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A multi-regression model was developed to estimate the decommissioning cost for Kori unit 1 using foreign nuclear power plant (NPP)
decommissioning cost data. First, the decommissioning cost data were collected for 13 boiling water reactors and 16 pressurized water
reactors and converted into the values as of November 2019. Then, for the regression model, the decommissioning cost was chosen as the
dependent variable, and two variables were selected as independent variables: a contamination factor that was designed to reflect the op-
erational characteristics of the decommissioned NPP and the decommissioning period. A statistical package in the R language was used to
derive the regression model. Finally, the regression model was applied to estimate the decommissioning cost for Kori unit 1. The estimated
decommissioning cost for Kori unit 1 was 663.40~928.32 million US dollars (782,812~1,095,418 million Korean won).
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Fig. 1. Number of Reactors in Operation by Age.
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Fig. 2. Number of Nuclear Reactors in Permanent Shutdown by Country.
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Fig. 4. Number of Nuclear Reactors in Permanent Shutdown by Reactor Type.

Table 1. Summary of Nuclear Reactors on Decommissioning or Decommissioned in the World

Reactor Commercial Permanent Thermal Electric Grosg
Country Name type Operation date Shutdown Power Power Capacity
date (MWt) (MWe) (MWe)
United State Big Rock Point BWR 1963.03.29 1997.08.29 240 72 71
Fort St. Vrain HTGR 1979.07.01 1989.08.29 842 330 342
Haddam Neck PWR 1968.01.01 1996.12.05 1,825 582 603
Maine Yankee PWR 1972.12.28 1997.08.01 2,630 825 900
Milestone BWR 1971.03.01 1998.07.01 2,011 660 684
Rancho Seco PWR 1975.04.17 1989.06.07 2,772 918 917
Trojan PWR 1976.05.20 1992.11.09 3411 1,130 1,155
Three Mile PWR 1974.09.02 2019.09.20 2,568 819 880
Island 1
Yankee Rowe PWR 1961.07.01 1991.10.01 600 175 180
San Onoftre 1 PWR 1968.01.01 1992.11.30 1,347 436 456
Oyster Creek BWR 1969.12.01 2018.09.17 1,930 650 652
Vermont Yankee BWR 1972.11.30 2014.12.29 1,912 514 635
Zion 1 PWR 1973.12.31 1998.02.13 3,250 1,040 1,085
Zion 2 PWR 1974.09.17 1998.02.13 3,250 1,040 1,085
Shoreham BWR 1986.08.01 1989.05.01 2,436 809 849
Humboldt Bay BWR 1963.08.01 1976.07.02 220 65 65
Pilgrim BWR 1972.12.01 2019.05.31 2028 655 711
Crystal river 3 PWR 1977.03.13 2013.02.05 2568 825 890
Fort Cathoun 1 PWR 1973.09.26 2016.10.24 1500 478 512
Kewaunee PWR 1974.06.16 2013.05.07 1772 535 595
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United State Indian Point 1 PWR 1962.10.01 1974.10.31 615 265 277
Indian Point 2 PWR 1974.08.01 2020.04.30 3216 873 1067
Indian Point 3 PWR 1976.08.30 2021.04.30* 3216 965 1085
Germany Niederaichbach HWGCR 1973.01.01 1974.07.31 321 100 106
Wuergassen BWR 1975.11.11 1994.08.26 1,912 640 670
Spain Jose Cabrera 1 PWR 1969.08.13 2006.04.30 510 153 150
(Zorita)
Santa Maria BWR 1971.05.11 2013.07.06 1,381 440 466
de Garona (Long term shutdown)
2017.08.02
(Permanent shutdown)
Japan Tokai 1 GCR 1966.07.25 1998.03.31 587 159 166
Tsuruga 1 BWR 1970.03.14 2015.04.27 1,070 341 357
Mihama 1 PWR 1970.11.28 2015.04.27 1,031 320 340
Genkai 1 PWR 1975.10.15 2015.04.27 1,650 529 559
Ikata 1 PWR 1977.09.30 2016.05.10 1,650 538 566
Shimane 1 BWR 1974.03.29 2015.04.30 1,380 439 460
Lithuania Ignalinal LWGR 1985.05.01 2004.12.31 4,800 1,500 1,300
Ignalina2 LWGR 1987.12.01 2009.12.31 4,800 1,500 1,300
Sweden Oskarshamn1 BWR 1972.02.06 2017.06.19 1,375 440 492
Oskarshamn2 BWR 1975.01.01 2016.12.22 1,800 580 661
Switzerland Muehleberg BWR 1972.11.06 2019.12.20 1,097 306 390
Netherlands Dodewaard BWR 1969.03.26 1997.03.26 183 54 60
Italy Enrico Fermi PWR 1965.01.01 1990.07.01 870 247 270
(Trino)
Caorso BWR 1981.12.01 1990.07.01 2,651 840 882
Garigliano BWR 1964.06.01 1982.03.01 506 150 160
Table 1614 B¥, 427]¢] 427} 27 A8 e} 2 a7 v dlolel & 3)7] E4ake] s u-&
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Table 2. Summary of BWR under Decommissioning or Decommissioned [13-19]

Operating Thermal Operation Contamination Decommissioning Cost Present value
Country Name period capacity factor factor period MUS §] [MUS §]
[Year] [MWt] [%] [Year] *Nov, 2019

United State ~ Big Rock Point 34 240 73.0 136.03 9 420 45517
[13]

Milestone 1 27 2011 69.2 142.12 60 422 457.33
[14]

Oyster Creek 48 1930 78.2 283.97 18 627 668.19
[14]

Vermont Yankee 42 1912 86.3 273.87 15 561 597.85
[14]

Humboldt bay 13 220 NC* 49.08 12 727 828.24
[15]

Pilgrim 47 2028 76.0 272.00 60 1661 1695.34
[16]

Netherlands Dodewaard 28 183 86.0 125.44 8 133 185.41
(17]

Italy Caorso 8 2651 43.5 2743 32 480 669.16
(17]

Garigliano 17 506 44.8 4742 27 263 366.64
[17]

Spain Santa Maria de 42 1381 81.6 247.81 16 308 340.08

Garona

(18]

Switzerland Muhleberg 47 1097 90.4 297.43 15 178 249.50
(17]

Oskarshamn1 45 1375 65.0 213.236 10 114 125.87
[19]

Oskarshamn2 42 1800 75.8 238.64 10 137 151.27
(19]

Average 33.9 1333.4 72.29 181.11 22.5 463.9 5223

* Cumulative values not calculated when more than 50% of required data is missing in PRIS. Then its value assumes at 70%.
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Table 3. Summary of PWR under Decommissioning or Decommissioned [20-24]

Operating Thermal Operation Contamination Decommissioning Cost Present value
Country Name period capacity factor factor period [MUS §] [MUS $]
[Year] [MWt] [%] [Year] *Nov, 2019
United State Haddam Neck 28 1825 76.0 159.79 10 819 872.80
[14]
Maine Yankee 24 2630 73.0 137.96 8 592 641.57
[13]
Rancho Seco 14 2772 46.4 51.05 20 466 504.02
[13]
Three Mile 45 2568 76.7 272.03 62 1228 1255.43
Island 1
[20]
Trojan 16 3411 579 75.49 13 429 600.04
[13]
Yankee Rowe 30 600 714 147.76 15 608 658.91
[13]
Zion 1 24 3250 63.9 124.21 10 500 540.80
[13]
Zion 2 24 3250 65.9 128.09 10 500 540.80
[13]
San Onoftre 1 24 1347 55.1 95.11 32 622 674.08
[13]
Crystal river 3 36 2568 66.9 189.36 56 895.9 945.16
(21]
Fort Calhoun 1 43 1500 713 242.14 48 1213 1240.30
(22]
Kewaunee 39 1772 85.1 247.96 62 919 11084.60
(23]
Indian Point 1 12 615 NC* 53.94 10 598 598.0
[24]
Indian Point 2 46 3216 77.1 286.41 11 701 701.82
[24]
Indian Point 3 45 3216 73.7 267.83 12 1002 1002.38
[24]
Spain Jose Cabrera 1 36 510 78.9 177.30 11 341 3583
(Zorita)
Average 30.4 2190.6 70.08 166.03 24.4 714.7 763.74

* Cumulative values not calculated when more than 50% of required data is missing in PRIS. Then its value assumes at 70%.
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Table 4. Multi-regression Analysis Results for BWR Data

Coefficient Std. error t value p-value VIF
8
(Constant) 113.608 246.028 0.462 0.654 -
Contamination factor 0.389 1.016 0.383 0.710 1.002
Decommissioning 15.196 5.621 2703 0.022 1.002
period
Table 5. Statistic Test Results for BWR Data
R? Adjusted R? RMSE MAE Std. Error
0.4248 0.3097 302.3423 247.3839 3447233
1800
—— Decommissioning cost 169534
1600 + Predicted cost
_ 1400 5T 82824
o 660,16
g 1200 455.17 45733 97,85 .
Lz 1000 A
:E 2495
é 800 18541 =T - 13122
§ 600
il LA
400 \
4 105027
200 49766 44815 \ o 54235
5 - 45320 45732 - 348-5;"3;8 s
BigRock Milestonel Oystercree Vermont Dodewaard Caorso  Garigliano SantaMaria M Humboldt O o] Pilgrim
Point Yankee de Garona 1 2
Decommissioning Nuclear Power Plant
Fig. 5. Comparison of the real decommissioning costs and the predicted costs for BWR.
Table 6. Multi-regression Analysis Results for PWR Data
Coefficient Std. error t value p-value VIF
8
(Constant) 329.853 89.876 3.670 0.003 -
Contamination factor 1.533 0.550 2.786 0.015 1.264
Decommissioning 7347 2.104 3.492 0.004 1.264
period
Table 7. Statistic Test Results for PWR Data
R? Adjusted R? RMSE MAE Std. Error
0.7372 0.6968 134.2286 106.3934 148.9133
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Fig. 6. Comparison of the real decommissioning costs and the predicted costs for PWR.

3.1 Application of Regression Analysis to
Decommissioning Cost Data

3.1.1 Analysis for BWR Decommissioning Cost
Data
BWRe|| thgh 3] 4] Z 3= Table 49} 5o Fe|af &
ttt. Fig. 5011*1 AA WG 2 =2ollA A% gk Alel o
zfol & gl & Qitk, & =FollA] BWR 3f 2] H]-§ F4 <]l
AHEE §Hﬂ EARY S o A (1) 2

Cost =113.608 + 0.389 x Contamination factor
+ 15.196 x Decommissioning period (11)
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3.1.2 Analysis for PWR Decommissioning Cost
Data
PWRel tf gt t}5 3]7 4] A7= Table 67} 79 2
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3.2 Analysis for Sensitivity of regression
model
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Table 8. Sensitivity Analysis results for PWR

Ranking No. Parameter Name Relative Importance Fraction [%)]
1 Decommissioning period 22.3062 52.18
2 Contamination factor 20.4424 47.82
Table 9. Variables for cost Estimation of Kori 1 decommissioning by the Regression Model
Operating period Thermal Power . L Estimated Cost
[Year] (MW1) Operation factor Contamination factor Decommission period [MUS $]
39.194 1729 79.5% 23230 15 795.86

1100
1000
@ 900 92872
wv
>
=
S 800
> 79586
£
=4
o
4 700
€
£ 663.40
g 600
-m- Expected value
—+ Lower Confidence Limit
500
Upper Confidence Limit
400

123 45 6 7 8 910 111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Decommissioning period (Year)

Fig. 7. 95% confidence intervals of estimated decommissioning cost for Kori 1 with change in decommissioning period.
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3.3 Application of Regression Model to Kori 1
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4., Conclusions
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