UNG DUNG CRYSTAL BALL NAC BINH CHE B0 VAN HANH T01 UU PHAT DIEN
CHO HO CHUA THAG BA, TUYEN QUANG VA BAC THANG HO CHUA SON LA, HOA BINH
CO TiH BEN YEU CAU CAP NUOC HA DU

Hoang Thanh Tung', Ha Vin Khéi', Nguy&n Thanh Hai'

Tom tat: Vdn hanh t6i wu ho chira da muc tidu va hé thong ho chira 1a mét chii dé dwoc nhiéu nha nghién
Ciku trong va ngodi nudc quan tam trong nhiéu nam gan ddy nham dem lai nhitng hiéu qud kinh té - X hoi
cao nhdt cho céng tac vin hanh ho chira. Bai bao nay trinh bay két qud nghién ciru iing dung phan mém
Crystal Ball xdc dinh ché d¢ vin hanh téi wu phdt dién cho ho chira Thac Ba, Tuyén Quang va bdc thang ho
chita Son La, Hoa Binh c6 tinh d@én yéu cau cdp nwée ha du. Crystal Ball & phan mém t6i wu va phdn tich
rii ro rat manh trong kinh té va \an dau tién dwoc nhém tic gia dp dung thanh cong cho vdn hanh cac ho
chira néi trén. Két qua dat duwoc la tiwong doi tot so voi cac mé hinh t6i wu sir dung hién nay vi md hinh nay
cho phép phdn tich dj tin cdy va dua ra ché dé van hanh t6i wu véi cdc mike dam bao khdc nhau nham hé tro

ra quyét dinh vdn hanh ho chira.

Twr khoa: Hoa Binh, Son La, Thac Ba, Tuyén Quang, Crystal Ball

1. MO PAU

Trong quy hoach va quan 1y tai nguyén nudc viée
van hanh cac hd chira nude phuc vu cho cac muc
dich khac nhau déng mot vai trd hét sirc quan trong.
Hau hét cac hd chira duoc xay dung phuc vu cho da
muc tiéu, trong d6 hau hét cac muc tiéu c6 mau
thudn véi nhau vé cac yéu cau khai thac str dung hod
chira. Mot s6 mau thuin trong viéc van hanh hd
chira c6 thé ké dén bao gdm: i) mau thuin trong viée
sir dung dung tich hd chira khi hd chira c6 dung tich
han ché lai phai théa man nhiéu muc tiéu nhu phat
dién va chong Iii; ii) mau thudn giita cac muc tiéu
Cép nude khi ché d6 van hanh Cép nude cho cac muc
tiéu khac nhau (cip nudc cho néng nghiép thi theo
thoi vy, tinh hinh mua ning, nhung cho phat dién lai
dua trén nhu cau thay ddi theo ngay, tuan, hay mua);
va iii) mau thuin trong cing mot muyc tiéu khi nhu
cau nude va lugng nudc dén khong phai lic ndo
ciing théa mén theo thoi gian, doi hoi viée tiét kiém
nude khi van hanh cac hé chia.

Dbi voi hé thdng hd chira, viéc van hanh ciing
can phai can nhic va xem xét mot cach hop 1y trén
co s& can doi luong nudc hién co trong cac hd. R8
rang, khéng cd mot ho dung nudc nao lai tuwong
thich hoan toan véi ho khac. Quy trinh van hanh hd
can phai hudéng dan cho nguoi didu hanh giai quyét
cac mau thuan dé. Viéc tim ra giai phap “thoa hiép”
gitta cac muc tiéu 1a mot yéu t6 quan trong trong
viéc nang cao hiéu qua cua hé théng hd chia nuée.

! Khoa Thuy van va Tai Nguyén nwée, Pai hoc Thiy loi

Pay ciing chinh 1& chu dé duoc nhiéu nhd nghién
clru trong va ngodi nude quan tdm trong nhidu nim
qua nhim dem lai hiéu qua kinh té x& hoi cao nhat.

Luu vyuc song Hong 13 luu vuc song 16n thir hai
cua Viét Nam va 1a luu vuc séng cd cac cong trinh
thiy loi va phong chéng 1ii Iut hoan chinh nhét nuéce
ta v6i cac hd chira 1on da di vao van hanh nhu Son
La, Hoa Binh, Thac Ba va Tuyén Quang, hé théng
dé diéu, cac cong trinh phan I, chdm li va cac hé
thdng tu6i tiéu I6n. Theo Quyét dinh Sé: 1554/QD-
TTg cta Thu tuéng Chinh phu phé duyét Quy hoach
thily loi ving dong bang séng Hong giai doan 2012 -
2020 va dinh hudéng dén nim 2050 trong diéu kién
bién d6i khi hau, nudc bién dang thi viéc “Duy tri
hop 1y dong chay kiét [a vin dé mang tinh chién heoc
doi véi on dinh va phat trién kinh té xa héi ving
dong bang séng Hong”. Muc tiéu trudec mit dén
nam 2020 la phai van hanh hop 1y hé thong hd chua
I6n trén thuong ngudn séng Hong (Son La, Hoa
Binh, Thac Ba, Tuyén Quang) két hop ky triéu
cuong diéu tiét cAp nudc trong mla kiét, phuc vu
san xuét vu bong Xuan, dac biét cho giai doan tur
10/1 dén 28/2 hang nim.

Dé goép phan dat duoc cac muc tiéu dé ra nhu
trén thi viéc nghién ctu van hanh hé thdng hod
chua trén sdng Hong c6 mot ¥ nghia quan trong va
nghién ctru ndy thr nghiém 4p dung phin mém
Crystal Ball xay dung ché d6 van hanh ti uu cac
hd chira Tuyén Quang, Thac Ba, va bac thang hd
chira Son La, Hoa Binh phat dién c6 xét dén nhu
cAu nuéce & ha du.
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2. PHUONG PHAP NGHIEN CUU

Van hanh hé chita (VHHC) la mét trong nhirng
van dé dugc quan tim nhiéu nhat trong lich sir hang
trdim nim cta cong tac quy hoach quan Iy hé thong
ngudn nude. Nghién ciru van hanh quan 1y hé thng
hd chira ludn phat trién theo thoi gian tir cac nghién
ctru don gian téi cac nghién ciu gan day vé phuong
phép van hanh t6i vu hé théng hd chira phuc vu da
muc tiéu. Trén thé gidi d4 c6 rat nhiéu nghién ctu &p
dung cac thuit toan didu khién khac nhau vao giai
quyét bai toan van hanh hd chira da muc tiéu va hé
thong lién hd chira. Cac phuong phap nay da dugc
John W. Labadie [1], Truong Pai hoc Bang
Colorado téng két bao gdm: i) Nhém cdc phiong
phdp toi wu ngau nhién an (Implicit Stochastic
Optimization) nhu: cic md hinh quy hoach tuyén
tinh (Linear Programming Models), cac md hinh téi
uu dong chay mang (Network Flow Optimization
Models), ca&c md hinh quy hoach phi tuyén

Nhap s6 liéu

A4

Xay dung mo hinh dong chay ngiu
nhién dén ho tir so liéu lich sir
(mé hinh Monte Carlo)

!

(Nonlinear Programming Models), c&c md hinh quy
hoach dong roi rac (Discrete Dynamic Programming
Model), cac md hinh quy hoach dong lién tuc
(Diffirential Dynamic Programming Models), cac ly
thuyét diéu khién t6i wu roi rac theo thoi gian
(Discrete Time Optimal Control Theory); ii) Nhdm
cic phwong phdp ngdu nhién hién (Explicit
Stochastic Optimization) nhu: cac md hinh quy
hoach tuyén tinh ngau nhién (Stochastic Linear
Programming Models), c&c mbé hinh quy hoach
dong ngiu nhién (Stochastic Dynamic Programming
Models), cac md hinh diéu khién t6i wu ngau nhién
(Stochastic Optimal Control Models) va iii) Nhém
tich hop dir bdo dé vin hanh hé chira theo thoi gian
thiee. Mic du da dat duoc nhirng tién bd vuot béc
trong nghién ciru van hanh hd da muc tiéu va hé
thong hd chita, nhung cho dén nay khong c6 mot 1oi
giai chung cho moi hé théng ma tuy dic thd cua
ting hé thong ma c6 cac 10i giai phil hop.

Xay dung m6 hinh md phéng véin
hanh ho chira trong cac bang tinh
lien két trong Excel

Xay dung mé hinh t6i wu trong
Crystal Ball (m6 dun Opquest)

Mb hinh md phéng — toi wu van hanh hd chira

Téi wu hoa san luong
dién trung binh nim

Tbi wu héa san luong dién
trung binh nam c6 xét dén
cap nudc ha du

Phén tich d¢ tin cay trong
phat dién va cap nude / du
bao san luong dién

J

\ 4

Dé xuat bi¢u do dieu phoi toi wu

a

Hinh 1: So db tiép cdn nghién ciru

Trong nghién ciru nay, nhém tac gia lva chon
phuong phap két hop giita cac md hinh md phong va
mo hinh t6i wu bao gdom: mé hinh mé phong dong

chiy dén hd ngiu nhién theo md phong Monte
Carlo, md hinh mé phong hé thdng hd chira, va md
hinh t6i wu dé xac dinh ché d6 van hanh tdi vu phat
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dién cac hd chia Tuyén Quang, Thac Ba va bac
thang ho chira Son La, Hoa Binh c6 xét dén nhu ciu
cap nude ha du phuc vu san xuat va Dong Xuan, dic
biét cho giai doan tir 10/1 dén 28/2 hang ndm. Phéan
mém Crystal Ball d4 duoc sir dung dé xdy dung md
hinh két ndi nay nhu minh hoa tom tit trong So' do
tiép can nghién cizu (Hinh 1).

Crystal Ball 13 phan mém t5i uu va phan tich rui ro
dugc s dung nhiéu trong phan tich kinh t& do
ORACLE - Coéng ty hang dau thé giéi vé phan mém
co so dir liéu phat trién [2]. Phdn mém c6 giao dién
nguoi dung than thién, c6 modun tich hop trong bang
tinh Excel. Théng qua sirc manh t6i uu va mé phong,
Crystal Ball da tro thanh cong cu hiéu qua trong tay
cta nhitng nguoi ra quyét dinh. Phin mém Crystal
Ball c6 thé dap mg duoc nhitng yéu cau cta bai toan
t6i wu trong van hanh ho chira nhu: i) Cho phép tao
chudi dong chay ngau nhién tu nhién dén hé theo mo
phong Monte Carlo; ii) Cho phép xay dung mé hinh
mo phong hd chira mot cach linh hoat trong céc bang
tinh, rat d& dang thay ddi v6i cac diéu kién thuc té; iii)

Cho phép 16ng ghép cac thuat toan ti wu (thude
nhém cac phuong phap ngau nhién hién néu trén) vao
c4c bang tinh st dung Modun t&i uvu Opquest. Cac
két qua dat dugc tir mo hinh két hop mé phong va téi
uu VHHC lai tiép tuc dugc phan tich do tin cay dé
xac dinh ché d6 van hanh t6i uu tng vé6i cac mirc dam
bao khac nhau gitp hd tro ra quyét dinh.

3. KET QUA VA THAO LUAN

3.1. Xa&y dwng moé hinh mé phéng dong chay
ngdu nhién dén cic hé chira Tuyén Quang, Thac
Ba va bdc thang ho chira Son La, Hda Binh (mo
phéng Monte Carlo)

Nhom nghién ciru da sa dung mo phong Monte
Carlo xdy dung m6 hinh mé phong dong chay trung
binh 10 ngay ngau nhién dén cac hd chira trén dua
trén chudi sb liéu thuc do tir nam 1956 dén 2009.
Két qua minh hoa trong Bang 1 dudi day cho thiy
phan bé dong chay dén hd Son La thuong 1a phan b
cuc tri “Maximum Extreme” trong cac thaing mua lu
va phan bd chuén “normal” hodc “log normal” cho
cac thang con lai.

Bang 1: Minh hoa phin bé dong chay ngdu nhién dén ho Son La theo mé phong Monter Carlo

Théi gian 1076 2076 30T6 1077 2077
Phan b Gamma Gamma Lognormal Lognormal Lognormal
Location |202.25 Location  |64.33 Location |-685.65 |Location |[-1079.19 |Location |-2083.67
Scale 474.34 Scale 398.63 Mean 2653.84 |Mean 3430.45 |Mean |3840.05
Shape 2.78 Shape 5.18 Std. Dev. [1008.22 |Std. Dev. |1219.34 |Std.Dev |1389.78
Thoi gian 3077 1078 2078 3078 1079
Phan b Lognormal Beta Maximum Extreme Logistic Gamma
Location |547.81 Minimum  |824.63 Likeliest |3476.02 |Mean 3583.85 | Location | 188.04
Mean 4164.49 |Maximum |9083.61 Scale 1377.01 |Scale 746.8 |Scale |428.28
Std. Dev. |1380.02 |Alpha 3.14 Shape |6.4
Beta 4.26
Thoi gian 2079 3079 10T10 20710 30T10
Phan b Gamma Beta Lognormal Lognormal Lognormal
Location [419.12 Minimum  |878.49 Location |600.96 Location |688.24 |Location |447.98
Scale 317.3 Maximum |4574.03 Mean 1837.17 |Mean 1767.15 |Mean |1512.7
Shape 6.31 Alpha 1.93 Std. Dev. [616.41 |Std. Dev. |750.33 |Std.Dev |565.13
Beta 4.25
Thoi gian T11 T12 1071 2071 30T1
Phan b Lognormal Lognormal Gamma Gamma Gamma
Location |242.52 |Location |-144.49 Location |124.91 Location |124.91 |Location|124.91
Mean 1098.23 |Mean 678.83 Scale 38.58 Scale 38.58 |Scale [38.58
Std. Dev. |407.15 |Std. Dev. [191.08 Shape 9.62 Shape 9.62 Shape |9.62
Thoi gian 10T2 - 2072 - 3072 10T3 - 2073 - 3073 T4 T5
Phan b6 Maximum Extreme Gamma Lognormal Gamma
Likeliest |370.04 |Location |186.09 Location |104.18 Location |173.75
Scale 75.91 Scale 47.64 Mean 392.66 Scale 197.33
Shape 3.42 Std. Dev. [129.68 | Shape 2.88
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3.2. Xay dwng mé hinh md phéng van hanh hé
chita Tuyén Quang, Thac Ba va béc thang hé chira
Son La - Ho0a Binh

M@ hinh mé phong van hanh ho chira va bac thang

B Microsoft Excel - 121128SLHB

E_] Eile Edit ¥iew Insert Format Tools Data  Window Help  Adohe PDF

hd chira phat dién c6 tinh dén nhu cau dung nuée ha du
duoc thiét 1ap dudi dang cac bang tinh c6 lién két véi
nhau trong Excel nhu minh hoa trong hinh 2 dudi day
cho béc thang hd chira Son La va Hoa Binh:

Type a question for help v -

NN RERSN= REN AN SRR | 2@ = -4 R b a5 100% "@!ECehhﬂ i =B 7 U |S[E=E|S %[F]| a5 A !
08 - A
A | B [ ¢ T o [ e ] F [ 6« T w [ v T v T «x T ] M [ v TTo ] o [ ox
L MO HINH MO PHONG - TOI UU BAC THANG HO CHUA SON LA - HOA BiNH
| 2| Théng s6 hé: SON LA Théng s6 ha: HOA BINH
3
4 |Muc nrde dang bt 215 Mure mrde dang bt 117
5 |Muc mrde phong li 200 Murc mrée phong li 101
6 Muc nrdc xd hing ndm Murc nrde xi hang nim
7 |Muc mréc chét 175 Mirc murée chét 50
8
o b agiy Thét doan Qd Wd W Wib Fib Wbh | Wibdm Wit Wthye | Zthyc Q turbine Qzali | Q=i Wxd | Wo
w0 10 10T6 13152 | 4527.7 3870.1 129.5 14 1L6 13.0 | 45146 | 189.2 1173.4 0.0 1173.4 | 1013.8 | 350
1| 10 20T6 1838.4 | 5339.2 4933.4 1515 17 14.8 165 | 53227 | 1944 815.0 0.0 815.0 | 7042 | 46l
12| 10 3076 2292.7 | 6911.2 61252 176.5 19 18.4 203 | 6890.9 | 203.4 2131.0 0.0 | 21310 | 18412 | 504
13|10 10T7 2962.9 | 80126 7461.9 196.5 2.0 2.4 244 | 79832 | 209.2 1667.3 385.0 | 20523 | 17732 | 621
14| 10 2077 3316.2 | 9531.2 87719 216.5 2.2 26.3 285 | 95027 | 2160 1817.8 1987.3 | 3805.2 | 3287.7 | 621
15 11 3077 3954.9 | 10169.9 98505 2335 2.4 29.6 319 | 101379 | 218.8 2285.0 28616 | 51467 | 48914 | 524
16| 10 10T8 37425 | 8989.0 95795 229.0 2.2 28.7 310 | 8958.0 | 2136 11331 3162.6 | 42057 | 37115 | 524
17| 10 2078 3706.6 | 89531 89711 219.5 2.2 26.9 29.1 | 89241 | 2134 1559.0 2697.4 | 42564 | 36775 | 524
18 11 3078 3474.0 | 8720.5 2836.8 217.5 21 26.5 23.6 | 86919 | 212.4 23632 0.0 | 23632 | 22459 | 644
19 10 10T8 25314 | 89773 3843.9 217.5 21 26.5 28.6 | 89487 | 2136 1054.9 0.0 10549 | 9115 | 803
20 10 2078 2092.7 | 101289 9553.6 223.5 2.2 28.7 30.8 | 10099.1 | 2186 1413.5 0.0 14135 | 12213 | 887
21 10 3079 1755.2 | 106331 103815 242.0 23 311 33.4 | 10599.6 | 220.8 1847.6 0.0 1847.6 | 15963 | 900
2 10 10T10 1585.7 | 10582.0 10611.0 245.0 23 318 342 | 105548 | 2206 2310.1 0.0 | 23101 | 19959 [ 855
23] 10 20T10 15233 | 100822 10335.6 241.0 23 310 333 | 100489 | 218.4 1801.2 0.0 18012 | 1556.2 | 849
24| 1 30T10 1435.6 | 99283 10005.2 236.0 2.2 30.0 323 | 98960 | 217.8 878.6 0.0 878.6 | 8351 | 906
EY3 20N m11 anAs & 1100 £ ERTFE N aann &1 EL Y san | 110z o anE & an17 A L an17a | aeaTa a2
M o4 F K \ChavCB,( Q02-09 ,[ Quan hé hd [Noisuy ,(Bancao ,( KetQua / W < ? |

Ready Calculate:

Hinh 2: Minh hoa mé hinh védn hanh bdc thang ho chira phét dién cé xét dén nhu cau sir dung nudée ha du
e thiét ldp dudi dang cdc bang tinh ¢6 lién két véi nhau trong Excel

M6 hinh nay duoc thiét 1dp gdm 5 bang tinh c6
lién két v6i nhau:

-“Bdng O dén ho” duoc st dung dé xdy dung
phan b dong chay dén cho ting budc thoi gian chay
mod hinh (10 ngay), bang niay dwoc lién két véi
“Bang chay mo phong” dé cip phat chudi dong chay
dén hd trong ting giai doan modt cach ngiu nhién
theo md phéng Monte Carlo.

-“Bdng Quan hé ho” bao gdm cac quan hé Z-W-
F va Q-Z ha luu sau khi dugc ndi suy vai bude thay
dbi Z khoang 10cm duogc lién két voi “Bang chay
mo phong” dé mé hinh tir dong tra nguoc/xudi cac
gié tri trang thai ho chua.

-“Bdng mé phong” dugce thiét 1ap nhu mot bang
tinh diéu tiét hd. V6i bac thang hd chira “Bang md
phong” bao gém 2 bang tinh diéu tiét: mot bang cho
ho Hoa Binh va mot bang cho hd Son La. Hai bang
tinh toan diéu tiét nay c6 lién quan dén nhau: Qxa tur
hd Son La cong v6i Qkhu giita s& 14 Qvao caa hd
Hoa Binh, muc nude dénh cua hd Hoa Binh dén ha
lvu ctia hd Son La ciing duge xem xét trong tinh
todn bang cac 1énh rang budc.

-“Bdng két qua” dua ra cac két qua tinh toan tir
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mo hinh t6i wu Crystal Ball

-“Bdng phdn tich bdo cao” la cac bao cado duoc
trich ra khi phan tich d6 tin ciy, du bdo ham muc
tiéu kém theo cac biéu bang va V& hinh minh
hoa...vv.

“Bang md phong” duoc thiét 1ap cho timg hd
chira dwa vao nhitng co s& cac tiéu chi vé mirc dam
bao phat dién (quy dinh theo tiéu chuin TCXDVN
285:2002), cac rang budc vé dung tich cia hd chira,
nha may dién, hdm muc tiéu vé& phat dién, rang budc
cap nude cho ha luu trong giai doan tir 10/1 dén 28/2
hang nam (chi tiét xin tham khao TLTK sé 3).

3.3. Xay dwng mé hinh téi wu trong Crystal Ball
va két néi véi mé hinh mo phéng

Nhém nghién ciu d4 st dung modun téi wu
OptQuest trong phan mém Crystal Ball dé xdy dung
mo hinh t6i wu sau d6 két ndi vai mé hinh mé phong
dong chay ngiu nhién dén hd va md hinh md phong
hod chira phat dién va cip nuéc dd xay dung & cac
buée trude dé hinh thanh md hinh van hanh téi wu
hd chira Thac Ba, Tuyén Quang va bac thang hd
chira Son La - Hoa Binh.

a. Két néi véi cdc bién ngau nhién trong md hinh



mo phong:

Dé két ndi v6i moé hinh mé phong dong chay
ngau nhién dén hd, can tién hanh dinh nghia cac bién
ngau nhién va dua vao cac ham phan b xac suit da
tim dugc cho tirng giai doan trong nam nhu da trinh
bay ¢ muc 3.1.

b. Xdc dinh cdc bién quyét dinh

Cac bién quyét dinh (bién diéu khién) trong mo
hinh van hanh hd chira phat dién co tinh dén cip

nude ha du chinh 13 luu lwvong qua tude bin cua ting
budc thoi gian. Lan lugt dua vao pham vi bién doi
(can trén va cin dudi) cua bién quyét dinh (minh hoa
hinh 3). Théng thuong sir dung biéu do diéu phdi
hién tai cia hd dé xac dinh va dua vao md hinh
nham tiét kiém thoi gian chay mo hinh. Khi tinh dén
nhu cau cdp nudc ha du thi cin dua vao cac rang
budc cap nudc cho khoang thoi gian cip nude khan
truong tir 10 thang 1 dén 28 thang 2 hang nam.
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Hinh 3: Minh hoa bang xdc dinh bién quyét dinh, bién dw bdo trong Modun Opquest

¢. Xdc dinh cdc bién dir bdo va cac thdng sé chay
mo phong

Bién du bao hay hdm muc tiéu trong van hanh hd
chira va bac thang hd chira phat dién c6 xét dén cip
nudce cho ha du chinh 1a cuc dai hoa téng san lugng

* OptQuest ‘:‘@g‘

dién binh quan nam cua cac hd. Céc thong sé chay
moé phong duogc thiét 1ap nhu sau: mé phong 1000
lan, phuong phap tao chudi dong chay ngiu nhién
dén ho 12 Monte Carlo voi d6 dai chudi twong tng
500 ndm s ligu

]
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Hinh 4: Minh hoa bdng xdc dinh bang théng sé chay mé phéng toi wu trong Modun Opquest

3.4. Xdc dinh ché @ vin hanh téi wu phdt dién
cac hé Tuyén Quang, Thac Ba va bdc thang hé
chita Son La, Hoa Binh c6 xét dén cip nwéc ha du
trong giai doan tir 10/1 dén 28/2 hang nam

Véi md hinh két hgp mé phong va tdi wu van
hanh hd chira d4 xay dung, nhom nghién ciu da

tién hanh chay mo6 hinh dé xac dinh ché do van
hanh téi wu phat dién co xét dén nhu cau cip nudc
ha du cho cac hd va bac thang hd chua noéi trén.
Kinh nghiém rut ra dugc tir cdc két qua nghién ciru
van hanh t6i wu hd chtra da muc tidu va hé théng hod
chira & trong va ngoai nude trude ddy cho thdy rat
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nhiéu bai toan khi thiét l1ap xong va di tim 10i giai
lai khong tim dugc nghiém vi c6 quéd nhiéu bién
quyét dinh, dai chay mé phong cia cac bién qua
I6m, cac may tinh thong thudng khong thé chay ndi
vi tran bo nhé. Chinh vi viy v6i hé théng hd chia
trén song Hong, nhém nghién ctru di tién hanh
chay mo phong tbi wu theo tirng giai doan: i) giai
doan 1 chay mé phong tbi wu cho ting hd chira doc
lap phat dién dé tim dai gidi han cac bién quyét
dinh theo cdc mirc dam bao khac nhau; ii) giai doan
2 chay mé phong tbi wu cho ting hd chira doc lap
phat dién c6 xét toi cAp nude ha du trong giai doan
tir 10/1 dén 28/2 hang nim. Trong giai doan nay
tién hanh khoa dan dan cac bién quyét dinh cho hau
hét cac thang mia li dé tién hanh tim va han ché
din dan khoang gidi han cta bién quyét dinh trong
c4c thang con lai, dic biét trong giai doan can cép
nude ha du; iii) giai doan cudi cing, tién hanh két
ndi hé théng bac thang hd chira va ham muc tiéu
lic nay 1a tong san lugng dién binh quan nam cia
cac ho nghién ciru, cac bién quyét dinh chinh 1a luu
lwong xa qua tudc bin trong timg budc thdi gian
(10 ngay) trong nim cuia cic hd chtra, nhung
khoang bién ddi cua cac bién nay da duoc thu hep
tir cic giai doan trudc. Bing cach tién hanh nay,
bai toan da tim duoc nghiém.
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Bdc thang hé chira Son La, Hda Binh

Hinh 5: Biéu do6 mé ta tong san lwong dién nam
ciia ho Théac Ba, Tuyén Quang va bdc thang ho chira
Son La, HOa Binh Vi mirc dam bdo khdc nhau khi
phdn tich d¢ tin cdy trong Crystal Ball

Ché d6 van hanh téi wu phat dién tng véi cac
mirc dam bao khac nhau cac hd chira Tuyén Quang,
Thac Ba va bac thang hd chira Son La, Hoa Binh ¢
xét dén cép nuéc & ha luu duge minh hoa tom tit
trong cac hinh 5, 6.

V6i ché d6 van hanh dé xuit cho 4 hd (Bang 2),
nhém tac gia da thir nghiém danh gia két qua van
hanh cho cac nam 2009, 2010, 2011 cho thiy véi
téng muc x4 cta ca 4 hd 1a 2300 m3/s (bac thang
Son La, Hoa Binh: 2.000 m3/s, Tuyén quang: 200
m3/s, va Thac Ba: 100 m3/s) trong giai doan tur 10/1
dén 28/2 da dap tng dugc nhu cAu nude cho ha du,
téng san lugng dién trung binh nhiéu nim cua bic
thang hd chira Son La, Hoa Binh dat mirc 18.547
(10°kWh) (Ién hon tong san lugng dién tinh toan
thiét ké cua EVN, san luong dién cua riéng hd Hoa
Binh déu 16n hon san lwong dién san xuit cua cc
nam noi trén), san luong dién trung binh nam cia hd
Tuyén Quang la 1.297,7(10°kWh) I6n hon san lugng
dién san xuét trong cac nim néi trén, san luong dién
san xudt cua hd Thac Ba la 330.3 (10°kWh) 16n hon
san luong dién thuc té san xudt cao nhat trong 30
nam khai thac (300 10°%kWh). Qua phén tich d6 tin
cdy nhu minh hoa trong hinh 3, ta c6 thé thiy 1a voi
1000 lan mé phong thi ¢ khoang 7% dbi voi hd Son
La va khoang 1% d6i voi hd Hoa Binh bj roi vao
tinh trang thiéu nudc, san lwong dién bi giam néu
cap du nudc cho ha du trong giai doan tir 10/1 dén
28/2 v6i mirc 2.000 m3/s. Vi md hinh van hanh két
hop mé phong va ti wu da thiét 1ap, ngudi ra quyét
dinh c6 thé lua chon cac mirc dam bao khac nhau dé
quyét dinh ché do van hanh. CAc gi6i han dua ra
trong Bang 2 chi 1a gi¢i han trén va dudi cua quy
trinh van hanh, con tly thuéc vao do tin cay duogc
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phan tich tir m6 hinh ma ngudi ra quyét dinh s& lwa
chon dé ra cac quyét dinh pht hop dong thdi ciing cd

Quij dao vin hanh téi wu phat dién co :étﬂé_ﬂcip nwée ha du

theo ¢ac mure dam bio khic nhau ho Thac Ba
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Hinh 6: Quy dao vdn hanh toi wu phat dién ung voi cac mirc dam bdo khac nhau Vvé san lwong dién cia
cac ho Tuyén Quang, Thac Ba va béc thang ho chira Son La —Hoa binh ¢ xét dén cdp niwde ha du trong
giai doan tir 10/1 dén 28/2 hang nam

Bdng 2: Gidi han muc nuwée dé xudt cho cac ho Tuyén Quang, Thac Ba, bdc thang hé chira Son La, Hoa
Binh toi wu phdt dién c6 xét dén nhu cau cdp nwde ha du hang nam tir 10/1 dén 28/2

Dé xuét H6 Son La H6 Hoa Binh H6 Tuyén Quang H6 Thac Ba
Thoi doan GiAc’yi han Gic'?i. han | Gi6i hantrén Gic'?i. han GiAc’yi han Gic'?i. han GiAc’yi han | Gidi han dudi
' trén (m) dudi (m) (m) dudi (m) trén (m) dudi (m) trén (m) (m)
1-10/6 199.8 177.2 100.4 82.4 94.6 101.2 50.1 47.6
11-20/6 199.8 177.9 105 91.8 101.2 51.9 46.5
21-30/6 199.8 179.8 105 90.8 101.2 53.4 47.7
01-10/7 199.8 194 105 90.6 94.2 99.6 53.9 48.7
11-20/7 199.8 199.8 105 93.6 93 102 54.9 51
21-31/7 193.8 193.8 101 101 94 102 55.9 51
01-10/8 193.8 193.8 101 101 91.8 102 55.9 51
11-20/8 193.8 193.8 101 101 93.6 105 55.9 52.8
21-31/8 199.2 194.4 107.4 106.8 95 105 55.9 53
01-10/9 210 199.8 110 109 101.6 114 56.5 54.5
11-20/9 210.6 200 111.6 110.6 105.6 1144 57.1 55
21-30/9 210 202.6 114.2 1134 108 117.8 56.7 55.6
01-10/10 211.2 198.2 117 117 109.8 118.2 57.9 55.7
11-20/10 214.6 196.8 117 117 110.6 119 57.9 55.7
21-31/10 214.8 201 117 117 110.8 119.8 57.9 55.5
01-30/11 214.8 200.2 117 117 110.6 119 57.9 55.1
01-30/12 214.4 198.7 117 116.8 109.2 119.2 56.9 54
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Dé xuét H6 Son La H6 Hoa Binh H6 Tuyén Quang H6 Thac Ba
Thoi doan GiAGi han Gi(?i. han | Gi6i hantrén Gi(?i. han GiAGi han Gi(?i. han GiAGi han | Gidi han dudi
' trén (m) dudi (m) (m) dudi (m) trén (m) dudi (m) trén (m) (m)
01-10/1 214 196.6 116.2 116 108.6 118.6 56.4 53
11-20/1 213.4 195.3 117 109.8 107 117.4 53.6 52.5
21-30/1 213.2 1954 117 102.8 106.2 116 55.5 51.5
01-10/2 212 1934 117 97.6 105 114.6 55 51
11-20/2 210.6 192 117 96.1 103.8 113 54.5 49.5
21-28/2 209.4 192 117 93.7 102.6 112.2 54 49
01-10/3 208.2 187 117 91.1 101.1 111.2 53.7 49.7
11-20/3 207.4 187 117 90.2 98.9 1104 53.4 49.4
21-31/3 205.6 187 117 88.5 96.4 109.2 51.9 48
01-30/4 199.2 180.8 110.3 82 95.8 107.4 51.1 47.2
01-31/5 199.8 175 101 81.8 99.8 102 50.1 47.5
4. KET LUAN Nghién ctru dd budc dau dé xuit ché do van hanh téi

Nghién ctru d4 lan dau tién ung dung thanh cong
phin mém Crystal Ball - mot phan mém chuyén dung
V& t6i tu va phan tich i ro trong kinh té vao bai toan
van hanh ho da muc tiéu va hé théng hd chira. Mo
hinh van hanh két hop giita mé phong (md phong dong
chay ngiu nhién dén ho theo Monte Carlo, md phong
van hanh hd va béc thang hd chira) va mo hinh ti wu
(t5i wu phi tuyén) dé ap dung cho hd Tuyén Quang,
Théc Ba, va bac thang hd chira Son La, Hoa Binh.

wu phat dién c6 xét dén nhu ciu dung nu6e ha du cho
cac hd chira ndi trén. Két qua dat dugc 1 twong dbi tot
S0 V&i cac md hinh i wu sir dung hién nay vi md hinh
niy cho phép phan tich d6 tin ciy va dura ra ché d6 van
hanh t&i wu voi cac mitc dam bao khéc nhau nham hd
tro ra quyét dinh van hanh hd chtra.Voi nhitng thanh
cong ban dau ndy, nhdm nghién ctru tin rang c6 thé mo
rong sir dung phan mém ndy cho cac hd va hé théng hd
chira khic ¢ Viét Nam.
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Summary:
APPLICATION OF CRYSTAL BALL FOR OPTIMIZATION OF ELECTRICITY OPERATION
OF THAC BA, TUYEN QUANG, AND CASCADE RESERVOIRS OF SON LA AND HOA BINH
IN CONSIDERATION OF DOWNSTREAM WATER SUPPLY

Optimum Operation of multi-purpose reservoirs and reservoir system is a concern of many reseachers in
Vietnam and in the World for maximizing socio-economy effectiveness of reservoir operation. This article
summaries results on application of Crystal Ball software for optimum operation of Thac Ba Reservoir,
Tuyen Quang Reservoir, and cascade reservoir of Son La and Hoa Binh. Crystal Ball is an economic
optimization and risk analyst software developped by Oracle but first time used for these mentioned
reservoirs and reservoir system operation. Research results show that this software is very good if compared
with current optimum models because of it’s capacity in uncertanty analysis and forecasting that supports to
decision making in reservoir operation.
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