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Tém tit: Dién bien xam nhdp man (XNM) UDong bang song Ciu Long (PBSCL) ngay cang phurc tap
va nghiém trong do dnh hwong cua bién doi khi hiu (BDKH) va cdc hoat dong phat trién ciia cdc quoc
gia c6 chung lueu vue. Truoc cdc thach thire dé, da cé nhiéu nghién cizu danh gid dién bien XNM cua
viing, nhwng con nhiéu han ché do sé liéu do dac khéng ddy dii, ché dg thiy luc rat phiic tap. Nghién ciu
nay sir dung mé dun thity @ong lyc (Flow) va mé dun hé tro tao leéi (Grid) ciia md hinh Delft3D dé md
phong XNM viing PBSCL trong diéu kién BPKH va tic dong tir ngi tai. Trong dé, mé dun thiyy dong luc
sur Qung bién thuong luu tai tram Kratie dwwoc mé phong boi mé hinh WEHY co xét dén van hanh ho chira
o thwong luu. Nghién ciu da mo phong dién bien XNM viing PBSCL cho giai doan giita thé Ky (ndm
2049), cudi thé ky (nam 2099) theo hai kich ban phdt thdi trung binh (ssp245) va cao (ssp585) trong D
an Doi chimg cdc Mo hinh Khi hdu lan 6 (CMIPS). Két qua md phang cho thay XNM duoc dy bio sé
dién ra gay gdt nghiém trong hon rat nhiéu so véi kich ban hién trang.

Tir khéa: Xam nhdp man, bién doi khi hdu, tac déng tir thirong nguon, md hinh Delft3D.

Summary: The progression of saline intrusion (SI) in the Mekong Delta (MD) is becoming increasingly
complex and severe due to the impacts of climate change and developmental activities by countries
sharing the same river basin. Despite numerous studies assessing the region's Sl, there are limitations
due to incomplete measurement data and the highly complex hydraulic regime. This study utilizes the
hydrodynamic module (Flow) and grid support module (Grid) of the Delft3D model to simulate Sl in the
MD under the conditions of climate change and internal influences. The hydrodynamic module uses the
upstream boundary at the Kratie station, simulated by the WEHY model, which considers the operation of
upstream reservoirs. The study simulates the progression of Sl in the MD for the mid-century (2049) and
the end of the century (2099) under two emission scenarios, medium (ssp245) and high (ssp585), as part
of the 6th Climate Model Intercomparison Project (CMIP6). The simulation results indicate that Sl is
expected to become significantly more severe compared to the current scenario.

Keywords: Saline intrusion, climate change, upstream human inteventions, Delft3D model.

1. PAT VAN PE (PBSCL) 1a khu vuc chiu tic dong nghiém
trong nhat bai XNM. Theo théng k&, thiét hai
do han man nim 2004-2005 1én dén 720 ty
ddéng. Nam 2009-2010, XNM anh hudng dén
620.000 ha lta dong xuan. Pot han man lich
su nam 2015-2016, dugc udc tinh gay thiét hai
trén toan vung BDBSCL 1én téi khoang 5.500 ty
Ngdy nhan bai: 09/9/2024 ddng. Trong do, san xuit néng nghiép bi thiét

Ngay thong qua phan bién: 07/10/2024 . X A b X ,
Ngay duyét ding: 13/10/2024 hai nang né¢ nhat, uéc tinh khoang 3.000 ty

Xam nhap man (XNM) dugc danh gia la mot
trong nhirng loai hinh thién tai xay ra thuong
Xuyén & CAC ving ctra sdng, ven bién cua Viét
Nam. Trong s6 d6, Bong bang séng Ctu Long

2 TAP CHi KHOA HOC VA CONG NGHE THUY LQI SO 86 - 2024



ddng, thiét hai trong nudi trdng thuy san
khoang 200 ty ¢ong va khoang 600.000 ho dan
bi thiéu nudc sinh hoat. Pot han min nim
2019-2020 da anh huong toi 10/13 tinh
DBSCL, ranh gidi d6 man 4g/1 da lam 42,5%
dién tich tu nhién cua toan vung bi &nh hudng,
tuong duong 1.688.600 ha, cao hon nam 2016
la 50.376 ha. Gay thiét cho khoang 74.000 ha
dién tich san xuét nong nghiép, anh hudng t6i
viéc cép nudce sinh hoat cho 96.000 ho dan [1],
[2]. C6 thé nhan thdy han min da gay ra thiét
hai, ton that 16n & DBSCL.

Da c6 nhiéu nghién ctu vé XNM, tuy nhién,
nhitng nghién ctu nay chua xét dén tac dong
ciia BDKH va tir thuong ngudn [3], [4]; hoic
da xem xét nhitng tac dong do nhung str dung
cac kich ban phat trién kinh té-xa hoi cii [5],
[6], [7], [8]. Bén canh do, cac nghién ciu da
st dung md hinh thuy lwc mot chiéu
(MIKE11) két hop véi GIS dé danh gia dién
bién man. Tuy nhién, PBSCL la vung cé dia
hinh phiic tap voi nhiéu kénh rach nhé va cong
trinh thay nén khi st dung mé hinh thuy luc
mot chiéu khéng thé md phong day du va
chinh xac qua trinh XNM.

Dé giai quyét van dé nay, md hinh Delft3D
cho phép tinh toan trén ca ludi tinh cau trac va
ludi phi ciu triic nén phu hop véi cac ving co
dia hinh phuc tap [9], st dung toa d Sigma
giup viéc chia ludi bam sat dia hinh va cac
bién song. Ngoai ra, Delft3D c¢6 tinh toan da
chiéu, dic biét 1a su két hop cua luéi 1D va
2D. Tinh nang nay hiéu qua khi xem xét cac
kénh rach nho. Chinh vi vay, nghién cau su
dung md hinh Delft3D dé mo6 phong XNM &
DBSCL xét dén tac dong cia BDKH, phat
trién ¢ thugng ngudn va trong noi vung.
Nghién ctru c6 y nghia quan trong, hd trg cong
tac phong ngira va giam thiéu t6i da thiét hai
do XNM gay ra.

2. PHUONG PHAP NGHIEN CcUU
2.1. Khu vue nghién ciru

DBSCL la trung tdm san xuét néng nghiép,
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thay san, cdy an qua nhiét d6i 16n nhat Viét
Nam. Mang luéi séng ngoi, kénh rach chang
chit, duong bd bién dai hon 700 km va dija
hinh thip (Hinh 1) la nhiing yéu t ty nhién
thuan lgi cho san xuit néng nghiép, nhung
dong thoi ciing lam tang nguy co XNM.

Campuchia

(\J \' Vbt Nam |

Hinh 1: Bdn do hinh théi lwu viec DBSCL

Dudi tac dong cua BDKH va hoat dong phat
trién ¢ thuong ngudn tinh trang han han, XNM
& PBSCL dién ra cuc doan hon ca vé tan suat
lin cuong do. Tiéu biéu la dot han min nim
2015-2016, dugc danh gia la dot han man lich
sir trong vong 100 nam qua. Bgt han man nam
2019-2020 da pha v& moi ky luc dugc xac 1ap.
Hién nay, do anh huong cua hién tugng
EINino ving PBSCL hau nhu khong ¢6 mua
(thdm hut lugng mua khoang 60-95%). Cung
véi d6, dong chay tir thuong ngudn song Mé
Cong vé DPBSCL ¢ muc thap hon trung binh
nhiéu nam, két hop véi triéu cuong khién cho
XNM lan sau vao trong noi ddng [10].

2.2. Thiét 1ap mé hinh Delft3D

M6 hinh Delft3D duoc xay dung va phat trién
boi Vién Thuy luc Delft (Ha Lan), c6 kha nang
tinh toan-md phong hai hoic ba chiéu cac qua
trinh thay dong luc va chit luong nudc cac
viing cira séng, ven bd bién. Nghién cau nay
st dung mo dun thuy dong luc hoc (Flow) va
mo dun hd tro tao ludi tinh (Grid) cia mo hinh
Delft3D dé md phong dién bién XNM ¢
PBSCL c6 xét dén BDKH va tac dong tu
thuong nguon.
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M6 hinh Delft3D dugc thiét 1ap va hoan thién
cho DBSCL dua trén cac phién ban [11], [12].
Toan bd PBSCL duwgc md hinh hoa bang
phuong phap két hop mang 1D va lugi 2D
trong mot mién tinh toan duy nhat. Ngoai ra,
qué trinh thuy dong luc hoc va XNM duogc
tinh toan truc tiép (cho ting budc thoi gian)
mang lai két qua chinh xac hon so véi cach
tinh toan theo timg mé dun. So véi bd thong sd
m6 hinh dugc thiét 1ap trude d6 [13], md hinh
hién tai bd sung cac cira cong dé kiém soét luu
luong nude dén & nhitng khu vue duoc chon.
Céc cong nay dugc dit doc theo phia Tay ciia
DBSCL va vung Quan L§-Phung Hiép véi
muc dich ngan XNM vao nhitng vlung nay
[14]. Pham vi md phong bao phu ha luu song
M@ Cong tir Kratie, Campuchia dén cira song
va kéo dai khoang 80km vé phia bién, nhu
duoc thé hién trong Hinh 2.

Hinh 2: Ludi s6 va dia hinh song tir phép
ngi suy mdt cdt va dia hinh thém DBSCL [13]

Mién tinh toan bao gom mot ludi da chiéu véi
cac két néi 1D va 2D. O BDBSCL cac kénh cap
| va cap II duoc thé hién bang ludi 1D trong
khi cac 0 ludi 2D duoc st dung cho cac kénh
chinh cuaa séng Ctu Long, vung ngap lu va

thém luc dia. Ludi 1D c6 chiéu dai phan doan
ddng nhat 1a 0,4km trong khi cac 6 lugi 2D ¢
d6 phan giai khac nhau tuy thugéc vao quy mo
khong gian cua cac qua trinh hinh thai va thuy
dong luc chiém wu thé cuc bd. Cu thé, kich
thuéc 6 2D nhin chung ddi véi dong chinh
séng Mé Cong khoang 0,7 km, giam xuéng
con khoang 0,2 km tai cac nhanh song va vung
hop luu. Cac 6 2D c6 kich thudc to hon ddi
Vv6i ving dong bang ngap nudc va vang bién,
tang kich thudce 1€n toi khoang 2 km. Ludéi tinh
c6 tong cong 73.504 nat ludi.

Nguén dir liéu sir dung:

(i) Tai liéu dia hinh: S6 ligu d6 sau & PBSCL
duoc téng hop tir nhidu nguon khac nhau, nhu
dir lieu mat cat ngang cia mod hinh thay dong
luc 1D-ISIS cho vung BBSCL [11]. Mang ludi
1D caa cac séng cap | va cap Il sir dung dit liéu
mit cit truc tiép duoc trich xuat tir md hinh 1D-
ISIS. Pbi v6i ving bién, s6 litu duoc lay tir
ETOPO v¢i do phan giai khoang 1km. Dia hinh
ving ngap li duge lay tir mo hinh sé do cao,
v6i d0 phan giai 250m do Uy hoi song Mé
Cong (MRC) cung cip. Céc cira song di duoc
cap nhat vai dir liéu do dac nam 2016 [12].

(i) So lieu thuy vén: S6 liéu myc nuée, luu
luong va phu sa tai tram Kratie.

piéu kién bién: Béi véi thuy dong luc hoc,
lIuu lugng tai tram Kratie dugc xac dinh la bién
trén va muc nudc bién 1a bién dudi. Ngoai ra,
bién ngang bo bién dugc xac dinh la bién
Neumann cho phép dong chay ven bo dugc
tinh toan chinh xac hon [15]. Luu lugng nudc
tai Kratie dugc tao ra béi duong tuong quan
muc nudc va luu lugng thuce do, cap nhat boi
MRC. Bién duéi st dung muc nuéce bién dugc
tinh toan tir tam thanh phan thay triéu thién
van chinh dwoc trich xuat tr mé hinh thuy
triéu toan cau caa TPXO 8.2 [16].

D6i véi bién man, bién dudi la d6 man nudéc
bién duogc dat thanh ham luong mudi cua Bién
bong 1a 34 mg/l, con bién trén la 0 mg/l do
man chua bao gio Xdm nhap téi Kratie. Cach
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tiép can nay s& giai quyét duoc nhugc diém
cia cac moO hinh 1D trudc day phai xac dinh
diéu kién bién tai cac cira song (46 min tai cac
ctra sdng ¢o6 su bién ddi rat 16n theo thoi gian).
biéu kién ban dau: Ché do thuy van ¢
DBSCL chiju tac dong 16n bai ché do I hang
nam. Hon nita, hd Tonle Sap dong vai tro quan
trong trong viéc diéu tiét dong chay & PBSCL.
Muc nudce cia hd Tonle Sap thay dbi theo mua
rat 16n. Do vay, dac tinh nay phai duoc thé
hién trong diéu kién ban dau giGp giam thoi
gian thich Ung (spin-up) cua mo hinh. Trén
thuc té, tran 1 cia nam trude s& lam dﬁy hd
Tonle Sap va luong nudc cua hd s& chay vao
song Mé Cong trong mua ki€t nam sau. Vi
vay, mO hinh dugc tach ra trong trn i nadm
2010 va két qua nay duoc s dung lam diéu
kién ban dau.

(ili) Kich ban BPKH va cdc hogt dong o
thwong nguon

Nghién ciru nay sir dung két qua mo phong luu
luong (tai tram Kratie) bdi md hinh thuy van
vat ly thuc WEHY [17] da tich hop quy trinh
van hanh hd chtra tng voi md hinh CNRM-
EMS2-1(CNRM) va NorESM2-MM (Nor)
theo hai kich ban chia sé kinh té-xa hoi trung
binh (SSP245) va cao (SSP585) trong Du an
Pbi ching cac Mo hinh Khi hau lan 6
(CMIP6) lam diéu kién bién trén. M6 phong
XNM duoc thuc hién cho giai doan gitra
(2049) va cubi (2099) thé ky 21.

3. KET QUA VA THAO LUAN
3.1. Hiéu chinh va kiém dinh mé hinh

Nghién ctru sir dung cac phuong phap va chi
s6 danh gia khac nhau dé hiéu chinh va kiém
dinh két qua mo phong cia md hinh Delft3D.
Chi sé hiéu qua Nash (NSE) duoc sir dung dé
danh gia mac d6 tuwong quan cac gia tri luu
luong, muc nudc thuc do va mod phong tai cac
tram thiy van trong niam 2000 va 2001. Két
qua tinh toan chi s6 NSE cho thay, hau hét gia
tri NSE tai cac tram do déu cao hon 0,5 (trén
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murc “dat yéu cau”) (Hinh 3, 4). Diéu nay chi
ra rang, hiéu suat caa mé hinh c6 tinh 6n dinh
cao va c6 kha nang mé phong dac tinh thuy
dong luc 6 BBSCL.

- o Lo

Hinh 3: Gia tri NSE tinh todn tr qud trinh a)
hiéu chinh (nam 2000) va b) kiém dinh (nam
2001) myc nuéc tai cac tram do o PBSCL
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Hinh 4: Gia tri NSE tinh todn ter qua trinh a)
hiéu chinh (nam 2000) va b) kiém dinh (nam
2001) lwu lwong tai cdac tram do o DBSCL

Sau khi kiém dinh céac dic trung thay luc, tién
hanh tinh toan lan truyén man cho hé théng
s6ng & PBSCL bang mé dun truyén tai khuéch
tan. Mo dun lan truyén man duogc tinh toan
bang cach gitr cac théng sb thuy luc sau khi
hiéu chinh, tién hanh hiéu chinh hé s6 khuéch
tan. Phuong phap thu sai (trial and error) duoc
st dung dé hiéu chinh lan truyén man, bang
cach thir dan hé sé khuéch tan dé xac dinh
khoang hé sé khuéch tan phu hgp cho mé
hinh. Két qua hiéu chinh man tir 5/2011-
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5/2012 (giai doan c6 sd liéu do man) tai tram
Tran D¢, Dai Ngai, An Lac Tay va Vam Giong
(Hinh 5) cho thay d6 man dugc mé phong va
thuc do c6 sy twong ddng ca vé bién do va pha
dao dong. Do sb liéu do dac man thu thap
duoc la sb lidu cao nhét theo ngay nén khong
st dung chi sé6 dé danh gia mé hinh. Hiéu
chinh m6 hinh man khé khan hon do man bi
anh huong bai nhiéu yéu té khac nhu gié mua,
nhu cau st dung nudc, thuy triéu, luu luong
nude thuong ngudn va cach van hanh cac cong
trinh cong ngin man.
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Hinh 5: Bé mdn do dac (cham xanh) va md
phong (duwong do) tai cac tram o DBSCL

3.2. Mé phéng XNM cho mdt sé nim
dién hinh

Nghién ctu lva chon hai dot han min dién
hinh: thang 11/1968 trong giai doan tu nhién
(1960-1968) va thang 12/2003 trong giai doan
c6 ho chira (1969 dén nay) dé md phong dién
bién XNM ¢ DBSCL. Két qua cho thay, dot
han man vao thang 12/2003 nghiém trong hon
Vv6i ranh man 4% trén cac tuyén séng chinh di
sAu vao trong noi dong hon, khoang 6-13 km
so voi thang 11/1968 (Hinh 6, 7). Phan bé do
man theo khong gian (Hinh 7) trong dot han
man thang 12/2003 ¢ ving ven Bién Pong cho
thiy d6 man cao hon so véi dot han man thang
11/1968.

as

30
25
20
10 I I
Ci

Khoang cach tinh tir cira song
(km)
:- b

Cira Cun Ham Song
Tieu Dal Ludng  Chién Hiu
11/196K m|22003

Hinh 6: Chiéu dai xam nhdp mgn véi nguong
Man 4% trén cdc tuyén séng chinh ¢ PBSCL

) 1111968

b) 122003

Hinh 7: Ban do phan bé man vimg PBSCL
trong dot han mgn a) 11/1968 va b) 12/2003

3.3. Du tinh XNM theo kich bin BDKH

Céc kich ban md phong dién bién XNM trong
giai doan giira (2049) va cudi (2099) thé ky
theo hai kich ban phat trién kinh t& xa hoi
ssp245 va ssp585 tng theo hai m6 hinh da
duoc lya chon trude do 1a mé hinh CNRM va
Nor (Bang 1).

Bang 1: Kich ban mo phéng dién bién XNM

TT | Kichbian | BPKH M6 hinh
1 | KBHT Hién trang | ot han man
thang 12/2003
2 | KB 2049 | ssp245 CNRM va Nor
3 | KB 2049 | ssp585 CNRM va Nor
4 | KB 2099 | ssp245 CNRM va Nor
5 | KB 2099 | ssp585 CNRM va Nor

Két qua tinh toan chiéu dai XNM véi ngudng
man 4%o trén cac tuyén sdng chinh & PBSCL
ung voi cac kich ban mé phong man trong giai
doan gitra va cubi thé ky duoc minh hoa trong
Hinh 8. So sanh vai giai doan khi hau co s,
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tat ca cac truong hop tinh toan déu du tinh
XNM tiép tuc lan rong vao sau trong dét lién,
dao dong tir 40-50 km (Cira Tiéu, Ctra Dai va
C6 Chién) dén trén 50 km (song Ham Ludng
va song Hau) & nhitng nam 2050 va thdm chi
dén 60 km & song Hau umg véi giai doan cudi
thé ky.

GIAT DOAN GIUA THE KY-NAM 2049

ot

S 70

b

E 60

e 50

=~ 40

=

s 230

=

R 20

b

e 10 I I

[

3 0

i Cirn Ham Song
Tléu Dai Luéng (‘hlén Hilu

wKBHT - Nor_ssp245 # Nor_sspS85 @ CNRM _ssp245 MONRM sspS8s

GIAL DOAN CUOI THE KY-NAM 2099

® 70

12 w

5 a0

£ W

= -~

£E%

=

Z 2

-

2 0

Z Him Ch Siong
Tuu l)ni Luing Chidn Hiu

D)= KBHT - Nor ssp245 ® Nor_sspS85 @ONRM ssp245 @ ONRM_sspS&5

Hinh 8: Chiéu dai xam nhdp mén véi nguéng

Mén 4%o trén cdc tuyén séng chinh ¢ PBSCL

ung voi teeng kich ban mé phong trong a) giai

doan giira thé ky (2049) b) giai doan cuoi thé
ky (2099)

Hinh 9 va Hinh 10 két qua mo phong xam
nhap man theo khdng gian tng véi céc kich
ban phat thai trung binh (ssp245) va cao
(ssp585). Két qua cho thay cac kich ban déu
xac dinh cac khu vuc c6 mic XNM cao nhu
vung ban ddo Ca Mau, khu vuc cua song
ven Bién Pong va Bién Tay. Duy nhét chi
c6 kich ban md phong bdi md hinh Nor
ssp585 du tinh mirc XNM & giai doan cubi
thé ky thap hon so vdi cac kich ban con lai.
Diéu nay phan anh tinh khéng chic chin

KHOA HOC

CONG NGHE

cua cac mo hinh khi hau va cling 1a ly do tai
sao nghién ciru da sir dung t6 hop mo hinh
dé danh gia XNM nham giam thiéu sai sb
mo hinh.

#) CNRM_sap24s - 2049

b) CNRM_ssp245 - 2009

Hinh 9: Ban do phan bé man viing PBSCL véi
nguon di liéu dau vao tir md hinh CNRM theo
hai kich ban phdt thai ssp245 va ssp585

2) Nor_sspads - 2049 b) Nor_ssp4s - 2009
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Hinh 10: Bdn d6 phan bé man ving PBSCL
véi nguon dir liéu dau vao tir md hinh Nor theo
hai kich ban phdt thai ssp245 va ssp585

4. KET LUAN

Bai bao di trinh bay sy can thiét phai danh
gia, du tinh XNM ¢ DBSCL c¢6 xét dén tac
dong cua BPKH va phat trién & thuong
ngudn séng Mé Cong. Mo hinh Delft3D da
dugc thiét lap va hoan thién cho PBSCL dya
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trén cac phién ban da dugc xay dung trudc
day. Bién trén cua mo6 hinh Delft3D da su
dung két qua mé phong dong chay dén tram
Kratie bdi mo hinh WEHY c6 xét dén van
hanh hé chta ¢ thuong luu. Két qua nghién
ctru da 1am ndi bat ddc tinh XNM & DBSCL
theo khong gian va thoi gian (giai doan gitra
va cubi thé ky), ddy 1a co sé khoa hoc dé
gitp cic co quan quan 1y va chinh quyén dia
phuong dé xuit cac giai phap thich tng &

thoi diém hién tai va trong tuong lai.

LOI CAM ON:

Nhom tac gia chan thanh giri 10i cam on dén
B¢ Khoa hoc va Cong ngh¢ da tai trg kinh phi
thuc hién nhiém vu Nghi dinh thu Vi¢t Nam-
Han Quéc “Nghién ctru tich hop mé hinh Khi
tugng-Thuy van-Dai duong va xay dung co so
dir liéu 16n dé danh gia va dy tinh dic trung
dong chay, han han va xam nhdp min & Dong
bang song Ciru Long c6 xét dén bién ddi khi
hiu va tac dong tir thuong ngudn” (Mi sb:
NDT/KR/21/18).
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