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TOM TAT NOI DUNG

1. Muc dich nghién ctru

Luan 4n xay dung mé hinh mé phéng qué trinh di chuyén cta cac hat dau
trén bién, véi qué trinh mé rong va troi dat, ¢ tinh dén cac yéu td dau vao nhu
gio, séng, dong chay, nhiét d6 nudc bién, cac yéu té dia hinh khu vuc ving bién
Hai Phong, dép tng duoc cac yéu ciu do chinh xac vé mit toan hoc, dong thoi
mo hinh ¢6 thé nang cao d6 chinh xé4c théng qua viéc diéu chinh céc dit liéu dau
vao thuy dong luc; bén canh do, quang canh khu viec mé6 phong cling dugc néng
cap duéi dang 3D.

2. Phwong phap nghién ctru

Luan 4n str dung két hop céc phuong phap phan tich, tdng hop, thong ké;
giai thich; tinh toan va mé phong thuc hién béi may tinh; phuong phap kiém
nghiém dénh gia do chinh x4c ctia mé hinh véi phan mém thuwong mai va trudng
hop tran dau thuc té. Cy thé nhu sau:

- Phuong phap tong hop, théng ké: nhitng nghién ciru dé thyc hién vé mo
phong va du doan tran dau & trong nudc va trén thé gi6i, tir d6 chi ra nhimg han
ché cua céc nghién ctru da thuc hién, dé 1am ndi bat tinh méi cta lun 4n.

_ - Phuong phap giai thich: trinh bay nguyén ly cta thuat toan dugce lua chon,
dieén giai cac phuong trinh va cac thanh phan cua phuong trinh d€ t6i uu hoéa
chuong trinh md phdng.



- Phuong phap GIS: s6 hoéa va xir Iy s6 lidu dia hinh tir cac ban db dia hinh
ty 1€ 1:100.000 va 1:25.000 & vung cira sdng ven bién Hai Phong. Cac phan mém
GIS ciing duoc ding dé 16ng ghép sb liéu dia hinh & viing ven bién.

- Phuong phép tinh toan va moé phdng trén may tinh: st dung mé-dun MIKE
Hydraudynamic d& tinh to4n mé phéng thuy dong luc lam yéu té dau vao cho mé
hinh MIKE 21/3 Coupled FM va md hinh tu xay dung dua trén phuong phap mo
phéng Lagrange.

- Phuong phap phén tich va so sénh: véi phan mém thuong mai va sy ¢b tran
dau thye té di xay ra.

3. P6i twgng va pham vi nghién ciru

- P6i tuong nghién ciru: thue hién mé phong mét sy ¢b tran dau trén bién tai
vung bién Viét Nam. Tur d6 dénh gia, so sanh tinh chinh x4c cia m6 hinh mé
phong véi cac chuong trinh mé phong thuong mai da duoc kiém ching.

- Pham vi nghién ctru: mé phong va dy doan chuyén déng cuia vét dau loang
trén bién, thi diém tai viing hién Hai Phong tai cac kich ban tran dAu dat ra nam
2022 va truong hop tran dau thuc té xay ra nam 2023.

4. Y nghia khoa hoc va thue tién ciia ludn 4n

- Y nghia khoa hoc: Xay dyng dugc chuong trinh mé phéng va dy doan
chuyén d6ng cua vét diu loang dua trén phuong phap Lagrange tai khu vuc bién
Hai Phong, Viét Nam. Chuong trinh do nghién ciru sinh tu x4y dung c6 thé du
doan duge mdt cach chinh xac chuyén dong ctia vét dau loang, tir d6 1am phong
pht thém déng gép khoa hoc trong linh vuc nghién ctru v& mé phong tran dau &
trong nudc va trén thé gisi.

- Y nghia thwe tién: Két qua nghién ctru cla luén an s€ gop phén ndi dia héa
cac chuong trinh m6 phong tran dau ¢ trong nudc, timg bude lam chi cong nghé
m6 phong tran déu, c6 thé ning cao d§ chinh xdc thong qua viée di€u chinh cac
tham s6 dau vao ctia chuong trinh tinh toan thiy dong luc.

5. Cac dong gop méi ciia luan an

Luén an c6 cac dong gbp mdi sau day:

- Luén 4n d& xay dyng mo hinh m6 phong tran dau dua trén phuong phap
Lagrange, phu hop voi diéu kién ty nhién tai ving bién Viét Nam, thi diém tai
ving bién Hai Phong. M6 hinh cho phép linh hoat didu chinh cac tham sb déu vao
thiy dong luc va kiém so4t db tin ciy két qua dau ra théng qua céc chi tiéu danh
gid sai s0 ddm bao d9 tin cay;

- Ngoai ra, két qua mo phong dé dugc 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 md hinh 2D truyén thong, m hinh 3D do NCS tu xay dung cho
phép nhan dién chinh xéac khu vuc dau bam dinh. M6 hinh 3D mang lai 6 chinh
xac va ho trg hi€u qua trong viéc ra quyet dinh tng pho su co.
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6. Bo cuc ciia luan an

[.uén &n duge trinh bay bao gém phf"m mé& dau va 4 chuong, phfm két lugn,
danh myc cac cong trinh d4 céng bd lién quan dén dé tai ludn 4n, tai liéu tham
khao va 1 phu luc.

Chuong 1. Tong quan tinh hinh nghién ctru c4c md hinh va phuong phép mé
phong su phét trién ciia mang dau trén bién

Chuong 2. Co s6 phuong phap luén va co so dit liéu phuc vu nghién ctru

Chuong 3. Thyc hién mo phong su ¢d tran diu trén bién bé“mg mo6 hinh MIKE
21/3 Coupled I'M

Chuong 4. Thuc hién m6 phéng sy ¢d tran dau dwa trén phuong phép do hoa
3D va so sanh dd chinh xac cia mé hinh.

Hdi Phong, ngay//8thdng 6 ndm 2025
Tap thé ngudi hwéng dan khoa hoc Nghién ctru sinh

Nguoi huéng dﬁp khoahoc  Ngudi huéng din khoa hoc
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SUMMARY OF THESIS

1. Research objectives

The dissertation develops a simulation model for tracking the movement of
oil particles at sea, incorporating processes such as spreading and drifting, while
taking into account input factors including wind, waves, currents, seawater
temperature, and the topographic features of the Hai Phong coastal region. The
model meets the required level of mathematical accuracy and can also enhance its
precision through the adjustment of hydrodynamic input data. Additionally, the
simulated environment is enhanced with 3D visualization of the study area.

2. Research methods

The dissertation employs a combination of analytical, synthetic, statistical,
explanatory, computational and simulation-based methods, supported by
computer modeling. It also applies validation techniques to assess the model's
accuracy by comparing results from commercial software and actual oil spill
incidents. Specifically:

- Synthesis and statistical methods: These are used to review previous studies
on oil spill simulation and prediction both domestically and internationally,
thereby identifying existing limitations and emphasizing the novelty of this
dissertation.

- Explanatory method: This involves presenting the theoretical principles of
the selected algorithms, interpreting the governing equations and their
components in order to optimize the simulation program.
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- GIS method: Topographic data of the Hai Phong coastal estuarine area is
digitized and processed from 1:100,000 and 1:25,000 scale. GIS method is also
used to integrate coastal terrain data into the simulation framework.

Computational modeling and simulation: The MIKE Hydrodynamic
module is utilized to calculate hydrodynamic inputs for both the MIKE 21/3
Coupled FM model and a self-developed model based on the Lagrange simulation
approach.

- Analytical and comparative method: This is applied by comparing the
results from the commercial software and actual oil spill incidents.

3. Research object and scope

- Object: to simulate an offshore oil spill incident in Viet Nam sea. Based on
this, the accuracy of the developed simulation model is evaluated and compared
with that of verified commercial simulation programs.

- Scope: the study focuses on simulating and predicting the advection and
dispersion of an oil slick in the Hai Phong coastal zone. Two test cases are
considered: (i) hypothetical oil-spill scenarios defined for 2022 and (ii) the real
oil-spill event that occurred in 2023.

4. Scientific and practical significance

- Scientific: The dissertation successfully develops a simulation program for
predicting the movement of oil slicks based on the Lagrange approach,
specifically applied to the Hai Phong sea area in Viet Nam. The program,
independently developed by the doctoral student, demonstrates the capability to
accurately predict the movement of oil slicks. This contributes meaningfully to
the scientific advancement of oil spill modeling research, both domestically and
internationally.

- Practical: The research outcomes contribute to the localization of oil spill
simulation in Viet Nam, serving as a step toward mastering oil spill modeling
technology. The model’s predictive accuracy can be further enhanced by adjusting
the input parameters of the hydrodynamic calculation program.

5. New Contributions
Novel Contributions of the Dissertation:

- The dissertation successfully develops an oil spill simulation model based
on the Lagrange approach, adapted to the natural conditions of Viet Nam sea, with
the case study in the Hai Phong coastal region. The model enables flexible
adjustment of hydrodynamic input parameters and provides mechanisms for
evaluating output reliability through validated error metrics, thereby ensuring
simulation accuracy and robustness;

- Additionally, the simulation results have been integrated with 3D
visualizations and GIS-based topographic mapping, offering a clear depiction of
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oil slick movement and shoreline adhesion. In comparison with conventional 2D
models, the 3D model developed by the doctoral candidate allows for more
precise identification of coastal oil deposition zones. This enhanced 3D capability
significantly improves model accuracy and serves as a valuable tool in supporting
decision-making for oil spill response.

6. Thesis Structure

The dissertation is organized including an introduction, four main chapters,
a conclusion, a list of related publications by the author, references, and one
appendix.

Chapter 1. Overview of existing research on models and simulation methods
for the development of oil slicks at sea

Chapter 2. Methodological framework and data sources for the study

Chapter 3. Simulation of oil spill incidents using the MIKE 21/3 Coupled
I'™M model

Chapter 4. Simulation of oil spill using 3D visualization techniques and
comparison of model accuracy
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