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MO PHONG TOAN SO VOI MA NGUON MO TELEMAC - 2D
CHO BAI TOAN NGAP LU, THOAT NUGC PO THI
THICH UNG BIEN POI KHI HAU THANH PHO CAO BANG
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Tém tat: Nghién ciu nham xay dung
mo hinh m6 phong toan s6 phuc vu canh
bdo s6m ngap lut cho d6 thi Cao Bang
do mua va I tai ché. Day la d6 thi dang
phat trién véi hé théng thoat nudc mua da
xuéng cap va lac hau. Vé dia hinh tu nhién,
khu vuc nam trong thung liing séng Bang,
€6 vij tri bat Igi vé ngap khi xady ra mua la
vGi dac thu mién nui c6 cudng d6 tap trung
nudc nhanh. Hién tugng ngdp cang tré nén
trdm trong hon trong bdi canh bién déi khi
hdu véi cac tran mua cuc doan ngay cang
xay ra thuang xuyén hon.

M6 hinh toén s6 st dung trong nghién
cu la TELEMAC-2D, mét phan mém ma
nguén ma cho phép mé phéng dong chay
hai chiéu theo phuang ngang. Viéc st dung
mé hinh ma nguén mé& la mét uu diém
quan trong so vai nhiéu phan mém thuong
mai trong nghién ctiu mé phéng ngap lut
do thi.

K&t qua mo phang cho thay mot sé khu
vuc trung tdm dé thi Cao Bang c6 thé xudt
hién ngap sau, phu hop véi cac s6 liéu quan
trac thuc té€ trong thai gian gan day. Nghién
clru gop phan cung cap co sé khoa hoc cho
viéc xay dung hé théng canh bao sém va
quy hoach thoat nudc do thi thich tng véi
bién déi khi hau.

Turkhoa: Telemac-2D, ma nguén mg, Ia,
ngap do thi, thanh phé Cao Bang.

Abstract:  This
numerical simulation model for early

study develops a

warning of wurban flooding in Cao
Bang City caused by local rainfall and
upstream flood. Cao Bang is a developing

mountainous city with an outdated and
deteriorating stormwater drainage system.
Geographically, the city is located in the
Bang River valley, making it vulnerable to
flooding during heavy rainfalls due to rapid
water concentration from surrounding
mountainous areas. Flood risks are further
intensified by extreme weather conditions
associated with climate change, with
increasingly frequent heavy rainfalls.

Inthis study, the open-source hydrodynamic
model TELEMAC-2D is applied to simulate two-
dimensional flow processes. The use of an open-
source model provides significant advantages
compared with proprietary software in flood
simulation studies.
that
several central areas of Cao Bang City may

Simulation  results indicate
experience deep inundation during extreme
rainfalls. These results are consistent
with recent actual survey data. The study
provides a scientific basis for developing
early flood warning systems and improving
urban drainage planning in adaptation to
climate change.

Keywords: TELEMAC-2D, open-source
model, urban flooding, Cao Bang City.
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1. GIGI THIEU

Xady dung mé hinh tinh todn mo
phong ngap do mua, 10 cho d6 thj Cao
Bang dugc gidi han trong pham vi phu
hgp véi nghién ctiu ché d6 thay déng luc
dong chdy nhu sau:
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HOC VIEN CHIEN LUGC BOI DUGNG CAN BO XAY DUNG

M6 hinh 1: M6 phong ngap d6 thi Cao
Bang do mua tai cho

Phia Tay gigi han bai song Hién.

Phia Déng gidi han bai séng Bang.

Dién tich m6 phéng la trung tam Thanh
phé Cao Bang (c) véi dién tich khodng 100ha.

M6 hinh 2: M6 phéng ngdp do la

thugng ngudn cho Thanh phé Cao bang vai
dién tich luu vyc mién tinh khoang 2500 km
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Hinh 1. Thanh phé Cao Bdng
(Nguon: Google Map)
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Hinh 2. Mé hinh 1: Lugi mién tinh
(22105 phan t& tam gidc phi cdu tric)




Hinh 3. Luu vuc mién tinh mé hinh mé phéng
ngdp dé thi Cao Bdng do Ii (Nguén: Internet)

Hinh 4. Mé hinh 2: Lu6i mién tinh
(116991 phdn tir tam gidc phi cdu tric)

M6 hinh 1 dugc xay dung cho phép mo
phéng canh bao nhanh ngap dé thi Cao
Bang khi xay ra mua cyc doan. Két qua canh
bao ngap cho phép danh gia hién trang van
hanh thoat nudc clia hé théng c6ng ngam
trong d6 thj. Ngoai ra, mé hinh xay dung
hoan thién con cho phép xac dinh dugc
truc thoat nudc chinh khu vuc, danh gia cac
tadc dong phuang an quy hoach thodt nuéc
cho dé thi. Vi tri dia ly cho thay day la thanh
phé nam trong thung i séng Bang c6 dia
hinh bao boc bai 2 séng chinh la séng Bang
va séng Hién. Cac nhanh séng nay giir vai
tro nhu la truc thodt nudc chinh cho thanh
phé (ca).

M6 hinh 2 dugc xay dung nham muc
dich mé phéng ngép do I thugng ngudn
cho d6 thj Cao Bang. Day sé& la mot cong cu
can thiét nham nghién ctitu mot cach dinh
lugng cac phuong an thiét ké quy hoach
bdo vé chéng I0 cho thanh phé trong
tuong lai ngan va dai han.

Mo hinh toan s6 strdung la Telemac2D
vGi ma nguén m& dé moé phdng dong
chdy 2 chiéu (2D) theo phugng nam

|| oATA - MODELING - TECHNOLOGY

Hinh 5. LG ngdp ven bd séng Hién,
TP. Cao Bding 8/2024 (Nguén: Internet)

Il. PHUONG PHAP NGHIEN CUU

2.1. Gidi thiéu mo hinh Telemac2D

Telemac-2D la mét phan mém thay
luc dung @€ mé phéng dong chdy 2 chiéu
theo phuong ndm ngang (trung binh theo
phuaong thdng ding) véi hé phuong trinh
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Trong d6: h(m) - chiéu sau, u & v(m/s)
- thanh phan vén téc theo phuong ngang
x & y cla van té¢, q(m/s) - luu lugng don
vi clla nguén, Zg(m) - cao d6 mét thoang,
Fx,y(m/s?) - cac ngoai luc (khong ké trong
luc, vi du lyc Coriolis,...) tdc dung trén mot
don vi khéi lugng chiéu theo phuong
ngang x & y,ve (m%s)- hé sé khuéch tén,
T(g/l) - nébng d6 chat, Q - s6 hang nguon,
vT - khuéch tan chat.

Bai toan s6 dugc lap trinh cé thé xu ly
dugc cac dang diéu kién bién nhu: Bién
muc nudc Z, bién luu lugng Q, bién luu
lugng va muc nudc (Q&Z), bién van téc
(u,v), bién van téc va muc nudc (u,v& Z)
hodc dang bién séng dén.

2.2, Phuong phap giai va cac kha nang
Ung dung

Mé hinh toan s6 st dung c6 thé chon
vGi cac phuong phap s6 khac nhau nhu sau:

Phuong phap phan tir hGu han,

Phuong phap thé tich hiiu han,

Phuong phép Boussinesq.

M6 hinh tinh toadn thdy déng luc
Telemac2D c6 thé két hgp (mdé phdng
chay déng thai hoac riéng 1é) véi bai toan

s61062026 XAY DWUNG & DO THI

tinh toan bién hinh ldng dan, van chuyén
chat v6i module (Sisyphe, Gaia) hay v&i
bai toan tinh toan séng ving ven ba bién
hodc cong trinh cang (Tomawac, Artemis)
hodc bai todn mé truong vSi module
(WaqTel). M6 hinh cho phép mé phéng
cac loai céng trinh nhu: Céng, Dap,
Siphon, Tram bom, H6 diéu hoa. Khi c6
hién tugng mua trong mién tinh sé& dugc
moé phong véi moé hinh thdy vdn mua
dong chdy SCS (The Soil Conservation
Service) ca My. M6 hinh Telemac-2D cé
thé 4p dung dé tinh toan cho nhing bai
toan c6 mién tinh 1&n véi d6 phan giai cao
nha vao ky thuat lap trinh tinh todn song
song chay trén cac hé théng may tinh I6n
(HPCCQ).

2.3. M6 hinh toan sé ma nguén mé
Telemac2D mé phdéng ngap do mua, la
TP. Cao bing

Noi thi d6 thi Cao Bang la khu vuc da
va dang phat trién, mién tinh dugc xac
dinh giGi han badi cdc nhanh séng Bang,
sdng Hién. Dién tich mién tinh khoang
1km2. Mién tinh dugc md ta bdi 22105
phan tlr tam giac phi cau trac vai lugi 16n
nhat c6 canh 30m, canh nhé nhat 1a 3m.
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Hinh 6. Hé théng c6ng thodt nudc
dudi dudng TP. Cao Bdng

lll. KET QUA VA THAO LUAN

3.1. Két qua v6i mé hinh 1

M6 phéng ngap dién hinh dugc thuc
hién vai kich ban mua 150mm/90ph xay ra
trén mién tinh. Th&i gian m6 phong dugc
thuc hién trong 40h. M6t sé do thi va hinh
anh sau trinh bay két qua mé phong.
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Hinh 7. Chiéu sdu ngdp H (m) sau khi mua

két thuc (1Th30ph)
Amp Vitri[1]
- —_— Vitri[2)
. T (ngay)
— "I"" 0806 2024/08/07

Hinh 8. Chiéu sdu ngdp H(t)
tai mét s6 vi tri tiéu biéu

Séng Hién fo..*'-. NN
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Hinh 9. Ban dé ngap Hmax vdi trén mua
150mm/90ph

Tu két qua néu trén c6 mot s6 nhan xét
sau:

= Xu thé bi ngap nhiéu khu vuc phia
Bdc TP. Cao Bang (hgp luu séng Bang &
song Hién)

= Phu hop véi xu thé dia hinh cla
Thanh phé (ch) véi dia hinh xu thé cao vé
phia Nam.

= Khu vuc phia Tay ti€p gidp vai song
Hién cho thdy kha nang thoat nudc ra séng
bat Igi (can nghién ctru thém khi cé s6 liéu
dia hinh tin cay).

Nhin chung, v&i hién trang phat trién do6
thi ctia Cao Bang hién tai, hién tugng ngap
cuc boé do mua mua tran xay ra trén thanh
phé ndm trong kha nang kiém soat ctia hé
théng thoat nudc. Diéu nay dugc giai thich
vGi diéu kién la cao trinh myc nudc trong
song Bang, song Hién la khong bi dang cao
do It thugng nguén, nham dam bao ché do
thay luc thoat nudc ra song thuan Igi. Can
xem xét phuong an 3p dat ctia van 1 chiéu
tai cac vi tri cong thoat ra séng nham tranh
hién tugng nudc ti song chdy ngugc vao
thanh phé khi muc nuéc séng dang cao
han muc nudc thoét ra ti thanh phé.

M6 hinh 2:

3.2. Mién va luéi tinh

Lugi tinh xay dung trén co s& luu vuc
séng Bang tinh dén Thanh phé Cao Bing
(c) vai dién tich mién tinh khoang 2340
km2). Lugi tinh 2D gém 116991 phan tu
tam giac phi cau trdc, trong do6 lugi mién
tinh cho mé hinh 1 dugc I6ng ghép nhu la
mot ludi con trong mang lugi 2D nham mo
phong hién tugng ngap lut thanh phé Cao
Bang do mua & thugng luu.

¥ {m)

Thinh ph
Cao Bing

®(m)

Hinh 10. Luéi mé phdng 2D cho Cao Bdng
(S=2340 km? 116991 phdn ti tam gidc
phi cdu tric)

3.3. K&t qua véi mé hinh 2

M6 phéng ngap d6 thi Cao Bdng
dugc xem xét cho kich ban mua cudng do
400mm/24h. Muc nudc séng Bang tai vi tri
tram khi tugng thay van Cao Bang gia thiét
& muc bao dong 3 (183m). M6 phong dugc
thuc hién trong 5 ngay va xem xét dién bién
ngap tai cac vi tri dién hinh trong mién tinh,

HOC VIEN CHIEN LUGC BOI DUGNG CAN BO XAY DUNG

Cac d6 thj va hinh vé sau trinh bay mét s6
két qua mé phéng dién hinh:

ST

Hinh 11. H(m) ngdp tai cdc thai diém
dién hinh t1, t2

- Vitri[1]

Z{m) — Vitri[2)

190.00

. T (ngéy)

Hinh 12. Dién bién muc nuéc Z
trén séng Bdng tai vitri [1], [2]

o Mm)
- vitri[3]

Vi [4]

Hinh 13. Dién bién chiéu séu nuéc H
tai cdc vi tri dién hinh [3], [4] tai Cao Bdng
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Hmax (m)y

Hinh 14: Ban d6 ngdp Hmax
khu vyc TP. Cao Béng (ca)

T cac két qua moé phong néu trén co
thé rat ra mot s6 nhan xét chinh sau:

= Tp. Cao Bang nam trong thung
ling séng = L0 tap trung va |én nhanh
= Can ¢6 canh bao sém nham chu dong
giadm thiéu rdi ro.

= Xu hudng ngadp nang xuat hién
phia Bac va khu vuc phia Tay gan séng
Hién.

= V&i tran 1G dién hinh xay ra véi gia
thiét cudng dé 400mm/24h néu trén cho
thdy chiéu sau ngap Hmax tai mot s vij tri
bat Igi c6 thé trén 4m.

IV. KET LUAN

M6 phéng toan sé véi ma nguén mé
Telemac-2D thich hop va hiéu qua nham
canh bdo sém ngap do mua Il cho thanh
phé mién nui c6 d6 déc dia hinh 16n (doi
héi mé hinh toan s6 cé kha ning mé
phéng thiy luc 8n dinh sé t6t cho dong

chay c6 sé Courant 16n) dudi tac déng

bi€n d6i khi hau cuc doan. Két qua mod
phong ngéap do 1G, mua tai chd cta TP.
Cao Bang (cd) c6 xu thé xay ra ngap nang
tap trung khu vuc doc séng Hién. Vi dia
hinh déc ving nudi kha nang tap trung
nudc rat nhanh tir cac sudn nui doc lam
cho 10 1én nhanh nguy hiém, do vy can
¢ cong cu canh bdo sém trén co s& s6
liéu du bao thay van vé mua trén luu vuc.

D6 thi Cao Bang vai vi tri dia ly dac thu
nhu mot cu lao nam trong thung liing va
bao boc cac nhanh séng Bang, song Hién,
can c6 bién phéap cong trinh kiém soat
muc nudc séng. Mot trong nhing giai
phép céng trinh phu hogp xem xét la xay
dung ké doc bd soéng véi cao trinh dinh
keé thich hgp la dang gidi phap céng trinh
c6 tiém nang phu hop. Ngoai ra, dé chu
dong thoat nuéc cho Thanh phé khi bi
ngap cuc bé can c6 quy hoach cac Tram
Bom véi cong suat va vi tri thich hgp
nham thuc hién bom thoat nudc dong luc
ra song khi can thiét.

Luu y két qua md phong trinh bay néu
trén chi la budc dau véi cac so liéu dia
hinh (DEM) véi ty 1é c6 d6 chinh xac con
thap, cdng trinh kién trac, hé théng céng
thoat chua day du, do vay két qua trinh
bay & day chi mang tinh tham khao, dinh
hudng. D€ két qua nghién ciu mé phéng
hién trang ngap do |G, mua tai ché tot va
chi tiét han can phai:

= B6 sung khao sat dia hinh co ty lé
thich hgp cho tung giai doan nghién ctu
quy hoach phat trién cho dé thj Cao Bang.

= B6 sung s6 lieu vé hé théng céng
thoat nudc do thi.

= B& sung cac théng tin vé xay dung,
kién tric, hé diéu hoa (quy hoach néu co).

= B& sung cac s6 liéu quan tric trong
qué khu dé hiéu chinh va kiém dinh mé
hinh mot cach dinh lugng chinh xac.

Hudng phat trién tiép theo co thé
xem xét két hgp ky thuat Al va két qua
mo phdng thiy dong luc cla mo hinh ma
nguén ma Telemac-2D mé phéng, nham
xdy dung cong cu canh bao ngap sém
do mua, lG cho @6 thi Cao Bang dé dap
Ung nhu cau van hanh, quan ly trong bdi
canh bién d6i khi hau bat thudng, phic
tap trén khu vuc.

Nguyén Linh (BT)
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