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Comparative Evaluation of Multipurpose Reservoir Operating Rules
Using Multicriterion Decision Analysis Techniques

&5 % x ok B g5 & &
KO, Seok Ku LEE, Kwang Man KO, Ick Hwan

Abstract [] Selection of the best operating rule among a set of alternatives for a multipurpose reservoir
system operation requires to evaluate many minor criteria in addition to the major objectives assessed to the
system. These problems are sufficiently complex and difficult that they are beyond heuristic decision rules
and experiences in case several noncommensurable multiple criteria are included in the evaluation. With the
assistance of multicriterion decision analysis techniques, it is possible to select the best one among various
alternatives by systematically comparing and ranking the alternatives with respect to the criteria of choice.
Evaluation criteria for multipurpose reservoir system operating rules were identified and defined, and the
multicriterion decision analysis techniques were applied to evaluate the four developed operating rules of the
existing Chungju multipurpose project according to the identified nine multiple criteria. The application result
shows that the methodology is very efficient to select the best operation alternative among a finite number of

operating rules with many evaluation criteria for a large scale reservoir system operation.
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[ Main~Criteria

Sub-Criteria |
. —_—
1. Firm Energy Production(GWH)

‘ - 2. Secondary Energy Production(GWH)

' 3. Firm Power(90% Firmness, MW)

| A. Hydropower

—

| B. Warer Supply 4 Fiem Flow(90% Firmness, MCM)
1 Navigation r 5. Maximum shortage(MCMMon)
C. Flood Control | 6. Additional Flood Control Storage N
and Reliabilty During Flood PeriodMCM)

7. Minimum Available Storage
During Operation(MCM)

D. Environment 8. Recreation and Reservoir
‘ and Recreaton Transportation
L | 9. Variation of Release

Table-1 Evaluation Criteria of Multipurpose Reservoir System Oper-
ating Rules. Chungju System
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Table-2 Monthly Targer Water Levels Suggested by N.K., Chungju
e Water level(EL. M) e Water Level(EL. M)
Tagr | NHW.L Target | NHWL
1.1 141.0 141.0 7.1 136.0 138.0
21 141.0 141.0 8.1 136.0 138.0
31 141.0 141.0 9.1 ‘ 137.2 138.0
4.1 141.0 141.0 9.20 ! 138.0 138.0
5.1 141.0 141.0 10.1 141.0 141.0
6.1 141.0 141.0 \ 1mr | 1410 1“0
6.20 136.0 138.0 ‘ 121 i 141.0 141.0 ¥]
Zd3t & 5 U AoE AES Ugo, 5717 ¢f Table-3 Monthly Average Plant Factors
%"’“k] i]*t}"la}:‘l }“}‘]5\‘_ {,’:03%24 Zx ‘/F‘o - E Month Factor ~ Month Factor
=298} 2}, 2y £4 35 Z2ERE A A 1 0.1162 7 0.4542
s =AA D AL E TR @S HOE of 2 0.1169 8 0.3950
£ &S A2 F3lglch 3 0.1187 9 0.2425
4 0.1336 10 0.1387
2) KB BEe #Fxe HEH (Rule No2) 5 0.1548 1 0.1230
B (1986 A 73] @ AA 3e] 7)E AlujitellA 2 6 0.2170 12 0.1243
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Table-4 Monthly Operating Rules for Chugju System Suggested by Lee et al.

Rule No. 3 Rule No. 4
Mon Zoning Regression Coef Zoning Regression Coef
(MCM) alt b1t (MCM) a2t b2t

1 650<<Vt<{1400 +0.151817 + 83 669<<St<1300 +0.335367 — 87

1400<Vt<{2500 +0.004303 + 278 1300<<St<<2500 +0.002989 + 285

614<<Vt<<1100 +0.363028 — 122 622<St<1050 +0.609618 — 346

2 1100 <Vt <2400 —0.017452 + 273 1050<5t<<2450 ~+0.000140 + 264

646<<Vt<{1000 +0.573369 — 267 658<<St<< 900 ~+1.000032 — 598

3 1000< V<2500 —0.017447 + 285 900 < St<2550 +-0.012767 + 267

2500<Vt +0.899242 —2087 2550< St +0.903950 — 2095

668 <Vt<1200 +0.345767 — 112 679<S5t<1200 +0.466724 — 248

4 1200< V<2580 —0.032885 + 298 1200<<St<<2600 +0.013846 + 260

2580<Vt +0.989813 —2357 2600< St +0.961633 —2267

772<Vt< 900 +1.087842 — 687 803 << St<1000 +0.741966 — 403

5 900<< V<2600 +0.092287 + 123 1000< St<<2800 +0.132547 + 79

2600<Vt +0.750958 —1520 2800< St +0.689281 —1268

775< Vi< 900 +0.999354 — 598 806 < St<C 900 +0.999208 — 598

6 900< V{2300 +0.308852 — 53 900<C St<2400 +0.364571 — 127

2300<Vt +-0.588528 - 777 2400< St +0.845764 —1456

7 982<Vt<{2400 +0.091171 + 126 992 << St<2650 +0.191279 + 26

2400<Vt +0.921483 —1819 2650< St +0.959904 —1941

8 985 Vt<<2300 —0.017188 + 268 1026 <St<1026 +0.001484 + 291

2300<Vt +0.951233 —1954 2400< St +0.970399 —2004

9 1133Vt <2600 —0.098096 + 449 1158 < St <2800 —0.003418 + 303

2600<Vt +0.998282 —2382 2800 St +0.998617 —2382

668<<Vt<{1800 +0.163906 + 6 695<<5t<1700 +0.299939 — 112

10 1800 < V<2600 —0.015230 + 294 1700<St< 2700 -+0.005906 + 276

2600<Vt +0.983959 —2337 2700< St +1.009896 —2412

693 <Vt<1600 +0.198203 — 41 724<St<1400 +0.236047 — 45

11 1600< V<2600 —0.016520 + 288 1400<St<2700 -+0.007889 + 263

2600< Vt +0.889484 —2087 2700< St +0.986707 —2351

674<Vt<{1700 +0.144228 + 36 697 <St<<1400 +0.346955 — 142

12 1700 <Vt <2500 —0.013256 + 295 1400<C St <2700 -+0.005623 -+ 278

2500< V't +0.295522 | — 504 | 2700<St +0.951118 | —2251
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Figure-3 Comparison of Operating Kules, Firm Water Supply
Table-5 Performances of Developed Operating Rules, Chungju System
Annual 90% 90% 90% Firm
Operating
Rul Energy Firm Power Firm Energy Water Supply
ules
GWH/Y MW GWH/Y MCM/Y
867.73 397.76 40.23 3264.9
Optimization
(100.0%) (100.0%) (100.0%) (100%)
894.0 179.7 7.82 400.2
Rule No.1
(103.0%) (45.2%) (19.4%) (12.2%)
816.4 340.9 33.36 2645.4
Rule No.2
(94.1%) (85.7%) (82.9%) (81.0%)
820.9 377.66 37.2 3105.5
Rule No.3
(94.6%) (94.9%) (92.5%) (95%)
839.3 371.2 36.4 3156.9
Rule No.4
(96.7%) (93.3%) (90.5%) (96.7%)
Table-6 Pay-off Matrix for the Altemative Operating Rules
Criteria Operating Rules
Weights Unit Remarks
(Tablet) No.1 No.2 No.3 No.5
1 20.0 GWH/Y 93.8 400.3 446.4 436.8 Max
2 15.0 GWH/Y 801.2 416.1 3745 402.5 Max
3 5.0 MW 179.7 340.9 377.6 371.2 Max
4 25.0 MCM/Y 400.2 2645.4 3105.5 3156.7 Max
5 5.0 MCM/M 282.0 267.5 66.8 49.7 Min
6 7.5 MCM 0.3 401.2 362.4 357.3 Max
7 7.5 MCM 2134.0 596.6 610.7 598.7 Max
8 10.0 % 100.0 60.0 65.0 65.0 Max
9 5.0 MCM 305.6 199.4 2122 185.5 Min
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Table-7 Ramlomg pf tje Chungju System Operating Rules

Multicriterion Ranking of Operating Rules
Analysis Techniques Rule® 1 Rule® 2 Rule* 3 Rule® 4
Weighted Average Method 4 3 2 1
Compromise Programming
p=1 3 4 2 1
p=2 4 3 2 1
Analytic Hierarchy Process 3 4 2 1
ELECTRE 4 3 1 2
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