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Tém tit: Trong nhiéu nam qua, van d& xdm nhap man dugc quan tdm bo1 anh hudng tiéu cyc
ctia né t6i phat trién kinh té—xa hoi, dic biét tai vung Pong Bang Séng Ctru Long. Nhiéu
chuong trinh, dé tai nghién ctiru cho khu vuc nay, trong d6 da sb cac nghién ctru duoc thuc
hién Gmg dyng m6 hinh MIKE 11 dé tinh toan mo phong. Cac két qua nhan dugc tap trung
lam 16 pham vi min duoc truyén vao, chua quan tam nhleu to1 co ché truyen man (theo be
mat hay day). Su phu thudc pham vi truyen min vao cac yéu to dong chay, ché do trleu chua
dugc quan tdm dung mirc. Bén canh do, s6 lugng nghién ctru vé xdm nhap min tai mién Trung
kha khiém tén din t6i nhiéu van dé khoa hoc, thyc tién tuy dugc dit ra nhung chua tim ra cau
tra 101. Nghién ctru nay, mé hinh MIKE 3 dugc st dung huong toi lam 16 co ché min duoc tir
bién vao song, cting nhu su phu thuc pham vi truyén man vao cic yéu tb dong chay (song),
ché d¢ triéu (bién) — chon song V¢, Quang Ngai lam khu vuce nghién ctru. Két qua md phong
dugc klem dinh dya trén chudi s6 liéu thuc do lién tuc trong 48 tiéng, da cho két qua mirc t6t
va rét tt tai mat cat MCO voi R? dat 0,825, Nash dat 0,798, PBIAS dat 6,919, RSR dat 0,524.
M hinh MIKE 3 sau budc kiém dinh, duoc ap dung mo phong sy phu thuoc muc d, pham
vi man phu thudc vao ché do thuy tridu, luu lvong dong chay. M hinh 3 chiéu cho phép lam
sang to su khac biét vé truyén man gitta mua kho va mua mua tai song V¢, dac biét 1a co ché
truyén man tai mat cat MCO0, ngay vung cira song.

Twr khoa: Mua—dong chay; SWAT; NAM; MIKE 3; song V¢.

1. Mé& dau

Xam nhédp man 1a hién tugng thuy van ty nhién & cac viung ven bién khi nudc min xam
nhap vao kénh song va hoa troén véi nude ngot. Pay 1a mot trong nhitng qua trinh chinh dan téi
suy giam ca chét lugng nudc mat va nude ngém, lam cho nudc khong dat muc tiéu st dung
cua con nguoi [1]. Xam nhap man lam tang ap luc cho h¢ théng czip nudce sinh hoat ¢ cac vung
dan cu ven bién noi c6 khoang 80% cac thanh phd lon nhét trén thé gidi [2-4]. X&m nhdp man
cling c6 thé 1am thay ddi da dang sinh hoc va cac quan xd thuy sinh do mat moi trudng song
thich hop cho ching [5-7]. Xam nhdp mén tac dong sau sdc dén nguon nude ngot, sinh ké cua
dan cu va sy phat trién xung quanh [8]. Hon nira, nuéc man co thé tao diéu kién thuan loi cho
qua trinh sut lin cia céac tram tich min, kich thich tich cuc sy hinh thanh vanh dai duc gan cac
ctra song noi 6 nhiém thi cip xay ra [9]. Chinh vi vdy, xAm nhdp min ludn 1 dbi twong nghién
ctru ctia nhidu tac gia ngoai nudc [1-7], ciing nhu trong nude [11-19]. Du di c6 nhiéu nghién
clru vé xam nhap méan nhung van con nhiing kién thirc co ché xam nhap man cho ddi tuong cu
thé van can dugc lam rd [2].
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Viét Nam hién c6 28 tinh, thanh c6 bién v6i 125 huyén ven bién, trai doc theo bd bién dai
hon 3.260 km, tr Quang Ninh dén Kién Giang, trong d6 co tinh Quang Ngai. Trong nhiéu nim
qua, xam nhap man 1a mot van de moi truong 16n ¢ nhiéu ving cta dit nudc, dic biét 1a ¢ cac
ctra séng vi nd lam xao tron ngudn cung cap nude dan cu, ndng nghiép, cong nghiép va de doa
su 6n dinh cta cac hé sinh thai ctra song [10]. Trong nhiéu nim qua, xAm nhép man ludn 1a d6i
twong nghién ctru cia nhiéu nhom cac tac gia [11-17]. Cac nghién ctru khac déu su dung mé
hinh toan 1D [14-19], 2D [20]. Han ché cua cac nghién ctru nay 1a chua 1am 13 co ché man
truyén tir bién va song theo bé mit hay theo day. Tir d6 nghién ctru nay da ap dung mo hinh
dién toan MIKE 3 dé mé phong dong chay, qua trinh truyén man ¢ khu vuc ctra song khu vire
nghién cuu.

Trong nghién ctru, md hinh 3D duoc ap dung dé mé phong truyén man tir bién vao séng
nham 1am rd lam 15 co ché truyén man tur bién vao song. Nghién ciru ciing hudng t6i [am rd su
phu thudc truyén man vao ché d triéu tir phia bién va luu luong dong chay tir phia song. Céc
module MIKE 3 HD, AD dugc hi¢u chinh, kiém dinh trudc khi duge sir dung dé mo phong
truyen man. Céc ti€u chi danh gia NSE, PBIAS va RSR dugc st dung dé 1am rd dd chinh xéc
két qua mo phong

2. Phwong phap va so liéu

2.1. Khu vuc nghién ciru

Séng Vé 1a song 16n thir hai nam trong bon hé théng séng 16n nhat thudc tinh Quang Ngii,
c6 dién tich 1263 km?, chiém 24,51% dién tich tw nhién cta tinh Quang Ngai [21]. Luu vuc
song V€ bao gdm: toan bo huyén Mo Dtrc; mot phan 16n huyén Ba To, huyén Nghia Hanh; mot
phan nho huyén birc Ph6 va huyén Tu Nghia ciia tinh Quang Ngai. Ranh gi6i luu vuc séng Vé
gdm: Phia Bic giap luu vuc séng Tra Khic tinh Quang Ngii; Phia Nam giap luu vuc song Tra
Cau tinh Quang Ngi; Phia Ty giap luu vuc song Tra Khic, Sé San; Phia Dong giap voi bién
Dong.

Xam nhap man tai ving ha du séng Vé, Quang Ngii 14 ddi tugng ctia mot sd nghién ctru
gan day [19-21]. Nghién ctru [19] tap trung vao xam nhap méan song Tra Khuc—song V¢, Trong
nghién ctru nay s dung mé hinh thuy dong luc hoc 1D két hop v6i mé hinh truyén tai khuéch
tan dé danh gia tinh hinh xAm nhap min & ha luu séng Tra Khuc-song Vé thudc tinh Quang
Ngai, du bdo xdm nhép man do anh hudng cua bién d6i khi hau va nudce bién dang. M6 hinh
duoc xay dung dua trén co s dir liéu ndm 2002 va 2013, dua ra ddnh gia mirc o xam nhap
man cling nhu dy bao du bao xam nhap man cho cac nam 2020 va 2030. Tuy nhién, nghién
ctru nay chi tip trung vao séng Tra Khuc, khong dé cap toi song Vé.

Trong nghién ctru [21], nhom tac gia bai bao nay da su dung SWAT/NAM/MIKE xay
dung bo thong sb thity vin va thay luc phuc vu cho tinh toan dong chay — truong hop song Ve,
Quang Ngai. ba x4c dinh dugc bd thong $6 thiy van cho khu vuc ha luu luu vuc song Vé,
gdm: Umax 12 luong nuéce tdi da trong bé chira mat (mm); Lmax 12 luong am 16n nhat trong bé
chira tang ré& cay (mm); CQOF la hé sb dong chay mit, khong thir nguyén, phan anh diéu kién
thAm; TOF la ngudng dudi cua dong chay tran; TIF la ngudng dudi cua dong chay sat mat; TG
la gid tri ngudng tang ré& cay; CKIF 12 hé sb thoi gian dong chay sat mét; CK12 la hang s thoi
gian chay truyén ctia dong chay mit; CKBF 12 hing sb thoi gian chay truyén cua dong chay
ngam. Trong nghién ctru dgc 1ap khac [21] da nhén dugc bd thong s6 thuy van cho luu vuc
Song Tra Khlic—Song V&, két qua so sanh giita 2 bo thong s trong [21] cho sai s6 khong dang
ké. Nghién ctru [20] str dung MIKE 21 dénh gid pham vi va mirc d truyén man ving cira song
Veé.
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Hinh 1. Vi tri, gigi han khu vyc nghién ctu véi luée D1 (nho), D2 (16n), 2 tram do thity van, 2 tram
do khi tugng dugc st dung.

2.2. M6 hinh MIKE 3

B6 phan mém MIKE 1a san phim cta Vién thuy luc Pan Mach (DHI Water &
Enwronment) v6i cac module nhu MIKE 11, MIKE 21, MIKE3 HD, AD, ST, MT, SW... dugc
st dung dé mo phong cac qua trinh thuy dong luc hoc hai chleu ba chiéu, su van chuyén va
khuéch tan ciia cac chat hoa tan va lo limg, bun cat; sy lan truyén cta séng blen tinh toan sa
bdi & ving ctra song va ven bién. Nghién ctru ing dung MIKE mé phong truyén min duoc
thuc hién trong nhiéu nghién ciru trong nudc [12-17, 22]; ciing nhu tai nudc ngoai [23-25].
Phén duéi ddy trinh bay nhirmg module chinh, gdm MIKE 3 HD, AD dugc sir dung trong nghién
ctru nay, tham khao tir [26-28].

2.2.1 MIKE 3 HD

Module MIKE 3 HD dugc xdy dung trén hé phuong trinh Navier—Stokes trung binh
Reynolds cho chat long khong nén duogc 2 hodc 3 chiéu két hop véi gia thiét Boussinesq va gia
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thiét ap suit thuy tinh, gém: phuong trinh lién tuc, dong luong, dugc khep kin boi so dd khép
kin rdi. Vi truong hop ba chiéu thi str dung xap xi chuyén d6i hé toa d6 sigma.
Phuong trinh lién tuc:

ou 8v ow _s 1)
X 6y o
Phuong trinh dong lugng theo phuong x va y tuong ung:
2
8_u+8u +8vu+awu fv— gan—i%—i 7a—p+Fu+£(vta—uj+usS 2)
ot ox oy oz OX p, OX  p,°% OX 0z
2
8V v auv+aWV=fu—ga77_i%_i 778—'0+Fv+i(vt@j+v38 (3)
ooy x| @ o POy Py oy
F, = 5(2Aa“j Olop M, Y @)
oX OX 6y oy oX
F, = YNGR A P Y\ ULl (5)
6y oy ax oy OX

Trong cac phuong trinh (1)-(5): t 1a thoi gian; x, y va z 13 toa do Dé cac; 1 1a dao dong
muyc nu6e ; u(x, y, z, t), v(X, y, z, t), WX, y, z, t) la 3 thanh phan vec to dong chay, d 1a do sau;
h=n+d la d6 sau téng cong; u, v va w la thanh phan van tc theo phuwong x, , y va z; f=2Q sin®
1a tham 5O Coriolis; g 1a gia toc trong truong; p la mat do nudc; vt la nhot rbi thang dung; pa la
ap sudt khi quyén; po 1a mat do chuan; S 13 luu lugong do cac nguon diém; (us ,Vs) 1a van toc caa
dong luu luong di vao mién tinh; Fy, Fy 13 cac sb hang tng suét theo phuong ngang; A 1a do
roi nhdt theo phuong ngang. B cong cu MIKE 3 HD cho phép hiéu chinh 2 tham s6 chinh la
d6 r6i nhét (eddy viscosity coefficient, v, m%/s) va chiéu cao do nham (roughness height, ks,
m) [30].

2.2.2. MIKE 3 AD

Module tai—khuéch tan (Advection Dispersion — AD) trong MIKE 3 giai phuong trinh tai—
khuéch tan cho chit bao toan hay hoa tan. Phuong trinh truyén man duoc xdy dung dua trén
dinh luat bao toan khdi luong luu ¥ t6i luong chat di vao—ra trong mot khoi thé tich. Phuong
trinh lan truyén cho man c6 dang [28]:

§+aus+avs+%:£([)h§)+g Dhas 6£D asj £5S ©)
ataxayazax ox) oz\ “oy) oL\ "0

Trong phuong trinh (6) Dv la hé so khuéch tan réi thang du:ng, D 13 hé s6 khuéch tan rdi
theo phuong ngang; S 1a s6 hang nguén; Ss 1a d6 min cta ngudn.

2.3. Dir liéu

2.3.1. Dia hinh

Dit liéu DEM duoc 1ay tir trang web http://gdex.cr.usgs.gov/gdex/ va sit dung phan mém
SWAT phan chia khu vuc nghién ctru thanh cac luu vuc, st dung ArcGIS s6 hoa doan song.
Két qua phan chia luu vuc 14 cac file tiéu luu vuc duge luu dudi dang shapefile [21]. Dir liéu
ban d6 va thudc tinh duoc sir dung trong nghién ctru nay nay gdm: ban do sb hoa d cao (DEM)
luu vuce song VE, ban dd thd nhudng, ban dd su dung dét, ban d6 tham phu thyc vat ung voi
hién trang rimng, ban d6 mang ludi song sudi va ludi tram do khi twong thay van.

Dr li¢u dia hinh chay MIKE 3 trong nghién ctru nay dugc chia ra lam 2 nhom. Nhom thur
nhat lién quan t&i ving ven bién duoc thu thap, xir Iy va chuyén vao phan mém MIKE 3 [29],
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nhom tht hai lién quan toi dat 1ién va cira song gom: s6 liéu thuc do 19 mit cit thuc do duoc
ké thra tir cong trinh [21]. Doan sdng V& dugc Xem Xét trong nghién ctru nay dugc gisi han tur
thuong ngudn séng dén cira Lo dai 21.47 km (Hinh 2).

Hinh 2. Dia hinh viing cira sng va céc vi tri do mat cit song Vé.

2.3.2. Yéu t6 triéu

S6ng Vé chiu anh hudng ctia bién Pong ché do ban nhat tridu v6i 4 thanh phan thuy triéu
chinh: M2, S2, N2, K2 duoc sir dung dé tinh toan mé phong thay luc [30]. B6 ‘thong s6 nay
dong vai tro quan trong trong module MIKE 3 HD va AD. Nghién ctru nay da ké thira két qua
nghién ctru kiém dinh tir d& tai cip nha nude theo s lidu thuc do lién tuc 24/24 cac thong sb
luu lugng, muc nudce tai 3 vi tri MCO, MC3, MC4 cho nam 2018 (Hinh 1).

Bang 1. Bang song didu hoa luu y t6i thuy triéu [30].

STT Tén séng Ky hiéu Chu ky
1 Mat trang chinh M2 20 gio
2 Mat trgi chinh S2 10 gio
3 Mat trang chinh 01 30 gio
4 Mat trang mat troi K1 30 gio

2.3.3. S6 liéu khi tuong

bpé chay mo hinh MIKE 3, s6 lidu vé gi6 cho khu vuc bién: mién D2, mién D1 dugc trich
xudt tir mo hinh WRF — sau khi budc hiéu chinh va kiém dinh. Két qua nay duoc thé hién trén
Hinh 3 cho thoi diém thang 7/2018, Hinh 4 cho thoi diém thang 12/2018. Nghién ctru [21] cho
thay vao thang 7/2018, luu luong trung binh ngay dong chay la be nhat, con thang 12/2018 co
luu lwong trung binh ngay lon nhit. Module MIKE 3 chay cho ving bién yéu cau sb liéu gi6
theo gio gobm van tdc va huéng gio. Trong nghién ctru nay, da su dung m6 hinh WRF dé trich
xuét theo gid, diéu ma cac tram quan tric hién c6 khong thé dam tmg dugc. Da thuc hién kiém
dinh mé hinh cho ca 2 truong hop, luu y va khong luu  toi gio, va két qua gio 1a yéu td quan
trong trong nghién clru nay.
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Hinh 3. Dit liéu khi tuwgng trong khu vuc dugce sit dung trong tinh toan md phong: (a) Hoa gié cho
thang 7/2018, khu vuc bién; (b) Biéu db gio—van tdc, tan sudt thang 7/2018, khu vuc bién; (c) Hoa gid
cho thang 7/2018, khu vuc séng; (d) Biéu dd gié—van tdc, tn suat thang 7/2018, khu vuc song.
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Hinh 4. Dit liéu khi tuwong trong khu vue dugce sit dung trong tinh toan md phong: (a) Hoa gié cho
thang 12/2018, khu vuc bién; (b) Biéu dd gié—van tdc, tin suat thang 12/2018, khu vuc bién; (c) Hoa
gi6 cho thang 12/2018, khu vuc song; (d) Biéu d6 gio—van tdc, tan sut thang 12/2018, khu vuc song.
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2.3.4. S6 liéu man

Dé c6 sb liéu cho bai béo ndy, da thyuc hién do dac thuc dia véi cac thiét bi: may do luu
lwong nude tu dong ADCP (M§¥); may thuy chuin NA2 Leica, LEICA (TC805), may do siu
héi am HONDEX PS-7 (Nhat); may do d6 mén; mia dia hinh; may GPS cam tay; la ban. Cac
yéu tb thuy van dugc ghi nhéan tr Oh ngay 7-10 dén 23h ngay 8-10-2018 va do mit cat ngang
va dan noi d¢ cao tir ngay 9-10 dén 10-10-2018. Pong thoi vai viee do myc nude, yéu to do
min ciing duoc 14y mau va do theo ché d6 24/24 tir Oh ngay 7-10 dén 23h ngay 8-10-2018 tai
ca 3 mit cit: mat cit 0, mat cat 3 va mat cat 4 [20]. Po luu lugng nudc bang may do tu dong
ADCP (M¥) dugc thuc hién tai 3 mat cét theo ché d6 24/24 tir Oh ngay 7-10 dén 23h ngay 8-
10-2018 (ddng thoi voi do muc nude va do man). Trén Hinh 1 thé hién mién tinh toan gdm
lude D1 gém phan bién va phan song V&, bién min phia bién duogc ldy bang hang s 32,5%0
[32-33], bién man AD trén thuong ngudn lay bang hang sb 0,05%0 .

2.4. Chi tiéu danh gia
Chi s6 dénh gia mirc do twong quan giita két qua tinh toan va két qua do dac, duoc xac
dinh theo cac cong thirc sau:

i(Qisim _Qiobs )2 i(Qiobs -QSIm)xloo (7)
NSE = = 'PBIAS = =2

3 (o o) > (@)

i= i=1

N Qiobs _Qisim 2
RSR = RMSE _ \ i=1( ) (8)
STDEV,,, \/ n (ngs —5)2

Tiéu chuan danh gia (7) — (8) theo timg chi s6 trén duoc thé hién trong [21, 31].

3. Két qua va thao ludn

Trong khuon kho nghién ctru nay, mo phong thuy luc va truyen man cho mot nam 2018
duoc thyc hién nham ra mdi lién h¢ gitra pham vi truyén man véi yéu t6 tridu phia bién va luu
lwong nude phia thuong ngudn. Két qua nay duoc thuc hién trong nhimg nim gan day va ké
thira tir cac két qua trudce, dac biét 1a dua trén b thong sb thuy van duoc thiét lap [21] cho khu
vuc nghién ctru. M6 hinh NAM dugc ung dung tao ra bién luu lugng cho song Vé cho di mot
nam 2018. Tir chudi s lidu ndy di tim duoc thang véi luu lwong dong chay trung binh nho
nhat, 16n nhat. D3 chon ra 2 thang 1a 7, 12 dé phan tich twong quan gitta pham vi, mirc d6
truyén mén véi luu lugng va ché do triéu. MIKE 3 HD, AD duoc 4p dung chay thuy lyc va
man trong pham vi nghién ctru. Ttr két qua nay da thuc hién bién ludn méi quan hé giita pham
vi truyén man voi ché do tridu, luu lugng dong chay. Ly do chon thang 7 mang tinh dai dién
cho mua khé va thang 12 dai dién cho muia mua. Trong muc ndy, trude tién 1a trinh bay két qua
hiéu chinh kiém dinh cdc mé dun trong MIKE 3 duoc sir dung, sau do trinh bay két qua mo
phong dién bién man tai 2 mat cat MCO, MC3.

3.1. Hiéu chinh va kiém dinh

Viéc thiét 1ap mo6 hinh MIKE 3 la can thiét dé dam bao két qua mo phong theo kich ban.
Nghién ctru nay ké thira mot s6 két qua tir cac nghién ciru trude ciia nhom tac gia [20-21]. Cu
thé nhu sau, bd thong s thuy van, thay luc cho khu vue nghién ctru, dédc biét két qua tur [21]
cho phép str dung NAM tao bién luu lwong trén thuong ngudn nham dap tmg yéu cau MIKE 3
HD. Trong [21] d3 thuc hién budc hiéu chinh, kiém dinh bd thong sb thay luc cho MIKE 21
HD, con trong [20] da dwa vao két qua thuy lyc nay dé danh gia pham vi va mic d6 truyén min
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bang MIKE 21 AD. Trong muc nay, budc hiéu chinh, kiém dinh MIKE 3 HD, kiém dinh MIKE
3 AD dugc thue hién dua trén bo sb liéu thuc do duge trinh bay trong muc 2.3.3.

Két qua kiém dinh va hiéu chinh MIKE 3 HD nhu sau: két qua hiéu chinh tai mat cit MCO
cho R? = 0,754, Nash = 0,609, PBIAS = —2,607, RSR = 0,624; mit cit MC3 cho R? = 0,906,
Nash = 0,861, PBIAS = -2,688, RSR = 0,371; miat cat MC4 cho R? = 0,956, Nash = 0,814,
PBIAS = 6,476, RSR = 3,062. Két qua kiém dinh tai mit cit MCO cho R?= 0,963, Nash =
0,857, PBIAS = —12,275, RSR = 0,378; mit cat MC3 cho R? = 0,946, Nash = 0,823, PBIAS =
—5,351, RSR = 0,401; mit ciat MC4 cho R? = 0,949, Nash = 0,845, PBIAS = 0,431, RSR =
0,388. Budc hiéu chinh, kiém dinh MIKE 3 HD duogc thé hién trén hinh 3. Két qua ctia muc
nay la chon bd thong ) thuy lyc doan song V¢ cho MIKE 3 HD, trong pham vi nghién cuu:
hé sb nhét (eddy viscosity coefficient) bang 0,28 (m?%/s) va hé sb chiéu cao nham (roughness
height coefficient ks, m) 14 0, 1 (m). Két qua hiéu chinh va klem dinh thuy lyc trén dugc danh
gia trong pham vi tu tot t6i1 rat tot cho phep mo phong truyén man bang MIKE 3 AD, chi c6
duy nhét chi tiéu RSR tai mat cit sb 4 1a khong dat.

Két qua kiém dinh MIKE 3 AD duoc thuc hién véi bo sb liéu thuc do mén 48 gio lién tuc
cho 2 ngay 7-8/10/2018 tai 3 mit cit MC0, MC3, MC4 (muc 2.3.3) dugc thé hién trén Hinh 4.
Két qua dic biét phu hop tai mit cat MCO véi 4 chi tiéu R? = 0,825, Nash = 0,798, PBIAS =
6,919, RSR = 0,524. Tai 2 mat cit con lai, MC3 cho R? = 0,728, Nash = 0,704, PBIAS = —
1,125, MC4 cho R? =0, 752, Nash = 0,705, PBIAS = -0,265. Riéng chi tiéu RSR tai 2 mét cit
MC3, MC 4 cho két qua gin voi mue dat (twong tng 0,781, 0,711 so v6i mirc dat 14 0,7). Két
qua nay cho phép khing dinh MIKE 3 AD c6 thé ap dung dé mé phong buc tranh truyén min
cho nghién ctru nay.

(e) ()

Hinh 5. Biéu dd muc nudce lac hiéu chinh, kiém dinh MIKE 3 HD tai 3 vi tri mit c&t MCO, MC3, MC4
MIKE 3: (a), (c), (¢) Hiéu chinh; (b), (d), (f) Kiém dinh.
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MCO MC2

0.032 + —+—Sim salinity
0.031 ¢ —8—Olbs salinity

Hinh 6. So sanh d9 man gitra gia tri do va chay mé hinh MIKE 3 tai cac mat cit: (a) MCO, (b) MC3;
(c) MC4.

3.2. Su phu thuoc truyén man vao luu lwong

Luu luong dong chay vao mua kho rat nho, thang duoc chon 7/2018 c6 bién d6 dao dong
trong khoang tir 0-13,13 m®/s. Pay la thang c6 luu lwong trung binh nho nhit ciia nim 2018.
D3 thuc hién so sanh két qua mé phong min thdi diém Qmax VA Qmin ctia thang 7.

Thoi diém Qmin ¢6 luu lwong nho nhét trong thang 7/2018 1a 2,175 m%/s roi vao ngay 20/7.
Két qua tinh toan cho thiy d6 man trong thang 7 Gng véi Qmin dao dong trong khoang 30,5—
32,5%0 & MCO va 8,5-30%0 & MC3. Trong khoang thoi gian tir ngay 8—12/07/2018 d6 min
¢6 xu huéng giam dan, tuy khong déng ké, trong khoang 30%0 & MCO va 20%0 & MC3, do
luu lugng téng, tuy khong 16n. Co thé luu ¥ t6i bat thuong trong cic ngay 3-4/7/2018, du Qmin
c6 giam nhung néng do tai MC3 c6 tang c6 thé giai thich do tac dong phu cua yéu t6 triéu.

Thoi diém Qmax ¢ luu lwong 16n nhét trong thang 7/2018 1a 13,1338 m®/s. Két qua mo
phong cho d6 man nam trong khoang 30-32%00 &@ MCO va 5-29%00 & MC3, phd ¢6 thap hon so
v6i thoi diém Qmin. Vao khoang cac ngay tir 7 dén 13/07/2018 véi luu luong cao hon so véi
lwu Iugng trung binh, d6 min c¢6 xu hudng giam nhe nhung khong dang ké do Iuu luong ting
nhe, 6n dinh & khoang 32%0 & MCO va 17%y0 & MC3. C6 thé luu ¥ téi bat thudng trong céc
ngay 3-4/7/2018, di Qmax c6 giam nhung ndng do tai MCO, MC3 ¢6 ting 1a do tac dong phu
ctia yéu t6 triéu.

MOoi twong quan gitra luu lwgng nho nhét va d6 man thang 7 Mbi twong quan giita luu lugng 16n nhit va 6 mén thang 7
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25 10
%n 25
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Mbi twong quan gilta luu lugng va do mén thang 12 thoi Mbi twong quan gifra luu luong va d6 man thang 12 thoi
diém luu lugng nho nhat diém luu lugng 16n nhat
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Hinh 7. Tuong quan luu lugng va d6 man, mua kho (a, b) thang 7/2018 mua mua (c, d) thang 12/2018.

Thoi diém Qmin ¢6 luu lwong nho nhét trong thang 12 1a 31,815 m%s. Do mian trong thang
12 thoi diém luu lwong nhoé nhit giao dong trong khoang 3—-32%00 & MCO va 0-17%0 & MC3.
Riéng vao cac ngay 7 dén 12/12/2018 vdi luu luong 1én dén gan 250 m%/s thi d6 man giam rd
rét con 20-25%0 & MCO va 0,02— 10/00 & MC3. C6 thé luu ¥ t6i bat thuong trong cac ngay 4-
5/12/2018, du Qmin c6 gidm nhung ndng d6 tai MCO, MC3 c6 ting 1a do tac dong phu cua yéu
t6 tridu.

Thoi diém Qmax ¢6 luu lugng 16n nhét trong thang 12 1a 596,002 m%/s. 6 man trong thoi
diém nay nam trong khoang 0,5-31%p0 & MCO va 0-20%0 & MC3. Két qua nay 13 nho hon so
v6i thoi diém Qmin ctia ciing trong thang 12 nhiéu. Vo cac ngay 7 dén 9/12/2018 luu luong 1én
dén gan 600 m®/s thi 46 min & MCO chi con khoang 0,02-0,5%00, MC3 chi con khoang 0,02%oo,
tirc 1a médn truyén vao MCO duoc khoang 500m thi bang 0. C6 thé luu v toi bit thuong trong
cac ngay 4-5/12/2018, du Qmax c6 giam nhung ndng d6 tai MCO, MC3 ¢6 ting 1a do tac dong
phu cua yeu t6 triéu.

C6 thé két luan rang, yéu t6 luu luong tac dong téi xAm nhap min ving cira séng Vé. Su
tang d6 man tai cira song MCO dién ra khi Q c6 xu thé giam va nguoc lai khi Q tang, d6 man
tai MCO ¢6 xu thé giam. Tuong tu nhu vay tai MC3, nhung c6 su khac bi¢t tai mdt so thoi diém
va bién do (Hinh 7).

3.3. Su phu thuoc pham vi truyén man vao ché dé triéu va luu lwong

Trong bién luan, d min dugc chon 1a mirc 1%0 va cot moc MCO dé bién luan. Theo dé
d6 man vuot muc 0,75 la khong phu hop vai cay trong va con ngudi. Két qua mo phong vao
ngay 20/7/2018 cho thay tir 0=3h, khi triéu xudng (Hinh 8a), Iuu luong phia thuong ngudn rat
nho, huéng dong chay van di tir bién vao song, co nghia 1a khong chiu tac dong cua luu luong.
Trong khoang thoi gian nay, d6 man ting dan khi di qua MCO va truyén vao phia song, lic Oh
man, muc 1% truyén t6i vi tri 2,9 km (Hinh 8b), dén 3h min truyén sau vao 3,1 km (Hinh 8
¢). Khoang thoi gian tiép theo, tir 4-8h tridu Ién, hudng dong chay co su doi hu:omg, truyén tir
song ra bién, pham vi truyen mdn giam, t6i 8h rut xuong vi tri 2,85 km (Hinh 8d). Khoang thoi
gian 8-14h, triéu tuy xudng, d6 min van truyén vao dat lién dén 14h da truyen duogc tu 2,85
km 1én 3,05 km (Hinh 8e, 8f). Thoi gian con lai trong ngay tr 14-23 la lc triéu lén, hudng
dong chay tir song ra bién, do man giam dan, man truyén vao 3,05 km lic 14h nhung dén 23h
chi con 2,95 km. Co thé thy rang, muc nudc khoang 14-23h cao hon muc nudce khoang 5—8h
nén man truyen sau hon thoi diém 5-8h, khoang 100 m. Nhu vy, vao ngay 20/07, min truyen
vao phia dat lién, dao dong trong khoang 2,9-3,1 km tinh tir ctra séng. Thoi diém man truyen
sau nhat vao lic 3h sang, dat moc 3,1 km, day 1a thoi diém tridu bat dau dang 1én 1an dau tién
trong ngay.
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Vao mua kho, huéng dong chay chu yeu chiu tac dong boi che db triéu, it chju anh huong
cta luu lugng, mén chi bi anh hudng chu yéu béi che d6 thuy triéu.

Lini lugmg v& murc nirdc ngiy 20/07/2018

.............

@

(b) (d)

LTI

Hinh 8. Sy phy thudc gitra hudéng dong chay, mtc d9, pham vi truyén min véi ché @6 tridu, luu lugng
dong chay vao mua kho (a) biéu d6 luu lvgng-muc nude; (b) Pham vi truyén man luc Oh dat 2,9 km;
(c) Pham vi truyén man lic 3h dat 3,1 km; (d) Pham vi, mirc do truyén man luc 4h, thoi diém dong
chay c6 su chuyén hudng tir song ra bién, pham vi dat mdc 3,08 km; (e) Pham vi truyén man Iic 5h,
thoi diém dong chay theo hudng tir song ra bién, dat dat 3,05 km; (f) Pham vi truyén man lac 15h, thoi
diém dong chay bét dau chuyén hudng, dat 3,05 km; (g) Pham vi ltic 16h, thoi diém dong chay huéng
tir bién vao song, dat 3,07 km.

Trong truong hop muia mua, trén Hinh 9a, cho thiy tir 0-15h, muc nude 1én dan, hay noi
cach khac triéu dang 1én, tuy nhién do luu luong dong chay 16n (300-596 m®/s), két qua chay
HD cho thay dong chay theo hudng tir song ra bién. Tir 0-15h, két qua chay AD cho thdy man
chua truyén vao MCO, tai ddy chi giit mic 0,01-0,1%0. Trong khoang 0-9h, min ting, giam
phtrc tap trong 0,007-0,04%00, d6 chénh léch nhau nam khoang 0,01 %qo. Pén 10-12h, min ¢6
xu huéng ting manh tai man cit MCO, dén 12h tiang 1én murc 0,2691%00. Tir 12—15h, min giam
dan dén 15h man tai MCO chi con 0,1%0. Tir 16-23h mén bat dau xam nhéap vé phia MCO, tuy
huéng dong chay van giit tir song ra bién: tir 16—19h min tai MCO ting nhanh do luu luong
dang giam dang ké, tir 300 m%/s giam con 254 m¥%s, ti 19h d6 man tai MCO dat cuc dai 1a
10%00 va truyén séu khoang 200 m (muc 1%00). Tir 20-23h, man giam dan, dén 23h, min tai
mit cat MCO giam con 3,22%0 va chi con truyén su 90m thi bang 1%0. C6 thé thdy mua mura,
min dong thoi chiu tic dong cua ché do tridu va luu luong thuong ngudn (Hinh 9b-9d).

D06 mén tai MCO giao dong tir 0,01 10%00, 6 min cao nhét trong ngay 09/12/2018 14 vao
19h v&i 10%00 va thip nhét 1a 0,0loloo lGc 7h. Po min & MCO tir 0—15h ludn giit nho hon 1 %0
va luu luong ddu ngudn ludn 16n hon 300 m¥/s. Pén 16-23h, d6 min & MCO ting manh, luén
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16n hon loloo va luu luong dau ngudn luc nay giam nho hon 300 m®/s. O truong hop nay, ta
nhan thay rat rd moi tu’orng quan gitra luu lu’orng, che do trleu va pham vi truyen man (Hlnh 9)
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Hinh 9. Su phu thudc gitra huéng dong chay, mirc d9, pham vi tmyén man véi ché do triéu, luu luwong
dong chay vao mua mua: (a) ché d6 tridu va luu lugng ngay 9/12/2018; (b) Pham vi, muc do truyén
man lac Oh. (mén van chua truyén vao MCO (mirc 10/00) d6 min 16n nhét thoi diém nay 1a 0,03750/00);
(c) Pham vi truyén man lac 15h, man van chua truyén téi MCO (mirc 10/00) nhung d6 min ting 1én
0,1650/00;(d) Pham vi truyén man lic 19h, man truyén vao 200m tinh tir MCO (mirc 10/00); (¢) Pham
vi truyén man lic 23h, mdn truyén vao 90 m tinh tir MCO (mic 10/00); (f) Biéu dd dién bién d6 min
tai MCO ngay 09/12/2018, truc tung 0/00.

3.4. Su bien doi bién do man tai ciea song—bién

Trong truong hop mua kho trén Hinh 10a, 10b, d6 man tai mat cit MCO giao dong trong
khoang (31-32,4%0), néng do giam (rét nho) chu yéu do man dugc triéu day vao phia sau, vai
tro cua luu lugng (thoi dlem nay) la rat bé. Do vay, co thé khang dinh vao mua khd, bién do
min tai MCO thay d6i rat bé va duoc ddy vao sdu dit lién do yéu td tridu. Vao mua mua trén
Hinh 10 c, 10d, bién d6 man tai MCO thay d6i 16n hon nhiéu (1-11%00). C6 thé thiy r& man tai
MCO tang trung voi thoi dlem triéu xudng va luu lugng ting. T6i khi luu lwong phia thuong
nguon giam dan cung vOi tridu dang, c6 mot khoang thoi gian dai, do mat tai MCO gan nhu
bién mat, sau do khi triéu d6 man tang dan do luu luong phia thugng nguon kha 16n. Do vay,
c6 thé két luan, vao mia mwa d6 man tai MCO chiu anh huéng phan 16n boi luu lugng, tuy
nhién yéu t6 tridu co vai tro diéu tiét nhat dinh.
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Hinh 10. Sy phu thugc gitta 6 man tai 2 vi tri do MCO vao ché do tridu va luu lugng cho mua khd (a,
b) va mua mua (c, d).

4. Két ludn

Céc két qua dat dugc trong nghién ciru nay gom:

Thi nhét, d3 thuc hién hiéu chinh, kiém dinh mé hinh MIKE 3 HD. Két qua 1a lwa chon
duogc bo thong s thiy lyc: hé sé nhét bang 0,28 (m?/s) va hé sb chiéu cao nham 1 0.1 (m).
D3 thuc hién kiém dinh két qua mo phong min MIKE 3 AD tai cac mat cit MCO, MC3, MC4
v6i két qua dat yéu cau. Két qua muc nay thé hién trong 3.1.

Thit hai, dd tim ra méi tuong quan gitra d6 man tai cac vi tri MCO gan bién, MC3, cach d6
490 m vdi luu lugng thuong ngudn cho mua mua va mua khé. Sy tang d6 man tai vi tri MCO,
clra song MCO dién ra khi Q c6 xu thé giam va nguoc lai khi Q ting, d6 man tai MCO c6 xu
thé giam. Tuong tu nhu vdy tai MC3, nhung c6 su khac biét tai mot s6 thoi diém va bién do
16n hon tai MCO. Két qua nay duoc trlnh bay trong muc 3.2.

Tht ba, 1am rd su phu thude gitra pham vi truyén man vao ché do triéu va luu luong cho 2
muia mua va kho, d chi ra thoi diém man truyén vao sdu nhat. Cé thé thdy vao mua khd, xam
nhap man chiu chi phéi 16n hon boi ché do triéu, it chiu anh hudng cua luu luong. Vao mua
mua, min truyén vao  khong sau nhu mua kho, chi di duge quang duong bang 6% so voi mua
kho. Piéu nay cho thdy vao mua kho, pham vi truyén min duoc quyét dinh boi luu luong thip
va chi phdi boi ché d6 tridu. Két qua nay dugc trinh bay trong muc 3.3.

Tht tu, da chi ra tuong quan gitra o man véi luu luong va ché dd tridu. Cu thé, vao mua
kho, bién d§ mén tai MCO thay ddi rat bé va duge déy vao sau dat lién do yéu td tridu, vao mua
mua d0 man tai MCO nhd, chiu anh hudng phﬁn 16m boi luu lugng, tuy nhién yéu td triéu co
vai tro diéu tiét nhat dinh. Mt cit MC3 ciing c6 birc tranh tuong t, tuy c6 khac véi MCO &
thoi diém va bién do. Két qua nay duoc trinh bay trong muc 3.4.
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Nghién ctru nay ciing khong tranh khoi han ché, do sé liéu thuc do gi6i han boi chudi sb
liéu do 48 tiéng cho 2 ngay 7-8/10/2018 nén can tiép tuc thuc hién kiém dinh cac mé hinh thity
luc va truyén min duoc sir dung. Huéng nghién ctru tiép theo ctia nghién ctru 13 mo phong
truyén min cho kich ban bién doi khi hu, tim ra su phu thudc gitta pham vi truyén man voi
cac yéu t6 thity van va dong chay.

Dong gop cia tac gia: Xay dung y tuong nghién ctru; Vach ra so d,é viét ban nhép, chinh stra
ban thao: B.T.L.; Xt 1y s0 li€u, tham gia chay mo6 hinh MIKE 3, viét ban thao: L.T.M.D.

Loi cam on: Nghién ctru ndy dugc thuc hién nho gép y kién tir mot s6 nha khoa hoc tir Vién
Khoa hoc va Thuy lgi mién Nam. B0 s6 li¢u do dugc st dung trong nghién ctru dugc nhom tac
gia tu bo kinh phi di do trong thoi gian lam luan an.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tap thé tac
gia, chua dugce cong bo & dau, khong duoc sao chép tir nhiing nghién ctru trude day; khong co
su tranh chap loi ich trong nhom tac gia.
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Modelling the dependence between salinity intrusion and
hydrological factors using MIKE 3: a case study of Ve river, Quang
Ngai

Bui Ta Long®", Le Thi My Diep?
1 Ho Chi Minh City University of Technology; longbt62@hcmut.edu.vn
2 Southern Institute of Water Resources Research; diepmoitruongmdgquangngai@gmail.com

Abstract: Salt intrusion has received particular attention over the years due to its negative
impact on socio—economic development, especially in the Mekong Delta. There have been
many programs, research topics in this area, in which most of the research was carried out
using the MIKE 11 model to calculate the intrusion salt level. The results obtained were
focused on clarifying the range of salinity in relation to the distance from the estuary, with
little attention paid to the mechanism of salinity transfer (by the surface or bottom). The
dependence of the range of salinity transfer on hydrological and tidal regime has not received
due attention. In addition, the number of studies on salt intrusion in the central provinces is
much limited, which leads to many scientific and practical problems that have not yet been
discovered. In this study, the MIKE 3 model is used to elucidate the salinity mechanism
transfer from sea to river, as well as the salinity range dependence on flow factors (river), tidal
regime (sea) — choosing Ve river, Quang Ngai as an example. The simulation results were
verificated on the series of real data measured continuously for 48 hours, which gave good
and very good results in the cross section of MCO, where R? reached 0,825, Nash reached
0,798, PBIAS reached 6,919, RSR reached 0,524. The MIKE 3 model after the validation
phase is used to simulate the dependence of the salinity level and range depending on tidal
conditions and currents. The results show that the salt penetration rate is highly dependent on
both the tidal regime and the current. The 3D model makes it possible to clarify the difference
in salinity transfer between the dry season and the rainy season in the Ve estuary, especially
the salinity transfer mechanism at the estuary.

Keywords: Rainfall-Runnoff; SWAT; NAM; MIKE; Ve River.
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