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Message from the Minister
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I. Message from the Minister

The Atomic Energy Council (AEC) is responsible for the regulation of atomic energy safety in
Taiwan, including the oversight of safety of operating and decommissioning nuclear power
plants and radioactive waste, response to nuclear power plant accidents or radiological
disasters, regulation of radiation protection related to safe application of nuclear energy, and
environmental radiation monitoring. Also, the AEC is in charge of promoting the development
and application of atomic energy technology.

The Japanese Government’s decision to dispose of tritium containing water stored at Fukushima
Daiichi nuclear power plant through ocean discharge, and the Zaporizhzhia nuclear power
plant’s radiological safety concerns during the Russia-Ukraine War were both international events
that public cares most in 2022. The AEC therefore not only installed the “Ocean Radioactive
Information System (TW-ORIS)” at the AEC's official website to help the public check radiation
monitoring data of Taiwan’s surrounding waters, but also organized two observation teams to
Japan to exchange views on issues relevant to environmental monitoring, nuclide analysis and
technical evaluation concerning the discharge operations. Besides, during the “2022 Nuclear
Emergency Exercise”, the scenarios with reference to the Russia-Ukraine War were adopted in
simulating response strategies to massive fires within the nuclear power plant, and validating
emergency response capabilities of nuclear power plant facing complex disasters.

In addition, due to the impact of COVID-19 on international nuclear medicine production and the
unstable transportation situation, there were domestic shortages of pharmaceuticals. To fill the
gap in radiopharmaceutical supply, the AEC actively launched a production program to supply
domestic hospitals with radiopharmaceuticals, from which approximately 75,800 patients were
benefited. In the aspect of public communication and conveying correct information on nuclear
energy, the AEC not only engaged in pro-active information disclosure and organizing a variety
of public events, but also continued holding both virtual and physical atomic science fairs in
2022 based on the successful experience in 2021.

Facing decades-long effort on the decommissioning of nuclear power plants and disposal of
nuclear waste ahead, in addition to carrying out our role as the safety regulator, the AEC
must also disclose information prudently and think from the audience’s viewpoint during
public communications, so that we will actively interact with all sectors of society to gain the
public trust by using terms that even laymen can understand, and adopting a greater variety of
communication channels. At the same time, the AEC will examine and solve problems from the

perspective of the general public in order to ensure public safety.
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Organizational Structure
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I. Organizational Structure

DepartmentiofPlanning

DepartmentiofiNuclearRegulation

Department offRadiation Protection
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Council member
meetings

*

The Atomic Energy
Council members
are appointed by

the Executive Yuan
from the personnel of
relevant government,
agencies, scholars or
experts.
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% non-standing commitiee

DepartmentiofiNucleariliechnology

Secretariat

Personnel Office

AccountinglOffice

Government! EthicsiOffice

Institute of Nuclear Energy Research

Fuel Cycle and Materials Administration

Radiation Monitoring Center

Nuclear Emergency Response Foundation

con

W |nternal Council Member Committee, Consultation Committee

Evaluation Committee on Research and Development Achievements
Advisory Committee on Nuclear Facility Safety

Supervising Committee on Nuclear Safety of the Lungmen Station
Advisory Committee on lonizing Radiation Safety

Advisory Committee on Radioactive Materials Safety

Advisory Committee on Handing of State Compensation Cases
Advisory Committee on Nuclear Legislation

Gender Equality Committee

Complaints Committee against Sexual Harassment

Appeal Review Committee

Nuclear Accident Investigation and Evaluation Committee %

Nuclear Emergency Recovery Committee %
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I1I. Manpower and Budget

The Atomic Energy Council

A. 2022 Human Resources Breakdown (Including seven hiring staffs)

General administration 50 (25.4%)

Atomic energy science

50

40 development 32 (16.2%)

20 lonizing radiation protection 36 (18.3%)
Nuclear installation

20 safety control 50 (25.4%)
Nuclear technology

10 applications 29 (14.7%)

0

total : 197 people

B. 2022 Employee Ranking Breakdown

150
120 © Senior Rank Personnel 34 (17.9%)
% ©® Junior Rank Personnel 139 (73.2%)
. @ Elementary Rank Personnel 17 (8.9%)

30
total : 190 people
0 . (0 -

C. 2022 Budget/Expenditure Allocation

350

200 ©  General administration 314,962 (65.02%)
560 ® Atomic energy science development 63,050 (13.02%)
200 © lonizing radiation protection 50,145 (10.35%)
150 ® Nuclear installation safety control 43,487 (8.98%)
100

® Nuclear technology applications 12,745 (2.63%)

50
0 . . . - total : 484,389 (Unit: Thousand NTD)
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Site visit meeting on the Chinshan NPP’s decommissioning and dry storage facilities.
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IV. Important Governance Outcomes

I. Transparency through Public Engagement

A. Open to scrutiny: Enhancement of Dry Storage Safety
Regulations during the Decommissioning Period through
Public Participation

The 19th Public Observation Program for the Decommissioning and Dry Storage
Facilities in the Chinshan NPP was held by the AEC on May 25, 2022. The program ensures
transparency and promotes public engagement by providing the general public with a full
picture of the safety regulations for the decommissioning of the Chinshan NPP and dry
storage operations. Over 50 people were invited to participate including representatives
from the New Taipei City Government, Shimen District Office, as well as village chiefs
and environmental protection groups. Current progress on the decommissioning of the
Chinshan NPP, its indoor dry storage facilities, as well as the results of its integration drill
were explained during the site visit. Time-lapse videos of decommissioning operations and
the integration drill with accompanying introductions were also played for the site visit
representatives to keep them informed of the process and progress.

The Regulations for the Review and Approval of Applications for Construction License
for Radioactive Waste Treatment, Storage, and Final Disposal Facilities amended by the
AEC in 2020. The Taipower Company (TPC) is required to hold a public explanatory
meeting before it applies for a construction license for waste treatment facilities. The
public explanatory meeting would provide local residents at the proposed site of facilities
and interested groups with a full understanding of the proposed application and the
opportunity to express their opinions. Information on the proposed construction of a
new modern, low-level radioactive waste storage facility within the Chinshan NPP and its
safety analysis report were therefore announced by TPC on November 28, 2022. A public
explanatory meeting was then held in the gymnasium of Shimen Experimental Junior High
School in New Taipei City on December 29. The AEC outlined the regulatory requirements,
its position on safety regulations, and clarified public concerns during the meeting. Once
the application for a construction license is submitted by TPC in the future, the AEC will
conduct a rigorous review and hold public hearings pursuant to the Nuclear Materials
and Radioactive Waste Management Act to protect public health and safety by ensuring
that the proposed facilities comply with the relevant safety guidelines.

As part of the AEC’s continued efforts to promote public engagement and
transparency, all the information of the public observation program and the responses
concerning nuclear waste management, the safety of the dry storage facilities, and public
communication improvement brought up by the invited representatives were published
on the official website of the AEC, whereby the public could gain a clear understanding.
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IV. Important Governance Outcomes

B. Public Engagement: Promoting Local Involvement in the
Parallel Monitoring Activity on Environmental Radiation on
the Orchid Island (Lanyu)

To promote public engagement, information disclosure, and environmental radiation
sampling and analysis by a third party, the AEC organized the Parallel Monitoring Activity
on Environmental Radiation on the Orchid Island for the 12th consecutive year from
May 3 to 4, 2022. Officials from the Council of Indigenous Peoples, Taitung County
Government, Lanyu Township Office, and Lanyu Township Representative Council, as well
as village chiefs, representatives from local environmental groups, and residents were
invited to take part in the environmental radiation sampling process in Orchid Island.

The briefing session for the parallel monitoring activity was canceled due to COVID-19
social distancing protocol. An information pack on the sampling procedure and method
was instead mailed out in advance to the participants. Sampling locations were also
designated by participating members of the public. Environmental samples of agricultural
products, soil, water, and grass were taken in each of the six Lanyu tribal villages. Sample
analysis was conducted by the Nuclear
Science and Technology Development
Center (NSTDC) of the National Tsing
Hua University (NTHU), which has been
accredited by the Taiwan Accreditation
Foundation (TAF). Other sets of samples
were also sent to the AEC’s Radiation
Monitoring Center and TPC's Radiation
Laboratory for analysis, comparison, and
validation.

Once the samples were analyzed by
the NTHU NSTDC, the report was mailed
directly to all participants. The latest
parallel monitoring report was published
on the AEC website for the public to view.
The results showed that no abnormal
radiation has been detected since 2011
and all radiation doses fell within the

variation range of background radiation. R GIh [ 3R 5 P47 B RIS B - PRESIKAR
Parallel Monitoring Activity on Environmental Radiation on
the Orchid Island: collecting water samples.

)
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Everyone irrespective of age,
gender and ethnicity took part in
the atomic energy science education
exhibition.
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Children dressed up as junior vets
gave pets a simulated X-Ray exam.
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IV. Important Governance Outcomes

C. The Nuclear Energy Science Education Activities on the Go
Makes a Down-To-Earth Fun Learning

To overcome gender stereotypes in STEM (science, technology, engineering, and
mathematics) and attract more female students into the technology sector, the AEC
accepted an invitation from the NTHU Interdisciplinary Science Education Center to
take part in the science bazaar as part of the “International Day of Women and Girls in
Science” on March 12. In addition to hosting a booth to provide local female high school
students in Hsinchu with an in-depth introduction to nuclear science, the video “Jacqueline
Whang-Peng - A woman who changed the world with knowledge” was also played on
the day to convey how scientific research is not constrained by gender, and how both
men and women need to understand and support each other in taking care of their
families during their pursuit of success.

The AEC continues to communicate atomic energy information to the public while
maintaining epidemic prevention protocol by participating in science education activities
for all age groups organized by the National Taiwan Science Education Center and the
National Science and Technology Council. In February and July, the AEC organized two
atomic energy science education extravaganzas at Huashan 1914 Creative Park on topics
such as “Radiation Applications”, “Emergency Response”, “Nuclear Decommissioning and
Radioactive Waste”, and “Green Energy Technology.” Participants were invited to choose
their own route based on their personal interests; the “Atomic Adventures - Quantum
In Your Life” science education exhibition was co-organized with National Sun Yat-sen
University at the outdoor plaza of the Kaohsiung Cultural Center to provide 60 local
high school students with the opportunity to serve as in-depth learning tour guides. An
“Ocean Conservation” pavilion was added in keeping with current affairs to educate the
general public about seawater sampling and radiation detection relating to the discharge
of tritium-contaminated wastewater by Japan. These three exhibitions attracted 17,527

attendance in total.

AT RBE MRS RIEITTRINAE BT RS2 E B R AR
Teachers and students went on an excursion to the High school students engaged in service learning and
AEC science education exhibition. giving guided tours.
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IV. Important Governance Outcomes

Public willingness to take part in physical
science education activities were affected by
COVID-19 pandemic so the AEC continued to
use digital broadcasting for science education
by providing online video courses and DIY
teaching materials for different age groups. The
power of Internet connectivity was harnessed
to allow elementary, junior high, and senior
high school students from even rural regions
to have the chance to learn about atomic and
green energy. The AEC also organized the
“Science Experiment Master” event through
the “AEC - Radiation Safety” Facebook fan
group. Participating members of the public

were invited to produce their own videos of

TRIEERT - VarEE ) REAEX AR

experiments to boost their interest in learning
“Science Experiment Master - Creative Salt

Painting Science for Kids” home-made video. about science. A total of 7,091 students took

part in the online learning activity.

D. Advancing Public Communication under the Supervision of
the Committee on Public Participation

The AEC continued to promote public participation in 2022 by hosting two meetings
of the “Committee on Public Participation.” Discussions and exchanges of opinion were
conducted with members of the committee on topics such as “Public participation in
nuclear waste management” and “Current progress on decommissioning of nuclear power
plants” to enhance the AEC's communication performance in nuclear safety regulatory
affairs. The “People’s AEC” disaster prevention app was also updated by the AEC at the
end of September. In addition to faster link and provision of local weather data, the user
interface was also optimized through the addition of the “Ocean Radioactive Information
System” and “Radiation Protection Examination Registration” web pages. Real-time
disclosure was also provided on the discharge of Tritium-contaminated wastewater by
Japan to fulfill the “need to know" for the public and enhance government services by
providing information for the radiation safety related personnel.
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Participants visited the low-level radioactive
waste storage facility at the Maanshan NPP.
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IV. Important Governance Outcomes

E. Conducting Site Visits for the Review of NPP
Decommissioning Plans

Nuclear power plant decommissioning is an issue of all stakeholders’ concern. Being
the safety regulator of nuclear power plant decommissioning, the AEC continues to
promote public engagement and strictly regulate all the decommissioning activities. During
the review process of the Maanshan NPP decommissioning plan, the AEC conducted two
site visits on March 29 and 30, 2022, inviting Pingtung County legislators, the Pingtung
County Government, Hengchun Township Representative Council, Manzhou Township
Representative Council, and civic groups to visit the Maanshan NPP in order to collect
opinions on the decommissioning plan from all stakeholders.

During the two site visits, both the TPC and the AEC provided an update on the
Maanshan NPP decommissioning plan and the review progress of the decommissioning
plan. The participants then visited the proposed site for the No. 2 low level radioactive
waste storage facility, the proposed site for the spent fuel dry storage facility, and the
low-level radioactive waste storage facility in order to have a better understanding of the
decommissioning activity planning for the Maanshan NPP.

After each field tour, the participants then engaged in an exchange of opinions and
a discussion on decommissioning topics such as dry storage facilities, radioactive waste
management, dismantling and decontamination activities, renewable energy planning,
local employment, and public communication.

All the opinions raised by the participants and explanations provided are posted on
the AEC's website. Feedback from local residents and the general public will be taken into
account for the review process. The AEC will review the Maanshan NPP decommissioning
plan in a strict and professional manner while continuing to promote public engagement

and information transparency.

REEGTH AR =R ET BTN HEABNBR=RRETERSHEEHRERR

The AEC presented the review progress of the Maanshan
NPP decommissioning plan.

Participants raised their opinions during one of the
site visits.

25



THERRFREEES 1114 F3R
Atomic Energy Council, Executive Yuan 2022 Annual Report

SRR BB REDS
Home Visit Program in the EPZ.
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New Taipei city disaster prevention fair.

EEMRETEEGTSRNBERESEH
Outreach activity within the EPZ of
Keelung City.
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The 2023 Preparedness Calendar, and
Creative Weekly Calendar.

26

(7N) PRMEZTLEEESRE) - 18
MERSHE - REZZGE

1. R EEERKELMH
111 FREGNERBESEETERANTR
Eof  BRRAZERNIEHRREERGE (B
REmENER) B%Tmﬂb?@%ﬁﬁ%ﬁ?%ﬁﬁéiﬁv

%%Eﬁmﬂ%ﬁi%ﬁjzﬁ“ é%?ﬁﬁm&@in%%[]n& ’ JH:?/\/\EZ
IhEh M 9,600 SR EF » shE@ &W@Eﬁ S SRIE Mt

T T EWRBAREES ? ) 88 (RAEEEEE
GG~ e HIEsE ~ MmEsh ) C WEEK 112 T PhE

RE  #EXEHRBEBERBBH 2SN  EOHEEME

FAE -
2. 2HEM AR S EESERNEREEEE
RERRZRBS) « RS S i 5 TS

MNEEES) ﬂﬁﬁfﬁﬁ ufigﬁ S 0 SR
RERSEZFBERBUSEM - MRtk E B K EH -
LURARFZEEY ~ BBIzEEN é£4tE%th?chS“”ﬁE
Ky o ARETHETILTHHTIE 8 1ZK ~ BEEMHEE 9 HR

H 2,663 AREBE o

3. HfF 112 FRZLIEREBRAIZEE
LI T2RREE , AT BREREIN2E /M
5% 63 FRIR R ST BURIuE 2 ST A LR ~ [ERIEE R
FEREM > WIIARRDEE R LEZEMB - R
B ZEMBE%EEAERARF  RESETRE
IR A REN - DURTHEER LB E A B RY ©

4. Bo GBS F X B g K 921 Bz H

Reegsllzmitm kAt min KRB SREE
g WERET RS T EREER ﬁ%%ﬂ—
BN T REES w5/ mERTE 2REES .
APP ZERFHNBHLZ2NBLRZEEERE
RN - 2EERRIL 2,150 A °



EEMBER

IV. Important Governance Outcomes

F. Multiple Groups of Communication and Outreach to Enhance
Public Participation on Nuclear Safety and Protection

a. Home Visit Program in the Emergency Planning Zone

The AEC conducted a home visit program within the Emergency Planning Zone
(EPZ) of Pingtung County in 2022. Local residents, including new immigrants from
Southeast Asia, were recruited to participate in household visit in the EPZ. In addition
to understanding the residents’ needs in case of a nuclear accident, they also provided
information on nuclear emergency preparedness to increase the public’s awareness
of nuclear protective measures. More than 9,600 households were visited. The flyer
(5 languages available: Chinese, English, Thai, Indonesian and Vietnamese) with the
title of “what to do in case of a nuclear accident” and the 2023 calendar that featured
information on protective actions were provided to the residents, making it easier to
access the safety information throughout the year.

b. Participation in Local Government Village-level Evacuation Drill within
the EPZ

In addition to the annual nuclear emergency exercise, the AEC also participate in
village-level evacuation drill organized by the local government. Local governments
routinely conduct village-level evacuation drills to encourage public participation and
enhance people’s awareness of disaster prevention and response within the community.
The drill also enhances residents’ ability to help themselves and each other, and to
strengthen their nuclear safety and protection knowledge. Such events were hosted
8 times by the New Taipei City and 9 times by the Keelung City with a total of 2,663
participants in 2022.

¢. Production and Distribution of the 2023 Preparedness Calendar, and
Creative Weekly Calendar

The 2023 preparedness calendar was designed under the theme of 'AEC of the
People' and features creative materials collected from the local people, culture, and
customs surrounding the 63 environmental radiation monitoring stations by the AEC
nationwide. The calendars also included public protection flash cards and information on
nuclear safety and protection. They were distributed to households within the EPZs, and
made public available on request through AEC's Facebook page, aiming to enhance the
communication of nuclear safety and protection knowledge.

d. Collaborating with Local Government to Host a Disaster Prevention Fair

The AEC set up a booth at the disaster prevention fairs held at both the New Taipei
City and Taipei City to promote the public protective tips through interactive games.
Additionally, the public was encouraged to visit the AEC Facebook page and download the
" 2RJFELE " App to enhance their knowledge of radiation safety, emergency response
and protection. These events drew a total of 2,150 participants in 2022.
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IV. Important Governance Outcomes

II.Summary of the International Exchange on Nuclear
Safety Regulations

A. The AEC held the “8th AEC-NRA Nuclear Safety Information
Exchange Meeting”

The Nuclear Safety Information Exchange Meeting was held on August 23 by the AEC
and Japan’s Nuclear Regulatory Authority (NRA) via a video conference. In addition to
updating each other on recent regulatory activities related to NPP decommissioning, the
NRA also explained the regulations review and operations monitoring for the discharge
of tritium-contaminated wastewater from the Fukushima Daiichi NPP. Opinions were also
exchanged between two agencies.

B. 2022 TECRO-AIT Joint Standing Committee Meeting on Civil
Nuclear Cooperation

The “2022 TECRO-AIT Joint Standing Committee Meeting on Civil Nuclear Cooperation”
was held at the Argonne National Laboratory (ANL) in the US from November 29 through
December 1. During the meeting, representatives from Taiwan and the US exchanged
opinions and experiences on safety regulations for NPP operations, NPP decommissioning
regulations and R&D, radioactive waste management and safety regulations, emergency
responses and public protection actions. Plans for future bilateral cooperation on nuclear
energy were also discussed.

2022 AXRMRERIFERI2HAEGT

Group photo of participants at the 2022 TECRO-AIT Joint Standing Committee Meeting on Civil Nuclear Cooperation.
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IV. Important Governance Outcomes

III. Effective Oversight of Nuclear Power Plant Safety

A. Strictly Overseeing the Safety of Operating nuclear power
plants

a. Safety inspections and regulations of Kuosheng NPP Unit 2 during its
refueling outage

The AEC reviewed the outage plan for Kuosheng NPP Unit 2 submitted by the TPC
prior to its 27th refueling outage in order to confirm that the TPC has properly planned all
the required work items. A refueling outage inspection team was organized to inspect the
implementation of all maintenance and safety management measures in order to ensure
the TPC’'s compliance with all related regulations during this refueling outage. Besides,
the implementation of COVID-19 prevention measures during the refueling outage was
also inspected by the team in order to prevent the COVID-19 situation from impacting
the refueling outage.

The application for restarting the unit was submitted to the AEC after all the
required refueling outage work items were completed. The AEC reviewed the application
documents in accordance with related procedures and dispatched several inspectors to
conduct enhanced inspections accordingly. After assessing the results of the application
document review, the on-site inspections during the refueling outage and the enhanced
inspections, it was determined that the unit had met all the restart requirements. The
AEC approved the restart of Kuosheng NPP Unit 2 on March 30, 2022. The application
for synchronizing to power grid also underwent a document review process and an on-
site inspection was conducted accordingly. After it was confirmed that the unit met all
the pertinent requirements, the AEC approved the application for synchronizing to power
grid on April 6, 2022.

b. AEC Project-Team Inspections

In addition to dispatching inspectors to conduct resident
inspections of the NPPs, the AEC also conducted project-
team inspections with regard to the reactor oversight process
and the post-Fukushima safety enhancement measures.
Improvement notices regarding problems or deficiencies found

during the inspections were issued to the TPC for further
corrective actions. To ensure the alertness of NPP personnel REEEI TR R E
FIALAREARER (NKFHRE )

. . . The AEC conducted the
inspections were conducted in order to ensure that all NPP 2022 Q2 reactor oversight

working on night shifts and on public holidays, unannounced

operational activities met pertinent safety requirements. process inspection at the
Maanshan NPP.
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IV. Important Governance Outcomes

B. Strictly implementing safety regulation of NPP
decommissioning

a. Conducting inspections of decommissioning activities at the Chinshan
NPP and taskforce inspections of the preparations for Kuosheng NPP
decommissioning

The Chinshan NPP is now in the decommissioning phase but the spent fuel assemblies
are temporarily stored in the reactors because the dry storage facilities at the Chinshan
NPP have not yet been commissioned. The AEC therefore will continue to conduct
team inspections with regard to the reactor oversight process, the post-Fukushima
safety enhancement measures, and maintenance activities in accordance with related
regulations. The inspections ensure the safety of spent fuel storage by confirming that
the TPC complies with related decommissioning regulations. Quarterly project inspections
are conducted in order to ensure the proper implementation of the decommissioning
plan by the TPC. The inspection team, consisting of staff members from relevant AEC
departments, conducted on-site inspections to inspect the status of decommissioning
activities as well as the progress of primary regulatory issues of the Chinshan NPP.

The Kuosheng NPP Unit 1 is now in the decommissioning phase as its operating
license expired on December 27, 2021. Two taskforce inspections of the preparations for
Kuosheng NPP Unit 1 decommissioning were conducted in 2022 by the AEC. The two
inspections covered personnel training, System Evaluation, Re-classification, and Transition
(SERT), the performance of TPC's resident safety team from the Department of Nuclear
Safety, and corrective actions taken in accordance with inspection memoranda. The TPC
was notified to take corrective actions in order to address the inspection findings and
make further improvements. The AEC also followed up the TPC’s subsequent corrective
actions in order to ensure that the preparations for Kuosheng NPP decommissioning are
properly implemented.

B —RRIB IR RS0
An inspection of site conditions after the
dismantling of the gas turbine building.
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IV. Important Governance Outcomes

b. Safety Review of NPP decommissioning

(a) Review of the “Summary Report of Natural Hazards During the Chinshan NPP
Decommissioning Period”: The AEC reviewed the “Summary Report of Natural
Hazards During the Chinshan NPP Decommissioning Period” submitted by the TPC
in order to ensure that the Chinshan NPP can maintain its capability to respond to
natural hazards during its decommissioning period. The TPC was required to carry
out rolling reviews of natural hazard characteristic assessments of the NPP site
during its decommissioning period. Any new evidence of natural hazards should
be reported to the AEC immediately and an investigation report regarding the
issue should then be submitted to the AEC.

(b) Review of the “Standby Program for the Residual Heat Removal (RHR) System
at the Chinshan NPP”: To ensure the safety of spent fuel storage during the
decommissioning period, the AEC invited several external experts to review the
test report of the RHR System Standby Program Validation Plan submitted by
the TPC and to verify the results of the safety analyses. Inspectors were also
dispatched to the NPP in order to confirm that related tests were carried out
according to plan.

(c) Review of the “Integrated Maintenance and Management Plan for the Pre-
defueled Stage of the Transition Phase of Kuosheng NPP Decommissioning”: To
ensure that safety regulations are strictly enforced while the spent fuel assemblies
are temporarily stored in the reactors, a taskforce was assembled by the AEC.
The team consisted of several external experts, along with a number of AEC staff
members to review the “integrated maintenance and management plan for the
transition phase of Kuosheng NPP Decommissioning” proposed by the TPC. Three
review meetings were held, and 117 review comments were raised. The revised
plan was approved on July 6, 2022 after confirming that the TPC had responded
to all the review comments and had revised the plan accordingly.

(d) Review of the Maanshan NPP decommissioning plan: For rigorously reviewing
the application for the decommissioning of the Maanshan NPP, the review team
made up of external experts in related fields, as well as staffers from various AEC
departments were formed by the AEC to review the decommissioning plan for
the Maanshan NPP. On-site inspections and two on-site visits by civilian groups
were organized to collect and incorporate feedback from interested parties
into the review. A total of 355 review items were proposed during the review
period. Entering the closing round of review in October 2022, the review of
TPC’s decommissioning plan for Maanshan NPP is scheduled to be completed in
April, 2023. The decommissioning plan, status of review items, the safety review
report, and response for public concerns were published on the website for public
viewing as the review progressed.
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IV. Important Governance Outcomes

C. Enhancement of nuclear safety regulation effectiveness and
technical capabilities

a. Participation in international technology conferences

The AEC took part in the following international safety regulation conferences via

video conferencing due to COVID-19 in 2022 to gather and share international regulatory

information.

(a)

Component Operational Experience, Degradation, and Ageing Programme
(CODAP) meeting: AEC staff were dispatched in September to attend the 24th
CODAP meeting where they took part in the discussion of the CODAP database
development program, examination of new NPP incidents, gathered cases of
ageing or degraded equipment as well as experience with safety regulations
at overseas NPPs, and international trends in the development of nuclear
safety technology. The information will serve as a reference for the future
implementation of safety regulations in Taiwan.

US NRC Regulatory Information Conference (RIC): AEC staffers were dispatched
to attend the Regulatory Information Conference (RIC) hosted by the U.S. Nuclear
Regulatory Commission (NRC) in March 2022 where they collected the practices
and response measures of the NRC and other national nuclear regulatory agencies
in terms of organization transformation of the NRC, nuclear safety regulations
during COVID-19, risk-informed regulatory practices, NPP decommissioning
regulations, and the threat posed by extreme weather. The information will
serve as a reference for the further improvements of nuclear safety regulations in
Taiwan.

b.Strengthening personnel training and refinement of regulatory

procedures

In addition to hosting topical lectures on fire protection regulations for NPP

decommissioning and ground water protection at NPP sites, additional training on

quality assurance, decommissioning regulations, probabilistic risk assessment (PRA), and

inspector qualifications were conducted to enhance the technical abilities of regulation

staff. Rolling reviews and amendments were also made to the regulatory procedures

including resident inspection during the refueling outage, utilization of the probabilistic

risk assessment tool (PRISE), review of NPP important safety analysis report, NPP

operator licensing examination, and reactor oversight process to improve the regulation

procedures.
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IV. Important Governance Outcomes

c. Holding Advisory Committee on Nuclear Safety and NPP Regulation
meetings

To improve the regulatory performance of operation and decommissioning safety
of NPPs, a total of four Advisory Committee on Nuclear Safety (ACNS) meetings,
two NPP decommissioning safety regulation taskforce meetings, and two NPP
decommissioning regulation communication meetings were convened during 2022.
Topics discussed included NPP equipment maintenance and monitoring, dismantling
strategy for decommissioning, management mechanism for scheduling of dismantling
activities, testing and inspection on dismantled equipment leaving from NPP during
decommissioning, and public engagement. Opinions from the discussions were used
as references for safety regulations; NPP operation regulation and decommissioning
regulation meetings were each convened two times as well to share and discuss opinions
on operational and decommissioning regulation issues with the TPC.

A | y
| AR EAR

L7 ATOMIC ENERGY COUNCIL
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-

REESARRERRREZ2EHER/)ES 18 REF
The 18" Meeting of the Safety Regulation Taskforce for Nuclear Power Plant Decommissioning of 2022 was convened
by the AEC.
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IV. Important Governance Outcomes

IV. Enhancing Radiation Protection and Safety
Management

A. Completion of annual counseling and inspection on radiation
protection and detection industry to ensure the quality of
radiation detection.

The 80 radiation protection and detection companies in Taiwan are at the frontline in
ensuring the safety of radiation practices. The AEC selected 30 companies for the “Annual
Counseling and Inspection of the Radiation Protection and Detection Industry” to provide
assurance on the quality of radiation detection practices in the industry, as well as the
proper implementation of the Radiation Protection Plan and accredited operating practices.

Under the Regulations for the Administration of Radiation Protection Service-Related
Business, domestic radiation protection and detection companies mainly apply to engage
in the following business activities:

a. Radiation protection and detection for equipment capable of producing ionizing
radiation, radioactive materials, and their workplaces.

b. Radiation safety assessment for equipment capable of producing ionizing radiation
and workplaces where radioactive materials are stored.

c. Radiation protection and detection relating to the transportation of radioactive
materials.

Counseling and inspection of radiation detection practices in the steel industry.
Radiation detection of buildings.

Radiation detection of steel construction materials.

Q@ -~ 0o o

Other activities as designated by the competent authority.

The AEC focused on the following areas during the 2022 counseling and inspection:
Whether radiation protection specialist matched the records of the AEC licensing system;
whether personal radiation dose monitoring, education and training, and routine health
exams were carried out by radiation workers; whether radiation protection plans and
procedures were updated in accordance with the latest radiation protection regulations;
whether quality assurance programs were properly executed; whether radiation detection
instruments were calibrated annually and the calibration records retained for review;
inspection of the 2021 business records and detection reports; function testing of
medical, non-medical, and steel industry door frame radiation detectors; inspection of
site reports from building radiation detection; as well as counseling of businesses on how
to properly fill out radiation safety test reports for registered medical devices and portable
dental X-ray machines.
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IV. Important Governance Outcomes

Based on the results of the 2022 counseling and inspection, all radiation protection
and detection companies were in compliance with their radiation protection plans and
found no violations. The AEC also counseled individual companies with recommendations
on how to improve their radiation protection and detection services. Regulatory outreach
and two-way communication were employed to promote businesses to improve their
radiation detection quality in order to build a more comprehensive national radiation safety
net to ensure the radiation safety of the general public, workers, and the environment.

< t V/ [N\ /IS 4
-

-~

R X HE RS ROAEREE -1 FRIZE X RGeS -2
Radiation testing and verification for dental X-Ray Radiation testing and verification for dental X-Ray
room - 1. room - 2.

\

B. Promotion of radiation dose management to ensure the
radiation safety of aircrews in Taiwan

Cosmic radiation from the sun or space is a part of the natural environment and
is classified as natural background radiation. The level of exposure is influenced by
altitude, latitude, and solar cycles. Aircrews are exposed to more cosmic rays while in
flight. The issue of cosmic radiation safety management is now drawing increasing
international attention. A report (Publication 132) issued by the International Commission
on Radiological Protection (ICRP) proposed reasonable dose ranges for cosmic radiation
protection and associated management guidelines.

International trends in cosmic radiation safety management must take socio-economic
factors into account when setting a reasonable range for dose management. The ICRP
therefore recommended a dose range of 5 to 10 mSv for aircrews each year. To carry out
radiation dose management for aircrews, airlines should assess their employees receiving
doses using a verified or government-approved dose assessment program. Then adjust
flight routes, and crew members’ work schedules, or take related management measures
based on the outcomes of the assessment to ensure their radiation safety.

43



"

44

THRERTREERE R 11145 F3k

Atomic Energy Council, Executive Yuan 2022 Annual Report

ReegmaBIMEEZB A B CESIREE - WIRIEBRRIEEERS  SRlE
B A BRI THEIRZEIIEEERER - 111 FERITHRFPAT

1. 2ZEERSHEZEESE 132 kS MEEEELR - R " =B ASEHIE
BEESI (BER ), @ BEUMBEEER  REZPAENEST LS -

2. BEREMBE MM LBEHHEZRES AR "BEERMTHEIRCL2EESES
&WWE%E‘%J EXEgE  EEFHIRCL2EEBRNENHEHREE
REETROMELRTTR - AN EBAETHIRREEEFE S -

3. B TEBERMTHESRZZEEEBENEAANRNBER ) EXE  BEEMBN
BKEEMZEAR SN = A B THEIREEZE  BHBEREER » DUE

EEEMENTE
ReegREN 112 FRRMBHFGF  HBZHAETFTHIRZE2EESM
B BB ERREANTHAER ESMEE @ FTHEMT AR E K E MRS
BrreE A -

—RR TR EESY
A S LB

{REATIIBIER
=

ENEErEHHi#p
BRAEREMHOE
20% /

V> NN
o W L ETE

. zé;f, B 1 17=1000% 7555

i’sﬁ/ﬁ&’“%”% Einﬂ‘)‘"l;
(1.6%H%H /

BDIHBNTIED z‘ﬁ :

&9\

25K
[ F3R Z?ﬁ?ﬁ 20,

R ﬁﬁIﬁAEimlmﬁ
(20%EFE#)

—RERFHRRE
FAEANRBHREANE
(1=&E#)

5F : 1785=100027E58

g

S EmEEREa

—AUEEES T SR E (HREIARN—HE - Z5F 0.092~0.14 ZFFMEHEE ) (BAIEZRESERTHR)
Comparison chart of ionizing radiation dose received. (Individual dose is approximately 0.092 - 0.14 mSv in a
Taipei-New York round trip.) (Available for download from the AEC website).




EEHBE

IV. Important Governance Outcomes

Radiation protection management measures for aircrews are now being actively
promoted by the AEC to keep their exposure to cosmic rays as low as reasonably
achievable (ALARA) and in line with international trends in radiation protection
management. The implementation outcomes in 2022 are outlined below:

a. The AEC proposed the “Management Guidelines on Radiation Protection for Air Crews
(Draft)” and established associated management measures based on ICRP Publication
132 and international management experience to ensure the radiation safety of
aircrews.

b. The AEC invited the Civil Aeronautics Administration (CAA) as well as aviation and
radiation protection experts and held the expert conference on “International Trends in
Cosmic radiation Safety Management in Aviation and Domestic Response Measures.”
The discussion on international trends in cosmic radiation safety management and
domestic response measures will facilitate promoting the cosmic radiation safety
management mechanism for aircrews.

c. Held the “International Trends in Cosmic Radiation Safety Management in Aviation
and Domestic Response Measures” forum, inviting the CAA and three Taiwanese
airlines to provide their opinions and recommendations on the introduction of cosmic
radiation management for aircrews in Taiwan to refine the management measures.

The AEC plans to collaborate with the CAA in 2023 to conduct a trial on cosmic
radiation safety management for aircrews. The trial will investigate the distribution of
radiation dose for aircrews in Taiwan and assist the airlines to establish radiation dose and
radiation protection management mechanisms.

BRENMRLAERBELORERGE
Expert conference with the CAA and
experts.
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IV. Important Governance Outcomes

V. Enhancing Radiological Emergency Preparedness
and Cybersecurity Protection

A. Ensuring emergency preparedness through regular exercises-
Conduction of 2022 Nuclear Emergency Exercise (No. 28)

Nuclear emergency preparedness and response were tested based on the severity of
potential incidents at Maanshan NPP to ensure that response capabilities were in place.
An unannounced scenario design team was established comprised of NGO representatives
and evaluation committee members. Unannounced and randomly selected drills were
ordered on the spot to boost the effectiveness of the contingent response. The exercise
was conducted in two stages: a “Table-top Exercise” and a “Field Exercise.” Each stage is
described below:

a. Table-top Exercise

The exercise was held on August 4 at the Forward Coordination Post of the National
Nuclear Emergency Response Center (Checheng Branch of the Pingtung County Fire
Department). Participants included the Pingtung County Emergency Response Center,
Nuclear Emergency Radiation Monitoring and Dose Assessment Center, Forward
Command Post of the Nuclear Emergency Support Center, TPC, Maanshan NPP, and the
AEC Emergency Response Team. The tabletop exercise was based on complex scenarios,
including COVID-19 pandemics, earthquakes, and storm surges occurring at the same
time during a nuclear accident. The exercise also included critical infrastructure (NPP)
protection in response to recent international situation. A total of 280 participants took

part in the 2022 exercise.

RRBNFEERLER
Drill at the Pingtung County
Emergency Response Center.
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Land, sea, and airborne radiation
monitoring and radiation detection drill.

= BB R B IR B iR 5 R R AR
Radiation injury treatment drill

at Kaohsiung Medical University
affiliated Hospital.
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IV. Important Governance Outcomes

b. Field Exercise

The field exercise was organized into the “Public Safety and Protection Exercise”
and “Functional Joint Exercise of Emergency Response Personnel.” Due to COVID-19
concerns, the “Public Safety and Protection Exercise” was suspended, with several items
incorporated into the field exercise between September 6 and 7 where appropriate. A
total of 2,962 people took part in the exercise, and the three following outcomes were
achieved:

(a) Strengthening of Emergency Response Capabilities

An unannounced mobilization drill was conducted for TPC and NPP personnel
to keep response team members on alert and the response time was also tested at
the same time(on September 3rd, Saturday). To validate the redundancy and variety
of NPP water and power supplies, actions such as connection of the second mobile
heat sink was practiced. The simulation of response strategy for large extensive
fires within the NPP based on the Ukraine-Russia war experience, and requested
assistance from the Pingtung County fire brigade were conducted for the first time.
The Armed Forces and National Airborne Service Corps (NASC) demonstrated their
aerial radiation monitoring capabilities to map contamination spread over a large
area and identify radiation hot spots. The collected environmental samples were sent
to the Radioactivity Analysis Backup Laboratory at the National Pingtung University of
Science and Technology for analysis and exercised how to avoid cross-contamination
of samples and the response to contamination of laboratory equipment. The satellite
communications vehicles provided by the Armed Forces, communications platform
vehicle supplied by the Kaohsiung City Fire Department, and mobile base cell stations
provided by Chunghawa Telecom were also employed to strengthen emergency
response capacity by providing enhanced multiple communication links. In case of
radiation injuries, NPP response personnel were sent to Kaohsiung Medical University
affiliated hospital for treatment.

ERRRRIRE LA KAt [ E M ERAR
Public protection and community
disaster prevention operations drill.
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IV. Important Governance Outcomes

(b) Comprehensive Dissemination of Information

Notifications were sent to the general public through various channels with the
nuclear accident alert, including the Cell Broadcast Service (CBS), Location Based
Service (LBS), civil defense broadcasting system, and police broadcasting service.

(c) Use of online information and communication technology

To increase information transparency, the field exercise was livestreamed to
provide the public with a better understanding of the government'’s response, while
to practice COVID-19 protection measures as well.

KEZEANEER OIS RIREFBEUER
Evacuation drill for vulnerable groups
at Yong-an Senile Care Center.

B. Enhancing NPP Security to confront the risk of conflict

a. Taking the threat of war into consideration, enhancing preparedness at
NPP, and incorporating scenario-based exercises

In response to the new type of threats to NPPs observed in the Ukraine-Russia war
and the increased military threat of Taiwan, the AEC and TPC convened the “Conference
on Response and Protective Measures for Nuclear Power Plants Threatened by War” on
April 22. TPC was instructed to conduct a thorough examination of NPP’s responses to
war-related damage. The review revealed the necessity to strengthen the emergency
rescue capacity and off-site military, police, fire, medical, and nursing assistance. TPC's
preparedness measures were included into the AEC’s inspection items and designated
as exercise scenarios. The “Transition of Situation from Normal Operation to War Crisis”
scenario was part of the table-top exercise and the “Large-scale Fire On-site” drill was
conducted in the field exercise during 2022 Nuclear Emergency Exercise (No.28) at
the Maanshan NPP. In addition, “Evacuation Following Control Room Failure” drill was
combined with large-scale fire on-site drill at Kuosheng NPP annual exercise, as part of
preparedness for the war-induced damage.
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IV. Important Governance Outcomes

b. Conducting rigorous security exercises, enforcing of NPP inspections, and
participating in international technical exchanges

The AEC continuously inspects nuclear security, emergency preparedness,
unannounced mobilization tests and drills at both operational and decommissioning
NPPs. The combined use of video conferencing and on-site inspection are included in
response to the COVID-19 pandemic. To assess the effectiveness of nuclear security
response procedure and capabilities at a NPP, a full-scale joint exercise including military,
police, and coast guard units was conducted at the Maanshan NPP. Unscripted table-
top exercises for nuclear security and anti-terrorism were carried out at the Chinshan and
Kuosheng NPPs. Rival groups competition was used to identify NPP’s vulnerabilities in
the physical protection and improve its security performance. Additionally, the AEC has
continued to cooperate with the National Nuclear Security Administration of the U.S.
Department of Energy (DOE/NNSA) on technical topics of “Nuclear Security (including
cybersecurity) Culture” and “Nuclear Security Use of Response Forces Case Study”. The use
of video conference and case study also helped improving nuclear facilities security and
enhancing the crisis management of cybersecurity personnel through these cooperation.

C. Strengthen Taiwan's radiological response capacity and
mobilization effectiveness

Collaboration between central and local governments is crucial for radiological
emergency preparedness and response. A multi-faceted approach involving training,
exercises, and operational evaluations has been maintained to guide local governments
on preparing radiological emergency rescue operations. To improve the mobilization
effectiveness of Taiwan’s radiological emergency response team, technical development
and upgrades have been implemented for the “Radiological Emergency Response Team
(RERT Team)” which was established by the AEC to assist local governments handling
radiological emergency incidents.

a. The AEC collaborated with the Executive Yuan on assessing emergency response
and mobilization by dispatching personnel to 22 local governments in Taiwan. Local
operational information and requirements were collected to provide recommendations
for further improvement. Moreover, AEC organized four “Radiological Emergency
Response Workshop for Local Governments” sessions, aimed at strengthening the
professional competency of local government'’s first responders. These sessions utilized
case studies and simulated training to help first responders familiar with radiation
incident on sites.
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IV. Important Governance Outcomes

b. The AEC RERT Team’s annual training utilized the recently developed radiation incident
response information platform for table-top exercises. The new technology enhanced
command and control by providing a more accurate and up-to-date information on
reporting, mobilization, and handling of the situation at the site. The AEC RERT Team
also provided professional advice and direct support to Changhua County, Tainan City,
Taoyuan City, and Taipei City during their radiological emergency response exercises.
The collaboration mechanism with local government improves cooperation with these
first responders.
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D. Revision of radiological emergency regulations and
strengthening of radiological emergency preparedness

To evaluate and adjust radiological preparedness practices based on actual conditions,
the review and assessment of NPP Emergency Planning Zones (EPZ) were completed and
the results were posted to the public in 2022. To account for the impact of the extreme
climate, the Enforcement Rules for the Nuclear Emergency Response Act were amended
to enable continuous adjustments to NPP EPZ assessments based on actual conditions.
The frequency of evaluation and planning for EPZs and public protection measures was
increased to bring radiological preparedness in line with actual practice.
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IV. Important Governance Outcomes

E. Strengthening the information system to improve resilience
against cybersecurity attacks

a. Enhancing information system resilience and cybersecurity protection

To address the increasing cybersecurity threats, the AEC has taken active measures to
strengthen the resilience of its website in accordance with the cybersecurity policies and
regulations issued by the Executive Yuan. The AEC website has implemented the Content
Delivery Network (CDN) to improve protection against Distributed Denial of Service (DDoS)
attacks.

To strengthen vulnerability management for IT system assets in accordance
with the Cyber Security Management Act, the AEC has introduced the Vulnerability
Alert and Notification System (VANS) for servers and personal computers. The AEC
has also introduced Endpoint Detection and Response (EDR) mechanism to detect
abnormal activities on endpoint systems, thus improving the internal standards for risk
management, environmental resilience, network detection and response. Early detection
of malicious hacker activity is expected to reduce cybersecurity risks.

The AEC is actively working to improve its cybersecurity protection and safequard
its information security, and supporting subordinate agencies to achieve compliance.
Cybersecurity audits have been organized to enhance the cybersecurity protection,
enabling IT vulnerabilities to be identified and corrected promptly.

b. Improving IT system service performance

The AEC website and other emergency response systems are the primary sources of
information on nuclear safety and radiation protection in Taiwan. To ensure the timely
delivery of correct information on radiation-related emergencies, on-duty personnel at the
Nuclear Safety Duty Center monitors these systems on 24 hours a day, 7 days a week.

Efforts were made this year including updating of the AEC’s English version web site
and establishing of the “Duty Staff Alert System”. The inclusive of the "Online Web Page
Update Application" and "Knowledge Platform Telephone List" systems are prime examples
of efforts to enhance the performance of internal IT systems. Additionally, an "Online PC
Repair Request System" is currently in development to further improve processing times
and reduce paper work.

A service-oriented approach has been adopted for information operations. Key
planned projects include: Update of AEC Chinese version website, and addition of an
“Online Duty Log” system. These projects could increase the efficiency for all offices and
meet AEC regulatory goals.
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IV. Important Governance Outcomes

VI. Advancing the Research and Development of
Atomic Energy Technology

A. Low-carbon and low-cost mass production technique for
innovative electro-chromatic glass

a. Introduction to INER electro-chromatic glass

The “low-carbon and low-cost mass production technique for innovative electro-
chromatic glass” developed by the Institute of Nuclear Energy Research (INER) won the
“2022 R&D 100 Awards”, widely considered to be the Oscars of the technology industry.
The electro-chromatic energy-efficient window product based on this technology has the
following outstanding attributes:

(a) Energy Saving: Energy is only consumed when changing colors and the maximum
power rating is just 2.5W.

(b) Excellent Memory Effect: Just 4% color change after 4 days when disconnected
from a power supply.
(c) Excellent Thermal Insulation: Effectively blocks IR radiant heat and UV damage

from sunlight. Colored mode blocks up to 99.1% of infra-red and uncolored
mode still blocks 67.3%.

(d) Large Variance in Visible Light Transmission Rate: Light transmission when
colored is 8% and 60% when uncolored gives variance of up to 52% (= 50% of
commercial standard).

Product performance exceeds mainstream electro-chromatic energy-efficient glass
products produced by leading brands on the market.

b. Environmental impact of mass production technique for electro-
chromatic glass

The mass production technique for electro-chromatic glass developed by INER is
based on a type of innovative high-density arcing plasma source and its mass production
hardware. The technique successfully upgraded arcing plasma coating technology to the
nano level. An energy-efficient and responsive electro-chromatic coating was developed
based on the novel nano porous material. The INER technique is 5 to 10 times faster than
the sputtering process now in mainstream use. Power consumption is also reduced by
up to 75% so it qualifies as a green production technique with low-carbon, low energy
consumption, and low contamination. The major reduction in greenhouse gas emissions
balances economic development and environmental protection by mitigating global
warming and reducing environmental pollution.
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IV. Important Governance Outcomes

The effective reduction in costs will help vendors boost their competitiveness in the
market and increase public acceptance of the product. The high unit cost of electro-
chromatic energy-efficient windows has been an obstacle to their widespread adoption and
the new technique will hopefully offer a solution. The commercial-grade electro-chromatic
energy-efficient window products manufactured using this low-carbon production
technique are not just energy-efficient to operate. They also block IR heat and comply
with green building material standards. Air-conditioning therefore require less energy and
natural lighting is retained indoors, making it a product that is better for the environment.

The emphasis on “green production” in this technique reduces carbon emissions and
the production of other environmentally harmful pollutants during the production process.
The reduction in power consumption also reduces production costs. The result is a more
commercially competitive product at affordable prices that consumers will be more willing
to adopt to achieve a win-win outcome for the environment, business, and consumers.

B. INER MIBG I-123 Injection for Assessment of Sympathetic
Nervous System Function

a. Introduction to the INER MIBG I-123 Injection

The active ingredient in the “INER MIBG <I-123> Injection” is meta-
iodobenzylguanidine (MIBG). MIBG has a similar chemical structure to the neuro-
transmitter norepinephrine in the sympathetic nervous system (SNS) and has been
confirmed to have a high uptake rate in tissues with SNS (e.g., the heart, salivary glands,
and tumors), particularly those that originate from neural crest or neuroendocrine cells.
Radioactive labeling with MIBG is already used for diagnosis and treatment outcome
assessments of cancers such as phenochromocytoma and neuroblastoma. The use of
I-123 MIBG for diagnosing cardiac

sympathetic nerve fUﬂCtiOﬂ has drawn (" INER MIBG <I-123> Injection (MOHW-PM-R00037) N

Indications

inCI‘ea Sed attention in recent yea IsS. (1) Pheochromocytoma and Neuroblastoma
. ) . . . The 1-123 I\IIIIB.G injefction isg:se:i asan augiliarz tool for detecting primary or
Applications include prediction of s yrasinf-otabth i
i . The heart_ to mediastinu_m (H/M) radiqactive uptake ratiois used to evaluate
pOtentIal arrhythmla and assessment Of the function of the cardiac sympathetic nervous system

*

patients at high risk of cardiac failure

92 30 ] 88 0 T I8
- oo

to provide important information for
clinical treatment and decision-making.
Many studies have also concluded that

I-123 MIBG can provide information for

clinical diagnosis of neurodegenerative L RN e )

i L Pharmaceutical permit obtained by INER MIBG <I-123>
or Parkinson’s Disease. |_ Injection (MOHW-PM-R00037).

diseases such as Lewy Body dementia
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IV. Important Governance Outcomes

b. Introduction to the INER MIBG I-123 Injection technology and its
development

The INER operates the only 30 MeV medium-sized cyclotron capable of producing
I-123 in Taiwan. The cyclotron can produce a variety of medical radioisotopes and the
PIC/S GMP-certified Radiopharmaceutical Production Center develops and produces
radiopharmaceuticals for clinical diagnosis and treatment use. Radioactive iodine labeling
technology was developed by the INER to create Taiwan's the first I-123 MIBG injection.
A computer-controlled synthesis system with automatic or semi-automatic control was
also developed to improve the consistency of product quality and produce high-quality
radiopharmaceuticals for clinical use. The synthesis system is now patented in the ROC,
Japan, and the US. The synthesis system was also used by the INER to establish chemistry,
manufacturing, and control technical (CMC) documentation and apply for pharmaceutical
registration. Pharmaceutical registration for the “INER MIBG <I-123> Injection” was
approved in 2019 (MOHW-PM-R00037). To increase the shelf-life of drug to meet the
needs of hospitals in central and southern Taiwan, restocking inspection, process testing,
and personnel training were carried out before three consecutive batches of “INER MIBG
<I-123> Injection” were produced and tested for efficacy/stability. All quality assurance
requirements were met so the MOHW approved an extension of the shelf-life to 10
hours in 2022 and the injection is now routinely supplied to hospitals for clinical trials on
request.

The innovative automated production technology developed by the “INER MIBG <I-
123> Injection” research team won the bronze award in the manufacturing technology
category at the “2022 National Pharmaceutical Technology Research and Development
Awards”. The “INER MIBG <I-123> Injection” for assessment of sympathetic nerve
function also won the Innovative Academic Research Award at the 19th National
Innovation Awards organized by the Research Center for Biotechnology and Medicine
Policy. A stable supply of “INER MIBG <I-123> Injection” is now being provided to
hospitals for academic and clinical trials in nuclear medicine for studying cardiac and
central nerve function. Once the PIC/S GMP-compliant pilot sterile production line
and pharmaceutical production facilities are completed and integrated with the new
automated synthesis system for “INER MIBG <I-123> Injection”, the INER will be able to
supply high-quality radiopharmaceuticals for all applications and support more R&D.



THIRRTEEES 114 3
Atomic Energy Council, Executive Yuan 2022 Annual Report

(=) EXRSERSEYEIRRESR SRR ETLRE RS

RIEHAARTESN 112 FHREESHRELENSMEEKNE - I ATERIHE
BEERRE ~ BUBEARIL " Bz KRS M B IRIGFR B ML 2 hE RS,
PSSR E S B R AV EFRADR & BRI KPR SR - UEB K ECENSRE TS
BREIF > HERBES (1) BLARZEHENENEZS ot RRAIRER @ BEHX
e ESMEEKEHEBRBEIAXNBEEE  E2LEROIMR Q) BGEEn
BRI E RIS FRNTAERS - BAIOMREERESMEEKIFNNTERS
(3) B AEYMRIFAN - B BBERT SEREUR - BREEES L2 -

1. MMM E I BERERUE FENF & (TW-0RIS)
RIBHRBAEBEASMERKIMNE—ENET O » B " RSB SIgiEs
SEFENFA (TW-0RIS) 5 (#34E © https://tworis.aec.gov.tw) » BA G ER 5T B258 Sk g
B ERME - LIRE SN - HRRFSEEAREIE LI KT a5 st Bl
R WEREHRNIMAFEN - BEHAREERRTERE (AEA) 2 ERBRER B -
BB ERETEMESE DIAEBNEE R - R REERME  MBERMEEE -
1125 ReeRKE— T EABNGEXER @ BEEEFREHER - G588
SCETTIGTME Y B /I R BV BN AT TR - MBI R AN ILEN TS » WIKERE
KEROIERFERBETETIE  MBIRMAIRR « FENEEREN  BRRZORD

Sz BEEMESRIRENEEERFAETR)
= Ocean Radioactive Information System

e BERBAH )
bt Q) s
i ‘. s
[ome | PN [emx
) ’ et ExEmEA
[om | o

O @zHE RREEGTR

W <L 5

BHEaF BFFRAEREE EKER REER

BER

TR BE S EECEFEMTE . ADWE BEEE R EAEREANE
Portal web page for the Ocean Radioactive Information Interface for querying radiation monitoring results in
System (TW-ORIS) Taiwanese waters.
\ -

64



EERBER
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C. Development of Preparation Measures for Oceanic
Radionuclides Monitoring and Safety Analysis system

Japan is planning to discharge Tritium contaminated wastewater generated by the
Fukushima disaster into the sea from 2023 onwards. The INER took the precaution
planning to invite the Central Weather Bureau (CWB) and National Academy of Marine
Research (NAMR) to set up the “Development of Preparation Measures for Oceanic
Radionuclides Monitoring and Safety Analysis system” as a national multi-disciplinary
task force to deal with the discharge of Tritium contaminated wastewater. The following
preparations were carried out under the proactive disaster prevention and protection
approach: (1) Established an open and transparent information integration platform to
respond to and allay public concerns in a timely manner, and reduce any harmful impact
on our national fisheries from Japan’s discharge of Tritium contaminated wastewater
from Fukushima; (2) Established a pioneering ocean radiation early warning system based
on ocean currents to analyze the impact of Tritium contaminated wastewater discharged
from Fukushima; and (3) Develop bio-Tritium detection technology to obtain background
baseline data on sea ecology and ensure the radiation safety area of sea areas.

a. Ocean Radioactive Information System (TW-ORIS)

The “Ocean Radioactive Information System (TW-ORIS)” (URL: https://tworis.aec.gov.
tw) was set up to provide the public with a consolidated window for information on
discharge of Tritium contaminated wastewater by Japan. Sea radiation monitoring data
and geological information system maps were combined to provide the public with a
convenient way to check radiation monitoring results from Taiwan's coastal waters and
Pacific fisheries. Local and overseas information including Japanese and IAEA controls,
and the government’s response platforms were also compiled. Science education cards,
videos, and FAQs were used to answer public concerns.

From 2023 onwards, the AEC will consolidate the professional capabilities of different
government departments and strengthen radiation monitoring of Taiwanese waters. Real-
time forecasts on the dispersion of radioactive materials in the waters will be provided
and all outcomes published on the information platform. Platform functionality will
continue to be upgraded in response to user feedback. Swift and convenient access of
correct information will ensure public peace of mind.
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IV. Important Governance Outcomes

b. Trend analysis on the impact of Tritium contaminated wastewater from
Fukushima.

The INER drew on its past experience from cooperating with the CWB on “Assessment
of Atmospheric Dispersion During Nuclear Emergencies” to develop a dedicated ocean
dispersion early warning and analysis system for Tritium contaminated wastewater. A
case assessment of dispersion trends based on 10 years of historical ocean current data
after the Fukushima incident was completed in 2022 to serve as the prototype of a
dispersion early warning system. The sea current forecasting model of the CWB Marine
Meteorology Center was then incorporated to provide routine forecasting and analysis of
Tritium contaminated wastewater dispersion after Japan may begin discharging Tritium
contaminated wastewater in 2023. The information was published on the TW-ORIS
platform in a format similar to weather forecasts and provides an important reference for
early warning and response.

c. Established the first domestic biological Tritium detection laboratory to
strengthen testing capacity and background database

The plaque unveiling ceremony for the “Tritium Analysis Laboratory” was held by the
INER on August 31, 2022. The first laboratory of its kind in Taiwan was jointly unveiled
by the AEC, INER, NAMR, FDA, Fisheries Agency, and CWB. The laboratory is currently
equipped with two vacuum freeze-drying machines, two tube furnaces, and two ultra-
low background liquid scintillation counter instruments. Minimum Detectable Activity
(MDA) for bio-Tritium is now equal to the MDA set by the sea monitoring program of
TEPCO and in line with top international professional laboratories. The laboratory will
work continuously to establish the baseline background radiation for biological species in
sea areas before the discharge of Tritium contaminated wastewater by Japan. From 2023
onwards, the Council of Agriculture (COA), MOHW, and Ocean Affairs Council (OAC) will
jointly test the Tritium content of seawater and fish from Taiwanese waters as well as food
post market. The laboratory will protect Taiwan's fisheries by ensuring the radiation safety
of seafood products for Taiwanese people’s peace of mind.
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IV. Important Governance Outcomes

D. Due to the difficulty of importing Thallium-201 for
myocardial imaging, the INER is now focusing on
the operation and maintenance of the cyclotron and
pharmaceutical center to provide a reliable backup supply
for the people of Taiwan.

a. Introduction to the Medium-sized Cyclotron and Radiopharmaceutical
Production Center

The 30 MeV medium-sized cyclotron at the INER is the only one of its kind in Taiwan
and was constructed in 1993. The cyclotron can produce medical radioisotopes such
as lodine-123, Thallium-201, Gallium-67, and Indium-111 for clinical trials and medical
diagnosis at research units and hospitals in Taiwan. The Radiopharmaceutical Production
Center (RPC) was established in 1997 and has continued to evolve over the years.
Pharmaceutical Inspection Co-operation Scheme Good Manufacturing Practice (PIC/S
GMP including Appendix 3: Distribution) certification was obtained in 2018. The RPC is
authorized to operate three sterile drug production lines and their cold chain logistics
with regular audits by the MOHW. In addition to supplying radiopharmaceuticals for
domestic and overseas use, the RPC also accelerates the development of new drugs by
assisting the INER and domestic biotechnology companies with their application and
execution of clinical trials and registration.

b. Production of Thallous Chloride (Thallium-201) Injection by the INER

Taiwan is dependent on imports for most short half-life nuclear medicine drugs.
Disruptions to international flights due to the COVID-19 pandemic from 2020 onwards
led to shortages of imported drugs. The INER stepped into the breach by leveraging
its localized production advantage. The 30 MeV cyclotron and RPC were immediately
assigned for emergency drug production and helped make up for the domestic shortfall
in Thallous Chloride (Thallium-201).

* PIC/S GMP
* [SO-9001

Tai FDA

FEZHEIZE M T - i i A
1&K§§q%¢ll|_, Radiopharmaceutical FEALESEE [ 48 -201] SE5VA
Production Ce\nter N N INER Thallous Chloride

BB GMP F4lu2 BET &1 SR S 5 (Thallium-201) Injection.

Production of GMP-grade Radio-injections and
Lyophilized Injection
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EERBAR

The biochemical characteristics of the Thallous Chloride (Thallium-201) Injection are
similar to the Thallium ions (TlI+) and Potassium ions (K+) allowing it to be absorbed by
the heart muscle. Uptake is directly proportional to coronal artery blood flow so it can be
used for functional diagnosis of cardiac arrest and oxygen-starvation. Cyclotron output
is isolated and purified in the Production Lead Room before being used to produce the
Thallous Chloride (Thallium-201) Injection in the RPC sterile clean room for domestic use.

C. Emergency Supply to make up for BEE Services of TI-201 Imaging in Taiwan Sj:;l‘;::
domestic shortfall during COVID-19 | e I S T am e | o

80%

A total of 402,400-mCi were produced and
supplied during the COVID-19 pandemic (April .
20, 2020, through to December 31, 2022) to Sonicos of NERTH201

20%

60%

perform 160,900 patient scans. Approximately
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go on strike
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2020.02-now 140000

COVID-19 pandemic 120,000
2021 Foreign cyclotron
maintenance 100,000

2019.03-05 44% 80,000
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=aMarketshare ~ =@=INER TI-201 services  =@=Services of TI-201 imaging each year

cardiac patients served grew by approximately Number of people serviced by the Thallous Chloride

(Thallium-201) - Injection between 2018 and 2022.
o

45,000 people between 2020 and 2022 to
fulfill the social responsibility of the INER.

d. Operation and maintenance management to lower risk
of failures

The INER 30 MeV cyclotron has now been in operation for more
than 29 years. The INER is strengthening its O&M management in
response to growing domestic demand for radiopharmaceuticals.
The INER nuclear engineering team worked with other teams
to introduce the probabilistic risk assessment (PRA) techniques
commonly used in domestic NPPs and helped assess aging and
reliability problems with the cyclotron. In 2021, maintenance
was performed on the aging liner. Between September 28 and
October 13, 2022, the INER completed the installation of another
key components (Radiofrequency amplifiers redundancy system).
The results of the probabilistic risk assessment are now used to
forecast the budget for each year. The medium-sized cyclotron was
refined and updated significantly. The annual budget was assigned
in accordance with the probabilistic risk assessment outcomes.
The improvement and updating of the medium-sized cyclotron
produced a significant improvement in failure probability. These
started at 22.7% in 2020, followed by 10.7% in 2021, and dropped
refinement and update of 9.83% in 2022.

service “maintain
0. 6.9%

2020
(24 hours/day - 366 days/year)

maintain
5.9%

2021
(24 hours/day - 365 days/year)

other
2.5%

crash
9.8%

2022
(24 hours/day - 365 days/year)
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IV. Important Governance Outcomes

VII. Nuclear Material and Radioactive Waste
Management

A. Rolling Controls: Ensuring that the research reactor is
decommissioned on schedule

The Taiwan Research Reactor (TRR) of the INER has been ceased operation since
1988 and its decommissioning plan was approved by the AEC in April 2004. The
decommissioning process is undergoing and should be completed by March, 2029, in
accordance with regulations. The scope of decommissioning include: Dismantling of
the attached wet storage tank and emergency cooling tower, clean-up of the fuel pool,
removal of the nuclear fuel dry storage pit (DSP), dismantling of reactor vessel waste,
processing of waste from five affiliated facilities, and decommissioning of the storage
facilities. Decommissioning progress is being closely monitored by the AEC. The amended
decommissioning plan and annual progress report were reviewed in 2022 with rolling
controls on the progress of each decommissioning task to keep track of waste produced
by decommissioning and ensure the safety of decommissioning operations.

The decommissioning process for TRR is scheduled to take more than 20 years. The
dismantling and removal of the attached wet storage tank, emergency cooling tower,
and fuel pool have now been completed. The “TRR Waste Dismantling Plan (Ver. 2)" and
“Dry Storage Pit Removal Plan (Ver. 3)” were approved by the AEC in 2022. Approval was
also issued for the decommissioning of the combustible waste storage and underground
high-level waste storage facilities. The AEC continues to conduct inspections to oversee
the decommissioning. The INER has continually set up the proper operating procedures,
strengthened its operator training and exercises, and enforced three-tier quality control
requirements. The prevention of industrial and radiation safety accidents ensures that
everything goes smoothly during the decommissioning.

The INER has also actively developed the remote control and mechanical equipment in
support of TRR decommissioning requirements. These included an underwater saw for the
wet cutting station, underwater band saw, and graphite reflector crane. An independent
R&D capability for the lifting and cutting of the reactor vessel and core barrel components
was also established. AEC has requested INER to prepare the standard operating
procedures for all transportation and cutting operations during decommissioning, as
well as organize test runs and emergency exercises. The AEC will continually oversee the
decommissioning process to ensure the safety of decommissioning.
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IV. Important Governance Outcomes

B. Enhancing Security: Proactive regulation of facilities
operations

The operational safety of treatment and storage facilities of low-level radioactive
waste from NPPs has been strictly regulated by the AEC for many years. The storage
facilities for low-level radioactive waste are also required to conduct a facility safety re-
assessment after every 10 years of operation; the review of the “Maanshan NPP Low-level
Radioactive Waste Storage Facility Re-assessment Report” was reviewed and approved
by the AEC in February, 2022, and storage safety at the facility was confirmed. For
improvements to the operational safety of storage facilities, the “Structural Reinforcement
Plan for the Kuosheng NPP Volume Reduction Center” was reviewed and approved by the
AEC in September 2022. The AEC will continue to dispatch personnel and conduct safety
inspections while the structural reinforcement is being carried out. The AEC has also been
continuing to require NPPs to actively implement radioactive waste volume reduction
measures. The three NPPs in Taiwan have now reduced their barrel count for low-level
radioactive solidified waste to a new historical low less than 200 a year. The goal of zero
industrial safety and radiation safety accidents during 2022 was also achieved.

The AEC is continuing to monitor the progress of all decommissioning operations
at domestic NPPs. For the decommissioning of the Chinshan NPP storage trench, the
AEC is supervising the TPC to ensure safety during every decommissioning process.
Decommissioning regulations were subsequently lifted in August 2022 after verifying
that the decommissioning of the storage trench complied with the relevant safety
requirements of radioactive material management regulations. To ensure the safe
management of waste from the dismantling of the Chinshan NPP turbine building, in
2021 the AEC directed the TPC to draw on the relevant IAEA regulations and international
experience on NPP decommissioning to develop and submit a proposal for inspection
of generator equipment removed from the Chinshan NPP turbine building to the AEC
for review. Approval was granted in August 2022 with TPC also being required to make
proper preparations for an exit inspection and public communication. Effective curbing
of waste output will help winning over the general public and ensure the safety of
decommissioning operations. To improve the effectiveness of exit inspections, a training
course with hands-on training for the measurement and detection of radiation from
NPPs during the exit inspection was carried out in October 2022. The AEC expects that
synchronization with international radioactive waste management technologies will help
achieving the goals such as nuclear waste reduction and safety management
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IV. Important Governance Outcomes

At the same time, to maintain the quality of personnel at radioactive waste
treatment facilities and improve operational safety, the Operator Training for Radioactive
Waste Facility exam was conducted in July 2022. Epidemic prevention measures were
successfully implemented in accordance with the epidemic prevention policy issued by
the Central Epidemic Command. To enhance the operational safety of radioactive material
facilities as well as boost operator crisis awareness and response skills, the AEC organized
the “Joint Emergency Exercise for Radioactive Waste at the Kuosheng NPP” in concert with
Kuosheng NPP personnel in September 2022. The exercises strengthened the emergency
response capability of the NPP to ensure the safety of facilities and personnel.

BB BREERE N MEREFIIAR

Introduction to an exit inspection and operator training for instruments.

C. Step Forward to Decommissioning: Overseeing the
implementation of dry storage facilities for spent fuel

Dry storage facilities are an essential part of NPP decommissioning. The TPC took
the social consensus into account by proposing the construction of indoor dry storage
facilities for the Chinshan, Kuosheng, and Maanshan NPPs. As the safety regulator, the
AEC has been continuing to push the TPC to accelerate its dry storage construction
plan so that spent fuel inside the reactor vessels and fuel pools can be removed as soon
as possible to facilitate the dismantling and decommissioning of the NPPs. In August
2022, the AEC approved the decommissioning deregulation on the Chinshan NPP waste
trench so that the site can be used for the Chinshan NPP’s indoor dry storage facility.
The initial design for the indoor dry storage at the Kuosheng NPP and Maanshan NPP is
now underway at the TPC. The AEC will continue to oversee the construction progress of
indoor dry storage facilities by the TPC to facilitate the completion and commissioning of
the facilities during the shutdown and transitional phase of NPP decommissioning.
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The AEC has been currently holding monthly meetings with the TPC to move ahead on
the dry storage plan. In addition to requiring the TPC to provide progress updates during
the meetings, early stage communication and discussions are also held on safety and
technical issues related to the dry storage facilities to expedite the review of construction
permits in the future. Communication meetings are also held with the MOEA and TPC
to discuss the construction plans for NPP dry storage facilities. The MOEA has also been
asked to supervise the TPC's progress on construction of dry storage facilities to facilitate
NPP decommissioning.

The AEC has been continuing to require the periodic maintenance of plant equipment
and annual integration drill at the Chinshan NPP by the TPC to maintain the manpower
and technical capabilities for hot testing. The AEC performs inspection during such
operations to verify relevant effects. The TPC is continuing to fabricate dry storage
equipment for the phase 1 dry storage facilities of the Kuosheng NPP, and the AEC
conducts quarterly inspections and track the implementation of 3-level quality assurance
by the TPC.

L))

T T

i /s N T O A U L
RN ERERE  Inspection of dry storage equipment fabrication for the Kuosheng NPP.

As part of the advance preparations on safety regulatory of dry storage, the AEC
requested the TPC to conduct sipping tests for spent fuel of the Chinshan NPP and
Kuosheng NPP. The TPC completed integrity testing for 551 bundles of spent fuel at
the Chinshan NPP, and 436 bundles of spent fuel at the Kuosheng NPP during 2022.
To ensure the future safety of spent fuel in dry storage, the AEC implemented relevant
inspection periodically to examine all operating procedures and quality assurance
activities.
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D. Overseeing Site Relocation - Continue to Strengthen the
Safety of the Orchid Island Storage Site

The removal of nuclear waste from Orchid Island has been a topic that our
government and society have taken a strong interest in over the years. In April 2021,
the Presidential Office Indigenous Historical Justice and Transitional Justice Committee
directed the MOEA to continue making progress on this issue as the final disposal of
nuclear waste is a national priority. The AEC is therefore continuing to push for the TPC
to proceed with the relocation of the Orchid Island storage site. In addition to requiring
the TPC to relocate the Orchid Island storage as soon as possible in accordance with the
review outcome of the Planning Report on the Orchid Island Storage Site Relocation,
inter-ministry conferences are also regularly convened with the MOEA and Council of
Indigenous Peoples (CIP) to supervise TPC to make progress on relocation of the Orchid
Island storage site. The TPC is also required to submit quarterly progress reports on the
relocation of the Orchid Island storage site to the Executive Yuan's Nuclear-Free Homeland
Task Force for tracking purposes. Progress updates must also be provided every 6 months
by the TPC on the relocation of nuclear waste from Orchid Island in accordance with the
concluding observations and recommendations from Item 37 of the international review
meeting on the 3rd Country Report for International Covenant on Civil and Political Rights
(ICCPR) and International Covenant on Economic Social and Cultural Rights (ICESCR).

The AEC has directed the TPC to complete all preparations for the relocation and is
supervising the re-sealing of all nuclear waste at the Orchid Island storage site by the
TPC. All tasks in the “Implementation Plan for Enhancement of Operational Safety at the
Orchid Island Storage Site” were completed by the TPC in October 2022. To strengthen
radiation safety management for shipping used for relocation in the future, the “Vessel
Radiation Safety Regulations for Marine Transportation of Low-level Radioactive Waste”
were issued by the AEC in June 2022 to serve as a basis for radiation safety design of
transport ships used for relocation of the storage site.

To strengthen storage safety at the Orchid Island storage site before the nuclear waste
is relocated, the AEC has directed the TPC to carry out integrity testing and assessment
of the storage trench structure. Other safety inspections including a seismic assessment
and aging management assessment of the processing center and steel-framed workshops
were also required. The AEC will continue to closely supervise the TPC on upgrades to the
safety of nuclear waste storage site before the barrels of nuclear waste are removed from
Orchid Island. Environmental radiation on Orchid Island will also be closely monitored.
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VIII. Strengthening Environmental Radiation
Monitoring

A. 2022 Environmental Radiation Survey of Marine and
Terrestrial Areas in Taiwan

In 2022, the Radiation Monitoring Center (RMC) continued to execute the
environmental radiation monitoring program for marine areas around Taiwan and its
offshore islands, soil from mountain areas and around nuclear facilities, and rice from
western Taiwan. The multi-agency effort includes the Coast Guard Administration,
Fisheries Research Institute, and Fisheries Agency assisting with the collection of marine
samples such as seawater from offshore islands and coastal waters, seafood, and beach
sand. The Taiwan Agricultural Research Institute assisted with the sampling of soil from
mountain areas and rice grown in western Taiwan. All samples underwent radioactive
nuclide analysis by the RMC. Potassium-40, Thorium series, and Uranium series are all
natural radioactive nuclides and analysis found no radiation anomalies.

Types of samples, number of analyzed samples, and analyzed nuclides for the
2022 Environmental Radiation Survey of Marine and Terrestrial Areas.

Number of .
Sample Type Analyzed Nuclides
pie Typ Analyzed Samples y
Seawater 517 Cesium-134, Cesium-137, Tritium, Strontium-90
Cesium-134, Cesium-137, Potassium-40, Cobalt-60, Thorium
Beach Sand 22 i X .
series, Uranium series
Cesium-134, Cesium-137, Potassium-40, lodine-131, Thorium
Seafood 301 i X ) .
series, Uranium series, Strontium-90
. Cesium-134, Cesium-137, Potassium-40, Thorium series,
Soil 277 . :
Uranium series
) Cesium-134, Cesium-137, Potassium-40, Thorium series,
Rice 206 . .
Uranium series

The Japanese government announced that Tritium contaminated wastewater from
the Fukushima Daiichi accident will be discharged into the ocean from 2023 onwards.
The RMC invited the Fisheries Research Institute, Fisheries Agency, Ocean Conservation
Administration, Coast Guard Administration, National Academy of Marine Research, and
INER to set up the “Marine Radiation Monitoring Working Group.” The working group
meets regularly to carry out the marine environmental radiation monitoring program
(including radiation monitoring of Tritium in the seawater of Taiwanese waters).
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The RMC established 107 monitoring stations including at key fishing ports on the
Taiwanese coast, sea areas near NPPs, sea areas of offshore islands, coastal sea areas,
and 62 key fisheries for the collection and analysis of seawater samples. A total of 418
samples were analyzed for Tritium activity in seawater. The results of the analysis found
that trace levels of Tritium activity were only detected in sea areas around NPPs and below
the Minimum Detectable Activity (MDA is 2.03 Bg/L) threshold in all other areas. Tritium
activity in the sea areas near NPPs were all below the study baseline of 1100 Bg/L set by
the “Environmental Radiation Monitoring Guidelines.”

B. Survey Project on population radiation dose

The RMC conducted a 4-year population radiation dose survey from 2019 through
2022 that examined the following five exposure categories: (1) background radiation,
(2) medical radiation, (3) consumer products (4) industrial activity, and (5) occupational
exposure. The range of population radiation dose was fully surveyed and analyzed by the
end of 2022.

The medical diagnostic radiation dosimetry survey completed in 2022 was carried out
as the “Survey Project effective dose per individual in the Taiwan population by medical
exposure” by a professional team (Radiation Protection Association R.0.C.). The project
ran for three years and six months (from January 2019 to June 2022) and involved the
analysis of the National Health Insurance database, field work at hospitals, measuring
the radiation dose of each test sequence, constructing a dosimetry assessment model, as
well as the assessment and calculation of dosimetry with software. More than 140,000
records on medical radiation exposure were compiled and assessed on the effective
dose of their corresponding tests. This is the most comprehensive set of data on medical
radiation exposure in Taiwan so far and one of the studies on medical radiation dosimetry
carried out internationally. The findings of the survey determined that medical radiation
resulted in each citizen receiving a 1.51 mSv radiation dose per year.

The RMC studied radiation exposure caused by (1) smoking, (2) civil aviation, and
(3) agriculture fertilizer (classified as of the consumer products type) in 2022 as well.
For smoking behavior, the Polonium-210 content of the cigarette was measured and
internationally accepted in vivo dose conversion factors were applied. The survey on
smoking behavior in Taiwan conducted by the Health Promotion Administration of
MOHW was also used as a reference for dose assessment of smoking ratio among
different genders and age groups. Smoking behavior was then estimated to create a
0.047 mSv of annual dose for Taiwan nationals. For the civil aviation, the results of the
survey on flying behavior of Taiwanese people provided by the CAA were cited to examine
popular international, cross-strait, and domestic routes, The NTHU FDC dosimetry
assessment software developed by Taiwan and the Sievert aviation dose assessment
software developed by France were used to calculate the dose of flight. The population
radiation dose from civil aviation was estimated to be 0.010 mSv of annual dose for
Taiwan nationals.
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In terms of agricultural fertilizer, 13 fertilizer products produced and sold domestically
were measured using high-purity germanium detectors to analyze the radionuclide activity
and concentration of Radium-226, Thorium-232, and Potassium-40. First, the fertilizer
samples were applied to farmland and absorbed dose from 1m above the ground in dry
air was calculated. Farmer’s average daily exposure situation and conversion factors for
absorbed dose and effective dose from natural radioactive materials contained in fertilizer
were then considered. Finally, the annual effective dose caused by the application of
the fertilizer to farmland was calculated. Radiation dose due to industry activity was
calculated to be 0.000025 mSv per person each year and all were due to the application
of fertilizer. The findings of the survey determined that consumer products resulted in
each citizen receiving a 0.057 mSv radiation dose per year.

To assess population radiation dose due to industry activity, the RMC conducted
internal studies on radiation exposure caused by nuclear facilities. The six domestic
nuclear facilities include the Chinshan NPP, Kuosheng NPP, Maanshan NPP, NTHU Research
Reactor, INER, and TPC Lanyu Low-level Storage Site. Population radiation dose was
assessed using data from the monitoring reports of these nuclear facilities including the
“Radioactive Material Discharge Report”, “Annual Report of Environmental Radiation
Surveillance for Nuclear Facilities of Taiwan”, “INER External Environmental Radiation
Monitoring Report”, and “Environmental Radiation Monitoring Report for Low-level
Storage Site”. The population dose from nuclear facilities was estimated to be 3.9 X 107
mSv per year for Taiwan nationals.

In terms of occupational exposure, the