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Tém tit

Luéng hang hai Hai Phong giit vai tro then chot
trong phdt trién kinh té bién va két néi giao thirong
quéc té tai khu vuc mién Bic. Tuy nhién, hién
twong boi ldng tram tich dién ra thwong xuyén da
va dang lam suy giam d¢ sau luong, dnh hwong
dén an toan hang hai va hiéu qua hoat dong cang
bién. Nghién cieu nay dwoc thwe hién nham xdy
dung mé hinh mé phéng qud trinh van chuyén
tram tich, phuc vu quan Iy duy tu luong tau va dinh
hieong quy hoach phdt trién ha tang hang hai mét
cdch bén viing. Cdch tiép cdn ciia nghién ciru gom
hai buoc: (1) thu thdp, phdn tich va tich hop cac
dir liéu dau vao nhuw dia hinh day bién, dac trung
thiy triéu - dong chay, tinh chdt tram tich va diéu
kién khi tuwong - hdi van; (2) thiét lip mé hinh so
st dung phan mém MIKE 21/3 Coupled Model
FM nham mé phong chi tiét truong dong chay va
vin chuyén bin cdt trong khéng gian - thoi gian.
M6 hinh dwoc hiéu chinh va kiém chirng bang dir
liéu thiee do d@é ndng cao dé chinh xdc cua két qua.
Két qua mé phong cho thdy cdc khu viee ¢é xu
hieong boi lang manh bao gom cira Nam Triéu,
khu vuc cang Lach Huyén va viung hg luu song
Cdm. Nhitng phat hién ndy cung cdp co sé khoa
hoc hitu ich cho viée dé xudt cdc gidi phdp nao vét
dinh ky va kiém sodt tac dong méi truong do boi
tu tram tich tai khu vuc nghién ciru.

Tw khoa: Vin chuyén tram tich, an toan hang hai,
bao vé moi truong.

Abstract

The Hai Phong channel plays a pivotal role in the
development of the maritime economy and
international trade connectivity in Northern
Vietnam. However, frequent sediment deposition
has been reducing channel depth, thereby
affecting maritime safety and the operational
efficiency of seaports. This study aims to develop

a simulation model of sediment transport to
support the maintenance of the navigation
channel and provide a scientific basis for
sustainable maritime infrastructure planning. The
research approach consists of two main steps: (1)
collecting, analyzing, and integrating input data
such as seabed topography, tidal and current
characteristics, sediment properties, and hydro-
meteorological conditions, and (2) constructing a
numerical model using the MIKE 21/3 Coupled
Model FM software to simulate detailed flow
fields and sediment transport dynamics in both
space and time. The model was calibrated and
validated using observation data to enhance result
accuracy. Simulation vesults reveal that key
sediment deposition zones include the Nam Trieu
estuary, the approach area to Lach Huyen Port,
and the downstream section of the Cam River.
These findings provide valuable scientific insights
for proposing periodic dredging strategies and
mitigating the environmental impacts of sediment
accumulation in the study area.

Keywords: Sediment transport, maritime safety,
environment protection.

1. D3t van dé

Hai Phong hién la mot trong nhiing trung tam kinh
té bién trong yéu ctia Viét Nam, s6 hitu mang ludi gom
52 cang bién, dong vai trd quan trong trong chudi giao
thwong ndi dia va quéc té [1]. Trong s6 d6, ludng hang
hai kénh Ha Nam du da duoc nao vét dat do sau thiét
ké -8,5m vén chi cho phép khai thac mot chiéu do
nhiéu doan chua dam bao déng déu vé d6 sau. Hién
tugng boi tu tram tich xay ra thuong xuyén tai day gy
anh huéng dén hiéu qua khai thac, gia ting chi phi duy
tu va tiém 4n rti ro mat an toan trong van hanh tau
thuyén. Cac bén s6 3 va 4 ciia cang Lach Huyén chinh
thirc dua vao hoat dong trong quy 1/2025, cung véi
tién do hoan thanh giai doan 1 cla bénsé 5 va 6, da
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lam thay ddi diéu kién thuy dong luc va dic diém phan
b chét lo limg trong khu vue, chiu tac dong dong thoi
tir dong triéu, ngudn nude cira song va hoat dong do
bun nao vét.

Trude d6, mot sé nghién ciu da tiép can hién
tuong van chuyén tram tich tai ving bién Hai Phong -
Ha Long. Vi du, cong trinh ciia Vii Duy Vinh [2] va
Pham Hai An [3] da sir dung cdc md hinh Delft3D va
ECOMSED dé¢ mé phong dong lyc tram tich lo limg
tai khu vuc Db Son va cira song ven bo. Ngoai ra, mot
s6 nghién ctru khac tap trung vao anh huéng cua viée
khai thac vat lidu day bién hodc danh gia su bién dong
dia hinh tai cac khu vuc nhu cang ca Tran Chau, cua
song Nam Triéu va song Cam [4-6].

Tuy nhién, hau hét cac cong trinh trudc d6 van con
han ché vé mit khong gian mé phong, chwa bao phu
cac khu vyc trong diém nhu tuyén Kénh Ha Nam hay
khu vyc cang Lach Huyén. Dong thoi, viée tich hop
dit liéu do dac thuc té vé thiy triéu, dong chay va dac
tinh tram tich theo mua van chua dugc khai thac day
du. Dic biét, sb luong nghién ctru 4p dung mo hinh )
¢6 @6 phan giai cao nham phyc vu cong tac quy hoach
va van hanh duy tu ludng mot cach hiéu qua con rét it.

Xudt phat tir nhitng ton tai néu trén, nghién ctru
nay dugc thyc hién véi muc tiéu xay dung mot mod
hinh s6 ¢6 kha niang mo phong chi tiét qua trinh van
chuyén trAm tich tai khu vue Kénh Ha Nam va céc bén
cang Lach Huyén. M6 hinh duoc phat trién trén co s&
két hop dir liéu do dac hién truong véi cac diéu kién
dong lyc dién hinh nham phan tich quy luat bdi ling -
van chuyén trim tich. Qua dé, nghién ctru cung cép
co s& khoa hoc hd trg ra quyét dinh trong cong tac
quan 1y ludng hang hai tai mot trong nhimng khu vic
¢6 tin sudt van tai bién cao nhit ca nude.

2. Tai liéu va phuong phap thuc hién mo phéng
2.1. Tai liéu

Dit liéu dia hinh phyc vu nghién ctru khu vyc cang
Hai Phong va vung lan can dugc thu thdp tir nhiéu
ngudn khac nhau. Trong d6, ban d6 va hai dd ty 18
1:5000 dugc thye hién khao sat vao nam 2009, 1a mot
phan ciia Bao céo thiét ké k¥ thuat chi tiét cho du 4n
xay dung ha tﬁng cang Lach Huyén dugc hoan thién
vao nam 2013 [7]. Pdng thoi dir liéu dia hinh c6 bd
sung cac dir liéu vé do sau day ludng va khu vuc lan
can cang theo sé liéu dén nam 2025 trong d6 c6 bao
gdm c6 dir lidu dia hinh cua dé chan song cang Lach
Huyén, so dd cang Lach Huyén qua Google Earth.
Ngoai ra, cac thong tin khi tugng, thily van cing sd
liéu thuc do lién quan dén van chuyén bun cat va trAm
tich ciing dugc khai thac tir bdo cdo ndi trén. Bén canh
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do6, dix liéu do sau day bién duoc léy tr nguén GEBCO
- mot co so dit lidu toan cau cong khai co tinh dong
bd va do tin cay cao, da dugc nhiéu t6 chire quéc té
kiém chtng va sir dung trong nghién ctru khoa hoc
bién. Co s¢ dir litcu GEBCO duoc sir dung trong
nghién ctru nay chi yéu dé bd sung cho cac khu vuc
ven bd xa va ving bién ngoai khoi, noi khong c6 s6
lidu khao sat chi tiét. Cac dir liéu nay 1am nén tham
chiéu so bd cho toan bd m hinh trude khi chén ludi
chi tiét cho khu vuc ludng tau va cang.

i A | ol
Hinh 1. Dia hinh khu vuc nghién ciu

Thong tin vé gi6 duogc thu thap tir tram quan tréc
Hon Déu va cap nhat dén nam 2023. Muyc nude va ché
d6 thuy triéu dwoc téng hop tir cac tai lidu chuyén
nganh, véi gid tri trung binh nhiéu nim nham dam bao
tinh dai dién. Cac thong s6 khi tugng khac dugc trich
xudt tir co s& dit lidu tai phan tich toan cau ERAS do
Trung tim Dy bao Thoi tiét Trung han Chau Au
(ECMWF) cung cép, sau d6 xir ly trung binh va noi
suy tuyén tinh theo thoi gian dé dong bo vai ludi tinh
toan. Bién song dugc thiét lap dua trén s6 liéu muc
nude do tai cac tram Cira CAm va Do Nghi, day la hai
ctra song chinh chay vao va cung cp luong trim tich
bdi ldng cho khu vuc ludng Ha Nam va cang Lach
Huyén. Trong khi d6, diéu kién bién bién va khu vuc
vinh Ha Long, noi c6 anh hudng truc tiép dén ché o
thity triéu - dong chay ven bd va két ndi véi khu vuc
tinh toan, dong thoi dugc xac dinh thong qua két qua
mo phdéng tir mo hinh MIKE.
2.2. Phwong phap

a) Nguyen ly tinh toan cua Mo-dun thiy luyc (HD)

Mé-dun HD giai hé phuong trinh Navier-Stokes
ndng (shallow water equations), duéi dang trung binh
theo chiéu séu (2D) hodc chia 16p theo chiéu ding
(3D) [8].

Phuong trinh lién tuc:

o o) o) )
ot 0x Oy
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Trong d6: A 1a chiéu sau cot nudc (m); u, v 1a van
tdc dong chay theo phuong x, y (m/s).
Phuong trinh dong lugng theo phuong x, y:

ou Ou Ou on ot u c[u\/u2+v2 )
SHUT VeS| oo s+ [+,

ot ox 0y Ox ox* oy h
I TN G AR R ©)
a ox oy Coy o oy PR

Trong d6: # 1a myc nudc bién (m); g 1a gia tdc
trong trudng (m/s?); d 1a d6 sau day bién; v, 1 hé sb
khuéch tan dong hoc (m?/s); ¢y 1a hé s6 ma sat day; f
1a tham s6 Coriolis (1/s); S, S, 1a thanh phan ngoai luc
theo phuong x, y (m/s?); ¢ 1a thoi gian (s).

b) Nguyén 1y tinh todn ciia Mé-dun vin chuyén
bun (MT)

Mb hinh gidi phuong trinh van chuyén tram tich
dang d6i luu - khuéch tan [9]:

a—C+u.vczv.(gvc)+ E-D (4)
ot h

Véi, C 1a ndng d6 tram tich lo ling (SSC, kg/m?);
u 12 van tdc dong chay (m/s); e 1a hé sé khuéch tan; E
1a tc do xoay (kg/m%s); D 1a toc d6 lang (kg/m?/s).

¢) Nguyén Iy tinh todn ciia M6-dun vin chuyén cdt
(ST)

Phuong trinh van chuyén trim tich (dang tong
quat):

b 1

—+—V.q =0
o l1-p %

®)

Trong d6, z, cao d6 day bién (m); p do rdng 16p
day (porosity); g, vector tai luong tram tich (gom tai
luong lo lung va tai lugng day).

3. Két qua
3.1. Két qui mé phéng thiiy lwc

Pé tao ludi phuc vu tinh toan thuy dong luc, tac
gid sit dung mo-dun MIKE Zero [10] trong bd cong
cu phan mém MIKE. Phan ludi tinh 13 ludi tam giac
phi cdu trac duoc chia chi tiét hon tai cac khu vuce ven
bo, kénh Ha Nam, dé chin séng.

Khu vic mé phong ludng Hai Phong va lan can co
kinh do giéi han 1a 106°48' E va 106°58' E, vi d9 gidi
han 14 20°46' N va 20°51' N trong hé thdng tric dac
UTM-48 dugc minh hoa trong Hinh 2. Ludi tinh toan
1a ludi tam gic phi cdu tric, trong d6 khu vuc ven bo
va cac au chin song 1a khu vuc c6 mirc do bdi 1p sa
bdi nhanh hon nén s& duoc tao ludi chi tiét hon véi
dién tich t6i da cia mdi 6 1a 1.5 km?2. Ving nghién ctru
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bao gém 14522 niit va 24851 phan tir, trong do goc
nho nhat cho phép 1a 32°, thoi gian mé phong vao mua
kho tir 03/01/2022 dén 20/01/2022 (17 ngay) va mia
mua tir 04/7/2022 dén 21/7/2022 (17 ngay) nham dai
dién cho diéu kién thuy van dién hinh, dong thoi dam
bao md hinh hoi tu 6n dinh va tiét kiém tai nguyén
tinh toan. Khoang thoi gian giira cac budc 1a 600 gidy
dé vira dam bao d¢ chi tiét cia mo hinh mo phong, va
khong 1am cham toc do tinh toan cta céu hinh may
tinh (Bang 1).

Hinh 2. Ludi tinh toan khu vwe nghién ciru

Bing 1. Théng sé tinh todn dau vio ciia mé hinh

Thong sb Gia tri
Ludi va muc nude 14522 nut, 24851 phén tr
Mua kho: 03/01/2022 00:00 -
Thoi gian mo 20/01/2022 08:40 (17 ngay)
phong Mua mua: 04/07/2022 00:00 -
21/07/2022 08:40 (17 ngay)
Kh.ONéng thoi gian 600 gidy
gilta cac budc
Budc thoi gian 2500
Do hoi tu S6 CFL = 0.85
.. Cong thitc Smagorinsky, Constant
Do nhét roi
0.28 m?/s
HD: Lyc can S Manning

Két qua md phong muc nudc thoi ky mia mua va
muia kho nhu trong Hinh 3 va 4. Dé kiém chung do
chinh x4c, tac gia so sanh voi muc nudc quan tric tai
tram Hon D4u cho thdy ti 16 tuong ddng cao vé pha va
bién d¢, thé hién do tin cdy ctia mo hinh thuy dong luc
lam dau vao cho mé hinh véan chuyén trdm tich (Hinh
5va6). Trong Bang 1, cac tham s6 dugc mac dinh nhu
hé s ma sat day duoc biéu dién bang hé s6 Manning,
d6 nhot rdi ké thira tir mo hinh Smagorinsky, c6 gia tri
1a 0,28m?*’s. Ngoai ra, tac gia da thyc hién hi€u chinh
céc tham sb nhu luc Coriolis bién d6i theo diéu kién
dia hinh, thé hién tinh dia phuong cta khu vuc duoc
md phong va d¢ hoi tu CFL=0,85 dua trén kinh
nghiém va thyc tién sir dung mo6 hinh MIKE.
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3.2. Két qui mé phéng vin chuyén tram tich

Qua trinh van chuyén tram tich trong diéu kién
mua khé dugc thé hién qua Hinh 7 va 8. Cu thé, tai
thoi diém ngay 07 thang 01 ndm 2022, phan bd nong
d6 bun lo lirng (Suspended Sediment Concentration -
SSC) dao dong trong khoang tir 0 dén 0,08 kg/m?
(Hinh 7), phan anh muc d6 bdi lang tuong d6i thip do
dong luc dong chay va lugng tram tich dau vao han
ché trong mua nay. Song song d6, Hinh 8 mé phong
phan b cat lo limg vao ngay 06 thang 01 nam 2022
cho thiy gia tri SSC nam trong khoang tir 0 dén 0,8
kg/m?, chu yéu tap trung tai cac khu vuc bi khudy
dong boi triéu hodc hoat dong tau thuyén.

Nguoc lai, trong diéu kién mua mua, Hinh 9 va 10
cho théy murc d0 van chuyén tram tich cao hon rd rét.
Tai thoi diém ngay 16 thang 07 nim 2022, nong do
bun lo limg duge ghi nhan trong khoang 0,08 dén 0,16
kg/m* (Hinh 9), phan anh tac dong manh mé cua luu

Hinh 3. Myc nudc thoi ky mita kho (03/01/2022)

1.50

4.00 —Hsim ——Hobs

Hinh 5. So sanh myc nwoc thue do (Hobs) va mé
phéng (Hsim) tai tram Hon Déu giai doan tir
03/01/2022 dén 19/01/2022

Hinh 7. Ham lwong SSC bun (mua kho)
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lugng nudc soéng va lugng mua gia tang trong giai
doan nay. Trong khi d6, mo phong vao ngay 04 thang
07 ndm 2022 cho théy néng do6 cat lo ling dat tir 0,8
dén 1,2 kg/m* (Hinh 10), cho thiy mirc van chuyén
cao do sy két hop giita dong chay song, song va hoat
dong thuy van mua mua.

4. Thao luan

Vao mua kho, luu lwong nudce tir song d6 ra giam
1 rét, dan dén viéc van chuyén trim tich dién ra chu
yéu theo chiéu ngang, doc theo tuyén ludng chinh. Do
thiéu luc déy manh tir thugng nguén, cac hat bun cat
d& ling dong tai nhiing vi tri c6 dia hinh bat loi nhu
khiic cua, ving nudc tinh hay cac hd sau trong long
ludng. Tai cac khu vuc c6 van tdc dong nho - nhu viing
quay tau hodc gan ctra song - thudng xay ra tinh trang
boi tich cuc bo. Trong diéu kién dong chay yéu, qua
trinh léng dién ra chu dong hon, khién lugng bun min
va hat sét d& dang tich tu ¢ day. Hau hét trim tich lo

——Hsim ——Hobs

£20
£ 150
£ 1.00
£ 050
= 000

-0.50

-100 | ¥ v

-1.50

2

Hinh 6. So sanh muc nwdc thue do (Hobs) va mé

phéng (Hsim) tai tram Hon Déu giai doan tiv
04/07/2022 dén 20/07/2022

Hinh 8. Ham lwong SSC cdt (mua kho)
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Hinh 9. Ham lugng SSC bun (mua mwa)

limg trong muia ndy c6 ngudn gbc tir tai huy dong day
do hoat dong hang hai, x6i 16 bd bién va mét phan nho
tir tridu - song. Vi khu vye cang Lach Huyén, du
khong xuét hién bdi ling dién rong trong mua kho,
van ghi nhan cac diém tich tu tai nhiing noi c6 diéu
kién thuy dong luc khong thuan loi.

Nguoc lai, vao thoi diém mua mua, luong nudc
chay tir thugng luu ting manh kéo theo mot khdi
luong 16n trAm tich min, cha yéu do rira tr6i va sat 1o
dat. Dudi anh huong ciia dong song 16n va lugng mua
cao, vat li€u nay c6 xu hudng van chuyén huéng ra
bién doc theo ludng chinh. Pdng thoi, sy tac dong cta
song va dong ven khién trdm tich lan téa ra cac khu
vure xung quanh nhu Dinh Vi va Nam Triéu. Diéu nay
dan dén pham vi bdi ling mé rong, khong chi gidi han
trong viing quay ma con anh huong dén toan tuyén
ludng vao cang. Néu thiéu ké hoach nao vét chu dong,
hién tugng suy giam d6 sau ludng c6 thé didn ra nhanh
chong, can trd viéce tiép nhén tau 16n tai khu vyc cang
nudc sau.

5. Két luin

Bing cich tng dung by cong cu MIKE 21/3
Coupled FM, nghién ctru da xay dung thanh cong mo
hinh s6 mo6 phong qué trinh van chuyén tram tich tai
khu vuc ludng Hai Phong va cac vung lan can. Mo
hinh cho phép tai hién cac dac trung dong chay va
phan bd trim tich trong ca hai mua mua - kho dam bao
do tin cy, dong thoi 1am rd tac dong cua diéu kién
thily dong lyc 1én hién tugng bdi ling cuc bo tai cac
khu vuc trong diém.

Két qua thu duge cho thdy: Vao mua mua, do luu
lwong séng 16n va didu kién thuy vin phuc tap, trim
tich dugc chuyén tai manh tir song ra bién, gy tich tu
tai cac khu vuc co van téc dong thap nhu viing quay
va cira Nam Triéu. Trong miia kho, du tong lugng tram
tich véan chuyén nho hon, van xuét hién hién tugng
ling dong tai nhirng khu vuc bi anh hudng boi song
triéu hodc hoat dong tau thuyén.

An toan, méi tredng va phat trién bén virng

Hinh 10. Ham lwgng SSC cadt (mua mwa)

Céch tiép can mo phong vat Iy cho phép danh gia
khach quan sy thay d6i dia hinh day va mirc d6 bdi tu
theo thoi gian. Tuy nhién, d6 tin cay cua két qua phu
thudc vao chét luong dir li¢u dau vao (séng, gio, dac
tinh vat liéu dy), ciing nhu nang luc xir 1y ctia hé théng
md hinh héa. Dong thoi nghién ciru ciing bi han ché boi
dir liu thu thép va thuc hién mo phong nam 2022.

Trong tuong lai, nhom nghién cuu dinh hudng
nang cip mo hinh theo hudng tich hop dir liéu do thoi
gian thuc d6i vai s6 liéu quan tric, dia hinh day va
ndng d6 trdm tich lo ling (SSC) va tbi wu hoa hiéu
nang tinh toan. Ngoai ra, st dung mo hinh da hi¢u
chinh dé mo phong cac kich ban k¥ thuat khac nhau
(thay d6i huéng d6 bun, bd tri dé din dong, tbi wu tan
sudt nao vét), tir d6 lya chon phuong an hi€u qua nhét
nham dap ung yéu cau giam sat, dy bao bdi ling phuc
vu quéan 1y ludng tau, bao tri ha ting va bao vé moi
truong ven bién mot cach hiéu qua hon.
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