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As Tai-power nuclear power plants gradually enter the decommissioning
phase, the storage and transportation of spent nuclear fuel have become key
issues. Tai-Power Company currently adopts a management strategy of "short-
term on-site pool storage, medium-term on-site dry storage, and long-term final
disposal." The company has planned to build dry storage facilities within the
nuclear power plants to transfer the spent fuel from reactors and spent fuel pools
to indoor dry storage, paving the way for subsequent decommissioning and
dismantling work. Once centralized interim storage facilities or final disposal
facilities are constructed, off-site transportation will be carried out.

During the on-site dry storage phase, in order to ensure the medium- and
long-term safety of the spent nuclear fuel, the Nuclear Safety Commission

requires that relevant facilities be equipped with retrieval units to respond to

2



DSS accidents and serve as backup equipment. Based on international
experience, the construction of dry storage facilities may overlap with
decommissioning activities after a nuclear power plant shutdown. Therefore,
maintaining the normal operation and safety of the spent fuel pools is crucial.
This project aims to collect data from international plants that are in the safe
storage stage, and propose design criteria and inspection targets for systems
such as water level and temperature monitoring. This ensures reliability under
extreme conditions, secures the safe operation of fuel pools, and effectively
controls radiation risks. Furthermore, the maintenance and monitoring focus
identified from international cases will be summarized to provide reference for
domestic regulatory authorities, thereby enhancing review capabilities.

Additionally, the transportation of spent nuclear fuel is a critical step
linking dry storage and final disposal. Due to the high radioactivity of spent
nuclear fuel, the transportation process may pass through populated areas,
posing significant challenges for safety control. Therefore, the project conducts
an analysis of the planning of transportation schemes, safety review, and related
regulatory technologies, and draws lessons from international transportation
cases to make recommendations applicable to Taiwan's context. In particular,
the transportation plan needs to consider the collaboration of multiple parties,
including government agencies, carriers, and technology development units, to
ensure the safety of the entire transportation process.

In summary, since ChinSan and Kuosheng Plants are both boiling water
reactors with similar regulatory processes, this study will primarily focus on
data from ChinSan. It will also analyze early decommissioning data from Unit

1 of Maanshan Plant, by review spent fuel pool operations and regulatory



requirements for these plants, address safety of spent fuel pools during dry
storage and transportation, and provide recommendations for improving review

and regulatory practices.
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Abstract

Due to Taipower prepares to decommission and manage spent nuclear fuel storage, Taiwan
Power Company (TPC) has adopted a strategy for managing spent nuclear fuel that includes
"short-term on-site pool storage, mid-term on-site by dry storage, and long-term final disposal."
As domestic nuclear power plants reach the end of their operational lifespans and progress into
decommissioning, TPC has planned to construct an in-door dry storage facilities for spent
nuclear fuel within the nuclear plant premises. This will allow the removal of spent nuclear fuel
from reactors and spent fuel pools into dry storage facilities, facilitating subsequent

decommissioning and dismantling operations.

The transferred spent nuclear fuel will be stored in on-site dry storage facilities (DSF).
Once mid-term interim storage or final disposal facilities are completed, off-site transportation
and disposal operations will be initiated. To ensure the safety of medium- to long-term storage
of spent nuclear fuel during the dry storage phase within the plant, the Nuclear Safety
Comission requires TPC to ensure the availability of relevant retrieval units before the complete
decommissioning of the spent fuel pools. These units will serve as backup equipment in case
of unexpected system incidents. Based on international operational experience, there may be
instances where the construction timeline of dry storage systems overlaps with
decommissioning schedules after a nuclear power plant ceases operation. Therefore, to ensure
the safe storage of spent nuclear fuel, it is essential to maintain and ensure the normal operation

and safety of spent fuel pools.

This project involves collecting data from international nuclear plants currently defined
under safe storage status and analyzing relevant regulations. Through studying these regulations,
we aim to outline the design criteria and inspection objectives for spent fuel pool water level

and temperature monitoring systems as defined by U.S. standards. This will ensure the system’s
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reliability under extreme conditions, safeguarding the safe operation of the spent fuel pool and
effectively controlling radiation risks. This project has also identified several cases of plants
that continue to use spent fuel pools for interim storage or have completed the transition phase.
By gathering and analyzing these cases, we will provide insights on the maintenance and
operation of spent fuel pools during safe storage at international nuclear power plants, focusing
on staffing and monitoring priorities. This information will be offered to our regulatory
authorities to enhance the review capabilities and regulatory techniques required for supervising

the temporary storage process of spent nuclear fuel.

Additionally, this project provides an overview of the operational and regulatory needs for
the spent fuel pools at Chinsan and Mannsan Nuclear Power Plants during the decommissioning
phase. Both plants emphasize the importance of cooling system reliability and water level
management during the transition period, and conduct water quality and corrosion monitoring
in accordance with international regulations to ensure long-term fuel storage safety. And
Kuosheng Nuclear Power Plant is similar in design to Chinsan Plant as boiling water reactors.;
therefore, the same management approaches are applied. Based on these analysises of the above
content, this project proposes refined recommendations for the safety review criteria of retrieval

systems within our dry storage facilities.

Key Words: retrievability, Medium-term storage, spent fuel pool. °
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Level Indications
EA-12-051

_ Level 1*

1 foot

monitoring

(minimum)
~ Level 2**

10 feet 2.9 f'.:)Ot.
| monitoring
(minimum)

Top of Rack
Level 3***

*Adequate to support normal operation
** Substantial radiation shielding
***Actions to implement makeup water
should no longer be deferred
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TR 3 MWt M 4 P %k p B sk ik
Big Rock Point BWR 67 12/8/1962  8/29/1997 ISFSI Only
Crystal River 3 PWR 860 3/13/1977  2/20/2013 Transitioning to
SAFSTOR
CVTR PTHW 17 12/18/1963  1/10/1967 DECON
Dresden 1 BWR 197 4/15/1960 10/31/1978 SAFSTOR
Elk River BWR 22 7/1/1964 2/1/1968 DECON
Fermi 1 FBR 65 8/5/1966  11/29/1972 DECON
Fort Calhoun PWR 484 8/9/1973  10/24/2016 SAFSTOR
Fort St. Vrain HTGR 330 12/11/1976  8/29/1989 ISFSI Only
GE Bonus BWR 17 9/1/1965 6/1/1968 ENTOMB
GE Valecitos BWR  N/a 8/31/1957 12/9/1963  SAFSTOR(2023/05/09
DECON)
Haddam Neck PWR 560 8/7/1967  12/4/1996 ISFSI Only
Hallam Sodium 75 1/2/1962 9/1/1964 ENTOMB
Graphite
Humboldt Bay BWR 63  4/18/1963 7/2/1976 DECON
3
Indian Point-1 PWR 257 9/16/1962 10/31/1974 SAFSTOR
Kewaunee PWR 566 12/1/1973 5/7/2013 SAFSTOR(Kewaunee
Solutions 3+ & 2031
E 2 K,/]E ix)
La Crosse BWR 48  4/26/1968  4/30/1987 DECON
Maine Yankee PWR 860 11/8/1972 8/1/1997 ISFSI Only
Millstone 1 BWR 641 11/29/1970 7/1/1998 SAFSTOR
N.S. Savannah PWR 74 7/21/1959  1/10/1972 SAFSTOR
Oyster Creek BWR 636 7/2/1991  9/17/2018 SAFSTOR
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International TP+ B

RSl

Pathfinder Superheat 190  7/25/1966  10/1/1967 License Terminated
BWR
Peach Bottom HTGR 40  1/27/1967  11/1/1974 SAFSTOR
1 BEFLE PEPF
SopE P RE Y B
2358 F “,% i~
Piqua OCM 12 6/30/1963 12/31/1965 ENTOMB
Rancho Seco 1 PWR 873 10/13/1974 6/7/1989 DECON
San Onofre 1 PWR 436 7/16/1967 11/30/1992 ISFSI Only
San Onofre 2 PWR 1070 8/8/1983 6/7/2013 DECON
San Onofre 3 PWR 1080 4/1/1984 6/7/2013 DECON
Saxton PWR 28 1/3/1967 1/5/1972 License Terminated
Shippingport PWR 60 12/18/1957  10/1/1982 DECON
Shoreham BWR 820 1/8/1986 1/5/1989 License Terminated
Three Mile PWR 880 4/21/1978  3/28/1979 SAFSTOR [1]
Island 2
Trojan PWR 1,095 12/23/1975  11/9/1992 ISFSI Only
Vermont BWR 620 11/30/1972 12/29/2014 SAFSTOR
Yankee 2022/10 i3 &y st
DECON(2023/02/15)
Yankee-Rowe PWR 167 12/24/1963  10/1/1991 ISFSI Only
Zion 1 PWR 1,040 4/28/1973 1/1/1998 DECON
Zion 2 PWR 1,040 12/26/1973 1/1/1998 DECON
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report
SFPI Spent Fuel Pool Island LERLCE AR ar S P
SSCs structure, system and component i psfre
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KEPCO Korea Electric Power Corporation FERT A P
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NAMs Neutron-absorber materials LSS 7 <
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Abstract

Currently, two nuclear power plants in Taiwan have ceased operations, and the
remaining plant is expected to shut down in 2025. For the decommissioning work after
the shutdown, preparations need to be made for the storage and transportation of spent
nuclear fuel. At present, Taiwan Power Company (Taipower) adopts a management
strategy for spent nuclear fuel that involves "short-term on-site pool storage, mid-term
on-site dry storage, and long-term promotion of final disposal." As domestic nuclear
power plants gradually enter the decommissioning stage due to the expiration of their
operating licenses, Taipower has planned to construct on-site dry storage facilities for
spent nuclear fuel at the nuclear power plants. This will facilitate the transfer of spent
nuclear fuel from the reactors and spent fuel pools to the dry storage facilities, allowing
the decommissioning and dismantling work to proceed. Once centralized interim
storage facilities or final disposal facilities are constructed, the spent nuclear fuel will

be transported off-site to the designated locations.

In the phase of transporting spent nuclear fuel, although the transportation tasks are
expected to be carried out after the on-site dry storage phase is completed, due to the
high radioactivity of the spent nuclear fuel and the possibility that the transportation
routes may pass through areas where the general public resides or operates, it is
necessary to conduct pre-transport preparation work, plan the transportation strategy,
and implement comprehensive safety control techniques based on specific needs.
Additionally, the transportation task is a crucial step linking the on-site dry storage with
centralized interim storage facilities or final disposal facilities and may involve multiple
government agencies, shippers, carriers, and technical development units. Therefore, it
is essential to collect and analyze data on current spent nuclear fuel transportation-
related research topics, safety control technology research projects, high-level waste
management plans, and conceptual planning proposed by power plants for
transportation plans. This aims to fully understand the safety review of transportation
and the necessary safety control technologies, and to provide recommendations
applicable to the Taiwanese context.

Therefore, this sub-project (Research and Analysis of Spent Nuclear Fuel
Transportation Control Technology and Transportation Plan Cases) focuses on
collecting and analyzing data on the preparation work required for planning
transportation plans, safety reviews, and safety control technologies for spent nuclear
fuel transportation. Based on the findings, it will propose recommendations to enhance

the safety review of transportation, aiming to improve the review capabilities and

2



control techniques required by regulatory agencies for future spent nuclear fuel

transportation activities.

Keywords: Transportation of Spent Nuclear Fuel, Experience in International
Transporting Spent Nuclear Fuel, Safety Control Techniques for Spent Nuclear Fuel

Transportation
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