MOT MO HINH TOAN VAN HANH DIEU TIET T01 UU
HE THONG HO CHUA THUY BIEN

Lé Hung
Truwong Dai hoc Bach Khoa, Pai hoc Pa Nc%ng

Tém tit: Trong bai bdo ndy trinh bay mé hinh todn diéu tiét van hanh hé théng bdc thang, ham
muc tiéu o day la san luong dién nang dat cuc dai. Ung dung Quy hoach dong thiét ldp thuat toan
va xdy dung chwong trinh tinh vdn hanh diéu tiét nam hé chita bdc thang bang ngdén ngit ldp trinh
Delphi. Ap dung chirong trinh tinh van hanh diéu tiét ho chira thity dién 2 bdc thang séng Bung 2 va
song Bung 4 nam trén hé thong séng Vu Gia - Thu Bon, Tinh Quang Nam, véi chudi dong chdy dén
diroc mé phong theo Phwong phdp Monte Carlo dé kéo dai chudi dong chay lich si.

1. it van dé

Vén dé diéu tiét van hanh hé thong ho chira
bac thang di dang 1a van dé dang quan tdim &
nudc ta hién nay, cac hd chira nuéc thiry dién
thuong nam trén mot hé théng bac thang, do
do cong sudt cua tram thuy dién tai mot hd
chita nao d6 s& phu thudc vao dién bién muc
nuéc ha luu, phu thudc vao luu lugng xa
xubng ha luu va nudc dén cia hd phia trén.
Nhung cac gia tri nay lai phu thudc vao ché do
van hanh cia cac hd khac. Boi vay, gia tri cac
tham s6 ctia hd chua phu thudc 1an nhau, viéc
van hanh diéu tiét ting hd chira don 1& s&

n -1

n-1

dn dn-1

khong phan anh ding thyc té van hanh.

Muc tiéu ciia bai bao nay 1a thiét 1ap mo hinh
toan diéu tiét ho chira bac thang, Ap dung ky
thuat téi wu quy hoach dong dé thiét lap chuong
trinh tinh, (mg dung dé giai cho hé thong song
Bung (bao gdm 2 hd chira diéu tiét nim song
Bung 2 va song Bung 4).

2. Thuit toan Quy hoach dong

Nguyén Iy t6i uu Bellman: Dya trén nguyén tic
chia qua trinh giai bai toan tdi vu thanh nhiéu giai
doan va tién hanh tim phuong an tdi uu qua cac
giai doan khac nhau. Tong hop céc phuong an t6i
uu cuc b ta s€ dugc phuong an t6i wru toan bo.
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Hinh 1. So d6 mé ta qud trinh nhiéu giai doan

Phuong trinh dé quy quy hoach dong duoc

r
.....

st dung dé xac dinh 1oi giai to1 uu tat dinh
Fra(8 ) = Max[TEP, (5,8, + £/ (S )]

i=1,2,., N
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Vé6i F,(S,,) 1a Maximum tong gi4 trj ham
muc ti€u tu giai doan 1 dén giai doan j+1, khi
trang thai tai giai doan j+1 1a Sj;.

3. M6 hinh toin vin hanh hé¢ thong hd

chira véi muc dich phat dién
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Hinh 2. So' d6 hé thong hé chira

Ham muyc tiéu 13 maximize téng ning luong
cua 2 nha may thuy dién
OF = Maximize E; =

2 IT 6 (1)
=379.81nQ,  Hi,t, /10° (Mwh)
=

Voi cac rang buoc

Hi, :2TL—1’,]_2HL—1',]'—AHI.J. (2)

Zi=fil (Vi + Vie)/2] (3)
Vmin—i,j < I/1',]' < Vmax—i,j (4)
Ryc—i,j S Ri,j S Ri,j,max (5)
Vi1j#1=V1;1Qdén1j-EV1-R1j-O15  (6)

V2415 V21 Qaén2j-EV2,-R2j7R 1 j+01-O2; (7)
Nmin < ]vl < Ngh—i,j (8)

Qmin—i,j < Qi,j < Qmax—i,j (9)

E < Ei’j <F (10)

(1D

min—i,j
éHL—i,j :f2[le/le]
Nen-i=f3(H ;) (12)
771',]' :f‘t(Ni,j’Hi./) (13)

Trong do: H ;;= €Ot nude phat dién trung binh

max —i, j

thoi doan tmg vé6i hd chira i; Zrpsj= cao trinh myc
nude thuong luu trong thoi doan j Gmg véi hd chira
1 (m); Zyr4j = muc nudc ha Iuu trong thoi doan |
g v6i hd chita i; AH;; = cot nude ton thit trong
thoi doan j tng voi hd chira i; Q; j = luu luong qua
turbine trong sudt thoi doan j tmg véi hd chira i
(m’/s); t; = budc thoi gian tinh toan cta hd chira i
T=tdng s cac budc thoi gian (cac thang); Vimini i=
dung tich nho nhét cho phép cua hd chita i; Vinai i
= dung tich 16n nhat cho phép ctia hd chita i; EV;; =
bdc hoi tir hd chira i trong subt thoi doan j,(10°n’);
Quénij= dong chay dén ho chura i trong sudt thoi
doan j, (10°m’); O;j=dong chay tran tir ho chira i

trong sudt thoi doan j, (10°m’); R; j~luong xa tur ho
chira i sudt thoi doan j, (10°m’); Vij=dung tich hd
chtra i trong thoi doan j, (10°ny’), i=1, 2, =1,2...12.
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Tra dif liéu MN[j] d4u va MN[K] cu6i
Tra dir lieu MN2[j2] dau va MN2[k2] cusi

Tra Waau Wagéu (ing v6i muc nuéc dau MNJj], MN2[j2]

Tra Weusi, W2cusi (g v6i muc nuéc cudi MN[K], MN2[k2]
Tinh Wxa-i=Wihang-i+Waau-i -Weugii-Wevs
Tinh W2xa-=W 2thang-i+W2dau-i -W2cusi-- W2ev.+Wxa-i

xa->Qmax-iTi
W2xa-i>Q2max- T2

We=Qmax:-Ti
We=Whxa-i
W2:.=Q2max-T2
W2e.=W2xa-i

True

r

We=Whxa-i
Qbg-=WE-iTi
W2e.=W2xa-i
Q2bq-i=W2E-/T:

i

Gia thiét nesn2q:

Tinh Hbg-=Zbqtki-Zbghk-i-Htt-i

Tinh H2bg-i=Z2bqti-i~Z2bqhl--H2tti
T

Mot-=Ngt-i+0.01

1 20t-=12gt:+0.0

False Nat-nt-i=f(Ni,Hi)<e

Nn2gti-n2t-=f(N2i,H2))<e2

In K&t qua MN h&, Who, Ni, Ei, EtMax
In K&t qua MN h&2, W2ho, N2i, E2i, E2tMax

Hinh 3. So dé thudt toan tinh dién luwong EMax

AF Form1 -[of~]
CHUGNG TRINH TINH TOAN VAN HANH HO CHU BAC THANG (HE THONG 2 HO CHUA)
TEN THONG SGHEG CHUA THU 1 TEN THONG SO HE CHUA THU 2
Teéu file luu Lugng doug chdy deu b chiia (Q) atsongbung? 50 Téu file Liu luong doug chy den b chia (1) [qisongbungd 50%
Teuflequntegit (W2)  fwasoy obung? Tea file quan be gina (W-21) [wesangbungd
Teu file Quan he gifa (Q-Zhl) [qzsongbung? Tea file Quas e gita (O-Zh) [vorgourgt
(Cao trinh e aurde chet bd chira (MNC) 565 Caot wréc chet bd chia (MNC) ’2057
(Cao trinh mue nirde ding binh thudug (MNDBT) 605 Caoti réc dang biah thudsng (MNDBT) ’22257
Khodng cich rii racmbi doan clia b chia (dz) z i (d2) —
CAC THONG SO CUA TRAM THUY BIEN THU 1 RAM THOY BIEN THU 2
Coug suat liprniy clia tram thiy dién (Ni) 100 ES
(Cbug suat dim biocia tram thiy dign (Ndb) 29.02 32
Luu lirgng L ubt qua Tua Bin (Qrax) Eg Lt g 18w abt qua Tua Bin (Quasx) 56
Cbt nude ldn nhat (Frmax) 3775 Cot mitde [dn nhat (Hmax) 125
C8t nwde tinh todu (Hit) 336 Cat mudc tinh todn (Hit ) 106
C8t nude nhd nhat (Frain) C3t ntde nhd nhat (Hrain) 91
EET—
Tea file quan he t8ug 13u that cot nudc (QTB-Hi) tonthatsongbunad Teéu file quan hé téug 1du that cot musc (QTB-Hir) [forthatsengbungt
Teu file quan e gita hibu sudt vdi cbug sust va cbt aude Tea file quan he gifta hidu sust v cBug sut va bt udc
NHAP TEN FILE KET QUA
ReservoirsOperation ketqual0%

Hinh 4. Giao dién chwong trinh tinh van hanh
toi wu ho chua thuy dién
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4. Mb ta cong tinh hd chira nudc thiry dién
song Bung 2 va song Bung 4

Song Bung la mot trong nhitng nhanh song
16n nim bén trai cua hé thong song Vu Gia, bt
ngudn tir ving bién gidi Viét - Lao, tir ving nai
cao trén 1800m phia Tay Bac huyén Hién trong
dia phan tinh Quang Nam. O huyén Hién, song
chay theo hudng tur Tay sang Pong, sau d6 song
chay theo hudéng Nam, qua huyén Nam Giang
song chuyén hudng tir Tay Nam sang Pong Bic.
Sau hop luu véi song A Vuong, song Bung tiép
tuc d6 vao hé théng song Vu Gia - Thu Bon.

Vi tri cia tuyén cong trinh thuy dién Song
Bung 2 nim trén dia ban xa Laéé huyén Nam
Giang tinh Quang Nam, cach thanh phd Pa
Ning theo duong qudc 10 14D khoang 165km
vé huéng Tay Nam. Toa do dia 1y tuyén dap du

kién 1a 15°41°45>°vi Béc, 107°24°00*" trinh
nam trén dia ban xa Ta BHing va xi ZuoiH
thudc huyén Nam Giang tinh Quang Nam, cach
thanh phd Pa Ning theo dudng chim bay
khoang 75km vé huong Tay - Nam. Toa dd dia
ly tuyén dap du kién 13 15°42°19°°vi Bic,
107°38°28” kinh Pong. Nha may nam trén dia
phan xa Ta BHing huyén Nam Giang tinh
Quang Nam, c6 toa do 1a 15°43°38” vi Bic,
107°38°58” kinh Déng.

Theo so do khai thac bac thang hé thdng
song Vu Gia -Thu Bon, thuy dién Song Bung 4
14 bac thang thir 2 trong hé thong bac thang thuy
dién trén dong song Bung. Nha may nam trén
dia phan xa Zud6iH huyén Nam Giang tinh
Quang Nam, c6 toa do Ia 107°29°31” kinh
Pong; 15°42°57” vi Béc.

Bing 1. Cdc théng s chinh ciia céng trinh thity dién séng Bung 2 va séng Bung 4

M6 td cdc thong sé ho chira nuwée Song Bung 2 Gia tri Don vi
Ho chira

Muyc nudc dang binh thuong (MNDBT) 605 m
Dung tich hitu ich (Whi) 73,9 10°m’
Muec nuée chét (MNC) 565 m
Dung tich chét (Wc) 20.4 10°m’
Dién tich luu vuc 334 km®
Nha may Thuy dién

Luu lrong 16n nhét qua nha may 34,5 m’/s
Loai Turbine Tam truc

Cong suat lip may 100 MW
S6 t6 may 2

Cot nudce tinh toan 330.0 m
Cot nude 16n nhét 377.1 m
Cot nude nho nhét 301.6 m
M6 td cdc théng sé ho chira nuée Song Bung 4 Gia tri Don vi
Ho chira

Muyc nudc dang binh thuong (MNDBT) 2225 m
Dung tich hitu ich (Whi) 233,99 10°m’
Muec nuéce chét (MNC) 205 m
Dung tich chét (Wc) 276,81 10°m’
Dién tich luu vuc 1448 km®
Nha may Thuy dién

Luu lrong 16n nhéat qua nha may 166,0 m’/s
Loai Turbine Francis

Cong suat lip may 156 MW
S6 t6 may 2

Cot nudce tinh toan 106 m
Cot nudce 16n nhét 125.0 m
Cot nude nhod nhat 91.0 m
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Chudi dong chay dén timg thang duoc kéo
dai bang phuong phap mdé phong Monte-Carlo
thong qua chuong trinh Crystal Ball, ham phan
phdi xac suat ¢ day dugc chon 1a dang phan

phdi tam gidc. S6 liéu chudi dong chay cia hai
h6 chira dai 29 nam (tr nam 1977-2006), mod
phong duoc thuc hién dén 20000 lan, két qua
cho & bang 2a,b nhu sau:

Bing 2a. Luru lwong dong chay dén séng Bung 2 theo tan sudt sau khi mé phong
theo phuwong phap Monte Carlo

Tansuat| 1 | 2 | 3 4 5 6 7 8 9 10 | 11 | 12
90% | 5.36 449394 | 3.62 | 549 | 6.12 | 545 | 6.72 | 9.06 | 12.45|11.12 | 8.21
75% | 7.31 |5.76 |4.59 | 4.53 | 7.52 | 9.79 | 6.95 | 8.73 | 12.63 | 21.62 | 17.45 | 11.94
50% |9.46 |7.265.79| 6.29 | 11.37 | 17.19 | 9.85 | 12.45 | 19.57 | 39.04 | 29.58 | 18.44
25% |11.77]18.39 | 7.41 | 8.56 | 16.58 | 26.90 | 13.60 | 17.41 | 28.82 | 62.45 | 45.62 | 26.91
10% |13.84]9.06 | 8.83 | 10.57 | 21.15 | 35.45 | 17.03 | 21.78 | 36.78 | 82.38 | 59.90 | 34.43

Bing 2b. Luru lwong dong chay dén séng Bung 4 theo tan sudt sau khi mé phong
theo phuwong phap Monte Carlo

Tan suit |1 2 3 4 5 6 7 8 9 10 11 12

90% 17.63 {14.71 |13.01 {12.03 |18.04 {20.05 |17.88 |22.11{29.61 |40.91 |35.56 |26.34

75% 23.91 |19.09 |15.28 |15.04 |24.67 |32.23 |22.74 |28.65 |41.39 |70.32 |56.91 |39.70

50% 31.15123.9319.27 |20.62 |37.78 |55.69 |32.30|41.04 |64.44 |127.42]97.71 |61.81

25% 38.80 |27.68 |24.43 |28.14 |54.71 |87.38 [45.12 |57.48 |94.07 |204.66|150.67|89.41

10% 45.76 129.83 (29.12{34.80|70.06 |116.49{56.24 |71.87 [120.00|271.48 |196.18 |114.74

5. Két qua va thao luin

- Dua trén bang dong chay dén sau khi mo

2b), ap dung chuong trinh tinh toan g véi cac

phdng theo phuong phap Monte Carlo (bang 2a,

tan suat p=25%, p=50%, p=75%.

Bing 3. Két qud san lwong dién ho chira thiy dién séng Bung 2 va séng Bung 4

bién hr(_mg trung binh | Pién hr(_mg trung binh Téng san luong dién

nam cua ho chtra Song | ndm cua ho chira Song | ho chira song Bung
Thang Bung 2(10°kwh) Bung 4(10°kwh) 2 va song Bung 4
P=25% 775,20 561,96 1337,16
P=50% 403,54 554,01 975,55
P=75% 253,69 348,63 602,33

Bing 4a. Cao trinh muec nwée hé chira chiva thiy dién séng Bung 2
g véi cdc tan sudt P=25%, P=50%, P=75%

Théang

1-1 | 1-2

1-3

1-4 | 1-5 | 1-6

1-7

1-8 | 1-9 | 1-10

1-11 | 1-12] 1-1

P=25%

605.0 |1605.0

604.0

603.0 1602.0| 602.0

602.0

594.0/565.0|565.0

605.0 1605.0| 605.0

P=50%

605.0 |1605.0

603.0

599.01595.0] 595.0

595.0

595.0/565.0|584.0

605.0 1605.0| 605.0

P=75%

605.0 1604.0

601.0

597.01592.0] 590.0

590.0

587.01565.01573.0

593.01602.0] 605.0
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Bing 4b. Cao trinh muec nwée hé chira chiva thiy dién séng Bung 4
g véi cdc tan sudt P=25%, P=50%, P=75%

Théang | 1-1 |12 | 13| 14 | 15| 1-6 | 1-7 | 1-8 | 1-9 |1-10| 1-11 | 1-12| 1-1
P=25% |222.5|222.5|222.5|222.5|222.5|222.5|222.5|217.5{205.0(205.0| 219.5 |222.5| 222.5
P=50% | 222.51222.5|222.5|221.5|220.5| 221.5|222.5 |217.5|205.0(212.5| 222.5 |222.5| 222.5
P=75%|222.51221.5|220.5|218.5|216.5| 215.5|216.5 |215.5{205.0(207.5| 215.5 |220.5| 222.5

o Két qué biéu d6 van hanh cho ta thiy dé dat
oo ’ dugc san luong dién cao thi biéu dd van hanh
5 ! thuong duy tri muc nude cao, tuy nhién vi két
qua trén khi tinh toan 1iy hiéu suét trung binh,
néu khi ta dua bang hiéu sudt vao thi két qua
: duong van hanh s& c6 xu hudng thap hon boi vi

et
et

— P=25%

Muyc ueée b Ztl (m)
2

B

I
e
|

- P=30%

=T

— theo bang duong dic tinh ctia TuaBin thi cdt

ST e T nuée tinh toan cao thi hiéu sudt s& thép.
6. Két luin

Hinh 5a. Myc nuée hé dao dong ciia ho chira - Khi tinh toan quy trinh van hanh theo

thiyy dién song Bung 2, g voi cdc tan sudt phuong phép qui hoach dong truyén thong, thi

(P=25%, P=50%, P=75%) viéc do tim trén toan mién tinh toan s& cho ta

két qua nghiém tdi uu toan cuc, do d6 viéc tim

0 nghiém theo phuong phip quy hoach dong sé& tu

oo dong kiém tra cac rang budc va loai bo dé dang

es cac phuong an khong kha thi.

/ - Trén day 1a két qua nghién ctru budc dau

S —— / cua bai toan hé thong bc thang 2 ho chia. De

” ! / co the &p dung céc két qua nghién ctru bac thang

vao thuc té hién nay con phai mét rat nhiéu thoi

gian, boi vi hé thong dién qubc gia clia nudc ta

o oo o e s vaAn hanh V?t‘l’l chua 6n dinh, trén mdi hé théng

bac thang hd chtra ciia nudc ta hién nay, co rat

nhiéu chi dau tu khac nhau, mdi chii dau tu déu

quan tam td1 o1 ich riéng cua cong trinh minh,
ma khong quan tam dén lgi ich chung.

Muyc nuée hé Zil (m)
=4
=
=

Hinh 5b. Myc nuée hé dao dong cua hé chira
thity dién séng Bung 4, vmg véi cdc tan sudt
(P=25%, P=50%, P=75%)
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Abstract
A MATHEMATICAL MODEL FOR OPTIMUM OPERATION AND
REGULATION THE SYSTEM OF HYDROELECTRIC POWER RESERVOIRS

Le Hung
Danang University of Technology, The University of Danang

In this paper, the author presents a mathematical model for optimum regulation and operation
the system of coordinated hydroelectric power stations (or hydroelectric power plant chains). The
objective function, here, is the maximum of total hydro-energy generation. Application of Dynamic
Programming establishs the algorithm and builds the programme for calculation the optimum
operation and regulation of five coordinated reservoirs (or five chained reservoirs) by using Delphi
program language. Then, application of established programme for optimum operation and
regulation the hydroelectricity reservoirs which includes 2 steps (2 chains): River Bung 2 and River
Bung 4 hydroelectricity power plants located on the VuGia-ThuBon river system, QuangNam
province; The input flow sequence is simulated by Monte-Carlo method in order to extend the past

flow sequence.
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