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Dynamic Model for Reservoir System Operation
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Abstract

This study is devoted to the development and application of
reservoir system dynamic operation. At present most of the operating
policies of a reservoir are determined by the fixed rule curves
which commonly define the discharges at any time of the year and
demand for water use and hydropower. Such rule curve has the
advantage of concision and convenience, but it can not brmg Water
resources into full efficience.

Reservoir operation is a multistage dynamic stochastic control
problem. The optimal utilization of water resource depends on the
accurate forecast of inflows and the suitable reservoir operation
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model. This report consists of (1) Streamflow Forecast Model, (2)
Progressive Optimality Algorithm (POA). Inflow can be regarded
as time series and inflow forecasts are computed by Autoregressive
Moving Average (ARMA) model. The POA is a modification of
Dynamic Programming (DP). This method is computationally efficient
and has mininal storage requirements. Contrary to DP, the state
variables do not have to be discretized with this method.

inflow is made by ARMA model, and release policies are determined
by POA. As inflow forecast is deviated from actual realizations, new
forecast is computed and a revised future release policy is developed
on the basis of the observed state of the system and update forecast.

From this research, we obtain the conclusion that this model is
superior to current operating policies. And POA can take into
account the time of water travel between upstream and downstream

{
At every beginning of periods (e. g., month), the forecast of

reservoir. Therefore this model can be suitable for most cases.
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Zg(XO: }E'lm)'l'g(il,m X’Zyn)+"

-t g (iN_lin! XN)

> g(Xo, X))+ 8(Xy, Ka)F oot g (Ko, Xy)eereeereserasannsnnnns (Pg~11)

n—oo s Bl Xya— Xyt BGE

() WEEBEAZ OS5, 2.

1.

IRABA BT L k. (Discretized) » T
BEBRZER  MEMZEERBRE B
FIORARB B PR R RSO B 2 i B fk o 20 3.
REBEECHE  IRBREBASE XM B
MABEERBEGEEEES R8N -
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POA BRFEFMEZNE » BrEz RS
BRI ERFE—EHE (Trajectory)
=

FHERBIB R PR BN » RO RLER S
&% (Recursive equation) » {& LI TR/ER
YR BT o



4. POA BRATRREAMAH EWAREETHK
FEZRER 0 T ALz BhAeH BB 2
IDPSA JFj#:/k » WARPLTIRE o

E-ERARB
B POA ®RAEKNBRERFEHRIFZ

31 FC15,16,33)

hRAE RN B R E % 2 BRI » R
N2 K BEER » kAR AMERSE
% Turgeon [1981]) ZHEEMIEHR o

EE—4F nEKHEERZEBIRERY
R—ERG— N2 KEREER » KERENE
fi0)
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muo AXHBEREFEE

BHRABREZBETL RS » WAKA
FrRRERARE  MAKEZRIARREEK
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1. B EE:

(1) U.' B4 RKBERZHEAR U, B

L BELBABEAE W USSU AIFER
= Uk’—Ul Zﬂiﬁmﬁétﬁfﬁﬁ °

(2) Siy BAKEKR | WA ] 2R > LUN
e B o IREEEHK o
SIJ=SA,1+1+S]+1,I+2+"'+SJ-1,J

3) q.' BXEINkEBRZHEAKE (Total
inflow) : SR

qf=y* mi=1
f=yr+Ui,  j>1
VEBRRAWE 7=k ~S,,
(4) X¥EKE i RkREAKZEAE
Xt £X, 0 X, Sk i 2BAAE o

(5) H, (XE™® US) SAHi» REBEZHE

BEo

(6) D* BB 2EHTERE -

(1) C(S%) Bkt 2 H (Production
Cost) » f0 Tl I A0 (11) ©
S*=D*—3,H, (X¥?, U¥%)

# S>>0 BRBETE o

# S*<<0 » HREBERS AIC(SH) BA

fi o

B S*=0 C(0)=0 > KRHEMTH -
(8) KR - B —8kF » K=168 -

cost

x
pxpoRT .. | IMPORT o s

Fl) EdZ&HE (Production Cost) REE
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A%iﬁi&zkggé:Uk‘ ’ i == 1,2,"'11'1 L] k= 1’...,
koo ff (B~1) RBEA

min k{:.‘l C(S*)rerreererrnniranune (Fi~1)

FIRBIBEAER

Vi, K eeeeee (EN 2)
S H((XE?, U +85=D*

Vk eooeeenee (£~3)
0 LXFELXY Vi, k eeeeee (Fi~4)
Ur>0 Vi, k eeveer (£E~5)

(H~2) RPZRAM—ABERGTER
o, af RRBIMAERE IERR) o

3. MEIR:

(1) B§R9ER (Time Delarys) R TERZE

¢

F$BA  FERGE X =o', Vi, k

H$BB:4k=K-1

ﬁ@c : %ﬁ% Xkl, sz,"“, an ! TmZ:L&%
X 1R XEn

121,200 1
min{C(S*)+C (S§**1)}

(F~2) ~ (E~5) BHREHK
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#$#BD:4k=k—-1 k> 00EES
BRC k=0 ESRE

PERE 4 /A=max !bkl_akll ' Vi, k
WMANRFTREZIEE » Al RET 3
HRS ak!=bkl Vi,k » BEEESBEDB

HApPBRCZMAEWT ¢
Xk=EXk1, Xy, Xi") o (BE~6)
JE(X*=C(S")+C (S ) (E~T)
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12) KW > BIXERABIE » MR XIZRAR
BARHHEB XSS, X,

X/*=min{X,,ef +min U}}
1=i
cireemenns (F~13)

X,**=max {0, af— _mzin_ Ukt

Hep
Uf =af 1+ qf— af
Ut*=af+ qf"'— af ™

(F~13) Kb+ WMXE>e;+ min Ut »
i>i

Ik REBLPY » FR T WA Bk B A
ffiio (H~14) Kb » MXF<af—min
UFIE k + LRBBN » SR IR
KRBAM  FIXT BEAEX X5
POB T o

(2) FERHTEZHEY

IR AT AZ HARRSR - BUEHFAI=R
BT o
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®2 X E R % B o

i X.Mm? U.Mm?/h smﬁ hours h’;,m h*;,m a

1 550 0 0 0 0

2 145 1.969 94 95 0.0614
3 5.1 2.138 88 88.01 0.8627
4 424 4,248 174.4 199 0.0074

h, hl'r a; RENK h:(Xfﬂ) 2B o
U,= 0% AR 1 AN RER

FE) WMERSFEH

i yF vkMm*h of,Mm af,Mm

1 0.6228 225 225
2 0.2304 73 73
3 0.2196 2.5 2.5
4 0.9576 212 212

EXRMZ BV EBKEAE « XAKRME)
BELERX

H.(XF™, U )=2.4525h,(X*") U ¥
h, (X¥1)=h,"+/h,/~h")
[1—exp(aX}™))
®H®RE D, =a*D » DELEERE (1600
MWH) o o* EmEAFR o
BHC(SH=(S5*
AX: ZRIBER
af =af '+ (afF —a')/ K Vik
ER823% 2 B E WA TR MR » {8700K
BRIEBEZRE  BAR1% o
MRREZWETR » UHBZBRBIFR o

#(4) of i _
Hour Monday Tuesday Wednesday Thursday Friday Saturday Sunday
1 0.67 0.77 0.74 0.79 0.77 0.79 0.73
2 0.66 0.74 0.715 0.76 0.75 0.75 0.71
3 0.65 0.71 0.70 0.73 .0.73 0.72 0.69
4 0.68 0.71 0.695 0.71 0.71 0.70 0.67
5 0.71 0.71 0.69 0.70 0.68 0.68 0.66
6 0.74 0.73 0.73 0.75 0.67 0.72 0.65
7 0.77 0.76 0.76 0.79 0.66 0.75 0.64
8 0.82 0.79 0.80 0.84 0.70 0.79 0.66
9 0.87 0.81 0.84 0.89 0.74 0.82 0.69
10 0.92 0.87 0.89 0.94 0.80 . 0.85 0.71
11 0.97 0.91 0.95 1.0 0.86 0.87 0.72
12 0.93 0.87 0.91 0.94 0.92 0.85 0.74
13 0.90 0.83 0.87 0.89 0.99 0.83 0.77
14 0.87 0.82 0.86 0.88 0.92 0.81 0.74
15 0.85 0.81 0.85 0.87 0.87 0.78 0.72
16 0.88 0.85 0.89 0.90 0.87 0.80 0.71
17 0.91 0.87 0.94 0.94 0.85 0.82 0.70
18 0.87 0.86 0.91 0.90 0.87 0.80 0.71
19 0.84 - 0.84 0.89 0.87 0.90 0.78 0.72
20 0.85 0.85 0.86 0.85 0.87 0.77 0.725
21 0.87 0.87 0.83 0.82 0.84 0.75 0.73
22 0.83 0.83 0.85 0.81 0.85 0.77 0.75
- 23 0.81 0.80 0.88 0.79 0.87 0.78 0.77
24 0.79 - 0.77. 0.83 0.78 0.83 0.75 0.71

I
]
I



M) o BRER REEXERS » BEBRRK
Z@n s FREBABZAREE)BERD » BHK
BEZBE » THRD BARKE -

#(5) BERME
B R W fRE (Cost)
0 3739040
1 628486
2 463926
10 139749
50 75374
100 34311
150 22865
200 16858
250 13400
300 1122
350 9777
400 8813
450 8153
500 7694
600 7150
700 6917
823 6856

0 KPRKEREZHRME
LARRHEFRHHBE 10D
KPRBRARRURF LR ERAL » b

REREAWER » EXRARFEARECERBAT

& BRSNS 0 REPEZILITHE A XSS

W ZRII0AR » FIREHL236TH AR o X

IR LA R KR 514 T HAR » (5

H#40% » ARRBARTHAKZ RS » £X

W8 1,061 FH AR » (LIRHEEESS - WEER

F60A B » PHEMR 1 60 FHZELE—

FHRAER » XNWBRBRZEZE - KFEREAE

BREKE ¢ %~ Wl - A~ Kw -~ BF 0 #m

B BN REBRBERABLERBBK o

BEAEZABLUBNZHBRE  HAAEAD

RAPRWEZIHHE » HTHABROAKZHERER

BK o THMEBAK » AXBARTEAKGER

FLLBLHE o
FHREHLEE - 50 - ERBERZHBIFK

W APREKEERRA (175 MCM) » X8
BN - RREARRD » 1 L3I AKREART
" HRB A RIBE o

2 KPR AR IR IEBACH

RPRAR » ARG EBLHEK » 5 AZ10
ABEAS » XTRBAEDERELTIY 5K
M (1AZ4R) ZHBHEZERRZ2% o

B ARRIEHE » RGEHASZ AR 5
R0 A TIAARIE » THEO AKL » B—F2
RIGEN - WRERO AE (0AF) BARZE
ARBRIERIE o

A KRR RBIRARRA » SEI LA
RERNARBEEEE » RECAEMENTN
' BREATESBOAKZER » EFLEEN
3 BRWEEMBKRE » LERRE o

(1R TR ¢

KERMGZ IR » KBEMEBEE » TAR
$AR2 o ETHRBRSEATEZE o MLAN
ZEAREELL 2 A SR » FRIMA
Wz RARE > AILEEZEBRRL o

BARBREZEHE » AWERA=RHE

@WX} = (Q}—-Q;)/SD,

®X}=Q}— Q}*

©X}=1nQ}-1nQ,

QIEE i 5 i RYIZHE

Q, % i BRIz HHRE
SD, ##& j Rt Bz HBEZE
ERESRBREZENZRFFIE - ACF
- % PACF W (H(2~M®05) =] mEwmE
FAEAME  BBA - B CEMAHMRE
AL BBRHL M - FORNEREBHEERE » £
pss 2HETEM ©
p=mhkdh o U ERA ~ CREH RS
# ACF R PACF REIUKR® ol AR(1)
BAR ARMA(2, 1) BRETRERGE » WA
BEERE
MBHaAWAEAZEE (NLME » IR
36M) » B3t ARMA BRMEER 2 BRE
B B HRARRR - BB RREERMMEE)
RE16(a)Z(c) ~ MANQ)Z(1) » WBBHFRRY o
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#Fi%h ARMA BREMZRBRRE +

HiMEABER TRSK 2 B o

AXBAARCL) Bk » FR197145 ~ 19775

R198042:2 7 i B SLADVE B o trk(7) B IBAE) ~ (798

STERIRS RS » BLEHEK o

FERAR (1LAE 4 A) FILERIBE 2 BN

i » TH AR AWK » I ERRSHERS

AWML R o

9 S B F b 2 R AR ¢
DD7 RO RS o

SDA7 BRMukAH RITREEA LR

2 Fhho

IDA7 BB EHAED kSRS

2HHt o

LDA7 &AM EISmEC EBRE

2 ¥ o

(2) POARKTRAMFEZER

BAFR AR L KL EEAANREY
—E » TR A B2 A o

B R AT IES ¢

min .*é, (US—D')*Xx W,~E'x W,

Ui RiRB BRRZEAR-
D' R iR THEAENBARZMR -

E' Biks  #KHZARER-

W, WeBHE » mUBERRE » AEMW,
'y B Wy RZAEM W, AP Wse
BRUHAR
Xj=X}"'+ qi— U} — EP}
x)f= a}f
SL, £ xF Zscap,
EP’ B8 i BAER i BRBZRRE
SL, 8% i AXKEZRPIREE
3R AIT FiREZHERKH POA &R
HERERAK LR RE
B W, B W, 2BERR » @83FRZE
HRo
A3 LI19604E10 5 F19614E 9 A 2 EHARAGH
Boodmm W, 58 W, AT{E » Biie2 B EEBE »
BB ETERE » BEIEE@)IRE(9)
FhaE9E HOMTaEW, W, RRRZ M
B TRBIRAZRE R » BIFEREARR o
Kb\ KR BEHEIRR  RRKEZ
RIFEBEEER/ » BB Z KRR
BERRR » BRI RAKS2RE  AHTHZRAR
BRRZEHE -
FERP Wi, Wy 2K TTERKKEE
» RMESBE TR o
RPFFIZEM » RARL—FY » ARREE
ZREko

x}= aj,

%*(6) ARMA BEARRE

; i SSM
' B | ® R B | RRS 2-Test | AIC S-Si-A F-Test
AR(1)* ¢ = 0.6517 269.41 19.037 | —312.67 | 99.998 | F=0.1768
ARMA(2,1) : #s= 0,1435 269.19 25,152 | —306.72 1 99.976 | F,.0s(2.501
0, =—0.2044 =19.500
AR(1)* é,= 0.6870 104.97 17.607 | —787.72| 99.999 | F=10
ARMA(2,1)| ¢,= 0.1568 104.97 20,123 | —781.73 | 99.996 | Fo.05(2.501
6,=-0,2213 | =19.500
é= 0.2670
IDA7 | ARMA(,1) ¢_.= 0.1567 | 3.182x 107 | 32.811 5216.5 | 100.00
0, = _0.2740 N




#(7) ARMEREHNBZ LK

] .
a | EWREREAREZ | o " "
§ $ N A .
§ e ® HR—F | ZHEN | BEKRE | BAN-—F | ZHEN
B ¥ f 0.68338 0.79178 2466.55 2842,98 2714,15
1971
H B 0.65036 0.75039 2466,55 2257.17 2141,77
B ¥ 0.89048 0.87993 2502.47 2844,73 2640.19
] 1977
¥ B & 0.88787 0.88357 2502.47 2253.06 2195,43
B2 B 1L 0.77803 0.83629 1895,40 2847.43 2548.41
1980 v
# OB 4 0.78394 0.83714 1895.40 2255.94 1975.19
HRSHRAAEZEEARE » St EMZFEH%
A RHIFRRR

FRARZHBEERR - AHFERRERSR
BNEEKEERAMEETS  WEFHRNKE -
BEBKE » EREATLEATKEREIRE
Ao

it K

1. ARMAERREKE » BRRERE » R
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2. ARMA R EHE 12 7 B TR 0 e A% o e »
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BEo

3. POABRAWAEZEAR RN KERE
IRFE ARG KB RE o

4. POABRBHEEREBBEZBREREY)
2% s BIREREERER » MKRCEE &R ©
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o BEEBIKSZHER -
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BEMBRATRE (Local Optimum) » EER
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BEE -
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£(8) BAEBERREE (W:=1000,W,=10)

il w " @ W: =1000 W.=10
A BooAx BB K B2 W B A BR{®m ok Iz #
10 43.864 | 47.637 | — 3,773 | 59.235 | 47.637 11,598
14 35,043 | 41,476 | — 6.433 | 41.747 | 41.476 | 0 026
12 38,060 | 40.736 | — 2.676 | 40.747 | 40.736 0.011
1 11,439 | 23,554 | —12.115| 33,800 | 23.554 10,246
2 |.37.359( 27.196 | 10.163| 28.530 | 27.196. 1.334
3 43,105 | 37.243 5.862 | 44.874 | 37.243 7.631
4 53.726 34.921 18.805 35,794 34.921 0.873
5 | 103.848 | 35.398 68.450 | 82,179 | 35.398 16.781
6 96.371' | 33,483 62.888 | 95.901 | 33.483 62.418
7 40.259 47.068 — 6.809 48 .095 47.068 1.027
8 72.550 | 47.523 25,027 | 64.704 | 47.523 17.181
9 95.394 | 47.779 47.615 | 95,950 | 47.779 | 48.171
i = 3312,9633 E = 3331.210
(ES>054S=0)
£(9) BAERBEE (W:=0,W.:=100)
NIl 8 fii Wi =0 W: = 100
A Bk BIF K B| &£ Wl B KX BT kx & | = #i
10 43.864 | 47.637 | — 3.773 | 43.864 | 47.637 | — 3.773
11 35.043 41.476 — 6.433 35.024 41.476 — 6.452
12 38.060 40.736 — 2.676 32.215 40.736 — 8.521
1 11.439 23.554 —12.115 16.280 23.196 - 7.274
2 37.359 27.196 10.163 19.326 27.196 — 7.870
3 43.105 37.243 5.862 46.423 37.243 9.180
4 53.726 34.921 18.805 56.583 34.921 21.662
5 103.848 | 35.398 68.450 | 84.499 | 35.398 | 49.101
6 96.371 | 33.483 62.888 | 80.937 | 33.483 47.454
7 40.259 | 47.068 | — 6.809 | 39.894 | 47.068 | — 7.174
8 72.550 -| 47.523 25.027 | 96.837 | 47.523 49.314
9 95.394 | 47.779 47.615 | 118.629 | 47.779 70.850

E'=3312.9633

E = 3370.1455
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