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XAY DUNG MO HINH MO PHONG LU VA TiNH TOAN
TOI UU XA LU CHO HE THONG HO CHUA O VUNG
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Tém tit: Ngdy cang cé nhiéu ho chira dwoc xdy dung va dwea vao van hanh trén cdc leu viee séng
6 khu vuee Bic Trung Bd, yéu cau cdp thiét dat ra can phdi xdy dung céng cu tinh todn téi wu qud
trinh xa lii cho hé thong hé chira dam bao an toanva cdt giam lii cho ha du. Trén co sé phwong phdp
dwong lii don vi dang tam gidc, phwong phdp dién todn Muskingum va thudt todn t6i wu, mét mé hinh
mé phong lii dd xdy dung bang ngén ngit ldp trinh Delphi nham dép g cdc yéu cau trén va ddt
tén la thiry lie.Nhém nghién cieu di chon luu viee séng Ca dé tinh todn thir nghiém mé hinh thity luc
mé phong lii hé thong séng, xdc dinh b thong sé ciia mé hinh, tinh todn t6i wu xd i ciia hé thong
gom 03 hé chira (Ban V&, Ban Mong va Thac Mudi) véi 03 diém khong ché trén hé thong song
(Nghia Khdnh, Dira va Yén Thuong). Két qua thir nghiém cho thdy mé hinh thity luc da tinh todn tot
qud trinh i va xa lil tai cdc diém nghién ciru. Pdy la mdt cong cu hitu ich trong viéc ra quyét dinh

van hanh hé thong ho chira trén cdc luu viee song & viing khong anh huong thiy triéu.

Tir khoa: Toi wu xa i, song Ca.
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1. it van dé

Vén hanh t6i vu hd chira dd duoc nghién ctru
nhiéu & ngoai nudc va trong nude. Mot s cong
trinh nghién ciru duoc liét ké sau: Tran Hong
Thai (2004) da nghién ctru phuong phap sé hoa
dé mo phong, ude lugng thong sd va diéu khién
t6i wu hé théng song Hong [4]; Long va cs
(2007) da nghién ctru két hgp mo hinh mé phong
va mo hinh t6i wu dé van hanh ho Hoa Binh giai
quyét xung dot chinh gitra phong 1 va phat dién
& giai doan cudi mua lii va dau mua kiét. Tac gia
da sir dung phan mém MIKE 11 dé mo phong hé
thong song va ho chira két hop vai cac thuat toan
t6i wu SCE (Shuffled complex evolution) dé tim
ra quy dao ti wu (pareto) khi xem xét ca hai wu
tién gitta phong 1l va phat dién [3]; Wei va Hsu
(2009) nghién ctru ap dung van hanh téi wu voi
cac quy tic nhanh cay (treebased rules) cho hé
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thdng ho chira da muc tiéu phong 1 v6i thoi gian
thuc bang viéc tich hop vao hé théng mé hinh
du bao thuy van. Phuong phap nay da dugc ap
dung cho hé théng ho chira trén song Tanshui &
Dai loan [7]; Lé Xuan Cau (2014), nghién ctiru
biéu d6 diéu phdi tdi uvu da myc tiéu hé thong
lién hd chira trén co s¢ tng dung mo hinh lién
hd chira va thuat toan gen - Ap dung cho hé
thdng ho chira trén séng Ca [2]. Cac nghién ciru
da dua ra cac co so khoa hoc trong viéc van hanh
t6i wu hd chtra, mic du vay chua c6 mot cong cu
thuan tién, dé str dung cho cong tac du béo tac
nghiép hing ngay. Tac gia di xdy dung mot mo
hinh mé phong 1 bang ngdn ngit 1ap trinh Del-
phi (tén goi 1a TL) dé giai quyét cac ndi dung
chinh sau: tinh toan dong chay tir mua duwa trén
phuong phap duong li don vi dang tam giéc;
tinh toan dién toan lii trong song theo phuong
phap Muskingum; tinh toan diéu tiét 1t ho chira;
tinh toan tdi wu bo thong sd ciia mo hinh, tinh
toan téi vu luu lugng xa tai cac hd chua theo
phuong phéap d6 doc (Gradient). Tac gia di tinh
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toan thir nghiém cho luu vuc song Ca tai Yén
Thugng, gdm hé thong 03 ho chira (Ban V&, Ban
Moéng va Thac Mudi) voi 03 diém khdng ché

trén hé thong song (Nghia Khanh, Dira va Yén
Thuong) va cho két qua kha tét.
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Hinh 1. Minh hoa so do tinh toén mé hinh TL

2. Co s6 khoa hoc xAy dwng mé hinh TL

Bai toan dit ra cho hé thong gdm nhiéu song,
sudi va ho chua 14 didu hanh qua trinh xa 1ii tai
céc ho chtra nhu thé ndo dé dam bao an toan cho
cac hd chtra va cit 1 tbi da cho ha luu. Piém
khdng ché diéu khién 1a mot s6 tram thily van &
ha luu.

Mo hinh TL dugc xay dung dya trén phuong
phap duong 1t don vi dang tam giac dé tinh toan
dong chay tir muava phuong phap dién toan
MUSKINGUM dé dién toan dong chay lii trong
song [6].

Hé théng ho chira: Phuong trinh cin bang
nude tai mdi hd chira ¢6 dang:

AW = Q(t) — u(t) (1

Trong d6 AW 14 lugng trit tai ho chira; Q(t) 1a
luu lwong nude dén ho; u(t) 1a luu luong ra khoi
ho chira (dé phat dién, xa 1ii qua cac cilra x4).

Ham diéu khién: Goi 0i 1a d6 md cua tude bin
thir 1 hodc ctra xa thur 1; u; 1a luu lugng xa 16m
nhat tai tudc bin thtr i hodc ctra x4 thir i. Khi d6
tong luwu lwong xa tai moi hd chira duoc viét nhu
sau:

u(t) =Y. 6,0y, @

iel,
Trong d6 Im 1a chi s6 tudc bin hodc cura xa.
Ham diéu khién c6 rang budc sau: 0<=u(t)<=umax
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trong d6 Umax 12 tong luu luong xa 1on nhét tai
mdi ho chira. Tri $6 umax phu thudc vao luu lugng
phat dién ti da, myc nudc hd, quy mé cong trinh
Xa.

Ham muc tiéu: Muc tiéu t6i vu théa méan cac
diéu kién sau:

- Gia tri myc nudce trung binh tai cac diém
khdng ché nhé nhat:

. ] " otf '
M;=MinZ -, ( I, H(x(D)) dt)
- Muc nude 16n nhét tai cac diém khong ché

dat gia tri nho nhét:
M= Min e, Max H(x(t))

3)

“4)

- Muc nudc tai cac ho chira tai cudi thoi doan
t=tr dat gid tri min:

Ms=Min XL, Z,s (%)

- Hoat dong tai cac hd chira nho nhit:

M=Min T, [ (u®) — @(©))dt

Ham muc tiéu duoc viét thanh:

MT = auMi+o2MatosMstosMa

Trong do al, a2, a3, 04 1a cac trong $0.

Qua trinh xa 1ii tai cac hd chira duge tinh toan
theo phuong phap d6 doc [1].
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3. Ap dung thir nghiém cho hé théng
song Ca

3.1. Hé thong séng Cd

Luu vuc hé théng song Ca tinh dén tram thuy
van Yén Thuong co dién tich khong ché la
23.000 km?. Song Ca phat nguyén tir tinh Xiéng
Khoang thudc nudc Cong hoa dan chu nhan dan
Lao, vi tri nguén song Ca 103°1520" kinh d6
DPoéng va 20°10'30" vi d6 Béc. Song chay theo
huéng chu yéu Tay bac - Pong nam qua tinh
Nghé An rdi d6 ra bién Pong tai Ctra Hoi. So dd
tinh toan cua hé théng dugc trinh bay tai hinh 1.
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Hinh 2. Ban d6 mang luéi tram séng Ca

Bang 1. Dién tich khéng ché tai mét s6 nit tinh todn

TT Nt Song F (km?)
1 Cira Rao Ca 12.800
2 Dia - 20.800
3 Yeén Thuong - 23.000
4  Muong Xén Nam Mo 2.620
5  HO chita Ban V& Nam Non 8.760
6  Quy Chau Hiéu 2.100
7 HO chira Ban Mong - 2.785
8 Nghia Khanh - 4.200
9  HOchta Thac Mudi  Giing 813

3.2 Tinh todn do im thong soé va kiém dinh mé hinh

a) Danh sach cac tram KTTV dwa vao tinh toan dwoc lgp tai bang 2.

Bang 2. Danh sach cac tram KTTV dwa vao tinh toan

Cic yéu
STT  Tén tram Pia danh Song Vidé Kinhdd t6 quan
tric
I Tram Khi Tugng:
1 Twong TT Hoa Binh, Tuong Duong Ca 0 0 R, T, Bh
Duong 19717 104726'
2 Con Cubng TT Con Cubng, Con Cudng Ca 19°03' 104°53' R, T, Bh
3 D6 Luong TT Po6 Luong, B6 Luong Ca 18954 105°18' R, T, Bh
4 Quy Chau TT Quy Chéau, Quy Chéau Hiéu 19934 105%7' R, T, Bh
5 QuyHop TT Quy Hop, Quy Hop Hiéu 19°19"  105°%9' R,T,Bh
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Cic yéu
STT Tén tram Pia danh Song Vidd Kinhdd toquan
trac
II' Tram Thuy Vian
1 Quy Chau Chau Hoi, Quy Chau Hiéu 19°33'  105°08' H,X,Q
2 Nghia Khianh Nghia Khanh, Nghia Dan Hiéu 19926'  105°20' H, X, Q
3  Muong Xén  TaKa, Ky Son Nam Mo 19%24'  104°%07'° H,X,Q
4  Thach Giam  Thach Giam, Twong Duong  Ca 19°17'  104°20" H,X
5 ConCudng  Chi Khé, Con Cudng Ca 19%4'  104°51' HX
6 Dua Tuong Son, Anh Son Ca 18°59'  105°02' H,X,Q
7 Do Luong b6 Luong Ca 18°54'"  105°17" H,X
8 YénThuwong Thanh Yén, Thanh Chuong  Ca 18°41'  105°23' H.X,Q
b) Hiéu chinh, kiém dinh va thir nghiém mo bay la céc‘trafm It 16n xay ra trér} hé théng
hinh TL song Ca, co day du di li¢u KTTV dé tinh toan
Lua chon cac tran 1t sau d€ hiéu chinh, ki€m  hi¢éu chinh, ki€ém dinh va thu nghiém. B¢ do tim
dinh va thtr nghi€ém md hinh: bd thong s6 ciia mo6 hinh chung toi thiét 1ap so do

- Tran 1 hi¢u Chinh: Tt 07/10-25/10/2010 tinh toan nhu sau: nat nhap luu luong truc tiép
- Tran Iii kiém dinh: Ttr 21/09 - 09/10/2013  gdm: tram TV (thuy vin) Ctra Rao, Quy Chau va
- Tran 10 thir nghiém: Tur 04/10 - 20/10/2017  Thac Mubi; 12 luu vuc bd phan; 12 doan song.

Bdng 3. Két qua sai sé hiéu chinh, kiém dinh va thir nghiém mé hinh TL

Tram Hi¢u chinh Kiém dinh Thir nghiém
Nghia Khanh 0.92 0.78 0.79
Dura 0.87 0.84 0.86
Yén Thuong 0.85 0.58 0.82

Bang 4. Bé théng s6 mé hinh TL heu viee séng Ca

Tén luu vue F Tlag R . 50
TT o a At(h) Tén doan song K X  doan
Bophin  (km?)  (h) .
song
1  MX-CRao 1136  14.5 0.33 0.5 MX-CRao 1.8 0.25 8
2 Bve-HLSNN 167 3.7 0.40 0.5 BVe-CRao 0.8 0.25 7
3 HuoiNguyen 889 7.2 0.40 0.5 CRao-Cualap 1.03  0.25 5
4 Cualap 302 2.3 0.41 0.5 CLap-HNguyen 1.77  0.25 7
5  Crao-KheBo 308 2.4 0.35 0.5 HNguyen-KBo 1.8 0.25 9
6 NamSan 312 2.7 0.45 0.5 Kbo-NamSon 1.71 0.25 4
7  KheChoang 434 6.0 0.42 0.5 NSon-KChoang 1.65 0.25 5
8 Kbo-CCuong 418 5.8 0.43 0.5 KChoang -CC 1.72 0.25 8
9 CC-Nga3CcC 196 4.0 0.35 0.5 CC-Nga3CC 1.73  0.25 6
10 QC-BMong 888 11.8 0.45 0.5 QChau-BMong 1.85 0.25 1
11 SongDinh 817 6.14 0.45 0.5 BM-SongDinh 1.2 025 4
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Tén luu vue F Tlag . R 50
TT a At(h) Tén doan song K X  doan
Byphin  (km’) (h) «
song
12 SDinh-SSao 238 2.1 0.65 0.5 SongDinh -SSao 1.6 0.25 8
13 SS-NKhanh 394 2.29 0.65 0.5 SSao-NKhanh 1.78 0.25 5
14 Nkhanh-TKy 437 2.7 0.55 0.5 Nkhanh-TKy 1.8 0.25 3
15 TKy-Nga3CC 683 8.8 0.45 0.5 TKy-Nga3CC 1.72  0.25 11
16 Dua-DLuong 442 2.2 0.6 0.5 Dua-DLuong 1.6 025 5
17 ThacMuoi 813 10.9 0.46 0.5 Dluong-Giang 1.65 0.25 3
18 TM-Th.Tien 245 1.5 0.45 0.5 TM-Th.Tien 1.1 025 3
19  SongTrai 194 3.9 0.45 0.5 Giang-Trai 1.76  0.25 2
20  SongRo 129 1.1 0.50 0.5 Trai-Ro 1.8  0.25 2
21 DL-YT 189 1.47 0.45 0.5 Ro-YThuong 1.8 0.25 1
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Hinh 3. Duong qua trinh tinh toan va thuc do tai Nghia Khanh, Dira va Yén Thuong
Céc tran lii hiéu chinh, kiém dinh va thir nghiém
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3.3 Tinh todn téi wu xd li

Hé théng ho chira duge dua vao tinh toan
gém: Ban V&, Ban Mong va Thac Mudi; tran 1
duogc dua vao tinh toan tur 17/9 - 03/10/1978.
Day la tran 11 lich st xay ra trén song Ca va gay
nhiéu thiét hai, day cling 1a tran 1t dugc chon dé
xdy dung cac phuong an phong chdng i cho hé

thdng song Ca.

Pé tinh toan t6i uu xa lii ching toi str dung
so d6 tinh toan da thiét 1ap ¢ phan 3.2 va dua
thém 03 nat hd chtra, 01 nat nhap luu lugng truc
tiép (tram TV Muong Xén), 01 doan song
Muong Xén - Cua Rao, 01 luu vyc khu gitra
Muong Xén - Cira Rao.

Bdng 5. Cdc ho chira thity dién, thiy loi trén hé thong séng Ca dwa vdo tinh todn

Théng sb Ban V@ 1\1;2 :g 1’{41:::;
Flv (km2) 8.760 2.785 813
Ngudng tran (m) 188.5 63.6 50.0
MN trude Iii (m) 200 65.6 52.0
MNDBT (m) 200 76.4 61.0
MNDGC (m) 203 77.37 62.8
Wioanba(10° m?) 1.700 224.8 425.5
Whi ich(10° m?) 1.135 170.5 280.5
Wc(10° m?) 565 54.3 145
Wohongra(10° m?) 300 - 245

Két qua tinh toan duogc thé hién tai hinh 4.
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Hinh 4. Qua trinh xa lii va murc mede tai ho: (a, b) Ban Mong, (c, d) Thac Mudi; (e, f) Ban Vé

Qua trinh cat i & cac diém khong ché thé hién tai hinh 5 - 7.
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QUA TRINH LU'U LUQNG TAI TRAM THUY VAN NGHIA KHANH
Tir 26/VIll 4€n 03/%/1978

“‘ ----- Khi khéng cd didu tiét cda hé chira
——Khicé didu it ca hd chira

Hinh 5. Qud trinh Q~t tai Nghia Khdnh khi ¢6 va khéng c6 diéu tiét cia hé chiva

L lurgmg (m3/s)

12000

QUA TRINH LU'U LU'ONG TAI TRAM THUY VAN DUFA
Tir 26/VIll dEn 03/X/1978

_____ Khi khng c6 didu tiét cia hd chira
——Khicé didu bl cGa hé chira

Thai gian (h)

Hinh 6. Qud trinh O~t tai Dira khi ¢6 va khéng c6 diéu tiét ciia ho chira
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QUA TRINHLUULUQNG TAITRAM THUY VAN YEN THUQNG
Tir26/VIII dén 03/X/1978
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Lum luymg (m3/x)

=== == IChi khing c& didu tiét cia hd chia
Khi cé didu bét cda hé chia

Thai gian (h)

Hinh 7. Qud trinh Q~t tai Yén Thuong khi ¢é va khéng cé diéu tiét ciia ho chira

Tran lii thang 9/1978 trén song Ca da gay vo
nhiéu doan dé tir D6 Luong dén Hiung Nguyén
nén luvu luwong thuc do tai Yén Thuwong nho hon
so voi hién trang. Két qua tinh toan tai Yén
Thuong (hinh 8) duoc diéu chinh theo gia tri
hoan nguyén li thang 9/1978 trén song Ca [5].

Vi tran 1t thang 9/1978, khi muc nudce trudce
1& nhu bang 5 kha ning cat 1i cho cac vi tri

khdng ché ciia 3 ho chira: Ban V&, Ban Mong va
Thac Mudi nhu bang 6. Kha ning cat 1i ciia hd
Ban V& ¢ han vi sau ngay 01/9 hing nam, dugc
phép tich nude 1€n cao trinh 200m.Thoi gian tinh
toan toi wu xa 1 cia hé thdng hd chira gdm 3 hd
chtra va 150 thoi doan xa 1 (150 gid) rat nhanh
(khong dén 1 phit) nén c6 thé dap ung duogc yéu
ciu cua cong tac phong chdng thién tai.

Badng 6. Két qua cat lii tai cac diém khong ché

Dai luwgng Nghia Khanh

Dira Yén Thuwong

3.700-2.590=1.110
40.23-38.70=1.53

Luu lugng (m3/s)
Muc nude (m)

13.400-10.400=2.960
13.34-11.95=1.39

9.810-9.160=650
24.84-24.73=0.11

4. Két luin

- Thir nghiém trén luu vuc song Ca cho thiy
md hinh TL di mé phong kha tot mot hé thong
song gém: luu vye bo phan, nat nhap luu luong
truc tiép, doan song, nhap luu va hd chaa. Thoi
gian tinh toan t6i wu xa 1 cua hé théng hd chira
gdm 3 hd chira va 150 thoi doan xa 1ii rit nhanh.

- Véi tran 1a lich st thang 9/1978 va trang

TAP CHI KHI TUQNG THUY VAN

thai cac hd chtra nhu bang 6 thi kha nang cit 1a
tai tram TV Nghia Khanh (1.53m) va Yén
Thuong (1.39m) rat 16n. HO chita Thac Mudi co
¥ nghia rat 1on d6i v6i viéc ct 1i cho ha du song
Ca.

- M6 hinh TL ¢6 thé str dung cho cong tac du
bao phuc vu van hanh lién hd chira trén song Ca
va cac luu vuc song khac khong anh huong tridu.
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THE DEVELOPMENT OF FLOOD SIMULATING MODEL AND OP-
TIMIZATION OF FLOOD DISCHARGE FROM THE RESERVOIR SYS-
TEM IN THE RIVER BASINS WITHOUT THE IMPACTS OF TIDE (TL)

Nguyen Xuan Tien'!, Le Huu Huan', Phan Thi Toan', Nguyen Van Linh’
"Northern central regional Hydro-Meteorological Center
*Faculty of Hydrology -Thuyloi University

Abstract: The reservoir systems in river basins in the North Central Region has been increas-
ingly developed and they are necessary to develop a tool for estimating the flood discharge from the
reservoir system for downstream flood mitigation. Based on the calculation of flood discharge from
the triangular unithydrography, Muskingum and optimization method, a flood simulating model (TL)
was developed by using Delphi programming language to meet the above requirements. As a result
of applying it for the Ca river basin (from the upstream to Yen Thuong hydrological station). The tool
was positive and it would support the operation ofthe reservoir system for the downstream flood
mitigation.

Keywords: Optimizing the discharge from reservoir, Ca River.
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