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Study on Theory and Application of Kass-Steffey Adjustment
for Parameter Estimation of PSA

Chen Yan, Zheng Peng, Li Chaojun, Zhu Wei, Shi Qiang, Zhang Chunming

Nuclear and Radiation Safety Center, MEP, Beijing, 100082, China

Abstract: Reliability data is the basis of probabilistic safety assessment in NPPs. The
parametric empirical Bayes models would underestimate the uncertainty of estimated parameter in
the case with few failure data. Kass-Steffey adjustment could use Taylor series expansion to correct
the posterior variance. The Kass-Steffey adjustment were derived in detail, and taking the initiating
events as an example, the posterior variance and 90% credible interval are calculated. It is found
that the Kass-Steffey adjustment is unimportant if there are many failure data, while it is noted that
the Kass-Steffey adjustment is very important when there are few failure data, which make the
posterior variance change 16%~99%, and credible interval change 4%~53%.

Key words: Probabilistic safety assessment, Reliability parameters, Parametric empirical
Bayes models, Kass-Steffey adjustment
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Table 1 Comparison of Parameter Estimation Results of Many Observations without and with Kass-Steffey Adjustment
Arkansas 1 0.214~1.11 | 0.213~1.12 | Millstone 2 0.163~0.849 | 0.162~0.850 | Farley 2 0.372~1.29 | 0.372~1.29
Arkansas 2 0.902~2.25 | 0.901~2.25 | Monticello 0.0708~1.84 | 0.0688~1.85 | Fort Calhoun | 0.0807~0.829 | 0.0792~0.833
Beaver Val. 1 0.289~1.26 | 0.289~1.26 | North Anna 1 0.833~250 | 0.831~2.50 | Ginna 0.0663~0.681 | 0.0649~0.685
Big Rock Point | 0.126~0.847 | 0.125~0.850 | North Anna 2 0.301~1.31 | 0.300~1.32 | Grand Gulf 1.29~4.14 1.27-4.16
Brunswick 2 0.413~2.15 | 0.411~2.15 | Oconee 1 0.183-0.953 | 0.182~0.955 | Haddam Neck | 0.206~1.07 | 0.206~1.07
Callaway 2.94~7.34 | 2.86~7.47 | Oconee 2 0.0143~0.372 | 0.0132~0.378 | Hatch 1 0.621~1.99 | 0.620~1.99
Calvert Cliffs1 | 0.327~1.25 | 0.326~1.26 | Oconee 3 0.285~1.25 | 0.285~1.25 | Hatch 2 0.985~3.16 | 0.980~3.17
Cook 1 0.171~0.891 | 0.170~0.893 | Oyster Creek 0.352~2.36 | 0.350~2.37 | Indian Pt.2 0.375~1.64 | 0.374~1.64
Cook 2 0.654~2.09 | 0.652~2.10 | Palisades 0.188~1.93 | 0.187~1.94 | Indian Pt.3 0.523~1.67 | 0.522~1.68
Cooper Station | 0.221~1.15 | 0.220~1.15 | Pt. Beach 1 0.0188~0.487 | 0.0174~0.494 | Kewaunee 0.253~1.10 | 0.252~1.11
Crystal River 3 | 0.107~0.720 | 0.106~0.723 | Pt. Beach 2 0.0163~0.424 | 0.0151~0.431 | LaSalle 1 0.761~2.16 | 0.760~2.16
Davis-Besse 0.328~1.43 | 0.327-1.43 |Prairielsland1 | 0.232~1.01 | 0.232~1.02 | LaSalle2 1.08~2.80 1.08~2.80
Diablo Cany.1 | 1.25~4.81 | 1.22~4.86 | Prairielsland 2 | 0.0158~0.410 | 0.0146~0.416 | Maine Yank. 0.540~1.73 | 0.534~1.73
Dresden 2 0.206~1.07 | 0.206~1.08 | Quad Cities 1 0.267-1.39 | 0.266~1.39 | McGuire 1 0.305-1.33 | 0.304-1.33
Dresden 3 0.977~2.93 | 0.973~2.94 | Quad Cities 2 0.126~0.847 | 0.125~0.850 | McGuire 2 1.36~3.02 1.36~3.03
Duane Arnold 0.455~1.58 | 0.455~1.58 | Robinson 2 0.0784~2.03 | 0.0763~2.04 | Millstone 1 0.0175~0.453 | 0.0162~0.460
Farley 1 0.126~0.848 | 0.125~0.850 | Salem 1 1.66~4.49 1.65~4.52 | Turkey Point4 | 0.908~257 | 0.905~2.58
Salem 2 1.40~3.79 | 1.39~3.81 | Summer 1.07~2.76 1.06~2.77 | Vermont 0.123~0.823 | 0.121~0.825
San Onofre 2 0.443~1.70 | 0.443~1.70 |Surry1 0.765~2.29 | 0.763~2.30 | Yank 3.03~5.92 3.00~5.96
San Onofre 3 0.678~2.17 | 0.676~2.17 | Surry?2 1.10~2.58 1.10~2.58 | Wash Nucl. 2 0.472~1.64 | 0.472~1.64
St Lucie 1 0.525~1.82 | 0.524~1.83 | Susquehan 1 0.549~1.76 | 0.548~1.76 |Zion1 0.566~1.82 | 0.566~1.82
St Lucie 2 0.665~1.89 | 0.665~1.89 | Susquehan 2 1.27~4.06 1.25~4.09 | Turkey Point3 | 0.582-1.75 | 0.582~1.75
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Table 2  Comparison of Parameter Estimation Results of Few Data without and with Kass-Steffey Adjustment
X t 1%
Fort Calhoun 1 5.2632 0.0120 0.0139 16 0.0350~0.378 0.0295~0.395
Ginna 1 6.6667 0.00990 0.0111 12 0.0318~0.343 0.0278~0.355
Millstone 1 0 6.9902 0.00538 0.00708 31 0.00774~0.229 0.00426~0.252
Monticello 0 0.8106 0.0147 0.0176 19 0.0128~0.379 0.00888~0.403
Oconee 2 0 8.784 0.00433 0.00593 37 0.00695~0.205 0.00344~0.229
Oyster Creek 2 1.6949 0.0311 0.0622 99 0.0951~0.655 0.0441~0.809
Palisades 0 1.562 0.0223 0.0324 45 0.0478~0.515 0.0293~0.580
Pt. Beach 1 0 6.4201 0.00580 0.00753 30 0.00804~0.238 0.00457~0.260
Pt. Beach 2 0 7.5442 0.00502 0.00669 33 0.00748~0.221 0.00398~0.244
Prairie Island 2 0 7.844 0.00484 0.00649 34 0.00734~0.217 0.00384~0.240
Quad Cities 2 2 6.8966 0.0138 0.0172 25 0.0632~0.436 0.0517~0.465
Robinson 2 0 0.6161 0.0154 0.0184 20 0.0131~0.387 0.00899~0.412
Vermont 2 7.1429 0.0133 0.0165 24 0.0622~0.429 0.0514~0.0514
x t 10%h
Kass-Steffey Kass-Steffey
Kass-Steffey A 90% 16%~99%
Kass-Steffey 4%~53%
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