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Tém tit: Luu lugng nudc chuyén qua mot vi tri nhét dinh trén song la sb liéu can
thiét phuc vu phong chdng thién tai, tai nguyén nudc va méi truong. Viée do dac luu
lugng thuong can nhiéu nhan lyc va trang thiét bi. Vi vay, trén mot hé théng song, mot
s6 vi tri duoc diéu tra, khao sat dé 1ap tram do luu lugng. Luu lugng tai cac luu vuc
con khong c6 tram do thuong dugc tinh toan bang cdac mo hinh thuy van, nhu: MIKE
NAM, TANK, HEC HMS... Bai bdo nay trinh bay viéc st dung mé hinh MIKE NAM
moé phong dong chay ngay (24 h) cho luu vye Quy Chau va Hoa Quéan. Két qua hiéu
chinh va kiém dinh mé hinh di x4c dinh duoc bo thong sd vé6i sai s Nash-Sutcliffe
(NSE) kha cao, 16n hon 0,70, cho thdy muc d6 phu hop cao giita tinh toan va thuc do.
B6 thong sb ciia mé hinh tim dugc c6 thé ap dung dé tinh toan luu luong ngay tai cac
luu vuc tuong ty trén luu vuc song Ca.

T khéa: Song Ca; MIKE NAM; mo hinh toan; Quy Chau; Hoa Quén.

1. Mé dau

Luu vuc song Ca trai dai tir 18°15°50” dén 20°10°30” vi d6 Bic, tir 103°45°10”
dén 105°15°20” kinh d6 Pong. Phia Bic giap luu vuc séng Chu, phia Tay giap luu vuc
song Mé Kong, phia Nam giap luu vyc séng Gianh va phia Dong giap Bién Dong. Tong
dién tich luu vue 1a 27.200 km?, phan dién tich & Viét Nam 1a 17.730 km?, chiém 65,2%
dién tich luu vuc. Dién tich thude Lao 13 9.470 km? chiém 34,8% dién tich luu vuc. Dong
chinh séng Ca c6 chiéu dai 531 km, trong d6 170 km chay qua lanh thd Lao va qua dia
phan Nghé An - Ha Tinh 14 361 km (Hinh 1). Cac song sudi d6 vao dong chinh déu ngan
va doc bat ngudn tir ving nui cao thudc cac tinh Xiéng Khoang (Lao), Nghé An, Ha
Tinh. Tong sb co 44 song nhanh cap I. Nhitng séng nhanh 16n cua séng Ca 1a Nam Mo,
Hubi Nguyén, song Hiéu, song Giing va song La. Cac song nay dong gop luong dong
chay dang ké vao dong chinh [1].

Trén luu vuc séng Ca, hién nay c6 7 tram thuy vin do luu lugng bao gdm Quy
Chau, Nghia Khanh, Muong Xén, Dira, Yén Thuong, Son Diém va Hoa Duyét (Hinh 1).
Dé tinh toan luu luong cho mot s6 luu vuc con khong cé s6 lidu do dac trén luu vuc song
Ca, md hinh MIKE NAM da dugc st dung trong nghién ciru nay.

Mo hinh MIKE NAM la m6 hinh thuy van do Vién Thuy luc Pan Mach - DHI
(Denmark Hydraulic Institute) xay dung va dén nay da duoc st dung rat rong rai trén thé
giéi va Viét Nam [2-6]. Trong nghién ctru nay, mé hinh MIKE NAM duoc ap dung dé
mod phong dong chay ngay tai luu vuc Quy Chau va Hoa Quan. Day la 2 luu vuc co day
du cac dir lidu vé khi tugng va thuy van dé hiéu chinh va kiém chirg mé hinh.
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Hinh 1: Ban do hé théng song Cd trén 13nh thé Viéet Nam

2. Phwong phap nghién ciru

Trén luu vuc song Ca, chi ¢6 luu vuc song Hiéu hoan toan nam trén dia ban Viét
Nam va c6 du sb liéu quan trac khi tugng khi thuy van (mua, boc hoi, luu lugng tir 1961
dén nay) nén dugc chon dé hiéu chinh va kiém dinh mé hinh MIKE NAM, phuc vu tinh
toan luu luong cho mot sb luu vuc con khong c6 sb liéu do dac trén song Hiéu. Ngoai ra,
trén luu vuc song Trai (mot nhanh cap 1 cta song Ca) c6 du sb li€u quan trac khi tugng
thuy van (mua, boc hoi, luu lugng tir 1976-1990) nén ciing dugc chon dé hiéu chinh va
kiém dinh mé hinh MIKE NAM dé phuc vu tinh toan luu lwong cho mét sé luu vuc con
khong c6 sd liéu do dac trén song Ca tir ngd ba Cay Chanh tré xudng ha ngudn.

2.1. Cdu trac md hinh MIKE NAM

Mo hinh dugc xdy dung trén co s& 5 bé chua xép theo chiéu thing dimg, bao
gom: bé tuyét, bé chira mit, bé chira sat mit, 2 bé chira ngdm (ting trén va tang dudi) va
2 bé diéu tiét ndm ngang [3]. So d6 md phong ctiia md hinh MIKE NAM nhu Hinh 2.

a. Bé tuyét:

Giang thily s& dugc giit lai trong bé tuyét khi nhiét d6 dudi 0°C, con néu nhiét do
16n hon 0°C thi n6 sé& chuyén xudng bé chtra mat. Trong thyc té, nude ta & ving nhiét déi
nén khong xét dén bé tuyét.
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b. Bé chira mt:

Luong Am trit trén bé mat cua thuc vat cling nhu lugng nudc dién trling trén bé
mat luu vuc dugc dac trung boi luong triv bé mat. Umax dic trung cho gidi han trit nude
t6i da ctia bé nay. Luong nude U trong bé chira mit s& giam dan do bdc hoi, do that thoat
theo phu:o*ng nam ngang (dong chay sat mat). Khi luong nu(')’c nay vuot qua ngudng Umax
thi mot phan cua lugng nudc vuot nguong Pn s€ chay Vao sudi dudi dang dong chay tran
bé mit, phan con lai s& thAm xuong bé sat mit va bé ngam.

c. Bé sat mdt va bé tang ré cdy:

Bé nay thudc phan ré cay, 1a 16p dit ma thuc vat c6 thé hit nudc dé thoat am.
Lmax ddc trung cho lwong 4m tdi da ma bé nay c6 thé chira. Luong 4m cta bé chtra nay
duoc dac trung béng dai lugng L. L phu thudc vao luong tdn that thoat hoi cua thyuc vat.
Luong 4m nay ciing anh hudng dén luong nudc s& di xudng bé chira ngdm dé bo sung
nudc ngam.

d. Boc thodt hoi:

Nhu cau bdc thoat hoi nuée trude tién 1a dé thoa man téc dd bde thoat hoi tiém
ning cua bé chira mat. Néu luong am trong bé chira mit nho hon nhu cu nay thi no s&
ldy 4m tir tang ré cay theo toc d6 Ea. Trong d6 Ea 1a ty 18 vai lugng boc thoat hoi tiém
nang Ep: Ea = Ep L / Lmax

e. Dong chay mat:

Khi bé chtra mat tran nudc, Ur > Umax, thi lugng nudc vugt ngudng Py (Pn = Us-
Umax) s& hinh thanh dong chay mit va thAm xuéng dudi. QOF 1a mot phan cia Py, tham
gia hinh thanh dong chay mat, né ty 1¢ thuan v&i Py va thay ddi tuyén tinh voi do am
twong d6i L/Lmax clia ting 1é cay:

TOF

00F = {CQOF%PN néuL/L,,, > TOF

0 néuL/Ly.. < TOF
Trong d6: CQOF 14 hé s6 dong chay mit (0 < CQOF < 1),
TOF la ngudng cua dong chay mat (0 <TOF <1).
Phén con lai cua Pn s& thAm Xuong du0'1 Mot phan (Pn-QOF) tham xuong du’(n
nay s€ lam tang lwong am L cua bé chu’a tang 1& cdy. Phan con lai s& tham thiu xudng
sau hon dé bo sung cho bé chira ting ngam.

1)

f- Dong chay sat mat:
Dong chay sat mat ciing phu thudc vao dé am ciia tang ré ciy:
{(CKIF)‘l Pma TR n8uL/Lynay > TIF
néu L/Lyax < TIF
Trong do: TIF 1a ngudng §inh ra dong chay sat mat (0 < TIF < 1),
CKIF Ia hang s0 thoi gian ciia dong chdy sat mat.

QIF = @)

g. B sung dong chay ngam:
Luong nude thim xudng G, bd sung cho bé chira ngdm phuy thudc vao d6 4m cia
dat ¢ tang r¢ cay:
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TG

L/Lmax ~
. {(PN QOF) T8 18y L/Lyax > TG
0 NéuUL/Lyge < TG

Trong d6: TG 1a gia trj cta lugng nudc bd sung cho ting ngdm (0 < TG < 1)

@)

h. Lwong am ciia dat:

Bé chira ting sat mat biéu thi lwong nude cé trong tang ré ciy. Luong mua hiéu
qua sau khi trir di lwong nudce tao dong chay mat, lwong nude bd sung cho tang ngam, s€
bo sung va lam ting dd 4m cia dat ¢ tang ré cay L mot lugng DL:

DL=Pn-QOF-G 4)

i. Dién todn dong chay mdt va dong chay sdat mdt:

Dong chay miat va dong chay sat mit sé duoc dién toan thong qua hai bé chua
tuyén tinh theo thoi gian véi cling mot hang s6 thoi gian CKy 2.

j. Dién todn dong chay ngam:

Dong chay ngdm dugc dién toan thong qua mot bé chira tuyén tinh theo thoi gian
v6i hang s6 thoi gian CKBF.

2.2. Cac thdng sé va diéu kién ban dau ciia mdé hinh MIKE NAM

a. Cdc thong s6 ciia mo hinh

- CQOF: Hé s dong chay tran khong co thu nguyén, ¢ pham vi bién d6i tir 0.0
dén 0.9. N6 phan anh diéu kién tham va cap nudc ngam.

- CQIF: Hé s6 dong chay sat mat, c6 thir nguyén 1a thoi gian (gio)*. N6 chinh la
phan cta luong nudc trong bé chira mit (U) chay sinh ra dong chay sat mit trong mot
don vi thoi gian. Thong s6 nay anh hudng khong 16m dén tong luong 1, dudng rat nude.

- CBL: 1a thong so dong chay ngam, dugc dung dé chia dong chay ngam ra lam
hai thanh phan: BFU va BFL.

- CLOF, CLIF: Cac ngudng dudi cta cac bé chia dé sinh dong chay tran, dong
chay sat mat va dong chay ngam, khong c6 thtr nguyén va c6 gia tri nhé hon 1. Ching co
lién quan dén d6 am trong dat.

- Umax, Lmax: Thong sé kha ning chira toi da cua cac bé chua ting trén va ting
dudi. Do vay, Umax V& Lmax chinh la lugng ton that ban dau 16n nhat, phu thudc vao diéu
kién mat dém cua luu vuc.

- CK1,2, CKBF: Cac hang s6 thoi gian ve thoi gian tap trung nude. Ching la cac
thong sb rat quan trong, anh huong dén dang duong qua trinh va dinh.

b. Diéu kién ban dau ciia mo hinh

- U 1a lugng nudc chira trong bé chira mat (mm)

- L 13 lwong nude chira trong bé chira tang dudi (mm)

- QOF 14 cuong sudt dong chay mat sau khi dién todn qua bé chira tuyén tinh
(mm/h)

- QIF 14 cuong suat dong chay sat mit khi qua bé chira tuyén tinh (mm/h)

- BF 14 cuong suit dong chay ngam (mm/h)
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Hinh 2: So d6 mé phong mé hinh MIKE NAM
2.3. Pdnh gid higu chinh va kiém dinh mé hinh
Hé s6 NSE duogc xac dinh theo cong thirc (5) trong khoang giao dong 0-1. Theo

d6, hé sb NSE c6 gia tri cang 16n thé hién muic do phu hop gitra tinh toan va thuc do
cang cao.

Z(XTDI_ TT| 2
RP =13 ©

Z (XTD,i -
i=1
Trong d6: Xrp,i: Gia tri thuc do tai thoi diém i
XtT,i : Gia tri tinh toan tai thoi diém i
Xo : Gia tri thyc do trung binh.

3. Két qua nghién citu
3.1. Két qud higu chinh va kiém dinh cho Iwu vuc sdng Hiéu tgi Quy Chau

Luu vuc song Hiéu tai Quy Chau co tong dién tich luu vuc 1a 2.000 km?. Bé hi¢u
chinh va kiém dinh luu luong tai luu vuc nay, cac dir li¢u mua, bdc hoi duoc thu thap tai
Tram khi twong Quy Chau va dir liéu luu lugng thuc do duogc thu thap tai tram thuy van
Quy Chau tir nam 2011 dén ndm 2019. Luong mua trung binh luu vuc dugce tinh tir s6
liéu ctia Tram khi twong, thuy van Quy Chau va Tram khi tuong Quy Hop theo phuong
phap da giac Thiessen. Thoi gian hidu chinh va kiém dinh cu thé nhu sau:
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- Thoi gian hiéu chinh tir ngay 01/01/2011 dén ngay 31/12/2016;

- Thoi gian kiém dinh tir ngay 01/01/2017 dén ngay 31/12/2019;

- Thoi doan hiéu chinh va kiém dinh 13 ngay (24 gio).

Két qua hiéu chinh va kiém dinh mé hinh MIKE NAM cho luu vuc Quy Chau
duogc thé hién tai Hinh 3 va Hinh 4. Két qua cho thay qua trinh tinh toan va thyc do kha
phtt hop nhau vé xu thé; hé sé NSE dat duoc kha cao (0,74%) (Bang 1). Vi vay, bo thong
6 xac dinh duoc tai Bang 2 c6 thé duoc su dung dé tinh toan qué trinh dong chay tai
Quy Chau va cac luu vy trong tu trén luu vuce song Hiéu.
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Hinh 3: Puong quda trinh luu lwong tinh toan hiéu chinh va thuc do tai Quy Chdu
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Hinh 4: Puong qud trinh leu lwong tinh todn kiém dinh va thiee do tai Quy Chdu
3.2. Két qud hiéu chinh va kiém dinh cho lwu vuc song Trai tgi Hoa Quan

Luu vuc song Trai tai Hoa Quan ¢6 dién tich luu vuc nho 150 km?. Dé hiéu chinh
va kiém dinh luu lugng tai luu vuc nay, cac dir liéu mua, boc hoi duoc thu thap tai Tram
khi tuong B6 Luong va dit liéu luu luong thuc do dugce thu thap tai tram do trén song
Trai tr nam 1976 dén nim 2019. Lugong mua trung binh luu vuc duogc tinh tir s6 liéu
Tram khi tugng D6 Luong, Tram thuy van D6 Luong va Tram thuy van Yén Thuong
theo phuong phéap da giac Thiessen. Thoi gian hiéu chinh va kiém dinh cy thé nhu sau:

- Thoi gian hiéu chinh tir ngay 01/01/1976 dén ngay 31/12/1982;

- Thoi gian kiém dinh tir ngay 01/01/2017 dén ngay 31/12/2019;

- Thoi doan hiéu chinh va kiém dinh 13 ngay (24 gio).
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Két qua hiéu chinh mé hinh MIKE NAM cho luu vuc Hoa Quan duoc thé hién
tai Hinh 5. Két qua kiém dinh mé hinh MIKE NAM cho luu vuc Hod Quan dugc thé
hién tai Hinh 6. Qua trinh tinh toan va thuc do kh4 phu hop nhau vé xu thé; hé s NSE
dat duoc khé cao (74 va 80%) (Bang 1). Vi vay, bo thong sd xac dinh duoc tai Bang 2
c6 thé duoc sir dung dé tinh toan qua trinh dong chay tai Hoa Quan va cac luu vuc
tuong tu trén luu vuc song Ca.
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Hinh 5: Puong quda trinh luu lwong tinh todn hiéu chinh va thyc do tai Hoa Qudn
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Hinh 6: Puong qud trinh leu lwong tinh todn kiém dinh va thiee do tai Quy Chdu

Bang 1: Két qua hiéu chinh va kiém d@inh md hinh MIKE NAM
tei Quy Chau va Hoa Quan

Luwu vuc Giai doan Hé s6 NSE ?1:(1.):1(; t(?,2§

Quy Chau Hiéu chinh 0,74 -0,9
Kiém dinh 0,74 2,9

Hoa Quan Hiéu chinh 0,74 -10,8
Kiém dinh 0,80 -18,1
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Bang 2: Théng s6 mé hinh MIKE NAM tai Quy Chdu va Hoa Quan

Luu vuc |Umax | Lmax | CQOF | CKIF |CK12| TOF | TIF | TG | CKBF
Quy Chau | 5,01 | 50,4 | 0,529 | 268,3 | 19,6 | 0,781 |0,0139| 0,209 | 1923
Hoa Quan | 14,8 85 081 |2023| 23,3 | 0,98 | 0,852 | 0,66 | 982

4. Két luan

Mo hinh MIKE NAM 13 mé hinh thuy vin dd dwoc sir dung rat rong rai trén thé
gidi va Viét Nam. Day 1a mé hinh dang duoc tin cdy dé tinh toan luu luong tir mua. Két
qua hiéu chinh va kiém dinh mé hinh MIKE NAM cho 2 luu vuc Quy Chau va Hoa
Quan kha tdt. Pac biét, ddi véi luu vuc Hoa Quan, cho két qua tdt (hé s6 NSE dat 80%
khi kiém dinh). Déi voi luu vuc Quy Chéu, do dién tich luu vyc 16n, sb tram do mua it (2
tram) va tip trung ¢ ctra ra cua luu vuc nén két qua hiéu chinh va kiém dinh con han ché.
Tuy nhién, b thong s6 mo hinh cia 2 luu vuc nay cé thé dugce dung dé tinh toan luu
lwong tir mua cho cac luu vuc twong tu trén song Hiéu va song Ca.

Loi cam on: Nghién ctru nay duoc thuc hién tur nguén hd trg Dé tai Khoa hoc va
Cong ngh¢ cua B Gido duc va Pao tao, ma so B2021-TDV-09.
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SUMMARY

SIMULATION OF DAILY RUNOFF USING MIKE NAM MODEL
FOR SMALL SUB-BASINS OF THE CA RIVER

Nguyen Xuan Tien ®, Ho Thi Phuong @
! Hydrometeorological Station of the North Central Region
2Vinh Uniersity
Received on 26/11/2021, accepted for publication on 08/3/2022

The flow of water through a certain location in a river is a necessary data for
disaster prevention, water resources and environment assessement. Flow measurement
often requires a lot of manpower and equipment. Therefore, on a river system, several
locations are investigated and surveyed to set up a hydrological station. Flows in sub-
basins without hydrological stations are usually calculated by hydrological models, such
as: MIKE NAM, TANK, HEC HMS... This paper will present the application of MIKE
NAM model to simulate daily flow for the Quy Chau and Hoa Quan basins. The results
of model calibration and validation have identified a set of parameters with a fairly high
Nash-Sutcliffe efficiency (NSE), greater than 0.70, indicating a good model performance.
The calibrated parameters can be applied to calculate the daily discharge for similar sub-
basins of the Ca River.

Keywords: Ca River; MIKE NAM; mathematical model; Quy Chau; Hoa Quan.
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