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Tém tit: Pong bang chiu thd song Hong 13 mot trong nhitng khu vuc c6 nganh nong nghiép
chu dao, hién nay cac khu vuc ven bién Nam Pinh dang ngay cang bi de doa bai hién tuong
xa4m nhap min ngay cang kéo dai va trim trong. Nghién ctru di ing dung moé hinh MIKE
11 mé phong thuy lyc, qua trinh xAm nhap min ving ven bién tinh Nam Dinh véi két qua
hiéu chinh nam 2022 va kiém dinh cho nim 2023 cho két qua tuong ddi phu hop vai chi s6
NASH dat 0,70-0,78, hé $b twong quan R? =0,8-0,92. Két qua md phong theo 02 kich ban
g v6i tan suat kiét 90% va tan sudt tridu 10%; tan suat kiét 95% va tan suét triéu 5% cho
thay hé thong song thudc tinh Nam Pinh dang c6 hién twong néng d6 min cao, min xam
nhap cang ngiy cang 1an sau vao noi dong.

Tur khoa: M6 hinh MIKE 11; Xam nhap man; Nam Dinh.

1. Gi6i thi¢u

Trén thé gi6i da co rat nhiéu nghién ctru vé dién bién xam nhap man. Nghién ctru vé anh
huong cua nude bién dang (NBD) dén xam nhap man (XNM), tac gia [1] da c6 nghién ctu
dién hinh ¢ ctra song Duong Tir, Trung Quéc. Nghién ctru nay da su dung mo hinh van
chuyén min va thuy dong lyc hoc ba chiéu, voi ludi khong cau truc c6 d6 phén giai cao va
d6 nham cua day thay d6i theo khong gian, dugc ap dung dé dinh luong anh hudng ciia NBD.
Nghién ctru xac dinh céac yéu t6 chinh ciia m6 hinh XNM tai luu vuc séng Dagu, Vinh Giao
Chau nghién ctru [2] nhan dinh rang XNM 1a mot qua trinh tuong tac phirc tap gitra nudc
ngam - nude bién va nd chiu anh huong cia nhiéu yéu té tir bé mat dén long dat. Xam nhap
min 12 mot trong nhitng van dé 16n & ving cira song Indus, Pakistan. Trong nghién ctru [3]
mo hinh s6 tri FVCOM dugc xdy dung dé nghién ctru su bién thién theo mua cia dong chay
va do man trong song. Co thé nhan thdy hién nay trén thé giéi, cac mé hinh toan phuc vu tinh
to4an md phong qua trinh XNM di rat phat trién, cho phép cac nha nghién ctru ¢6 thé tim hiéu
nguyén nhan, tinh toan, du bao cac qua trinh dién bién XNM. Cac mé hinh mé phong qua
trinh twong tac thuy luc 1-2-3 chiéu hoan toan c6 thé dua vao ap dung tinh toAn mé phong
XNM nude mat [3].

Tai Viét Nam, nham muc tiéu danh gia nguy co XNM céc song chinh tinh Dong Nai
trong bdi canh bién d6i khi hau (BDKH). Téac gia [4] 4 xay dung céc kich ban danh gia véi
murc phat thai khi nha kinh cao (A1FT) cho cac thoi ky 2013, 2020 va 2030. Nghién ctru danh
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gia anh huong ciia BDKH dén XNM trén dia ban tinh Vinh Long. Tac gia [5] di xay dung
céc kich ban tinh toan bao gdm: XMN & diéu kién hién tai, theo kich ban thai khi nha kinh
trung binh (B2) va cao (A1FI) cho nam 2020 va 2030. Phuong phdp mé hinh toan (MIKE
11) két hop phuong phap GIS duogc st dung trong tinh toan. Nghién ctru [6] danh gia tac
dong cua cac hd dap thuy dién ¢ thuong ngudn séng Mé Cong dén xam nhdp min & dong
bang song Ctru Long. Trén hé thdng song Vu Gia - Thu Bon, tac gia [6-10] da nghién ctu
xdy dung cong nghé du bao dong chay can, XNM cho hé théng séng. Phuong phap chinh
trong nghién ctru 1a str dung cic mo hinh toan. Panh gia anh huong cia XNM dén ha luu luu
vuc séng Ca trong bdi canh BPKH. Téc gia [11-12] da tmg dung mo hinh thity lyc MIKE
11 két hop cong cu vién tham GIS trong viéc mé phong tinh toan tinh hinh XNM khu vuc ha
luu song Ca ung voi hai kich ban RCP4.5 va RCPS.5...

Nam Dinh 12 mét tinh ndm & phia nam cua Déng Béng Bic B9, 1a mét tinh ¢6 san luong
lwong thuc, cac san pham ndng, 1am nghiép, thuy - hai san dic san co gia tri xuat khau cao
va l6n trong khu vyc (khoang hon 200.000 ha); dac biét 1a cac dac san vé laa, hoa, cay canh,
thity, hai san,... va ciing 1a ving chiu anh hudng ning né cua bién do6i khi hdu ma cy thé 1a
nude bién dang va xam nhap man; dac biét la cac huyén ven bién cua tinh nhu: Giao Thuy,
Hai Hau, Nghia Hung va mét s6 huyén khac nhu: Xuan Truong, Tryc Ninh, Nam Tryc..

Trong nhitng ndm gan day qua trinh su thay d6i ché 6 dong chay, xAm nhap min ta1
vung cua cac song trong khu vyc nhu: song Hong, séng Pay, song Ninh Co ¢6 sy thay ddi
16n va dién bién rét phirc tap, nhét 1a trong mua can (vu Dong Xuén): D6 man ving cira séng
cao, min xam nhap vao trong séng rat sau, c6 noi xam nhap sau vao trong song toi gan 40
km (d6 man 1%o), man xam nhap nguoc tir song niy sang séng khac, dong chay thay doi gy
ra tac dong ctia xdm nhdp man t6i cac khu vyuc clra song va sdu trong song, ... gay kho khan
cho cong tac du tinh, du bao viée lay nudc phuc vu san Xuét, dac biét 1 san xuat néng nghiép.

Nhitng nim gan day, trén thé gidi va mot sb tinh cua Viét Nam da sir dung nhiéu phuong
phéap du bao, canh bdo xam nhap man dudi tdc dong cia bién d6i khi hau nhu st dung mo
hinh toan [13, 14], xay dung cong cu du bao duwa trén nén tang GIS [15], cac dang ban dd
canh bao va phan viing nguy co nhiém man,... cic cong cu nay gitp ich rat 16n dbi voi cac
nha quan i c6 thé ra quyét dinh trong luc dién ra cac hién twong ngap ung cuc doan. Hién
nay, tinh Nam Dinh duya trén céc ban tin du bao khi tugng thuy van ctua bai tinh dé dua ra
cac nhan dinh, canh bdo min ma chua c6 co sé khoa hoc nén nhiéu khu vuc van chiu tac
dong manh ctia xd&m nhdp man. Do vay, dé co thé giam thiéu tac dong ctia xdm nhdp man dén
tinh hinh kinh té - xa hoi cta tinh can c6 nhiing cong cu hd tro trong cong tac canh bao xam
nhdp man la viéc cép bach hién nay.

Trén thé gidi va tai Viét Nam da c6 nhiéu phuong phép duoc sir dung ¢é mo phong qua
trinh xAm nhap min bang cic mo hinh thay lyc nhu: M6 hinh HEC- RAS ctia MY, mé hinh
TELEMAC cua Phap mé hinh SWMM cua Co quan bao vé moi truong My, M6 hinh Time-
Lag cua Thuy bién. Tuy nhién, nguyén nhan gay xam nhap mén cho dia ban tinh hét strc da
dang: do thiéu hyut nguon nudc ngam tram trong; do tridu cuong, gi6é mua Dong Bic, ...vi
vay, nghién ctru da lya chon mo hinh MIKE 11 d tinh toan lan truyén chat, mo phong qua
trinh xadm nhap man; B m6 hinh MIKE da va dang mg dung thanh cong trén mot s6 luu vuc
song ¢ Viét Nam nhu: song Hong, song M3, song Bén Hai, séng Huong,.. va mot s6 nudc
trén thé gii. Hién nay, Tong cuc Khi tugng Thity van da c6 ban quyén bd mé hinh MIKE va
da trang bi cho Dai Khi twong Thity van khu vire Pong bang va Trung du Bac Bo [16-18].

Muc dich nghién ciru: (1) Ung dung duge mé hinh MIKE 11 mé phong qua trinh thuy
lwc, qua trinh xAm nhap man khu vyc ven bién Nam Dinh; (2) M6 phong qua trinh xAm nhap
man theo 02 kich ban tmg véi tan suét kiét 90% va tan suét tridu 10%; tan suat kiét 95% va
tan suét triéu 5% cho hé théng song thudc tinh Nam Dinh.

2. S6 liéu va phwong phap nghién ciru

2.1. Gioi thiéu khu viec nghién cuu
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Tinh Nam Dinh nim 6 toa d6 dia Iy: 106°12’ kinh d6 Dong, 20°24” vi d6 Béc. Tinh Nam
Dinh ¢ hé théng song ngoi kha day ddc voi mat do song vao khoang 0,5-0,7 km/km? (Hinh
1). Ché dd myc nudc: Muc nudc trung binh nam: 1,52 m; Muc nudc cao nhét: 5,77 m; Muc
nuée thip nhat: -0,4 m; Luu lugng: Trung binh: 896 m¥s; Lén nhat: 6,650 m?/s; Nho nhat:

0 m%/s (nudc ngimg chay); Do doc trung binh song: 0,0012; Cao d¢ ddy song: -0,6 m dén -
0,8 m; Myc nudc bao dong theo cac cap trén song Dao: Cap I: +3,2 m; Cap II: +3,9 m; Cap
[1I: +4,4 m; Muyc nudc bao dong theo cac cip trén séng Hong doan qua Nam Dinh: Cap I:
+3,8 m; CapII +48m CapIII +58m
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Hinh 1. Ban d6 mang tram KTTV tinh Nam Dinh.

2.2. 86 liéu thu thdp

Cén ctr yéu clu sb lidu dau vao ctia mé hinh va diéu kién sb liéu quan tric trén luu vuc,
nghién ctru str dung céc sd lidu:

- Céc 16p dir lidu ban do: ranh gi6i, mang ludi song sudi.

- S6 liéu khi tuong, thuy van, man cac tram (Bang 1): Khi tuong Nam Dinh, thuy van
Nam Dinh, thuy van Pha Lé, thuy van Nhu Tan, thuy van Ba Lat, hai van Hon Dau.

- S6 lidu mit cat song Hong, song Dao, song Ninh Co, song Déy.

Bang 1. Thong tin céc tram khi tugng thuy van.

STT Tén tram veuto Loai tram
) H(m) Q(m¥s) X (mm) S (%o) o
1 Nam Dinh X Tram khi tugng
2 Nam Dinh X X Tram TV cip 1
3 Pha L& X X Tram TV cép 3
4 Nhu Téan X X Tram TV cép 3
5 Ba Lat X X Tram TV cép 3
6 Hon Dau X X Tram hai van
6 Hon Dau X X Tram hai van

Trong d6 H: Myc nudc; Q: Luu lugng; X: lugng mua; S: D6 man.
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2.3. Phuong phap nghién ciru
2.3.1 Gidi thi¢u mo hinh

Nghién ctu sir dung mé hinh MIKE 11 d¢é mé phong tinh toan xam nhap man ving ven
blen tinh Nam binh. Ngoai ra, nghién ctru cling két hop voi phuong phap phén tich, tich toan
tan suét thlet ké d& mé phong véi qua trinh xam nhap man theo cac tan suat. MIKE 11 1a mot
phan mém thuong mai chuyén dung mé phong luu lugng, chat lwong nuée va van chuyén
bun cat & cura song, song, hé théng tudi, kénh dan va cac hé théng dan nuéc khac. MIKE 11
la cong cu 1ap mo hinh dong lyc mot chiéu, than thién voi nguoi su dung nham phan tich chi
tiét, thiét ké, quan Iy va van hanh cho séng va hé théng kénh dan don gian va phirc tap. Mo
dun mo hinh thuy dong lyc (HD) 1a mot phan trung tim cua hé théng 1ap mé hinh MIKE 11
va hinh thanh co s& cho hau hét cac mo dun bao gom: dy bao 1ii, tai khuéch tan, chat luong
nude va cac mod dun van chuyén bun cat. Mo dun MIKE 11 HD giai cac phwong trinh tong
hop theo phuong dimg dé dam bao tinh lién tuc va bao toan dong luong (phuong trinh Saint
Venant) [16-18]. So dd cdu tric nghién ctru dé moé phong tinh toan xAm nhap man duoc thé
hién trén hinh 2.

| Thu thap x@ Iy 56 liéu |

KTTV Pia hinh, Céng trinh Xam nhap Ban db
mat cat thuy lot main
M6 phong thuy luc M6 phéng xdm nhip man
(MIKE 11 HD) o (MIKE 11 AD)
Hiéu chinh,
kiém dinh

Hinh 2. So d6 c4u tric md phong xam nhap man.

Hinh 3. Mang lui sdng tinh Nam Binh mé phong trong MIKE 11.
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2.3.2. Thiét 1ap mo hinh mé phong xam nhap min

79

Thiét 1ap so d6 thuy luc mang ludi song khu vuc nghién ciru trong MIKE 11 duoc thé
hién trén hinh 3. Trong d6 c6 03 bién luu luong phia trén duoc Iy trén 03 séng: Hong, Pay
va Hoang Long, 03 bién muc nudc phia dudi tai cac vi tri cira séng: Cua Ba Lat, Ctra Ninh
Co va Cua bay.

Céc bién trén dugc 1ay tir két qua mo phong thuy luc tir hé thong song Hong - Thai Binh
[19] da dugc cap nhat mat cat va hiéu chinh kiém dinh lai voi ndm 2022 va nam 2023 (Hinh
4). S6 lidu do man léy theo sd liéu man quan tric lai tram Hon Dau (Hinh 5).
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Hinh 4. Luu lugng bién trén tai: a) song Hong, b) song Day, ¢) song Hoang Long; muyc nudc bién
dudi tai: d) sdng Hong, €) séng Ninh Co, f) séng Day.
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Hinh 5. So liéu do man tram Hon DAu.
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2.2.3. Kich ban tan sut tinh toan

Hai kich ban xay dung dé mé phdong xdm nhap man tinh Nam Dinh nhu sau:

- Kich ban 1: Tan suét kiét 90% va tan suét triéu 10%.

- Kich ban 2: Tan suét kiét 95% va tan suat triéu 5%.

S6 liéu bién dudi dugc thu phong theo tan suat 10% tai cac cira song dugc thé hién trén
hinh 6.
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Trong cac kich ban, gia tri man tai cac bién trén dugc gia thiét béng 0%o va bién mat tai
cac vi tri ngoai bién duoc gia thiét ddng nhat 13 30%. - Can ctr theo sb liéu khao sat do man
tai tram hai van Hon Dau ndng d6 man 16n nhat 1 30%0 (Hinh 5).

S liéu bién dudi duoc thu phong theo tan sudt 5% tai cac cira song duoc thé hién trén
hinh 7.
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Muc nuwéce (m)

3. Két qua va thio luin

M0 hinh thuy lyc mua can cho hé théng song tinh Nam DPinh dugc hiéu chinh véi sb lidu
thuc do tai tram thuy van Nam Dinh va tram thuy van Pha Lé nam 2022, két qua hi¢u chinh
mo hinh thé hién trong hinh 8.
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Hinh 8. Két qua hi¢u chinh tai tram thity van: a) Nam Dinh, b) Phu Lé.
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Sau khi hiéu chinh tim bo théng $6 mo hinh, b4o cdo kiém dinh lai bd thong $6 voi sb
liéu nam 2023, hinh 9 1a ket qua kiém dinh m6 hinh MIKE 11 tai tram thuy vdn Nam Dinh
va tram thuy van Phu Lé.
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Hinh 9. Két qua kiém dinh tai tram thay van: a) Nam Binh, b) Ph 2.
Bang 2 thong ké chi tiéu danh gia két qua hiéu chinh va kiém dinh mé hinh thuy luc.

Bang 2. Hé s6 Nash hiéu chinh va kiém dinh mé hinh thuy lyc.

STT 2
Tén tram Hiéu chinh Kiem dinh
Nam Dinh 0,72 0,81
Phu L& 0,70 0,78

Két qua higu chinh hé sd Nash dat trén 0,70 va két qua kiém dinh h¢ s6 Nash trén 0,78,
C6 thé nhan thay bo thong so mo hinh thuy luc trong d6i phu hop cho khu vuc nghién ctru.
Sau khi tim dugc bo thong sO thuy luc, bai bao tién hanh thiét 1ap théng s6 AD mo phong lan
truyén man cho khu vuc nghién ciru.

Mo hinh lan truyén man cho hé théng song tinh Nam Dinh dugc hi¢u chinh véi s6 liéu
thuc do man tai tram Phu L& nam 2022 va kiém dinh véi sb liéu nam 2023, két qua thé hién
trong cac hinh 10-11.
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Hinh 10. Két qua hiéu chinh man tai tram thay van Pha Lé&.
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Hinh 11. Két qua kiém dinh tai tram thuy vin Phu Lé.

Két qua so sanh s6 liéu man thyuc do va tinh toan ndm 2022 va 2023 tai tram Phu L& cho
thiy R? tir 0,8 dén 0,9. C6 thé nhan thay nghién ctru da tim duoc b théng sé man phu hop
cho khu vuyc tinh todn. Sau khi tim dugc bd thong s6 md hinh XNM, nghién ctru tién hanh
md phong theo 2 kich ban da thiét 1ap phia trén. Két qua dién bién nong d6 XNM theo 2 kich
ban duge thé hién trong cac Hinh 12-14.

PSU]

TZ.EI S r— =l [T —

16.0 3 3 ‘ \“ s i i

(“\ "l sl

oo L ] I My 1 T il

[ A WL o B [

" O R 11 I N 11

. A1 A 1A . il H ,,,,, IR,
" 19011 A AL " | ﬁ | h :
o] i Al ik W\N}” " | U /-

a) b)
Hinh 12. Dién bién ndng do man tram thuy vin Pha L&: a) kich ban 1; b) kich ban 2.
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Hinh 13. Ban dd ranh gigi XNM kich ban 1.
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Sau khi m6 phong ra nong d6 XMN theo 2 kich ban tan suét’, nghién ctru img dung cong
ngh¢ GIS bién tap ban d6 XNM theo 2 kich ban, hinh 13-14 la két qua ban d6 XNM khu vuc
nghién cuu.

e Ranh 21 hnyén
£ Ranh s tinh

s 1t o 10 g

Hinh 14. Ban d6 ranh gigi XNM kich ban 2.

C6 thé nhan thay ranh giéi XNM ciia kich ban 2 ting so véi kich ban 1. Trén song Ninh
Co ranh gioi XNM kich ban 1 1a 23,7 km; kich ban 2 1a 25,4 km. Trén song Day ranh gidi
XNM kich ban 1 1a 25,2 km; kich ban 2 1a 28,4 km. Trén song H("ing ranh gigi XNM kich
ban 1 1a 22,3 km; kich ban 2 1a 23,7 km.

4. Két luan

Nghién ciru ing dung phuong phap mé hinh toan thuy van MIKE 11 d&é mé phong qua
trinh xam nhdp mén vung ven bién tinh Nam Dinh d3 dugc hiéu chinh va kiém dinh tét vai
hé s6 NASH dat yéu cau, dao dong tir 0,80 - 0,83 dam bao do tin cay trong diéu kién han ché
vé sb lidu thuy van, man. Két qua cho théy, cac kich ban da mo6 phong rat sat qua trinh xam
nhap min ving ven bién. O ca 2 kich ban déu cho thiy xu thé xdm nhip min ting manh so
v6i thoi ky trude, két qua nay cling kha twong dong véi két qua nghién ciru [20]. Trong do,
xu thé muc nuée bién dang cao 1én ma luu luong ¢ trén thuong ngudn tang khong nhiéu. Vi
vay, luong nude d6 vé trén cac nhanh song cua song Hong nhu song Pay, Ninh Co, song
bao khong nhiéu nén tinh hinh xam nh@p médn ngay cang 14n sau vao trong song. Két qua
cho thay xu thé xdm nhap man trén hé thng song thudc tinh Nam Dinh khong nhiing ting
dang ké vé d6 min ma con gia ting khoang cach lan sau vao nodi dong.

Viéc mo phong qua trinh xdm nhép ving ven bién tinh Nam Dinh, 13 mot trong nhiing
co s& hd trg cho cong tic quan 1y, dinh hudng khai thac, st dung va phat trién bén viing
ngudn tai nguyén nudce cho tinh Nam Dinh.

Pong gop cua tac gia: Xay dung y tudng nghién ctru: V.T.H., B.Q.T., V.V.H.; Lua chon
phuong phap nghién ciru: D.V.H., V.T.H., D.Q.T., Xir Iy va tinh toan s6 liéu tan suat: T.V.G.,
V.V.H.,; Thiét lap mo6 hinh va tinh toan: T.V.G., D.V.H., V.T.H,; Viét ban thao bai béo:
V.T.H, b.Q.T.
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Loi cdm on: Bai bao hoan thanh nhd vao mdt phan két qua cia nhiém vu khoa hoc: “Nghién
ctru dé xuat hé thong canh bao, du bdo som rii ro do xdm nhdp man gay ra tai tinh Nam

Dinh”.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tip thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Applying the MIKE 11 model to simulate the process of saltwater
intrusion in the coastal area of Nam Dinh province
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Abstract: The Red River Delta is one of the areas with the main agricultural industry.
Currently, the coastal areas of Nam Dinh province are increasingly threatened by the
phenomenon of increasingly saltwater intrusion. The study applied the MIKE 11 model to
simulate hydraulics and the saltwater intrusion process in the coastal area of Nam Dinh
province with calibration results in 2022 and calibration results in 2023. The results show
that are relatively consistent with the NASH criteria arrangement from 0.70-0.78,
correlation coefficient R? = 0.8-0.92. Results according to two scenarios corresponding to
low frequency of 90% and tidal frequency of 10%; The low frequency of 95% and the
frequency of tides of 5% show that the river system in Nam Dinh province is experiencing
high salinity levels, with salinity intrusion increasingly penetrating into the interior of the
field.

Keywords: MIKE 11; Saltwater intrusion; Nam Dinh province.



