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1. Introduction 

A Fukushima-like nuclear accident does not have to be caused by nature. Similar results could 
be wrought by military attack that disabled its safety systems, including cooling and power 
systems of nuclear power plants (NPPs).  

This study shows hypothetical releases from a core meltdown or spent fuel pool fire of NPPs 
occurred by military attack such as missile attacks in some of Northeast Asia countries, with 
atmospheric dispersion and deposition calculations using the HYSPLIT code with historical 
meteorological data for the region.  

 

2. Nuclear Power Reactors in Some Northeast Asia Countries 

2.1 Japan 

As of March 2020, of the 33 reactors that are operable, nine reactors are actually operating and 
18 are in the process of restart approval due to the aftermath of the 2011 Fukushima accident. 
Japan also has 27 power reactors that are permanently shut-downed.1  

Fig. 1 shows the status of nuclear power plants in Japan as of October 2017. Table 1 and 2 
show operable power reactors and power reactors under construction, respectively, in Japan.  

Despite of the relatively small numbers of reactors in operation, the Japanese government is 
about to commence operating the Rokkasho reprocessing plant in early 2022.2 The Rokkasho 
reprocessing plant is capable of separating annually about eight tons of plutonium from the 
reprocessing of 800 tons of spent fuel. The plant has a pool that currently holds approximately 
3,000 tons of spent fuel from PWRs and BWRs.3  

 
1. "Nuclear Power in Japan," World Nuclear Association, March 2020, https://www.world-
nuclear.org/information-library/country-profiles/countries-g-n/japan-nuclear-power.aspx; IAEA, PRIS database 
for Japan on 2020-04-2, https://pris.iaea.org/PRIS/CountryStatistics/CountryDetails.aspx?current=JP.  

2. Jungmin Kang and Hajime Matsukubo, "Reprocessing Will Increase Japan’s Tritium Problem," Nuclear 
Intelligence Weekly, Vol. 14, No. 11, March 13, 2020. 

3. https://www.jnfl.co.jp/ja/release/press/2018/detail/file/20190131-1-1.pdf. 
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Fig. 1 Status of nuclear power plants in Japan (as of October 2017)4 

 

Table 1 Operable power reactors in Japan5 

Units Type Net 
capacity 
(MWe) 

Utility Commer
cial 

operation 

NRA compliance 
Applicati

on 
Restart 

date 
Genkai 3 
Genkai 4 

PWR 
PWR 

1127 
1127 

Kyushu 1994.3 
1997.7 

2013.12 
2013.1 

2018.5 
2018.6 

Hamaoka 3 
Hamaoka 4 
Hamaoka 5 

BWR 
BWR 
BWR 

1056 
1092 
1325 

Chubu 1987.8 
1993.9 
2005.1 

2015.6 
2014.2 

 

Higashidori 1 BWR 1067 Tohoku 2005.12 2014.6  
Ikata 3 PWR 846 Shikoku 1994.12 2013.7 2016.8 

Kashiwazakikariwa 1 BWR 1067 TEPCO 1985.9   

 
4. https://cnic.jp/english/wordpress/wp-content/uploads/2017/11/MapNPPJapan-as-of-2017.pdf.  

5. "Nuclear Power in Japan," World Nuclear Association, March 2020, https://www.world-
nuclear.org/information-library/country-profiles/countries-g-n/japan-nuclear-power.aspx; IAEA, PRIS database 
for Japan on 2020-04-2, https://pris.iaea.org/PRIS/CountryStatistics/CountryDetails.aspx?current=JP.  
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Kashiwazakikariwa 2 
Kashiwazakikariwa 3 
Kashiwazakikariwa 4 
Kashiwazakikariwa 5 
Kashiwazakikariwa 6 
Kashiwazakikariwa 7 

BWR 
BWR 
BWR 
BWR 
BWR 
BWR 

1067 
1067 
1067 
1067 
1315 
1315 

1990.9 
1993.8 
1994.8 
1990.4 
1996.11 
1997.7 

 
 
 
 

2017.12 
2017.12 

Mihama 3 PWR 780 Kansai 1976.12 2015.3  
Ohi 3 
Ohi 4 

PWR 
PWR 

1127 
1127 

Kansai 1991.12 
1993.2 

2013.7 
2013.7 

2018.3 
2018.5 

Onagawa 2 
Onagawa 3 

BWR 
BWR 

796 
796 

Tohoku 1995.7 
2002.1 

2013.12  

Sendai 1 
Sendai 2 

PWR 
PWR 

846 
846 

Kyushu 1984.7 
1985.11 

2013.7 
2013.7 

2015.8 
2015.10 

Shika 1 
Shika 2 

BWR 
BWR 

505 
1108 

Hokuriku 1993.7 
2006.3 

 
2014.8 

 

Shimane 2 BWR 789 Chugoku 1989.2 2013.12  
Takahama 1 
Takahama 2 
Takahama 3 
Takahama 4 

PWR 
PWR 
PWR 
PWR 

780 
780 
830 
830 

Kansai 1974.11 
1975.11 
1985.1 
1985.6 

2016.4 
2016.4 
2015.2 
2015.2 

 
 

2016.1 
2016.2 

Takai 2 BWR 1060 JAPC 1978.11 2014.5  
Tomari 1 
Tomari 2 
Tomari 3 

PWR 
PWR 
PWR 

550 
550 
866 

Hokkaido 1989.6 
1991.4 
2009.12 

2013.7 
2013.7 
2013.7 

 

Tsuruga 2 PWR 1108 JAPC 1987.2 2015.11  
 

Table 2 Power reactors under construction in Japan6 

Units Type Net capacity 
(MWe) 

Utility Construction 
start 

Operation 

Shimane 3 BWR 1373 Chugoku 2005.12, 
suspended 2011 

Applied to NRA for 
safety checks in 2018 

Ohma 1 BWR 1383 EPDC/J-
power 

2010.5, 
suspended 2011 

Construction 
estimated to restart 
2020 and finish in 

2025 
 

2.2 South Korea 

As of April 28, 2020, South Korea has 24 power reactors in operation, with a total capacity of 
23.3 GWe: 21 pressurized water reactors (PWRs) and three CANDU heavy water reactors 
(HWRs), the latter with a combined capacity of 2.0 GWe. All the nuclear power plants in South 
Korea are located along the coast of the peninsula, as shown in Fig. 2. The country’s first 

 
6. Ibid. 
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commercial reactor Kori-1 (576 MWe) was shut down in June 2017 after 40 years of operation. 
The first CANDU reactor Wolsong-1 (657 MWe) was also announced shut down in December 
2019. Table 3 and 4 show power reactors in operation and under construction, respectively, in 
South Korea.  

 

 

Fig. 2 Status of nuclear power plants in South Korea7 

 

Table 3 Power reactors in operation in South Korea8 

Units Type Net capacity 
(MWe) 

Commercial operation Planned close 

Kori 1 (closed) 
Kori 2 
Kori 3 
Kori 4 

Shin Kori 1 

PWR 
PWR 
PWR 
PWR 
PWR 

576 
640 
1011 
1012 
997 

1978.4 
1983.7 
1985.9 
1986.4 
2011.2 

2017.6 
2023 
2024 
2025 
2050 

 
7. "Nuclear Power in South Korea," World Nuclear Association, December 2019, https://www.world-
nuclear.org/information-library/country-profiles/countries-o-s/south-korea.aspx.  

8. Ibid. 
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Shin Kori 2 
Shin Kori 3 
Shin Kori 4 

PWR 
PWR 
PWR 

997 
1383 
1383 

2012.7 
2016.12 
2019.9 

2051 
2075 
2078 

Hanbit 1 
Hanbit 2 
Hanbit 3 
Hanbit 4 
Hanbit 5 
Hanbit 6 

PWR 
PWR 
PWR 
PWR 
PWR 
PWR 

996 
988 
994 
970 
998 
993 

1986.8 
1987.6 
1995.12 
1996.3 
2002.5 
2002.12 

2025 
2026 
2034 
2035 
2041 
2042 

Hanul 1 
Hanul 2 
Hanul 3 
Hanul 4 
Hanul 5 
Hanul 6 

PWR 
PWR 
PWR 
PWR 
PWR 
PWR 

969 
965 
997 
999 
998 
997 

1988.9 
1989.9 
1998.8 
1999.12 
2004.7 
2005.4 

2027 
2028 
2037 
2038 
2043 
2044 

Wolsong 1 (closed) 
Wolsong 2 
Wolsong 3 
Wolsong 4 

Shin Wolsong 1 
Shin Wolsong 2 

PHWR 
PHWR 
PHWR 
PHWR 
PWR 
PWR 

657 
647 
651 
653 
997 
993 

1983.4 
1997.7 
1998.7 
1999.10 
2012.7 
2015.7 

2018.5 
2026 
2027 
2029 
2051 
2054 

 

Table 4 Power reactors under construction in South Korea9 

Units Type Net capacity 
(MWe) 

Commercial operation Planned close 

Shin Hanul 1 
Shin Hanul 2 

PWR 
PWR 

1400 
1400 

2020.10 
2021.8 

2079 
2080 

Shin Kori 5 
Shin Kori 6 

PWR 
PWR 

1400 
1400 

2023.3 
2024.6 

2082 
2083 

 

2.3 Taiwan 

As of July 2019, Taiwan has four power reactors in operation (two BWRs at Kuosheng and two 
PWRs at Maanshan), with a total capacity of 3.7 GWe and 2 reactors totaling 2.6 GWe under 
construction. In 2019, Taiwan government announced that two BWRs at Chinshan plant would 
commence decommissioning.10 Fig. 3 shows status of nuclear power plants in Taiwan. Table 
5 and 6 show power reactors in operation and under construction, respectively, in Taiwan.  

 
9. Korea Hydro & Nuclear Power Co., Ltd. (KHNP), 
https://npp.khnp.co.kr/index.khnp?menuCd=DOM_000000105001002001; 
https://npp.khnp.co.kr/index.khnp?menuCd=DOM_000000105001002002. 

10. "Nuclear Power in Taiwan," World Nuclear Association, July 2019, https://www.world-
nuclear.org/information-library/country-profiles/others/nuclear-power-in-taiwan.aspx.  
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Construction of Lungmen 1&2 began in 1999. Faced with political and regulatory delays, Unit 
1 was completed but then mothballed in July 2015, and construction of unit 2 was suspended 
in April 2014.11 

 

 

Fig. 3 Status of nuclear power plants in Taiwan12 

 

Table 5 Power reactors in operation in Taiwan13 

Units Type Net capacity 
(MWe) 

Commercial 
operation 

Close 

Kuosheng 1 
Kuosheng 2 

BWR 
BWR 

948 
948 

1981 
1983 

2021.12 
2023.3 

Maanshan 1 
Maanshan 2 

PWR 
PWR 

900 
923 

1984 
1985 

2024 
2025 

Chinshan 1 
Chinshan 2 

BWR 
BWR 

604 
604 

1978 
1978 

2018.10 
2019.7 

 
11. "Taipower rules out operation of Lungmen," Nuclear Engineering International, 6 February 2019, 
https://www.neimagazine.com/news/newstaipower-rules-out-operation-of-lungmen-6970272.  

12. "Nuclear Power in Taiwan," World Nuclear Association, July 2019, https://www.world-
nuclear.org/information-library/country-profiles/others/nuclear-power-in-taiwan.aspx.  

13. Ibid. 
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Table 6 Power reactors under construction in Taiwan14 

Units Type Net capacity (MWe) Commercial 
operation 

Lungmen 1 
Lungmen 2 

BWR 
BWR 

1300 
1300 

deferred 
deferred 

 

3. Nuclear Accidents at Nuclear Power Plants 

3.1 Chernobyl Accidents 

Cs-137 (30-year half-life) is relatively volatile and is a potent land contaminant because 95% 
of its decays are to an excited state of Ba-137, which de-excites by emitting a penetrating (0.66-
MeV) gamma ray.15 

In April 1986 Chernobyl accident, more than 100,000 residents were evacuated because of 
contamination by Cs-137. Strict radiation-dose control measures were imposed in areas 
contaminated to levels greater than 0.5 MBq/m2 of Cs-137. The total area of this radiation-
control zone is approximately 10,000 km2. During the following decade, the population of this 
area declined by almost half because of migration to areas of lower contamination. The release 
of Cs-137 from the Chernobyl accident was about 85 PBq (petabecquerel).16 Fig. 4 shows a 
map of Cs-137 deposition levels in Belarus, the Russian Federation and Ukraine as of 
December 1989.  

About 4 PBq of Cs-137 is contained in the 1 tHM of 10-year cooled PWR spent fuel with 
burnup of 40 MWd/kgHM. About 80 PBq of Cs-137 is contained in 20 tHM of PWR spent fuel 
which is annually discharged from the 1GWe PWR.17 

 

 
14. Ibid. 

15. Table of Isotopes, 7th ed., C. M. Lederer and V. S. Shirley, eds. (John Wiley, 1978). 

16. UN Scientific Committee on the Effects of Atomic Radiation, UNSCEAR 2000: Summary of Low-Dose 
Radiation Effects on Health (New York: United Nations, 2000), Annex J, 
https://www.unscear.org/docs/publications/2000/UNSCEAR_2000_Annex-J.pdf.  

17. Author’s calculation. 
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Fig. 4 Map of Cs-137 deposition levels in Belarus, the Russian Federation and Ukraine as of 
December 198918 

 

3.2 Fukushima Accidents 

In March 2011 Fukushima accident when three nuclear power plant cores melted down and 
released radionuclides into the atmosphere, more than 100,000 residents were evacuated. 
People within a radius of 20 km of the site and in other designated areas were evacuated, and 
those within a radius of 20–30 km were instructed to shelter before later being advised to 
voluntarily evacuate. The mean total activity of Cs-137 released was around 7–20 PBq. The 
releases from the accident are estimated to be approximately one tenth of the releases from the 
1986 Chernobyl accident.19 Most of the releases were dispersed over the North Pacific Ocean. 
Fig. 5 shows a map of the evacuation zone as of 7 August 2013.20  

 
18. International Advisory Committee, The International Chernobyl Project, Technical Report. IAEA, Vienna 
(1991), https://ratical.org/radiation/Chernobyl/137csDLsHR.html.  

19. The reason why the amounts of Cs-137 released from Fukushima is smaller than that of Chernobyl accident 
would be as follows. In Fukuhsima, the BWR containment structures (containing reactor vessel) were not 
seriously damaged from the accident so that those could contain a large fraction of Cs-137 although the upper 
part of the containment building structure (containing the BWR containment structures) were burst by the 
hydrogen fire. 

20. The Fukushima Daiichi Accident: Report by the Director General, IAEA, 2015, https://www-
pub.iaea.org/MTCD/Publications/PDF/Pub1710-ReportByTheDG-Web.pdf.  
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Fig. 5 shows a map of the evacuation zone as of 7 August 2013 

 

4 Military Vulnerabilities of Civilian Nuclear Plants 

4.1 Design Basis Threat 

Design Basis Threat (DBT) describes a specified set of adversary attributes that must be 
considered in the design of plant security systems. The US Nuclear Regulatory Commission 
(NRC) has established DBT for radiological sabotage and for theft or diversion of formula 
quantities of strategic special nuclear materials. Generic characteristics of the DBT for 
radiological sabotage are described in 10 CFR 73.1(a)(1):21 

“Radiological sabotage. (i) A determined violent external assault, attack by stealth, or 
deceptive actions, including diversionary actions, by an adversary force capable of 
operating in each of the following modes: A single group attacking through one entry point, 
multiple groups attacking through multiple entry points, a combination of one or more 
groups and one or more individuals attacking through multiple entry points, or individuals 
attacking through separate entry points, with the following attributes, assistance and 
equipment: 

(A) Well-trained (including military training and skills) and dedicated individuals, willing 

 
21. Lessons Learned from the Fukushima Nuclear Accident for Improving Safety and Security of U.S. Nuclear 
Plants: Phase 2, Washington, DC, The National Academies Press, 2016, https://doi.org/10.17226/21874.  
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to kill or be killed, with sufficient knowledge to identify specific equipment or locations 
necessary for a successful attack; 

(B) Active (e.g., facilitate entrance and exit, disable alarms and communications, 
participate in violent attack) or passive (e.g., provide information), or both, knowledgeable 
inside assistance; 

(C) Suitable weapons, including handheld automatic weapons, equipped with silencers and 
having effective long range accuracy; 

(D) Hand-carried equipment, including incapacitating agents and explosives for use as 
tools of entry or for otherwise destroying reactor, facility, transporter, or container integrity 
or features of the safeguards system; and 

(E) Land and water vehicles, which could be used for transporting personnel and their 
hand-carried equipment to the proximity of vital areas; and 

(ii) An internal threat; and 

(iii) A land vehicle bomb assault, which may be coordinated with an external assault; and 

(iv) A waterborne vehicle bomb assault, which may be coordinated with an external assault; 
and 

(v) A cyber attack.” 

 

The DBT is not designed to be the worst-case threat. It simply defines the upper bound within 
the total threat environment against which a nuclear plant licensee is required to protect.22 

Nuclear power plants are also vulnerable from military attack, including missile attacks in war 
conditions. The BDT does not cover such military threats.  

According to a report by the Korea Hydro & Nuclear Power Co. (KHNP) having submitted to 
a lawmaker, South Korea’s nuclear power reactors have not been designed to deal with military 
attacks. The containment building of reactors were never meant to withstand a missile strike or 
other forms of concerted attacks. The reinforced concrete walls are the last barrier built around 
reactors that can contain radioactive materials from being leaked into the surrounding area in 
the event of a serious accident.23 

 

4.2 Vulnerabilities of Safety Systems of NPP by Military Threats 

 
22. Ibid. 

23. "South Korea's nuclear power plants highly vulnerable to ballistic missile attack," GIKorea, April 17, 2017, 
https://www.rokdrop.net/2017/04/south-koreas-nuclear-power-plants-highly-vulnerable-to-ballistic-missile-
attack/.  
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A Fukushima-like accident does not have to be caused by nature. Similar results could be 
wrought by a dedicated terrorist group that gained access to a nuclear power plant and disabled 
its safety systems, including cooling and power systems, or by military attack accompanying 
missiles.  

What if an NPP had been a target of missile attack? The containment building is directly 
exposed to the missile attack. Containment building would be punctured or cracked partly or 
largely by the attack so that it would lose its confinement capability to contain the escape of 
radioactive fission products steam or gas that otherwise might be released to the atmosphere in 
the event of an accident. 

Inside the containment building, the reactor vessel containing core could be directly damaged 
by the missile attack.  

The cooling system is also endangered in the case of missile attack (Fig. 6). If the coolant 
pumps are damaged and/or the main coolant piping somehow breaks and thus the pumps cannot 
circulate coolant through the core, it results in a loss of reactor coolant that could lead to the 
core meltdown.  

 

 

Fig. 6 Schematic of a Pressurized Water Reactor (PWR)24 

 
24. Pressurized Water Reactors, USNRC, https://www.nrc.gov/reactors/pwrs.html.  
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The missile attack could cut off offsite power and damage onsite emergency diesel generators 
to be malfunctioned. With no electricity, there was no way to operate the emergency core-
cooling systems for the reactors that could lead to the core meltdown.  

The integrity of spent fuel pool and/or cooling of the pool (Fig. 7) would be lost directly or 
indirectly from the missile attack that could lead to the spent fuel pool fire.  

 

 

Fig. 7 Layout of spent fuel pool and transfer system for pressurized water reactors25 

 

4.3 Military Attacks to the Nuclear Facilities in the past 

At their article in October 2019, Dubowitz and Sokolski described military attacks to the 
nuclear facilities in the past:26 

“Iran went first in 1980, attempting to destroy Iraqi dictator Saddam Hussein’s Osirak 
reactor in a four-plane raid. Israeli fighter bombers finished the job in 1981. Iraqi airplanes, 
in turn, attacked Iran’s Bushehr reactor six times between 1984 and 1988. Then Hussein 
fired three rockets at Israel’s Dimona facility during Desert Storm while the U.S. Air Force 
targeted and destroyed most of Iraq’s nuclear facilities. The United Kingdom and the U.S. 
continued to bomb suspected Iraqi nuclear sites after the war. Then, in 2007, Israeli planes 
destroyed Syria’s undeclared nuclear reactor at Deir-ez-Zor.” 

 
25. Ibarra, J.G., et al., Operating experience feedback report: Assessment of spent fuel cooling, USNRC, 
NUREG-1275, 1997, https://www.nrc.gov/docs/ML0106/ML010670175.pdf.  

26. Mark Dubowitz and Henry Sokolski, "The ultimate Middle East missile target: Nuclear reactors," 
Washington Examiner, October 22, 2019, https://www.washingtonexaminer.com/opinion/the-ultimate-middle-
east-missile-target-nuclear-reactors.  
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Fortunately, no commercial power reactors in operation have been targeted by the military 
attacks. Therefore, there were no radioactive fission products released from the events.  

 

5 Hypothetical Missile Attacks to Civilian Nuclear Plants 

5.1 Zirconium Fire and Cs-137 Inventory Release 

A 2014 USNRC study explained that:27 

“If cooling of the spent fuel were not reestablished, the fuel could heat up to temperatures 
on the order of 1,000℃. At this temperature, the spent fuel’s zirconium cladding would 
begin to react with air in a highly exothermic chemical reaction called a runaway zirconium 
oxidation reaction or autocatalytic ignition. This accident scenario is often referred to as a 
“spent fuel pool zirconium fire.” Radioactive aerosols and vapors released from the 
damaged spent fuel could be carried throughout the spent fuel pool building and into the 
surrounding environment.” 

During the zirconium oxidation reaction, hydrogen is produced by reaction of water vapor with 
hot zirconium cladding of spent fuel. Accumulated hydrogen in the building could lead to a 
hydrogen explosion that might destroy the containment structure. Buildings for spent fuel pools 
are usually not reinforced to withstand explosions. If containment building or the building 
above the spent fuel pool is not destroyed by a hydrogen explosion, much less Cs-137 would 
be released to the atmosphere. 

 

5.2 Nuclear Plants and Accident Modeling Assumptions 

Author estimates potential impact from NPPs in South Korea, China and Taiwan and from 
Rokkasho reprocessing plant in Japan on the assumption that nuclear accident is occurred by 
missile attack. Table 7 shows considered power reactors and spent fuel pools and assumed 
inventory of Cs-137 releases from the accidents. In this study, it is assumed that containment 
building surrounding the reactors and building containing spent fuel pool are punctured or 
cracked largely from the missile attack.  

The radioactivity of the Cs-137 release from the nuclear accident of core meltdown of 1GWe 
NPP is assumed about 258 PBq which is 75% of core inventory of Cs-137.28 For a fire in the 
Kori-3 pool, that would correspond to a release of about 2,240 PBq while about 6,470 PBq for 
a fire in the Rokkasho reprocessing plant’s spent fuel pool. Kori-3 pool is dense-packed with 

 
27. "Generic Environmental Impact Statement for Continued Storage of Spent Nuclear Fuel," NUREG-2157 
Vol.1, USNRC, 2013, https://www.nrc.gov/docs/ML1419/ML14196A105.pdf.  

28. These numbers are assumed on the base of the USNRC’s assumptions for the densely packed spent fuel pool 
fire case with 75% release of Cs-137 that are originally contained in the reactor core or in the spent fuel pool.  
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about 910 tons of spent fuel as of the end of 2019.29 The Rokkasho reprocessing plant’s pool 
contains 2,968 tons of spent fuel as of January 31, 2019.30 

 

Table 7 Power reactors and spent fuel pools and assumed inventory of Cs-137 releases 

Country NPP Type Net 
capacity 

Location 
(latitude/longitude) 

Amount of 
Cs-137 
release 

China Hongyanhe 1 PWR 1GWe 39°47′45″/121°28′50″ 258 PBq 
Japan Genkai 3 

Spent fuel pool of 
Rokkasho 

Reprocessing Plant  

PWR 
- 

1GWe 
- 

33°30′56″/129°50′14″ 
40°57′45″/141°19′35″ 

258 PBq 
6,500 PBq 

South 
Korea 

Hanbit 4 
Kori 3 

Kori 3 spent fuel pool 

PWR 
PWR 

- 

1GWe 
1GWe 

- 

35°24′54″/126°25′26″ 
35°19'12''/129°17'24'' 

258 PBq 
258 PBq 
2240 PBq 

Taiwan Kuosheng 1 
Maanshan 2 

BWR 
BWR 

1GWe 
1GWe 

25°12′10″/121°39′45″ 
21°57′30″/120°45′5″ 

258 PBq 
258 PBq 

 

To assess the impact of radiological fallout on the population and land area, the atmospheric 
dispersion following the releases was simulated using the Hysplit31 model provided by NOAA 
and a population database (NASA).32 The simulations ingested meteorological data Global 
Data Assimilation System (GDAS) in three-hour time resolution and one-degree spatial 
resolution. The model was employed to simulate a 32-hour long release along a vertical line 
source from 0-300 meters and the subsequent dispersion for one week including dry and wet 
deposition. Simulation were conducted for the first week of each month of the year 2019. The 
resulting fallout was binned in a 0.25-degree grid and paired with accordingly spaced 
population33 and country34 databases for the year 2020 to calculate the affected number of 

 
29. "Results of discussions by expert review groups on the agenda for reviewing spent fuel management 
policies," Review Committee for Spent Fuel Management Policy, Feb 2020, p.15 (Korean). 

30. https://www.jnfl.co.jp/ja/release/press/2018/detail/file/20190131-1-1.pdf.  

31. Stein, A.F., Draxler, R.R, Rolph, G.D., Stunder, B.J.B., Cohen, M.D., and Ngan, F., (2015). NOAA's 
HYSPLIT atmospheric transport and dispersion modeling system, Bull. Amer. Meteor. Soc., 96, 2059-2077, 
http://dx.doi.org/10.1175/BAMS-D-14-00110.1.  

32. The Hysplit calculations were done by Dr. Michael Schoeppner, Independent Consultant. 

33. Center for International Earth Science Information Network - CIESIN - Columbia University. 2018. Gridded 
Population of the World, Version 4 (GPWv4): Population Count Adjusted to Match 2015 Revision of UN WPP 
Country Totals, Revision 11. Palisades, NY: NASA Socioeconomic Data and Applications Center (SEDAC). 
https://doi.org/10.7927/H4PN93PB.  

34. Center for International Earth Science Information Network - CIESIN - Columbia University. 2018. Gridded 
Population of the World, Version 4 (GPWv4): National Identifier Grid, Revision 11. Palisades, NY: NASA 
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people and surface areas in countries.  

 

5.3 Relocation Areas 

After the Chernobyl accident, in addition to the 30-kilometer-radius evacuation zone around 
the reactor, relocation was made compulsory from areas with Cs-137 contamination levels 
higher than about 1.5 megabecquerels per square meter (1.5 MBq/m2). Below this 
contamination level, strict radiation-dose-control measures were imposed in areas 
contaminated down to 0.5 MBq/m2. Nevertheless, large fractions of the populations in those 
“radiation-control” areas evacuated. In Ukraine, evacuation of these areas was made 
compulsory. In addition to an initial 20-kilometer evacuation zone, a standard similar to 1.5 
MBq/m2 was used for Fukushima.35 

In this study, the contamination levels for compulsory evacuation are shown in orange and red 
and those for voluntary evacuation in yellow. The yellow area is greater than 0.5 MBq/m2 less 
than 1.5 MBq/m2. The orange area is greater than 1.5 MBq/m2 less than 4.5 MBq/m2. The red 
area is greater than 4.5 MBq/m2. 

 

5.4 Results 

5.4.1 Results of Genkai 3 in Japan 

Fig. 8 shows result of contamination levels after a hypothetical accident at the Genkai 3 reactor 
on 1 October and 1 December 2019. Genkai 3 is 1 GWe PWR started commercial operation in 
March 1994.36 

 
Socioeconomic Data and Applications Center (SEDAC). https://doi.org/10.7927/H4TD9VDP.  

35. Frank von Hippel, Masafumi Takubo, Jungmin Kang, Plutonium: How Nuclear Power’s Dream Fuel 
Became a Nightmare, Springer, 2019, p. 86. 

36. https://www.world-nuclear.org/reactor/default.aspx/GENKAI-3.  
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Fig. 8 Relocation areas for hypothetical nuclear accident at the Genkai 3 reactor on 1 October 
and 1 December 2019 

 

Table 8 shows the average and maximum relocation areas and relocated populations in Japan 
and the neighboring countries for the hypothetical nuclear accident calculated for 12 historical 
weather conditions. For Japan, the average and maximum calculated compulsory evacuation 
areas are, respectively, about 5,800 and 18,400 square kilometers with the average and 
maximum number of relocated people about 1,329,00 and 9,492,000, respectively. When 
voluntary evacuation is considered, the total average and maximum calculated areas are, 
respectively, about 14,300 and 40,500 square kilometers with the total average and maximum 
number of relocated people about 2,559,000 and 12,416,000, respectively. Given the prevailing 
winds and distance, South Korea is also significantly impacted by the accident. 

 

Table 8 Relocated populations and interdicted areas for hypothetical nuclear accident at the 
Genkai 3 reactor 

Country Relocated populations Interdicted areas (km2) 

Average Maximum Average Maximum 

Japan 1,329,000 

(2,559,000) 

9,492,000 

(12,416,000) 

5,800 

(14,300) 

18,400 

(40,500) 

South Korea 400 

(745,000) 

5,000 

(8,632,000) 

50 

(2,800) 

600 

(31,700) 

China (500) (6,000) (50) (600) 
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Taiwan (71,000) (849,000) (1,500) (18,400) 

(Note: The numbers of the parenthesis are total numbers when the number of voluntary 
evacuation is considered.) 

 

5.4.2 Results of Hanbit 4 and Kori 3 in South Korea 

Fig. 9 shows result of contamination levels after a hypothetical accident at the Hanbit 4 reactor 
on 1 August and 1 November 2019. Hanbit 4 is 1 GWe PWR started commercial operation in 
January 1996.37 

Table 9 shows the average and maximum relocation areas and relocated populations in South 
Korea and the neighboring countries for the hypothetical nuclear accident calculated for 12 
historical weather conditions. For Japan, the average and maximum calculated compulsory 
evacuation areas are, respectively, about 3,600 and 12,700 square kilometers with the average 
and maximum number of relocated people about 491,00 and 2,159,000, respectively. When 
voluntary evacuation is considered, the total average and maximum calculated areas are, 
respectively, about 14,300 and 38,600 square kilometers with the total average and maximum 
number of relocated people about 3,336,000 and 15,064,000, respectively.  

 

  

Fig. 9 Relocation areas for hypothetical nuclear accident at the Hanbit 4 reactor on 1 August 
and 1 November 2019 

 

 

 
37. https://www.world-nuclear.org/reactor/default.aspx/HANBIT-4.  
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Table 9 Relocated populations and interdicted areas for hypothetical nuclear accident at the 
Hanbit 4 reactor 

Country Relocated populations Interdicted areas (km2) 

Average Maximum Average Maximum 

South Korea 491,000 

(3,336,000) 

2,159,000 

(15,064,000) 

3,600 

(14,300) 

12,700 

(38,600) 

North Korea  (40,000)  (454,000)  (500)  (4,400) 

China (116,000) (1,381,000) (500) (5,700) 

Japan (22,000) (261,000) (400) (4,400) 

Taiwan (1,694,000) (11,326,000) (1,600) (10,800) 

Philippine (600) (8,000) (200) (1,900) 

(Note: The numbers of the parenthesis are total numbers when the number of voluntary 
evacuation is considered.) 

 

Fig. 10 shows result of contamination levels after a hypothetical accident at the Kori 3 reactor 
on 1 August and 1 December 2019. Kori 3 is 1 GWe PWR started commercial operation in 
September 1985.38 

Table 10 shows the average and maximum relocation areas and relocated populations in South 
Korea and the neighboring countries for the hypothetical nuclear accident calculated for 12 
historical weather conditions. For Japan, the average and maximum calculated compulsory 
evacuation areas are, respectively, about 4,500 and 20,300 square kilometers with the average 
and maximum number of relocated people about 2,264,00 and 12,919,000, respectively. When 
voluntary evacuation is considered, the total average and maximum calculated areas are, 
respectively, about 14,900 and 72,200 square kilometers with the total average and maximum 
number of relocated people about 6,293,000 and 46,618,000, respectively. Given the prevailing 
winds and distance, Japan is also significantly impacted by the accident. 

 
38. https://www.world-nuclear.org/reactor/default.aspx/KORI-3.  
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Fig. 10 Relocation areas for hypothetical nuclear accident at the Kori 3 reactor on 1 August and 
1 December 2019 

 

Table 10 Relocated populations and interdicted areas for hypothetical nuclear accident at the 
Kori 3 reactor 

Country Relocated populations Interdicted areas (km2) 

Average Maximum Average Maximum 

South Korea 2,264,000 

(6,293,000) 

12,919,000 

(46,618,000) 

4,500 

(14,900) 

20,300 

(72,200) 

North Korea  (28,000)  (338,000)  (50)  (600) 

Japan 47,000 

(460,000) 

459,000 

(3,028,000) 

400 

(4,900) 

2,500 

(20,900) 

Taiwan (43,000) (512,000) (200) (2,500) 

(Note: The numbers of the parenthesis are total numbers when the number of voluntary 
evacuation is considered.) 

 

5.4.3 Results of Kuosheng 1 and Maanshan 2 in Taiwan 

Fig. 11 shows result of contamination levels after a hypothetical accident at the Kuosheng 1 
reactor on 1 May and 1 August 2019. Kuosheng 1 is 1 GWe BWR started commercial operation 
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in December 1981.39 

Table 11 shows the average and maximum relocation areas and relocated populations in Taiwan 
and the neighboring countries for the hypothetical nuclear accident calculated for 12 historical 
weather conditions. For Taiwan, the average and maximum calculated compulsory evacuation 
areas are, respectively, about 5,000 and 15,200 square kilometers with the average and 
maximum number of relocated people about 3,433,000 and 14,761,000, respectively. When 
voluntary evacuation is considered, the total average and maximum calculated areas are, 
respectively, about 11,600 and 30,400 square kilometers with the total average and maximum 
number of relocated people about 7,070,00 and 27,052,000, respectively. Given the prevailing 
winds and distance, China is also significantly impacted by the accident. 

  

Fig. 11 Relocation areas for hypothetical nuclear accident at the Kuosheng 1 reactor on 1 May 
and 1 August 2019 

 

Table 11 Relocated populations and interdicted areas for hypothetical nuclear accident at the 
Kuosheng 1 reactor 

Country Relocated populations Interdicted areas (km2) 

Average Maximum Average Maximum 

Taiwan 3,433,000 

(7,070,000) 

14,761,000 

(27,052,000) 

5,000 

(11,600) 

15,200 

(30,400) 

China 1,552,000 9,909,000 2,200 13,900 

 
39. https://www.world-nuclear.org/reactor/default.aspx/KUOSHENG-1.  
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(6,117,000) (31,284,000) (9,900) (42,400) 

Japan (10,000) (104,000) (1,600) (10,800) 

(Note: The numbers of the parenthesis are total numbers when the number of voluntary 
evacuation is considered.) 

 

Fig. 12 shows result of contamination levels after a hypothetical accident at the Maanshan 2 
reactor on 1 May and 1 August 2019. Maanshan 2 is 1 GWe BWR started commercial operation 
in May 1985.40 

Table 12 shows the average and maximum relocation areas and relocated populations in Taiwan 
and the neighboring countries for the hypothetical nuclear accident calculated for 12 historical 
weather conditions. For Taiwan, the average and maximum calculated compulsory evacuation 
areas are, respectively, about 1,600 and 8,900 square kilometers with the average and maximum 
number of relocated people about 439,000 and 4,850,000, respectively. When voluntary 
evacuation is considered, the total average and maximum calculated areas are, respectively, 
about 4,100 and 17,700 square kilometers with the total average and maximum number of 
relocated people about 1,696,00 and 12,499,000, respectively. Given the prevailing winds and 
distance, China is also significantly impacted by the accident. 

  

Fig. 12 Relocation areas for hypothetical nuclear accident at the Maanshan 2 reactor on 1 
August and 1 September 2019 

 

Table 12 Relocated populations and interdicted areas for hypothetical nuclear accident at the 

 
40. https://www.world-nuclear.org/reactor/default.aspx/MAANSHAN-2.  



22 

 

Maanshan 2 reactor 

Country Relocated populations Interdicted areas (km2) 

Average Maximum Average Maximum 

Taiwan 439,000 

(1,696,000) 

4,850,000 

(12,499,000) 

1,600 

(4,100) 

8,900 

(17,700) 

China 93,000 

(2,586,000) 

1,105,000 

(14,663,000) 

600 

(4,500) 

5,700 

(22,200) 

Japan 9,000 

(9,000) 

105,000 

(109,000) 

700 

(1,300) 

8,900 

(12,000) 

Philippines (200) (3,000) (200) (1,900) 

(Note: The numbers of the parenthesis are total numbers when the number of voluntary 
evacuation is considered.) 

 

5.4.4 Results of Spent Fuel Pool of Kori 3 in South Korea 

Fig. 13 shows result of contamination levels after a hypothetical spent fuel pool fire of the Kori 
3 reactor on 1 May and 1 August 2019. As described earlier, the spent fuel pool of Kori-3 is 
dense-packed with about 910 tons of spent fuel as of the end of 2019. It would release about 
2,240 PBq of Cs-137 from the spent fuel pool fire of Kori 3 that is about 9 times greater than 
that of a reactor core meltdown accident.  

Table 13 shows the average and maximum relocation areas and relocated populations in South 
Korea and the neighboring countries for the hypothetical nuclear accident calculated for 12 
historical weather conditions. For Japan, the average and maximum calculated compulsory 
evacuation areas are, respectively, about 26,700 and 117,100 square kilometers with the 
average and maximum number of relocated people about 8,487,00 and 50,216,000, respectively. 
When voluntary evacuation is considered, the total average and maximum calculated areas are, 
respectively, about 34,800 and 100,200 square kilometers with the total average and maximum 
number of relocated people about 9,955,000 and 51,640,000, respectively. Given the huge 
amount of release of Cs-137 and geologic location in Northeast Asia, neighboring countries are 
heavily impacted by the accident. 
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Fig. 13 Relocation areas for hypothetical spent fuel pool fire of the Kori 3 reactor on 1 May 
and 1 August 2019 

 

Table 13 Relocated populations and interdicted areas for hypothetical spent fuel pool fire of 
the Kori 3 reactor 

Country Relocated populations Interdicted areas (km2) 

Average Maximum Average Maximum 

South Korea 8,487,000 

(9,955,000) 

50,216,000 

(451,640,000) 

26,700 

(34,800) 

117,100 

(100,200) 

North Korea  215,000 

(2,027,000) 

2,579,000 

(21,504,000) 

 1,400 

(12,900) 

16,500 

(120,500) 

Japan 5,106,000 

(17,459,000) 

39,980,000 

(118,554,000) 

36,700 

(111,100) 

201,900 

(467,200) 

China (2,018,000) (17,364,000) (19,000) (199,400) 

Russia  1,000 

(131,000) 

17,000 

(1,144,000) 

 700 

(10,400) 

8,900 

(91,800) 

Taiwan  917,000 

(1,699,000) 

10,998,000 

(20,132,000) 

 2,100 

(3,900) 

24,700 

(44,300) 

Philippine (38,000) (427,000) (17,000) (12,000) 

(Note: The numbers of the parenthesis are total numbers when the number of voluntary 
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evacuation is considered.) 

 

5.4.5 Results of Spent Fuel Pool of Rokkasho Reprocessing Plant in Japan 

Fig. 14 shows result of contamination levels after a hypothetical spent fuel pool fire of the 
Rokkasho reprocessing plant on 1 October and 1 December 2019. As described earlier, the 
spent fuel pool of Rokkasho Reprocessing Plant contains 2,968 tons of spent fuel as of the end 
of January 2019. It would release about 6,470 PBq of Cs-137 from the spent fuel pool fire that 
is about 25 times greater than that of a reactor core meltdown accident.  

Table 14 shows the average and maximum relocation areas and relocated populations in Japan 
and the neighboring countries for the hypothetical nuclear accident calculated for 12 historical 
weather conditions. For Japan, the average and maximum calculated compulsory evacuation 
areas are, respectively, about 51,700 and 312,700 square kilometers with the average and 
maximum number of relocated people about 6,380,00 and 62,112,000, respectively. When 
voluntary evacuation is considered, the total average and maximum calculated areas are, 
respectively, about 65,900 and 391,800 square kilometers with the total average and maximum 
number of relocated people about 8,894,00 and 89,237,000, respectively. Despite of the huge 
amount of release of Cs-137, only Russia are impacted by the accident due to remoted location 
and prevailing winds direction.  

   

Fig. 14 Relocation areas for hypothetical spent fuel pool fire of the Rokkasho reprocessing 
plant on 1 October and 1 December 2019 

 

Table 14 Relocated populations and interdicted areas for hypothetical nuclear accident at the 
Rokkasho reprocessing plant 

Country Relocated populations Interdicted areas (km2) 
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Average Maximum Average Maximum 

Japan 6,380,000 

(8,894,000) 

62,112,000 

(89,237,000) 

52,700 

(65,900) 

312,700 

(391,800) 

Russia 5,000 

(20,000) 

31,000 

(190,000) 

7,300 

(12,100) 

51.900  

(70,239) 

(Note: The numbers of the parenthesis are total numbers when the number of voluntary 
evacuation is considered.) 

 

6 Conclusions 

Nuclear power plants are vulnerable from military attack, including missile attacks in war 
conditions. 

The missile attack could make containment building punctured or cracked to lose its 
confinement capability to contain the escape of radioactive gas. The missile attack also could 
damage on cooling systems/power systems that could lead to the core meltdown and/or the 
spent fuel pool fire. 

The hypothetical reactor core meltdown and/or spent fuel pool fire occurred by the missile 
attack could have major impacts in adjoining countries. 

Although it may not be possible to prevent these attacks, their consequences can be mitigated 
to some extent by moving spent fuel from the pools after five years of cooling into dry cask 
storage. 


