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Monthly Operating Rules Considering Reliabilty
Levels for Multipurpose Reservoir Systems
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Abstract [] This paper presents a methodology of developing reservoir operating rules which can consider
the reliability levels incorporated with the discharge policy. The operating rules were derived based on the
regression and risk analysis of the optimally operated results by using the long term historical and generated
reservoir inflows.

The methodology was applied to the operation of the Chungju reservoir system which is consisted of two
reservoirs and powerplants, and monthly operating rules were developed. Simulations were performed by us-
ing the developed operating rules, and the results were compared with the historical operation result. The
comparison shows that the developed operating rules can not only significantly improve the output from the

existing system but also improve the reliability incorporated with the output.
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Table-1 Rule Curve of April and July for the Chungju System
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Ve Xt I t=4 1200 < V. < 2580 ‘ —0.032885 | 4 298.0 i 0.996286
] ‘ 2580 < V. | 0989813 —23570 | 0.997927
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. [ T ‘
Qu=a Vi + b 3 | 679 < Vi< 1200 +0.465943 — 236.0 0.887236
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Figure-1 Operating Rules of the Chungju System



OPTIMAL STORAGE ALLOCATION OF CHUNGJU
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Figure-2 Optimal Storage Allocation According to Reliability Levels

AEE 23 H4A9 $98 25 /gL &
M2 B 2R A ] R HE HEsdc) 35
A AAHE T2, FEYA 9 457 F 5
vt 3d R gAY AgjogA Bde
2759w E& AFT 3 9o, 400,000Kkwe] &
BHLE7F 9l B o 20Km el =AY
12,000Kwe] #2423 LA s} gl

59 Al2de] ¥ F49€ 23S §lsid Ay
g 233} By 972 F s Dy
2 REE Wh 2R selAe REE HT R
Sz}t 5 A7 = g5 nesldel ol
EXgs 5 24 29 9 24 #3532 Haimes 5
(1971)0] A¢kgt € —constraint 712 L5 ) of
Z71eg sl AYhe Fu3) s dd B
AR T A 98 25 daMe
A717ke] £40] RIEE € —constraint 7] X4
Al FAT i 71 7bo] E3ks]d Aok = Bl
dFo] VT Holx] HA FAe] Thdt H97) A
A "ot o2 @ A& mEsld = B4 7|49
3}13e]l Zadeh(1963)2] Weighting 718 2 4-3}4t}.
2 AR B F dAdwge)] Wi Sgee A
+9 717kl A REt FefolxInl, BAb fr3feko)
U 2 8L 71705 #HA3E A3 she Max-
(Min) el 24 BAd3ae 54 EA4o] g2} Weight-
ing 71'] A4E& S84 A ez Wded. F
71768 34 3 F 3 ske 2 felgkelv » A
29 FAle 997 el A d $48 &
E o A3 BX zlel v)ds= ghe) sute)
A b F23) sle TAR Hdsld A2 g8 53

54 A A5t

4o
wa oW ohe

X o fn

2% FIR 1924 38 79

A3 FA gJoiHes TAS JERANES RINE
o) 2 E 23k A& st BN FE Hiks A
£3tgon, =YY A2 HHR KA R) £
A FE 2§29 06% = Eopsia, =4
Al Y4zh folEke) vlsiA A4 g3ko] o 2o} Y
Zb o7} A Brbsstng 2R AeA]
A& HF FI2 Y3 Bo} 1kt FAZE 4
A

42 Wl %

35 A)2d 298 913 Rule Curved 7Nt} Al

5o B HAER WS fstq Bz 233
2] H el 3 59 Q Feke] V)E e Ak (1917
1940, 1956~1990)s} A2 7iksl #g HhEsel o
& FHA A0 DiE BRI MPAR(1Ko, 1989)¢ ¢}
A LA 150 Fke] 2o ARE AHEdle A}
717ke) #A $49E AAsg)l. 9 Rule Curve™
Al(5) 2 A(6) A A FrrER gAY [EER D
Azt 719 dF 717 Al AR o] oS-
%33 F o2 vepton, E3) 2)(6) 3} o] A7)
¥ 3 AHE Ve 4 S AR 4 9
55 3= wiate] A4 o] o 4% Aoz 1w
weh 2-2 9 -39 A5 ¥ 6)°] A 35 22
Y ZAAY 2B Yz FRE AR 5 s
¥4 Rule Curve A& B F3 ¢}

4™ Rule Curve Al glo| A& A x]2] HY HH
27 AM WARS oz AHeolsls aH REd =

ZONING OF AVAILABLE VOLUME
Vil = XN +11I{ + 120

-3
O H
2 'ONE 4]
3z —
9 Jr--"'/\s P
5 TN
g 2000 ;
T ONE 3 }\;
g 1 sy
: $ P onsz]s
1 : - e
:-J oY ./n——qf Pl
o] — : ->-
é ZONE 1
e :
» 2 3 4 5 6 7 8 9§ 10 11 12
MONTH

Figure-3 Monthly Zoning of the Available Storages, Chungju

System



80 GREASEHERK

Table-2 Monthly Rule Curves Controllable at the Chungju Main

Table-3 Monthly Rule Curves Controllable at the Reregulation

Dam, Unit:MCM Dam, Unit:MCM
R ion Coef R i f
Mon[ Zoning B egression Coe Mon Zoning egression | Coe
f a b a b.
[
1 ‘ 650 < Ve < 1400 +0.151817 + 83 1| 669 < S < 1300 +-0.335367 — 87
1400 < V. < 2500 +0.004303 + 278 1300 < S0 < 2500 +0.002989 + 285
[ 2 | 614 < V. < 1100 +0.363028 — 122 2| 622 < Se < 1050 +0.609618 — 346
L ;1100 < V. < 2400 —0.017452 + 273 1050 < Si < 2450 +0.000140 + 264
‘ | L >
! ‘ 646 < V. < 1000 +0.573369 — 267 658 < S < 900 +1.000032 — 598
311000 < V. < 2500 —0.017452 + 285 3] 900 S Se < 2550 +0.012767 + 267
2500 < V. +0.899242 —2087¥ 2550 < S +-0.903950 —2095
668 < Vo< 1200 +-0.345767 — 112 679 _<_ S: < 1200 —+0.466724 — 248
4 11200 < V. < 2580 +-0.032885 + 298 4 1200 _<_ S < 2600 +0.013846 + 260
2580 < V. +0.989813 —2357 B 2600 < S +-0.961633 —2267
1 ‘ 772 < V. < 900 -+1.087842 — 687 803 < Se < 1000 —+0.741966 — 403
; 5. 900 < Vi< 2600 +0.092287 + 123 5 [1000 < S: < 2800 —+0.132547 + 79
i 2600 < Vi +0.750958 —1520 2800 < S. +0.689281 —1268
i i B =
i 775 < Vo< 900 +0.999354 — 598 806 < S < 900 -+0.999208 — 598
6 - 900 < Ve < 2300 +0.308852 — 53 6 | 900 S Se < 2400 +0.364571 — 127
2300 Ve -+0.588528 — 777 ‘ 2400 S S +0.845764 —1456
{ ]
i 7 982 < Vi < 2400 +4-0.091171 + 126 ! 71 992 < S < 2650 +0.191279 + 26
i 12400 S Vi -+0.921483 — 1819 2650 _<_ Se +0.959904 —194]
8 ] 985 < Vi < 2300 —0.017188 + 268 8 1026 < S < 1026 +0.001484 + 291
12300 < Vi | +4-0.951233 | —1954 2400 < S. +0.970399 —2004
9 ‘:,1133 S V. < 2600 ; —0.09809%6 + 449 9 11158 < Se < 2800 —0.003418 —+ 303
‘2600 < V. ; +-0.998282 ~—2382 |} 2800 S S —+0.998617 —2382
! 668 < V. < 1800 : —+0.163906 -+ 6 695 S Si < 1700 +0.299939 — 112
j 10 11800 < Vi< 2600 —0.015230 + 294 10 11700 < S < 2700 -+0.005906 + 276
i 12600 < V. . +0.983959 —233L 2700 < S. +1.009896 —2412
! 693 < Vo< 1600 | 40.198203 - 41 724 < $. < 1400 +0.236047 - 45
P11 | 1600 < Vo< 2600 —0.016520 + 288 11 11400 < S0 < 2700 -+0.007889 -+ 263
2600 < V. +0.889484 ,  —2087 2700 < S +0.986707 —2351
| i i
‘ 674 < V. < 1700 +0.144228 l + 36 697 < S < 1400 +0.346955 — 142
12 |1700 < V. < 2500 —0.013256 + 295 121400 < S < 2700 -+0.005623 + 278
2500 < V. +0.295522 — 504 2700 S S +0.951118 —225144
* (Qu=aVitb, V=X+L) * (= aStb, S=X+LA1)
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Table-4 Comparison of the Simulations with Historical Results

Fpe) 280 gl
el Wk 2

Items Historical | Simulation Simulation
Results Rule A Rule B
Annual Energy | 8417 913.8 9312
(GWH)
90% Firm Energy 234 39.9 38.2
(GWHMon)
90% Firm Power 198.0 411.0 387.8
MW)
90% Firm Flow 145.2 240.6 263.0
(MCMMon)
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