 3*PI/2

2838 EMDIF

2831 ELSEIF (C.GT.8.) THEW

2832 IF {S.GE.@.) THEN

2833 val = ATAM{ABS{S/C})

2934 ELSE

2835 val = 2*PI - ATAN{ABS({S/C))

2836 EMDIF

2837 ELSEIF (C.LT.8.) THEN

2838 IF {S.GE.A.) THEM

2839 val = PI - ATANM({ABS(S/C})

2048 ELSE

2841 val = PI + ATAM{ABS(S/C))

2942 ENDIF

2843 ENDIF

2844

2845 RETURN

2848 END

2847

2848
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