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Ranking Methodology for Energy System Design Strategies
Based on AHP Approach
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Abstract

In the present study, based on the analytic hierarchy process (AHP) approach, a ranking
methodology was developed to quantitatively rank the various design strategies associated
with some severe accident mitigation features (i.e., structures, systems, and components) for
an advanced pressurized water reactor (APWR), especially, an evolutionary type. Four decision
criteria were established for evaluating four design strategies proposed in the previous work
[Ghyym, 1998]. It is found that, according to eigenvector method for priority vector, optimal
strategy is the design strategy based on the combined approach using wet cavity method and
containment capacity. In addition, the effect of evaluation methods (i.e., the eigenvector
method, the row-wise geometric mean method, and the Frankel method [Frankel, 1992]) for
priority vectors on final preference ranking was identified. In comparison with the exact
method using the eigenvector method, it is found that the approximation using the Frankel
method leads to different ranking of strategies. As a result, to obtain appropriate preference
ranking, it was recommended that, except for the Frankel method, either the eigenvector
method or the row-wise geometric mean method be applied to evaluation of priority vectors.
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1-1 AHP
/ 3 3
N/ A
[Park et al., 1988] 3
3 3 ;17
N/ A 4
[Wilsor/ Pilch, 1991]
R&D 3 4
[Lim, 1993] 4
4 4 (PWR) 2 (CANDU)
) N/ A
[Shin et al., 1994] 7
3 7
[Abulfargj, 1994] 4
3 5
[Sal Narita, 1994] 4
4 3
[Song/ Shin, 1995] 5
5 3
[Zio, 1996] 7
5 4
N/ A
[Yu/Park, 1999] 3
2-1
Numerical scale Symbaol Definition
1 ElI Equally Important
3 W1 Weakly mote Important
5 51 Strongly more Important
7 D1 Demonstrably {or very stronglv) more Imporiant
9 Al Absolutely Trnportant
p EWI Intermediate value between adjacent scales EI and W1
B WAl Intermediate value between adjacent scales WT and 51
0 DI Intermediate value between adjacent scales S1 and D
8 Dal Intermediate value between adjacent scales DI and Al
Reciprocals - Appearing in the transposc position as reciprocals of scales 1-9
Rational numbers - Fesulting from ratio scale
2-2 (RI
Matrix order n | 2 13 4 3 6 17 b o 10
Rl (0.0] 00 J0A8 o0 112 1.24 1.32 1.41 1.43 1.49
3-1
1 2 3
1A
1B
2A
2B
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3-2a C1
Criterion PWCM with respeet to C; : Consequence reduction {CR) Priority vector
[ A A, Ay Ay
A | 173 /5 17 (L0355
My 3 ] '3 175 o118
Ay 3 3 1 13 0.262
A 7 5 3 [ 1,565
oy = <117, CT = 0,039, CR = 0.043
3-2b Cc2
Criterion PWCM with respect to C, : Regulation licensibility (RL) Priority vector
[ A A Ay Ay
A | /5 2 113 o110
My 5 1 Kl 3 578
A 3 1/3 3 1 (1241
Ay = 406 CT = 0.021, CR = 0,024
3-2c C3
Criterion PWCM with respect to C, : Technology maturity (T} Priority vector
£y Ay A, Ay Ay
Ay 1 177 1/3 1/5 0.053
Ay 7 1 5 3 (1L548
A 3 1/5 1 1/5 0102
Ay 5 173 5 1 0.297
by = 4228 CT = 0.076, CE. - 0,084
3-2d C4
Criterion PWCM with respect 1o C, @ Level of defense-in-depth (D) Priority vector
Cy Ay Ay Ay Ay
Ay 1 3 117 13 0101
Ay 13 1 1/9 15 0.049
My 7 o 1 3 0.607
My 3 : 13 1 0.243
gy~ 4.088; CI - 0.029; CE - 0,033
3-3
Decision maker FWCM for criteria with respect to DM Priority vector
B0 C, C Lo C,
C 1 1’3 & 1 0247
, 3 1 3 3 0.480
C, I/5 1’3 1 12 0,092
C, 1 13 2 1 0.181
oy = 4.234; CI - 0.085; CE - 0,094
3-4
Prierity vector evaluated by eigenvector method Final priority vector
<, C; C, C, (Rank)
DM 0.247 0.480 0.092 0.181
Ay 0.055 0,110 0.053 0101 0089 (4)
Ay 0118 0.578 0.548 0.049 0,300 (1)
Ay 0.262 0.071 0.102 0.607 0218 (3)
A, 0.565 0241 0297 0.243 0,327 (2)
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3-5
Pricrity vector evaluated by geometric mean method Final priority vector
C, C, C, i, {Rank)
DM 0,240 0.480 {0,090 0190
Ay 0.055 0,110 0054 0,100 0090 (4)
Ay 0118 0580 0552 0.048 0,300 (1)
Ay 0.263 0.071 0.101 0.607 0.222 (3)
A, 0.504 0239 0293 0.245 0.322 (2)
3-6 Frankel
Pricrity vector evaluated by Frankel approximation method Final priority vector
<, C; C; <, (Rank)
DM 0,309 0422 {086 0.183
Ay 0.053 0.122 0050 0.126 0096 (4)
Ay 0.144 0.555 0479 0.047 0.328(2)
Ay 0.296 0.069 0.132 0.564 0.235(3)
A, 0.507 0.254 {339 0.263 0.341(1)
3-7
Rank
hethod 1 2 3 4
Figenvector method A, Ay Ay Ay
Gieometric mean method A, Ay Ay Ay
Frankel approximation method A, A, A, Ay
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