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A STUDY OF LONG-TERM AND REAL-TIME RESERVOIR OPERATION
BY USING MIDDLE AND LONG-TERM WEATHER FORECAST

By Shuichi IxesucHi, Toshiharu Kojiri, and Hiroshi MiYAKAWA

Synopsis

Recently, We have been suffering from serious drought situation because of the
fluctuation of weather condition and the increase of water demand in the
metropolitan area. Moreover, the water resources systems have not taken effect for
drought control because the accuracies of long-term hyetograph and hydrograph
prediction were too low.

In this paper, we will establish the long-term and regl-time reservoir operational
systems considering the middle and long-term weather forecast provided by the
Meteorological Agency. Hyetograph and hydrograph are predicted numerizing the
results of weather forecast and introducing the adaptive fuzzy control theory. The
release from reservoir is decided through the fuzzy control to consider the
uncertainty of prediction and operation, too.

Finally, the proposed system will be applied into the real basin for verification
of theories.

Keywords: drought, middle and long-term weather forecast, reservoir operation,
fuzzy control
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Fig. 1. Flowchart of real-time reservoir operation for drought control.
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155, SEMERIE LTR, BIZE [BECKH/KRBEERPZVDRVTIALE S, AL ~THEEL
TVBiAIE, BKRLSVE2EBEEELL] LEPNBRATH S,

3.3 BAHELNIOEERFLZE

(1) EEHFLEEOEAL

SRR, BIHOBEKIE L A MIc & SR VLB & BAOEAER L N vic & - TRE 285
KAETE XS, LEBOBEAKMEL <V EE, Case 1. BEDEKME LY~V EHEDKHKE L NI
R L DIREESSE IFE LW E DOV B, Case 2. BAEDOEKME L N VHBAEOKKBL VLD
EVEAE, BAHEL~VvEEFEY GIRRL) LS L THB, 7, Case 3. XHRAEL IO
nT, BHEOEASEL NAVHBEEORKBL LV EDEL L, BARRLVETFY HFRE
F) &RES HEBRITH %0

L iz, BAKERY ~NVEIORATS 555, %ﬁ@bwbnéH%ﬁkﬁﬁﬂ%EkLt%ﬁ%mh
BAERS B, FHHOBANE L VERKE THIFTE 2L LT, B/ - 3 « BAOFERBARIGH
IS B RRREFIERD, AXE TORKBOMBRRER B Ll s, EVBABL, B/h-

P - BROFARRINZ,
{QLin(n), Qln(n+1), -, g (B (B=F))}  reverresnrenmrmeninnnannnenissieees (23)
QL (1), QLo+ 1), =y @l (6—5))) werreesrseesssemsssenisssmsssinmissinss i (24)
O RO A T ) SR MG T () )) SR (25)

LD L, BRERYEIKERIID,

] F— -
{Smin(n)9 Smin(n+1)y °tTy Smiu(n+k)}
{Qoaw(n)’ Qoave(n+1>’ T Qoave(n+k)}} ................................................... (27)
{Saue(n)’ Save(n+l)’ Tty Save(n+k)}

._g_
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{Q0pex), QOpu(m+1), -, Qom<n+k>}}
{Smax(n)’ Smax(n+l); A Smx(n+k)}

ER LS, TNFIhORKBEERERE L THVE,DTEH S, B, LitoRE@)~(28) i
BOT, RENE 6 HGOHAIE, MARRZ 1 >OE (M4FHOBE 0IR0T, MLETIHKEL XU
kB e M4BT 20 A L8 5,

i, 32 AFH»o0BREAEEL S &I LGIHRR OIERS NS, SEL L TOHEEI,
RALIRE, BRAZHEBVEIROBHEOEKTRL A NVETFEILEDLERE L] EVofcd
DEE B,

(2) ZEEFREEOMIR

A OEKME Y ~ et T 2EEFREE DDLP(n) iE, FIAERROT, £ 1 LXVOFENTERRE
MicEEIsNhA T L&D,

—léDDLP(n)él .......................................................................................... (29)
LEHETE 2, DDLP(W)< 0 DIBAREIBERNE, 0<DDLP(n) DBAREEEILEREDL TV S,
DDLP= 05 DA, SO OENELV~VE L LRV EFTAXRETEDO LN EREEL, DDLP
<~ 05 OBARSHL SEBAHRUVALVE LUV T TRRETEDO L VEHMKET ALV DT
5, £7z, — 0.5 <DDLP< 05 DFEICIE, RIFLIED &5 6 4] (BoFK¥4A) T, Fifio
BT L~ v RSB LBIE R LG 5 G2 1ET 5, B ~3&, 0<DDLP<05
THENE ¥ (<6) DA, 05%2AKETORY O¥EHTH > li%aa (=05/(7—75)
ET5, THbL,

ba=17— [DDLP/aa] ....................................................................................... (30)
WEoRBONB ba L /NS VEGE TR, FIHOBEATEL <VEHERL, balLoXahs1 v
~yEEFBEIEET R, BB, KRB T[] & #Fu2RDIEETH B, ba=TDFESIIARE THI
oL~V E#HERT 3, — 05 <DDLP< 0D & X3, aa=—05/(6—7) ELTha ZRDNE L &
T, ba P EOYED SHHOEBKGR LY SVE L LRAVTFR L85, £/, DDLP=00D&
xid, BRI TV WOEELABILHLBVLDET B,

PlloitEicky, BRETORBOBAEL <N, DL+kR)(E=0,1., -, (6—7)) BRKHPSN
5, KT 1 B C L IKBIREH IR TV o, BoniBKE L ~Nvid, S L TREES
KR L ~ov, REPBERETEEAHRL SV EL R, SHLSEBIRVAVERET A0 EILOLE
WEZ 05 EEDTOAEDY, TOMEEAKARCHT ZREZOESRNRKMENEDOTHY, BHEH
PLT, BYSEERD ZHELD S S,

3. 4 BERARRINOBELSHRERKR

T, kit S OSHIRKRETH 505, FHICK DR Stk « T - RRKOFABRRI = HIC,
S LEEEN OB TRZY LS hIZRMAREIEL, BERENTONE, TOBEERARRINCHL
THRHRBIEFIAOPT 28 L, SH0bD0E2RERKR, RPBLBOLOETFERRBL TS &K
3, HERARRIL, FRISNBZRFITIRIEL, FoB5HEoTHENERICLIHARRIITH 3,
AEE COBKHELAAARDONTOE L, ERoREKKRICHET 250%GSBMTHSC
ERRFELY, TCT, FABEHEER BRECALEEZEOTVEROHRZBODEVIHERE LD,
HEMIARE S > TV AR SERBRRIGEVWKREEL 3 FTH 5,

COLHN Y AEBEOLEERNOANSL YD, INFOIBWT, BAERKEL~V, BXU, [$kB%
MENRHEEERHERE LT, IBEOTFHUHRARRIOEL(IT 2T, TH8bL, B/« i« RO
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BABRNCH T 2ES Woine Wore W %,

Winin © Wase : Wonge=0 : B 1 0, @-HD=1 voorerreersurssnmmimiiia 3D
ELBAD, BINEARZRINICHT B2EA a(=RMIN) %EBHHET 57 » V1R %%TT 52
LTHD, HmkERE b LICHERARRYZ,

{Qlina(), QLia(n+1), -, Qlma(n+(6—1))}

={a * Qs +b* QLe(n), a* Qpn(n+1+b e QL,(n+1),
v @8 QL(nt (B—D)+b o QL (n+(B—5))}  eereerrrmrmernne (32)
LLTRDB, E51, 3. 3TRODONKLDL(n+k) (FHKIKHEL LT, BEERARERN {(Qlw.(n),
Qlinsn+1), =, Qlp(n+(6—7)} 123, 2 OBHBIHEEEA L, SHOBRERRKE & RALIEOTFE
BREBESRES NS,

4. RBY LRKLICE (T ZEERNEEL X F LDOHE

4. 1 {FBY LFKbOBRRETE
(1) #afpkitioEc
B AR EEEL, BKBEY R FLE2BEL LI, FLoRERR FERBOMIFLL F2&
Fm» S ORARER LIV, BKMoETE, ®IKROBRINISGTRICEET 2EmLT 228F 1L
FoL>icHES %,
HHEAKE 50 (X 10°m®)
BKHEGAR 30 (X 10°m®
AlkA R 20 (X10°m®)
K8 Bk -50mPs (EE (T~9H) ©0A60m%/s)
oM OE ok R (5 AhE~9AFK) 0B 50m/s
Fuersmg - (1) BEMERR 60m’/s
(i) FEMRMESHE 4.0m’/s
T OE B --KERKEESHKZON
(2) #HBfEBALE X CBRIEHR
AT GERIFHD 3 1 EREAL, 1 A FHIIEEA (10 D TREShE9, IKMERE
BAZREEEN (588D 2®ET 3, 2L, 1 1ATHEN0EFHTRIEBELO L ABFHTH
BIED, BESEABATIES, BEORNET R, €T, 1,3,5,7,8, 10, 12 HOHE 6 ¥4
26 HMBEIY, 2 0B 3 AMER S, 1, BRI 1ER, 481 B2R/EHE 3AH
31 HEBIERTRMET 5,
(3) KktEARDERE
BRE - GARE SHEBMATH B EEEL, HKUHARR, BRLVERRTHRET 5, BEX
i3, BIIHAR, FIURRE SHMBRED 3 - ZHHERLL,

QI(n) =g, Ql(n— 1) +a,-. r(n—l) +as r(n) @y rrerreeeesere e (33)
E2HWE, CTi, Q) BE () BoOWAR, r(n) BENEBTSH S, Table 213, BohsiERR
OERTHY, =0, L1, BESNHRARLTER OKERKEEERK BLUHRBRRELE
2, EORBEERKR LETFHHERKRORD 2 LRODLHI2ED, TRhbLE,

ERBE AR 54 (X10°m¥/y) EREEHRAR 182m°/s)
FRHAEERRR . #5400 (X 10°m¥/y) CEFEEERGR 12.7 m%/s)
Lot TORESR, ANIFIERIEN 0% EEVFIBERIE-TVE T &b,
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Table 2. Identified coefficients of linear
regression functions

Month @QI(n—1) r(n—-1) r(n)
ai a: as
4 0.5 0.01 0.3
5 0.5 0.01 0.4
6 0.5 0.01 0.4
7 0.4 0.01 0.3
8 0.6 0.01 0.4
9 0.7 0.01 0.4
10 0.5 0.01 0.5
11 0.5 0.01 0.5
12 0.7 0.01 0.3
1 0.9 0.01 0.1
2 0.9 0.01 0.1
3 0.6 0.01 0.3

(4) HiZpukE & BB KE

BiEhkBe , FERRE -3 0 FPFERARSH
BTEREVHEEDH ET, FMHAEEL CHEKRKS:
R BE0 Sy LlkBERL TV A, Fig. 2icHE
FKBHEBHRERT, LBRORCBIT 2S5 713%
HOFEHRAR, ARRISHOBEERRE, FHRIGETE
LonmEBEERDLT, TROKICBT 2VWERIE, &
HOHBEKRTH H, KOESEHEHOHETKRE
ZbLL TV, FKREORREMHE LT, 1 A AR
O 5 A S 1 4 ARH I TEMEKEKED CES
FIRREKB E CHKRETFT TR EELTVWELEYD, %
DOREOFIFRIT AR ERD X 5 ICEBRHNICEDSETH 2,
CORMES LTI}, EFRTAXRLS 8 HEHERVLTH
BHORARSE L, EFRHIRIFKROD 129 I IR
£ ->TWB, —F, £Fi, RARYPBERKER%:

HEPUBSTEZABSRB 0L o, 600 X 10'm® 2D LEZB3LHEKEBBETT 3, #-T, &Y
LRZZFODRIEH L THOEEL b - TV B LHRITE 3,

I SHIFRS  BEEERESTRETS 5 &L 5 TRREEEL,

IhERERKELFS, 5A~10A

(BT JPERRO 8% 11 A~48 DR TEERRO 97% Th » TREBKEOMRET

&, FHoLBHRITEEROK Y L1 5, BEEKE LT,

10 Fic—FAERT 5 & 515D

80

-4
o O o

o

N W e o
P=)

N A

k«w«xpw

Inflow(ms) AND
o

Discharge(m’s)

4

Storage(10®m')
Y]
o
i.

AN
T R R

RN

RN

ATOINRN AT
NN S

RN

I

0 3 25

Apr.

19
Jul.

13
May Jun.

Aug. Sep. Oct. Nov. Dec. Jan.

67 73
Feb. Mar.

31 37 43 49 55 51

Operational Period No.

Fig. 2. Target storage and controlled sequences against design drought.
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MOERBHEEL S 80~ W% BETH B ELE2EZL L E, BERYRMEEVWL S, Fig. 2 0—A8EE,
BREEAEICK L TERMZB U BEREEET L ESOMERER L TV 5, ARIEEFKEBHE TS
3, Mkb, 570 BHEICHARSH 2 X 100m® LRIFEE-SL T EMES,

4.2 77 SAHRICLIHKELNIVORE

HE En ) BFAKEBOHERKRICHT 32 HE GE/KRILE PSR ; Present Storage
Ratio) BLVHIH (BEr—-DE) »ookkEHERE(/LE (DSR; Difference Storage Ratio) » 5,
BEl kB L~ (PSL; Present Storage Level) %##Rd57:%IT, 77 VA HIHERYEZUAL &
50 7 7 V4GB BRIHFHRERS L ORAEMERRBRDO L I8 5,

CHIH-ERECED
PSR=S(n)/So(n), (DSPSR) ++rerrererrssesnitimtuioniiii s (34)
DSR=S)/S;(n)—S(n—1)/Sg(n—1), (—1SDSREI) creeeseerrrerenmnanonnsnnniininen. (35)
CRAEEED
PSL=SL(n), (OSPSLED) «reereersersetrteuniastiiiiiiiiiiiii (36)

T, FKBEBRZEH PSR 2RO 6D 7 » V1 B BT 5, THbDB,
Not S : Not Small (‘D78 8\)

SS : Slightly Small (DL W)

S : Small (D)

PS : Pretty Small (W70 W)

VS : Very Small (&THDEW)

ES : Extremely Small (#&igic/Dizuv)

Normal : Normal (GE4EdfR)
Thb, 1z, BFKEBE(BRDSR 2RD 3D 7 » V1 ZERICHEIT 5,

N : Negative

ZO : Zero

P : Positive
BHRIZT 7 V1 % 6
BicadEl, zhEhs~N
VETOCSW,, T1<5
Wl ey 5850 &7
%, Table 3i3fEREh

Table 3. Fuzzy control rules on storage level

No. Control rules

R: if PSR is Not S, then PSL is 0

R. if PSR is SS and DRS is P, then PSL is

R:; if PSR is 8S and DSR is ZO, then PSL is 1
R« if PSR is SS and DSR is N, then PSL is 2

REERRITS 5, Feic R; if PSR is S and DSR is P, then PSL is 1
i@, BHEASHAEL ORKR R: if PSR is S and DSR is ZO, then PSL is 2
TH-TH, BRSO R: if PSR is S and DSR is N, then PSL is §
TROBEEIC S TRV Rs if PSR is PS and DSR is P, then PSL is 2
1o, EARETH R, if PSR is PS and DSR is ZO, then PSL is 8
A% Rs & LTHMAT Riw if PSR is PS and DSR is N, then PSL is 4
w3, Fig. 313, &7~ Ru if PSR is VS and DSR is P, then PSL is 3
B LN Re if PSR is VS and DSR is ZO, then PSL is 4
RIMCHD, PSR, K Rs if PSR is VS and DSR is N, then PSL is §

Ru if PSR is ES, then PSL is §

DS A —F—pitkd . . . .
Ris  if PSR is Normal and DSR is N, then PSL is 1

7 7 V4 BN CTER S
NTWEHTH 5,
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p=1{(0.7XDD (1) +MD,i) X T(0)} /Se (1) X100, (O<P<KIO0) +eveeerrmsemsvssussenrunss (37)

X 1P SR 2T, p RESYoHERKRICRT % 30% HIFREF O &
INBRRE (%) EEWKLTW3, HL, 30%FRE WV
50D, FEFFEO I STRHORETH S, pid, 100

x. —pOEESHETEILICE>TA Y N=Yy THIH
ARETBEEDTH B, I NN Normal D * ¥ s35—

£S vs s s 58 Kol &
~

xeipEn o v 7BARZ, KRS 100% £ TIES <V Not S &
' ! r Fl—& L, 100% 2L, 150% © P4 & LTo
Stage 17~42 X BEEFOEBBELTVWE, THESH (19~30
T o w0 w0 D) kBVTR, BERHSZLOIH L THEARIVNE
N m”l , Wi, BeHlEE-TI00—p %2 652EL, picld
NERAEMA IE
others | JAVAN . p+(100—1)/6=(100+5p)/6 ==+ (38)
- 100 -20 0 20 160

A TRRIBICDIEV] LRVIEBEEBA TEML 7

y:pPsStL
n “l o 4 3 BKHELRLOEERLE
VA\VAVAVA / BAHERBAAE L NV OEEFHEE DDLP
L VN NN NN N sy (Desirable Drought Level Parameter) &L, [— 14
14] OXBELTFRARTEIULINVER> THD
Fig. 3. Membership functions on 7 7 VA ERICAET 5,
storage level.
CRIFERZRD

DDLP (Desirable Drought Level Parameter), — 1.4 <DDLP< 14
NB : Negative Big (K& < TFiF3)
NM : Negative Medium (A1 TFif3)
NS : Negative Small (UL TFIF3)
Z0O : ZeroPretty Small (ZE LW
PS : Positive Small (/bL LiF3)
PM : Positive Medium (F47 EiF3)
PB : Positive Big (K&< kiF3)
BB OE 1 EH (r) 2 INFOTEES N BERKEV~XNVPSL & DL(n—1) LDEET S, VL,
DL(n—1) % PDL (Present Drought Level) &< &,
CEEHHRA R O AT ARD
x1=PSL—PDL(—5§x1§5) ........................................................................... (39)
NB : Negative Big (ZHATKEL)
NM : Negative Medium (EHETHIER)
NS : Negative Small (EBEHT/HNE W)
ZO : ZeroPretty Small (ZEASIEW)
PS : Positive Small (ZHET/NEW)
PM : Positive Medium (ZEASIETHEED)
PB : Positive Big (ZEAETAEW)
L7155, Table 43Z D& ) BHRBATS %, Fig. 4 FHIHTE | ZEEBRHEFERDO A v —v y
TR TH D, x T3, BEMEERIZR L-XICBITT 510, BRLEKREOGERSSVESTB L



i < /N - B -« RESETHERA L 72 & kit o RINESIHRECBET 287C 181

U%é@ﬂﬁf’aﬁf‘, E‘?ﬂ(jﬁ:&w&@ﬂiﬁ% b Table 4. Common rules on wishes of changing
DEHHTSH 25 OHFEWHAELT 7o x v - level for drought control

vy TR LT 5TV B, B OBKIE L N
BlOHFHANL, % ORMFHEHY P « BT, S

a7 g s~ Ri il PSL-PDL is ZO, then DDLP is ZO
RONLWRAARRIHEA, ROLSEES g, i pSL.PDL is NS, then DDLP is NS

BLEMTE S, R: if PSL-PDL is NM, then DDLP is NM
(U ~OVBIEEIERR B O iR EE 50D R. if PSL-PDL is NB, then DDLP is NB
. . R;s if PSL-PDL is PS, then DDLP is PS

x:: AVSR (A‘verage Storage Ratio at the R. if PSL-PDL is PM, then DDLP is PM
last of this month) R: if PSL-PDL is PB, then DDLP is PB

x3: MISR (Minimum Storage Ratio at the

last of this month)
x,: MASR (Maximum Storage Ratio at the last
of this month) "

Stage -~
%5: FPTP (Future Precipitation Trend Parame- e 071172“

No. Control rule

x,:PSL-PDL
w

NHKS,zol! s N L

ter) 5 1 3 -2 -1 0 1 2 3 4 5 X
x5: AVCP (Average Critical Storage Parameter ©
of this month) ¥ wm.us, zof! PS5 PN PR

%, . MICP (Minimum Critical Storage Parameter others

of this month) 5 4 -3 -2 -4 0 1 2 3 4 5 x
xp~xe 13, BIAOBACHE L~V % AR E THERF L 7B
®r qzié.] . ﬁ/.l\ ¢ ﬁﬁwgﬁj\g%ﬁu—mﬁﬁﬁﬂﬁﬂ' y:boLP 3

LAROEKBEERTH S, x50k, 3HAFHICKLS
FREREBOIEETH S, 2 BLPx i, & diT TH]
HOBKIE LNV EE L &, AR TIckd
FKBASERITRILE 125 & X ORKBIREEZ RO T Pig 4. Membership functions of xi
Bl TH, BRKEARRNELKRL 220 FHIKARSR and consequent on wishes of
FlictLTkponsd, AXEcogBics\T, T changing the control level.
HABRRAIc>VTH,

Sucn+k)/{(e * DDn+E)+f* MD,;,) XT(n+k)}, E=0,1, -+, (—f) creeereeren (40)

e=1, f=MD/MD,,, for DL(n—1)=0

e=1, f=1 for DL(n—1)=1

e=0.9, f=1 for DL(n—1)=2

e=0.8, f=1 - for DL(n—1)=3

e=0.7, f=1 for DL(n—1)=4 or 5
TR LD, T, BPRABRRIICOVTIE,

Sin(n+k)/{(0.5 « DD(n+k) + MD,;,) X T(n+k)}, k=0, 1, +, (B—f) «weeeveeeen (41
RHEL, 20HOR/METS » T, ROERUEEEOH/KBRELROITEEELT 5, % B8LFx 1,
BERKEROSARE T—Er >SREHOBR & —E (5 B o, AREToR/NMNkR L3
fEfficow T, E2REEETRITLV,

Fig. 512, ChoRIHHB2~TERO A v = oy TEHERT, xo~x, T}, INFOTOH/¥F
A= —p LERKRELES » THEIHEEE & T 5, BkEcE, 7,

p ={0.7XDDEXi+1) + MDpyy X T Xi+1)}/Sg(6 X7 +1) X100 +-veresresvereernnucss (42)

BT B, CCT, iRBEEOH (FEiR) THE,S, p 3RAE 1 FA0BETFKRICHT 5 30%
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Xzt AVEN, X, IMISR, XqIMASH

L S sH Not § Xt FPUP
Level o
X
2 X X H
=3p; —7100 Xa P
— P
-3
\ 59 sn Nol §
Level 1
X XaIAVCHR
L] o X
. »
3,59, 100 x. 2
A Sate
. 58 sn Mol § '
Level 2
X Xa
[ . x ) 1 1.2
Y .
ap,-—100 X
. S8 SH Kol S
Level 3 xs:MICR
Xy 4
]
X, .
LB, 100 x. 1 fritical
SB sh Nol §
1 .
Level 4,6 o e
X
L] x.

5p, —— 100 X4

Fig. 5. Membership functions of x., X3, X«, Xs, Xs, X» on wishes of changing the
control level.
HIFRE OB/ MNERBRORAE | #5700 E155, 100 —p 2ENELIfl%E p, £ T 5, HEHkEL
T,
p=Q00—p" YM: M=4 for n=1, 2
M=6 for n=17~30
M=4 for n=63, 64, 65, 66
M=3 for n=67, 68, 69, 70
M=4 for n=T1, 72
M=5 for FERLISADIBIERR -eereeeverrrnmraresinonininnieniesniiannn (43)
ERVB, xn T, 77 VAZRE TOROEASAEY (SB)), [DBVEANDEE (SM),
[1E< 50 (Not S)) OBIMS SELANEIL T VD, 1507 7 94 ZRTK S LHEEE A /=&

TELEND D, ETT, Tableb. Control rules against changing level 4 for drought

BRr v~y 7B OK control
R, ROBAKH L~ No. Control rule

vic TRIE-T Z
ME 2 TR - “$AC R, .if AVSR is Not S, AVCP is Safe, then DDLP is NB
EEZEML, 7NVSM R if AVSR is SM, AVCP is Safe, then DDLP is NB
OWAREEAEL <V Rus if AVSR is SB, then DDLP is PB
EoTSI_NVSSHh 5 PS R11,4 if MISR is SB, then DDLP is PM

oo Ru. if MASR is Not S, AVCP is Safe, then DDLP is NM

OHTR{LIBEEEL g, if MASR is SM, AVCP is Safe, then DDLP is Z0
to Table 5 iZHHHEK Ru« if MASR is SB, then DDLP is PB
SHE L ~NLD L ~OVBIEEEY] Ris+ if AVSR is SM, FPTP is N, then DDLP is PS

- < - R+ if FPTP is ZO, then DDLP is ZO
o= (Lv 4) TH gl FPTP is P, then DDLP is NS
%o Ris.« if MICP is Critical, then DDLP is PB
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4.4 77 PAHBICLSZRERARRIOIER
HEERARI, FEULEOBLOVORSERLIZBED -

CEEELT, FORKREEDEDICLIVE V- R
LIRBRARTHO, il & CREHEHEUTOX
SITEHT 5o
SRRSO

PSL (4. 2TEES h3BEHKRL <L) xui B PTP

FPTP (3 # A¥FHic & 2 FERMHREREE
CRAHFERESRO

RMIN (Ratio of Minimum Inflow, B/NREA

BRIkt 2EA)
Fig. 6 3IREHRD » v = o THHTH 5, RHERD
RMIN i3, D &5 5@ N%ibD7 7 V1%
KaElEhd, TOA A=Yy PRI L TE,
DDLP & DL(n—1) &tk 3,352 —% — psic L BEIG
HiEERAL TV 3, Ko ps i3,

$3=0.2/5X (DL(n—1)+DDLP)+1.0
................................................ (44)

ELTRDONBETHY, FEBAMEL~vEL~y  Fig 6. Mem‘.bership. functions on cal-
FEEAEOMAAEVEL GIRRLERD &4 v culation of inflow sequence.
N—y oy TRIEDGRIICEE T SIS

R -TWVWB, & DELSOBRKRRERE Table 6. Fuzzy control rules on calculated inflow
i3, BLLOHBET LD, & sequence
D ENREABRTVICEWVEEHEES S No. Control rule

Z&itli %, Table 635 DR R, if PSL is 0 and FPTP is P, then RMIN is V8
Ak s, Mmshi-fhbEicAk  Re if PSLis 0 and FPTP is ZO, then RMIN is §
FTOEERABRRTINET N, ) R, if PSL is § and FPTP is N, then RMIN is M

REEEE (OPT®) %ERAT5 R« if PSL is 1 and FPTP is P, then RMIN is 8§
CEitk T, SHORERARE X Rs if PSL is 1 and FPTP is ZO, then RMIN is M

. . . . Rs if PSL is 1 and FPTP is N, then RMIN is B

X D MEFKD LN B, ~ '
ORI O TREBRSRARD 5 R, if PSL is 2 and FPTP is P, then RMIN is M
Rs if PSL is 2 and FPTP is ZO, then RMIN is B
Rs if PSL is 2 and FPTP is N, then RMIN 1s VB

5. RWMR{ELZZAOE L poL is 3 and FPTP is P, then RMIN is M

REER Ru if PSL is 3 and FPTP is Z0O, then RMIN 1s B
Re if PSL is 3 and FPTP is N, then RMIN is VB
5. 1 FIROBE L MMHEMY Ris if PSL is 4 and FPTP is P, then RMIN is M

Yial—vVavAaAERTLIIEH Ru if PSL is 4 and FPTP is ZO, then RMIN is B
roT, FEEHEL FOLSicdE  Rs if PSL is 4 and FPTP is N, then RMIN is VB
42, SBIERISEE CEL1E) 24 A Ris if PSL is 5 and FPTP is P, then RMIN is M
18 (E1AES1RE), 3AORK R if PSL is 3 and FPTP is ZO, then RMIN is B
MEAEEORE Lic, 212, 7(0) = R if PSL is 5 and FPTP is N, then RMIN is VB

21.9(mm), QI(0)= 13.3(m%s), DL (P, ZO, N) = (Positive, Zero, Negative)
_ ; . oV .
0)= 0 GEEIHD, SO)= 6.170(x (VS, S, M, B, VB)=(Very Small, Small, Medium, Big, Very Big)
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10°m®), So(0)= 6.170(X 10° m®), S(1)=7.362(x 10°m?®), S,(1)= 7.362(x 10°m®), BLY, 34 H
FRIIEMCGRE L, HPORER, HHRE WKEROKER,

(EEEHE
_{DDm) —RDD@m)}* | SR SOOI
DDAM(n)= DD T(n) 24X 3600 . (45)
HEHREYNE
= {MD(") —RMD(n)}Z * E ] -—1— .......................................
MDAM(n)= MDD T(n) 54X 3600 (46)
FrKkEHE
_ 8@ —Sm}* | 0 e
SDAM(n) ——°—~So(—n—>—— T * 5553600 - v 7

DEIICEHE LT TEFBRICBI2BEY Ial—va vTlRd, FRE2ECTEKIELALIZ0D
T HEKKLABELTEYD, HoBELEL TV, 1, &IERANR CLAEEBLEDNS
72, 13~ 18#lichiFTET, FhkEBr~ro h8B8RZT S0,

5 2 EEBKETOBEL 2L~y

BRI EEEKECHYT ARES—E ERELTVWEVOT, FRFT—53ET MNEEN] ¢ LTH
At BIERSBOHBIOIY, (1) KRANT IV RIABRIETHAKMAZEIE 5 £ THERIEEFET,
T o125, WMAR%EZFO% T 2\EKEAERD, ) FREZELFICKEL, HEORKER
PLF O A AT & T 2 |MEVKAIERD, (@) SEROBELTFH L TR % HIFR ¢ 2 SikdREX
®, 2EMcEET 3, 3AHRICHBORMAELLT,
a) MEBHGBEEBEARETEN L sy, EKAERER (00, BRTELERAOKHKETH
0y, BRREHEPICE - TRILE, Ih%E ABLD E1,) HEAHEL NIV 2 TORBKKR (0.9 X
DD+MD,;,) £ HKEVEL,

RDD:QQ . DD, RMD:ABLD_RDD ............................................................ (48)
4B, Bz, ABLD 7509 XDD+MD,,;, & D/NE L oEAME Y~V 3 TORERHER (0.8 XDD
+MDpi) &0 HKE VB

RDD=0.8 DD, RMD=ABLD~RDD +++++++tseesseratemtuiiessiniiieiiiie et (49)
&4 B, Tt ABLD 0.8 XDD+MD,,, & 0/NE L o EAHE L~ 4 TORERFAER (0.7 XDD+
MD,») & & KEVERT,

RDD=0.7 * DD, RMD=ABLD~RDIJ ++++sessrseeererrssersisisstrnucriarnnressismmnieeniees (50)
&9 B,
b) ABLD MEBAHEL AL CALE 34 B WEE (ABLD< 0.7 XDD+MD,,)) BWTI, &
KAJEER 7k B4 50% HIFREF OFRER & HRHEFFRB O (0.5 XDD+MD,,;,) L ERZS,

RDD=0.5+DD, RMD=ABLD—RDD «+++s=+r++seeetttrutertittrcrutiunanniitirireiiatiine GD
&L, INKPET, ABLD=MD,,;,, 30

RMD=MD,;,, RDD=ABLD—RMD +++++-++++ssseeesuersisiurcisctsnanieniniscsnssenainans (52)
&4 B, ABLD DHEFRMRIREB L 0 /NS VIR

RMD=RDD=ABLID/2 ++rererreetrsermrrusorsettttttiuiiiiiiiiniiiiiiienis e (53)

T3, BEERELTEL,
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Fig. 7. Controlled sequences of release and storage against the design drought.
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Fig. 9. Controlled sequence of storage volume with non-control @.
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Fig. 10. Controlled sequence of storage volume with non-control @.

BEEEEKEICT 2RISR S L UBAKE « BKERm L~V & RBREEEE Figs. 7, 8 17T &80
Thb, BIFERICL DL, FEHE~OEHERLTVWHDD, 5L T~8AhFT, BLY, XFD
DI O TEATNEL ~v 1 CBHEED IcA-TV3, 7, BkBHBE - BkB L VOHR
WhEATO b EL DI, FHEBEL THERKE» SORBURESEEALSS FoNT, BIEK
TRICIBERKBEZHERL TV 2, BHKKREODBETIR, 525 Hi# (8 BEAATER) I1chkEss
PIEOETL, Hic3 A TRIFARSRIEECR-TVE (Fig. 988, —F, ESKEAHOTE, &
2N o TV B eDIFKESET L 2 Bt A » TRIRBAMEEMICEAY > T3 (Fig. 102
B, Ldl, BOWEEESENIDIC, B6TH (3AE 144 0ATIRS DM, BAME L~
2 (B 1 IRBUKKIRRBRE) L7205, 3 AR, HABOEIESG & b7 - T, BIEKTHOB/KERIZETKK
ROLEARTHIE D OFFKBEIFA TV S, $k, HKKBEER®WE, %26 27HIcE 1 REUKHRRIC
ABbDDLRDBIER, FBEY X7 L3 EFKESBOPIHEB L TVEVLDOD, REL:EBED
EiIrshTv s (Fig. 11 1),

iz, FRBABEECEL TE, Ay 2 7 A BLCHIABRKE T, BRRBHRESHENDETVOR
xtL, EEIAHKETIREERKEBETRD, BkBichiz o oELSE CREET L ERMICKE WE
LB ->TWEB, LAL, REEY 27 AOBREE X VHKKKOEEDZ S HWNELB>TVE, TOHE
HELT, () PHENHETIEAREY R7 L TiR, HEBKEOHMENLBERKESEDT IBA IR
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N

Storage(10°m’)

7 .13 1S 25 31 37 43 49 53 51 €7

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.
Operational Period No.

Fig. 11. Controlled sequence of storage volume with drought control ®.

KEMEEREL L LI BEFCb,rDST, FHREKRTERLE LT MPEL] THs, §
O ERICA BHF DS EITFEOALY, (i) BKEBBETFLTELBATE FROBRED
[N ] EFRISOATVS D, BETEZET 3 DICHREEOHBATEIICY, Lk
mEngroh ks,

5.3 HKRABKETORESIaL—vaY

FESHE TER AR U IE0 48, 53 EORBEEKICOVLT, YEHRRT (KREXSZRE) L%
RENEFHEROLBELERL LS, 2720, BETFHILE 2 EARZOEMTFHROT— 5 LRV D
T, BEOEBOMHEL O FHANEHRT A LILL->T, 2TERLETFHELTEA TV,

(1) BB 48 FBKDGEE

WEEDQFHII 5 BEXST [0 MHROEV] LI XS FRENTORY, PO O
FEMHEENEFABEO L BLUOBENISBERATH L LEERL, oL TFHERL, [
B EHEE Uiz, FHUC & » T3 TEELPRDRV] VI FHLH M, ThoRLTHRELTTHR
DOHEREAT %,

Figs. 12, 13ic, EEFHAL5 X HEAORIERERS & CEBAE « K8l L~ L, BKEEEZRT,
AT (ERED OHER L TR TERLTRE L bD) ORREHENT, BAHE - IkBL NV
i3, B0HBLNVICASKBEE LU NEHET 3 HBBIOEVWSS 2BET, PRVIEEALR—D
BEL 1 -TV3, BKEEC O VWTHIERFAEEORRETH 5, EREOTHY TV L FRENEL
BL RO v &5 3EKFEECH LT, RLERIEIEEH6 A LA LRILELEL, KDNA
BIFRRENELNTV S, T, KBEOEKSFEFICE LD »2cd, FKRLY ~VOETHEICET
L, E2FHIBVTTEZ, BABLAVOEEZBL T LI BBEME—MNTh-c T LbBIToN%,

(2) BBH53FBKOES

Figs. 14, 1513, W53 FEKTOBIERR TS 5, HKBHRERES SR, RO 3 5 ORES
bbbk, THEbDB,

1) 4Ab»s5HAchrdTcolkBoRd

2) 9 AdHokEoR/ML

3) 1 Big»tEH» S 3 HEEICB T 5 BER/KBER & OTERE

1) B4 ATO®RME 2) d9AFEEATORME 3) 31 AMEHORFICI2 b0 LBbN b, F32H
(9 A% 2:4)) O¥INEE% Figs. 16, 17, 181K 7, 31 PoBAKMRL ~vidL X2 DE 1R
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at 32nd control stage. Utco 1o, GEROBGEMICESC ¥ AREAREERE

Loobd, fSEROBRICHT 2 RECHEBRICHIEERT 120, HKEBic Y » VA EHREBAL,

T, AR THONLREETLT L, DTkt s,

(1) EEORtSaswAEMcRAIh TRV « X THRAEBAUCERERREY 27 2 2HEL

720

(2) the ETPHOBBREAZEET 27120, 7 LBRETOFEHMETIC 7 » V1 EHREBAL, TH

O « JERTICRIRIEOE TR T EMTE T

(3) BERAOLEMUAZHSHICT ZH, EEOSLICBVT HBERRE »o, BHSHIERAZ/FK

Lo

F1, SBOBHEE L TRUTOI BRI LNK S,

(1) Avrn—v .y PBIMEEEICRL, BEOEFRELSH T A -5 —2EETERLELT, BildH2

A=y FTHBERET 5LEND B,

(2) EEFEE, LoRENIFHFRE L ORREROREER 5.

(3) the BEEIPBUcH I AEHET 5 FTHOBRWHEEEET 5,

(4) 7 7 O4 SBHERER O, »3EEEMNBAAESARBOERERS 5, €0, XE

BESLDIIazlr—va a3l LTHRONEED S,

L%, PEHESKE S NRIBEOBENS LTINS T LIk, FHFIEKFEREO DO 1 HM

e L TEEO Y AEEICBLTHAS NS I EEIHLT, ABROBULT 5,

8 EXHR
1) MPEE— KBEY 27 LB ERAEREOER - EBIL LFHERNOILAICBIT 2 AK
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BiZE, Hfn6l - 62 FEERFEMEEGNS (RATIE(A)) HFoREis®, 1988, pp. 128-
136.

2) FHIBR < ALERE: <A XRERE L L OB TFH—ENSEFROER— 523 EKES
AR E, 1972, pp. 269 - 273.
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