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NGHIEN CUU UNG DUNG QUY HOACH PONG
VI PHAN ROI RAC TOI UU VAN HANH
HO THUY PIEN SONG HINH

Lé Ngoc Son!, Lé Pinh Thanh?

Tém tit: Nang cao hiéu qua khai thac cac hd chira phat dién 1a van dé cip bach va thoi sy hién
nay trong bdi canh tit ca cac luu vuc song ¢ nude ta di hinh thanh hé thong ho chira thiry dién. Mo
hinh toan Quy hoach dong (Dynamic Programming - DP) v&i thudt toan vi phan roi rac (Discrete Dif-
ferential Dynamic Programming - DDDP) nham ting toc d6 va chinh xac hoa diém t6i vu dé nang
cao hiéu qua van hanh hd chira (VHHC) thuy loi - thuy dién da duoc tac gia 1ap trinh va ap dung
tinh toan toi wu phat dién va bao dam yéu cau sir dung tong hop cho ha luu thiy dién song Hinh trong
bac thang thuy dién song Ba. Két qua duoc danh gia bang viéc phén tich cac chi tiéu phat dién va
cAp nude, cho thiy viéc ing dung tot ctia thuat toan va c6 thé phat trién cho bai toan nang cao hiéu

qua van hanh ho chira hay hé thong ho chira trong tuong lai.
Tir khéa: Van hanh hd chira, Bai toan t6i wu, Quy hoach dong, Séng Hinh.

Ban Bién tap nhan bai: 12/03/2017

1. Mé& dau

O nudc ta, nhidu hé théng ho chira thuy loi -
thay dién da duoc xay dung va dang chi phdi
toan bd viéc cép nuoc cho cac nganh kinh té trén
toan bd cac luu vyuc chinh. Do do viéc nghién
clru nang cao hiéu qua sir dung ngudn nude trong
qua trinh van hanh cac hd chira nay 1a rat can
thiét, mang tinh thuc tién cao. Vi nhu cau nudce
tang nhanh va yéu cau sir dung tong hop thi su
thiéu hut nudc cap va xung dot vé st dung nude
cling gia ting nhat 1a trong mua kiét. Hién nay da
ban hanh quy trinh van hanh lién hd cho tit ca
cac hé théng hd chua trén luu vuc 1én cia Viét
Nam. Tuy nhién viéc van hanh hién nay chi dung
lai ¢ viéc dua ra cac rang budc myc nudc va luu
lugng, dam bao an toan cong trinh, ma chua tdi
vu. Van hanh hd chira (VHHC) nhét 14 trong
mua kiét nhu thé nao cho hop 1y trén co sé cac
yéu cau cip nude da xac dinh trong quy trinh van
hanh 14 van d& can nghién ctu. Bai béo nay s&
tap trung vao mod hinh toan t6i wu Quy hoach
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dong (DP) va lua chon thuat gidi cung cac cai
tién nham tang tdc d va chinh xac trong tinh
toan VHHC. Tiép d6, bai bao mo ta thyc nghiém
tinh toan bang phan mém cho mot hd chira véi s6
liéu cu thé hd thuy dién Song Hinh trén song Ba.

2. Phuwong phap nghién ciru va tai liéu sir
dung

2.1 Bai todn vdn hanh toi wu ho chira: Vi
bai todn t6i wu cho VHHC thiiy loi - thiiy di¢n
thi cac ham muc tiéu va rang bujc dwoc mo td
bang cdc ham todn hoc nhw sau:

Ham muc tiéu:

Max (Min), Z;f1 (V,Q )+ @y (V) (D

Trong d6, Qq: bién diéu khién trong thoi doan
t (vi du 1a luu lugng phat dién hay cip nudc); T:
ctia ho dau thoi doan t; f(V, Q)): ham muc tiéu
can cuc dai (hay cyc tiéu); @r,, (V. ) :gid tri cia
tuong lai sau thoi diém cudi cung T. Day 1a ham
phi tuyén, vi du nhu t6i wu hoa dién lugng phat
ra (E).

Cdc rang budc:

Vi =V, +(Qu + Q. - Q. -Q, -Q,., At (28)

Vmin,t S Vt S Vmax,t (Zb)
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Qmin,t < Qt < Qmax,t (2C)
Nmin,t S Nt S Nmax,t (2d)
thmin,t < th,t < thmax,t (26)

(voit=1,...,T)

Trong d6: Vi1 ,Vi: dung tich ho cubi va dau
thoi doan; Qa: luu luong tir hd chira thuong luu;
Que: dong chay khu giita; Qq: ton that (x4 qua
tran, bdc hoi, thAm va cac tén that khac); Q: Iuu
lugng cép tir hd cho nganh dung nudc ha luu
(phat dién hay cip nudce); Qye: cac yéu cau ding
nude khac hay chuyén nuée ra tir thuong luu hd;
Qui: Iuu lwgng chay xudng ha luu tir ho chira (c6
thé bao gdm luu lwong phét dién cong luu luong
xa tir ho khong di qua tua bin); Ni: cong suét phat
dién ctia nha may; Qumin, Qmax: luu lugng nhé nhat
va 16n nhat cho phép (qua tua bin hay cong trinh
cAp nUGe); Ninin, Ninax: cOng sudt nho nhét va 16n
nhit cho phép trong thoi doan d6 (do han ché
qua nudc cia tua bin hay cong suit yéu cau cia
hé théng dién); Qnimin, Qnimax: luu lwong xuéng
ha luu nhoé nhét, 16n nhét cho phép trong thoi
doan do theo yéu cau sir dung téng hop hay dam
bao dong chay tdi thiéu.

Dé giai bai toan t6i wu phi tuyén trén thi co
nhiéu mo hinh toan khac nhau. Sau day sé& gidi
thi¢u tap trung vao phuong phép giai cia mo
hinh Quy hoach dong mot cach chi tiét, cu thé.

2.2 Thudt toan quy hoach dong sai phén roi
rac (DDDP)

Mic du d&én nay Quy hoach dong (DP) la
thuat toan hitu dung cho cac quyét dinh c6 thé
chia tach thanh tung giai doan theo trinh tu
nhung noé lai c6 khdi luong tinh toan 16n dé tim
ra két qua tdi wru nhét trong nhiéu phuong 4n t6
hop. Pic biét 1a khi tinh toan cho hé théng hd
chira thi doi hoi tinh toan nhiéu cho té hop cac
bién quyét dinh va trang thai khac nhau. Do vy,
trong nghién ctru nay thuat toan DP vi phan roi
rac (Discrete Differential DP - DDDP) dugc ap
dung cho bai toan van hanh hd chtra thuy dién.
Thuc té, thuat toan nay da dugc nghién ctru bdi
cac hoc gia ndi tiéng nhu Larry W.Mays va
Yeou-Koung Tung (1992) [1]; Labadie (2004)
[2]. Tuy nhién (ng dung thudt toan va cai tién 1a
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rat quan trong khi nghién ctru cho mot hd chua
cu thé, tir d6 c6 thé ap dung cho h¢ théng hd
chua.

Phuong phap DDDP chi tinh toan kiém tra
cho mét phan ving trang théi - thoi doan véi cac
budce tinh nhu sau: (1) Xéac dinh viong kha
nghiém c6 thé chdp nhan dugc; (2) Chia ving
kha nghiém ra lam M trang thai vé1 budce 1a AV
(hodc AZ); (3) Gia thiét mot dudng tinh thir bat
ky trong ving d6. Nhu vdy hai duong lién ké
trén va dudi cua duong thir nay tao nén “hanh
lang”. Cac duong thur s€ tao nén cac mang ludi.
Céc bién quyét dinh s& dugc tinh gian tiép khi
ma trang thai cic nat mang da biét (Hinh 1); (4)
Tién hanh qua trinh lip. Dé tang d6 chinh xéc thi
sau mdi 1an tim duoc cuc tri trong vung do, thi
lai tién hanh chia nho bién trang thai dén khi nao
ma ham muc tiéu cua lan lap sau.

E -F, 3)

*

Fkl

<c,

Trong d6 ci: diéu kién hoi tu b@fmg sai sb nao
do6 sau phép lap; k: thir ty vong lap.

Céc yéu tb chinh anh huéng dén 101 giai cua
bai toan DDDP 1a sb cac mit ludi; chon muc
chia trang thai (AVea) va duong di ban dau, theo
d6 tao ra sb diém ludi, quyét dinh nén chiéu rong
hanh lang; mtrc d6 giam cta do chia bién trang
thai AV quyét dinh chiéu rong hanh lang tim
kiém trong céc giai doan lp sau nay.

Uu diém noi troi cia DDDP d6 1a viéc giam
khdi luong dang ké khoi luong va tang do hoi ty,
tang d6 chinh xac do: giam bot sé lugng phép
thtr (sb doan dudng di); DDDP chia luéi thua
trude va khoang chia chi giam nho di sang lan
lap ké tiép khi ma ham muc tiéu duoc cai thién,
hanh lang s€ ty dong uvu tién tim cuc tri cho cac
hd chtra ma bién quyét dinh anh huéng 16n hon
cac hd co ty trong nho trong hé théng; dbi vai
bai toan k¥ thuat, khi ma cac rang budc vat ly
cua hé théng la khong thé vi pham dugc, thi chon
phuong phap DDDP la phu hop.
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Buong bao trén hinh lang

-AZk

Buong tha nghigém

- Butng bao dudi hinh co
co 50 i * =
S lang thir nghiém nghiém
Ry
Gb1 GB2 e Gb N T

Hinh 1. Luci chia cac giai doan va trang thai theo phwong phap DDDP

2.3 Lap trinh dp dung DDDP cho hé thong
hé chira thity di¢n

Tac gia thyc hién 1ap trinh trén ngén ngl
VBA (Visual Basic for Applications), dat tén la
chuong trinh 1a ROP (Reservoir Operation Pol-
icy), s6 lidu vao va két qua dugc truy xuét dudi
dang bang trong MS-Exel.

Ham muc tiéu: Déi véi VHHC phat dién 1a
chinh thi dién lugng phat ra (dién luwong nam
hodc mua kiét) cua nha may thuy dién la l6n
nhat. Vay ham muc tiéu cua VHHC theo tiéu
chuén dién lugng 16n nhét sé la:

Y B (Viy)=Maxg (> E;(V,)+E,(V,.Q,)}

Thoi doan tinh toan: Phin mém ROP duoc
1ap cho thoi doan 1a thang.

Ham gia: Ham gia ¢ day chinh la dién lugng.
bién lugng thanh phén cta hd i, phat trong thoi
doan j duoc tinh bang cong thirc:

E,=9,81.n,Q,H, AT

4)

&)

Trong d6: Er: dién lugng phat trong thoi doan
AT, Q va H lan luot 13 hiéu suét, luu lugng va
ot nudc phat dién sau khi da trir ton that. Luu y:
N, Q, H phu thudc vao déc tinh tua bin va duong
dac tinh duogc s hoa dudi dang bang tra ndi suy
hai chiéu (ddc tinh van hanh cong suat N = f(Q,
H) (hodc hiéu suit n = f(Q, H).

2.4. Ap dung cho hé chira thiiy dién Song
Hinh

Luu vuc Song Ba la mét trong nhitng hé
thong song 16n thudc Tay Nguyén va Ven bién
mién Trung. Trén d6 c6 mdt sd ho chira thuy dién
16n da dugc xay dung trong khoang tir nam 2000
trd lai day, trong d6 c6 hd Song Hinh ¢6 luu vue
771 km?, cong suat 1ap may 70 MW, dugc khoi
cong 1993 va hoan thanh 1999 (Hinh 2). Song
Hinh c6 chiéu dai 88 km, dién tich luu vue 1040
km?. S6ng bat ngudn tir dinh ntii Chu H’Mu cao
2051 m, chay theo hudng Tay Bac - Dong Nam,
dén vi do 12°50° Béc gan thi trin Son Hoa thi
nhdp vao dong chinh séng Ba ¢ phia bo phai.

S6 liéu dung cho tinh toan gdm céc sb lidu
nhu sau:

1) 86 liéu khi twong - thiyy van: Tai liéu dong
chay dén Song Hinh tir 1977 - 2000 s& duoc sir
dung cho m6 hinh DDDP c¢6 cac dac trung &
Bang 1. S6 liéu bdc hoi mat hd & bang 2.

Bdng 1. Cdc déc trung dong chdy thang vao ho

S

Song Hinh

Gia tri Pon vi Tri 6
Trung binh m’/s 47,32
Nho nhat m’/s 2,16
Lén nhét m’/s 389,37
Do léch chuan m’/s 68,07
Kurtosis 5,63
Skewness 2,40
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Bdng 2. Béc hoi hé chira

Thang
Bdc hoi (mm)

1 2 3

9 10 11 12

222 27,6 393 444 485 50,7 56,8 56,0 31,3 183 16,2 179

__=_
i

BAN 04O LU VIEC SONG BA

Hé chiva thiy dién
Séng Hinh

Hinh 2. Ban dé vi tri luu viee song Ba va ho chira Song Hinh

2) 86 liéu ddc trung ho chira: Cac thong sd k¥ thuat chinh ctia hd chira dugce trinh bay & Bang 3.

Bdng 3. Théng s6 ky thudt chinh ciia hé chira séng Hinh

STT Théng s6 Théng s6
1 Cao trinh MN phong 1t 211,85
2 MNDBT 209
3 MNC 196
6 Dung tich toan bo (Wy,) 357
7 Dung tich hiru ich (Wy;) 323
8 Dung tich chét (W) 34
9 Dién tich mat hd ing v6i MNDBT 41

3) 86 liéu nha mdy thity dién: Céc thong s k¥ thuat chinh cta hd chtra duoc trinh bay ¢ bang 4

va ton that cdt nudc ciia nha may & bang 5.

Bang 4. Thong s6 ky thudt chinh ciia nha may thiy dién

STT Théng s6 Théng s6

1 Cong suét lap may 70,0

2 Cong suat dam bao (90%) 22,9

3 Q 16n nhét 57,3

4 Q dam bao (90%) 19,0

4 S6 6 may t 2

5 Himax m 153

6 Hy m 141

7 Hinin m 139

8 Tua bin thuy luc Francis
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Bdng 5. Ton thit cot nudce trén tuyén dan ciia nha mady thity dién

Q (m’/s) 0,00 5,55

11,10 16,65 22,20 27,75 33,30 38,85 44,40 49,95 55,50

hw(m) 0,00 006 021 044

0,75

L13 1,59 2,11 271 337 4,09

4) Yéu cau ding nuéc ha luu: Theo Quyét
dinh s6 1077/QD-TTg [3], ngay 7/7/2014, cha
1a yéu cau muc nude tdi thiéu can dam bao cho
mua kiét (tir cudi thang 12 dén cudi thang 8 nim
sau), ho thay dién Séng Hinh thudng xuyén phai
xa xudng ha Iuu tdi thiéu 30 m3/skhi ma ho Song
Ba Ha ngiing xa. Nguyén tic diéu tiét 1a ho phai
duogc trit ddy vao cudi mua 1 1én MNDBT va
cép nude hét dén MNC vao cubi mua kiét, nham
bao dam an toan va tan dung hét nuée.

3. Phan tich két qua va danh gia

Phan mém ROP véi pham vi myc nudc (hanh
lang ban dau) dua trén duong bao trén cila Biéu
d6 diéu phdi cho 02 truong hop:

Truong hop 1: xét dén duong han ché cip
nudc;

Truong hop 2: khong xét dén duong han ché
cap nudc. Két qua duge so sanh cho hai truong
hop v6i céac chi tiu dién lugng va mure bao dam
s0 v6i yéu cau Qq = 30 m¥/s (Bang 6).

D6i voi mdi truong hop, nhd ap dung DDDP
cho cac khoang muyc nudc thu hep dan AV=2m,
1 m, 0,5 m... thi chi cin sau khoang vai chuc lan
1ap 1a cho sai s6 dat cho phép 1/1000. Thoi gian
tinh toan chi tinh 1a vai chuc phut tuy vao do
chinh xac. Piéu nay cho phép mo ra kha ning
tinh toan duoc cho nhiéu ho trong hé thong béc
thang ma khong mat nhiéu thoi gian.
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Hinh 3. Muc nuwoc ho (Z) trong mua kiét irng voi cac nam thuy van co tan suat khdac nhau

Két qua tinh toan cho ra toan bo liét gia tri
nhu muc nude ho, luu luong phatdién, luu lugng
xudng ha luu, cong suat vadién luong. Két qua
thé hién & Hinh 3 cho thiy muc nudc hd so sanh
gitra truong hop 1 (PA1) véi truong hop 2 (PA2),

va myc nude tdi thiéu yéu caudam bao yéu cu
cap nudc (Min YC). Véi nam kiét nude (90%)
thi trudng hop 1 phai vi pham nhiéu vao muc
nude yéu cau ha luu, dan dén dong chay khong
dapiung duoc Q« = 30 m*/s. Tuy nhién, v&i nam
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trung binh nuéc (50%) va niam nhiéu nudc
(10%), dudng cong dién bién myc nudc ho trong
truong hop 1 c6 sat hon véi duong Min YC.
Nhinchung 1a truong hop 1 thi myc nudce hd co
xu thé duy trié mirc cao trong nira dau mua kiét.
Dién bién myc nudc cia truong hop 2 cho thdy
viéc van hanh hd song Hinh c6 thé gan nhu dam
bao duoc myc nude tdi thiéu ngay trong nim
kiét.

Két qua téng hop ¢ Bang 6 cho thﬁy dién
luong ndm giam rat nhiéu khi ma xem xét dén van

Bang 6. Dién lwong nam voi cac truong hop

tinh toan
Truong hop bién Do dam bao cép
lugng ndm  nudc (%) = (So
(triéu thang cap
KWh) du*100%/Tong so
thang tinh toan)
1 365 89
2 380 54
Chénh l&ch
N -15 (-4% +35
-@) P

dé dam bao cép nudc ha luu. Do d6, mac du véi
truong hop 1 cho két qua 1a d6 bao dam cap nudc
1a t6t nhung ciing nén can nhic viéc duy tri phat
dién phu hop theo tinh hinh cap nuéc dén Pong
Cam nham ting hiéu qua phat dién trong mua kiét.

4. Két luan

Thuét toan Quy hoach dong la rat phu hop voi
bai toan VHHC, tuy nhién viéc ap dung thuat toan
nay doi hodi khéi luong tinh toan 1on, dac biét 1a
cho h¢ thong gom nhiéu ho chira. Do vay, tac gia
da ung dung thudt toan vi phan roi rac (DDDP)
Vv6i cai tién nham tang tdc do tinh va do chinh xac.
Tac gia cling da lap trinh tinh toan va ap dung thir
nghiém cho hd chura thuy dién Séng Hinh.

Két qua nghién ciru cho thiy mé hinh c6 thé
dung tot danh gia cac chi tiéu phat dién va cip
nude ciia hd. M6 hinh DDDP cho két qua cac chi
tiéu nhanh chong dé tro gitip nguoi diéu hanh ra
quyét dinh phu hop. Pong thoi, mo hinh va dé
xudt tinh toan 14 rat tiém ning, c6 thé ap dung cho
hé thdng hd chira thity dién trong nghién ctru sau
nay.
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APPLICATION OF DISCRETE DIFFERENTIAL DYNAMIC
PROGRAMMING FOR OPERATING OPTIMIZATION OF SONG HINH
HYDROPOWER RESERVOIR
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'Faculty of Energy Engineering, Thuyloi University
2Faculty of Environment Engineering, Thuyloi University

Abstract: Improvement of operating performance of hydropower reservoirs has been an urgent and

a pirior issue in the context of developed cascade hydropower reservoirs system in all river basins in Viet-
nam. Dynamic Programming (DP) algorithm with application of Discrete Differential Dynamic Pro-
gramming (DDDP) aiming to accelerate calculation and refinement of optimal solution in order to
improve operating the performance of irrigation-hydropower reservoir which has been programmed by
the author and applied to optimization of hydropower generation and ensuring downstream demand for
Song Hinh hydropower of cascade reservoirs in Ba River. Result is evaluated by analyzing performance
criteria of power generation and water supply, and it shows the effective application of the algorithm and
potential development of the model for solving problem of improvement of reservoir or reservoirs sys-
tem's operating performance of in the future.

Keywords: Reservoir operation, Optimization, Dynamic Programming; Song Hinh.
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