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Radiation-hardened technology development of integrated circuits and

systems
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This research proposal "Radiation-hardened technology development of
integrated circuits and systems™ has three topics, including "Design and
Development of Radiation Hardened Chips for Space Commercial
Applications”, "Verification techniques for Short-pulse Laser induced

Radiation” and "Heterogeneous Integration of Radiation Anti-radiation
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Wafer-level Small Chips Technology". In this project, we complete the
development of a power converter (DC-DC Converter) with radiation-
resistant functions. It also integrates the built short-pulse laser radiation
verification platform to be programmable and controllable to facilitate the
integration of various instruments. Meanwhile, the heterogeneous integration
technology of small chips will be studied. The relevant radiation resistance
characteristics will be evaluated, investigate the multilayer interconnect of
the silicon bridge of the heterogenous integration substrate and integrate the
wafer level which has the larger area than the general chip size, which can be
used to reduce the traditional printed circuit boards, and effectively reduce

the whole volume and size for the space electronic systems.
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Jong Wu, " A 0.25- x m HV-CMOS Synchronous Inversion and Charge

Extraction Interface Circuit With a Single Inductor for Piezoelectric Energy
Harvesting," IEEE Transactions on Power Electronics, Vol. 38, No. 12, pp.
15707-15718, Dec. 2023.
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Development of satellite components and establishment of radiation test
environment
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The maturity of space technology development has been regarded as a
symbol of national strength, and the key topics of space technology are the
space solar cells, electronic components and chips. The first obstacle these
components have to overcome is the damage caused by radiation in space
environment. Radiation damage may degrade the performance of
components or even cause functional failure, which may further lead to
failure of major satellite systems and termination of space programs.
Therefore, understanding the impact of radiation on solar cells, electronic
components and chips is particularly important for the development of space
technology applications. This project includes the development of satellite
components and the construction of a radiation verification environment.
This paper demonstrate work item 1, “Development of Anti-Radiation Solar
Cell Technology”, the topics include “Study of the epitaxy of anti-radiation
space solar cell”, “Device process of anti-radiation space solar cell” and
“Measurements of anti-radiation space solar cell”. To improve the efficiency,
doping concentration of the middle cell was changed to improve the carrier
collection efficiency. Then, based on the external quantum efficiency
measurement, the spectrum of the top cell was adjusted to achieve a proper
current match. In metal process, the contact resistance between metal and
semiconductor was reduced by changing the annealing temperature; an anti-
reflective film was coated on the cover glass to improve efficiency. In
radiation test, after 1 MeV protons radiation, the average normalized
remaining power was 65.65%. The external quantum efficiency before and
after the radiation test was measured to study the radiation damage

mechanism.
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Development of Radiation-Hardened Electronic Devices and Process

Technology
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A high demand for space missions and low-orbit satellite applications has
driven many countries to invest in the development of space technology. The
trend of commercialization of space applications is also expected to create a
new blue ocean for the next wave of industrial revolution. However, there are
still many technical challenges in space technology. Among them, the radiation
effects induced by high-energy radiation in space environment may lead to
performance degradation or transient failure of electronic devices or systems.
This has become one of the urgent problems to be solved in the development
of space technology in near future. In order to realize the innovative concepts
and key applications of space technology, understanding the radiation effects
and the damage mechanisms on electronic devices and materials is particularly
important to enhance the technical basis in the field of space electronics.
Development of advanced radiation-hardened electronic devices to withstand
extreme radiation environment in space is also a key imperative and challenge
to the success of space exploration missions. For this reason, in this project we
explored new semiconductor materials, process technologies and novel device
structures that can mitigate the degradation subject to radiation. By this
research project, we can clarify the radiation resistance and the degradation
mechanisms of new materials and devices as well as establish the test
evaluation methods of various radiation effects. The research topics to be
implemented this year include: (1) Development of novel radiation-hardened
memory devices: establishment of test technology of total ionizing dose effects
using proton beam irradiation; (2) Study of radiation-hardened IC
manufacturing technology and advanced transistors: fabrication, analysis, and
radiation test evaluation of FInFET transistors applied to satellite orbit; (3)
Assessment of radiation effects on wide bandgap semiconductor materials and

devices: evaluation and analysis of radiation damage characteristics of SiC or

H=x 1- 17



GaN wide bandgap materials.
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Preliminary Evaluation on Decision Support System for Nuclear Energy

Science and Technology
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Atomic energy technology has been widely used in fields related to
medicine, agriculture, industry, and environmental sustainability, making it as
a key area of sustainable technological development in various countries. In the
past, our country has also made significant achievements in the development
and application of radiation-related technologies in the fields of medicine,

agriculture, and industry. Nuclear Safety Commission (NUSC) has established
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a strategic blueprint for the development of atomic energy technology to
improve people's livelihood from 2022 to 2025. During the implementation of
this program, it refers to this strategic blueprint to collect and analyze the
nuclear energy scientific research systems, important policies and possible
channels of cooperation with various key organizations and countries
worldwide. After conducting research and analysis, considering the current
situation and development potential of related domestic industries, personnel
training situation, national development orientation and other factors, policy
recommendations will be proposed to support the country's decision-making
process in atomic energy science and technology, specifically in the context of

the decision support system (DSS).

Keywords: atomic energy technology, Nuclear Safety Commission, decision

support system
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Development of Radiation Reliability Test Platform for Key
Electronics Components
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The utilization of satellite services has become increasingly integral across
various sectors such as global finance, telecommunications, transportation,
meteorology, defense, and aviation. With the continuous expansion of these
applications, there has been a significant rise in the number of satellites,
necessitating cost reduction measures. Consequently, there is a growing trend
towards the integration of commercial-grade electronic components, including
Commercial off-the-shelf (COTS) components, within small satellites.

However, it is essential to note that COTS electronic components typically
exhibit heightened sensitivity to radiation effects. Moreover, as Integrated
Circuit (IC) processes advance and thinner oxide layers are employed, the
sensitivity of components to Total lonization Dose (TID) radiation effects tends
to decrease. Conversely, the probability of encountering single event effects
(SEEs) rises with the miniaturization of integrated circuits.

The primary objective of this project is to assess the radiation reliability
of COTS components, particularly in the context of the space industry's demand
for high-performance, small, low-power, and cost-effective satellites. A critical
consideration in this endeavor is striking the appropriate balance between
reliability and cost. The more extensive the testing required, the higher the unit
cost, thereby posing challenges for both the space industry and electronic
equipment manufacturers.

Addressing these challenges entails determining the feasibility of utilizing
COTS components in space applications and identifying the optimal testing
levels and associated costs. This project aims to provide insights into the

suitability of COTS components for space missions and to establish guidelines
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for effectively managing the trade-off between reliability and cost in satellite
design and construction.
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Cher Ming Tan, “Investigation of Radiation effect on COTS Power
Semiconductor Devices”, Invited talk in IEEE Electron Devices
Technology and Manufacturing Conference (IEEE EDTM), 2024
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Tsung Te, Hou Fu Chung, “Investigation of gamma radiation on
discrete electronic devices.”, submitted to Electronics, MDPI.
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The Improvement Study of Security Implementation of Nuclear Facilities

in 2023
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The objective of this two-years project was to continuously improve the
national capability of protecting the nuclear facilities and materials against
the threat of unauthorized removal or sabotage. The study was focus on the
regulation and implementation activities with regard to the security and
cybersecurity of nuclear facilities in Taiwan. Through the researches in 2023,
some opinions on improving the protection performance were proposed for

reference.
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Establishment the backup technology of environmental sample analysis

in the southern backup laboratory
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The prevention of nuclear accidents is an issue that countries around the

world attach great importance to, and the emergency response following
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such accident is even more crucial. The Radioactive Analysis Backup
Laboratory at the Disaster Prevention and Mitigation Technology Research
Center of national Pingtung University of Science and Technology (NPUST)
has completed the procurement of software and hardware facilities.
Moreover, it has trained operators with capabilities in Gamma spectrum
analysis technology and obtained certifications from Taiwan Accreditation
Foundation (TAF) and Taiwan Food and Drug Administration (TFDA)
certification for "Food Gamma Spectrum Analysis" in the field of ionizing
radiation detection. However, in the event of a radiation disaster, ensuring
the radiation safety of the environment will require a significant demand for
detection capacity in the environmental samples analysis. Therefore, the
main objective of this project is to expand the detection capabilities to include
the analysis of environmental samples such as water, air, soil, plant and
biological specimens, and to obtain the relevant certifications in the field of

detection technology for these samples..
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Research on the Resources Establishment and Practical Management of

Radiation Emergency Response
(3+ % %% : AEC11011039L)
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This project collectd and analyzed the planning management of recovery
after the Fukushima incident in Japan. Additionally, it developed overseas
nuclear accident scenarios and conducted one simulation drill to verify the

ability of central and local governments to respond to the overseas nuclear
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accident.

Furthermore, this project developd suggestions for first responders’
emergency procedures and video scripts about radiographic testing
workplace with fire, and holded radiation disaster prevention and rescue
workshops for local governments. Moreover, it established first responders’
radiation emergency response exercise training systems.

This project also designed short versions of “overseas nuclear accident”
and “dirty bomb accident” with infographics, providing government at all
levels to disseminate. By providing the preparation and training above, the
overseas nuclear accident emergency response mechanism of central and
local governments can be improved, the radiation disaster responding ability
of respondents can be escalated, broaden public’s vision of radiation

emergency response, and strengthen the resilience of our country.
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Research on The Emergency-Response Technology for The Radioactive
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This year we have expanded the software and hardware facilities at the
training and R&D center. Additionally, we proposed "The Guidelines for
Initial Response Detection of Radiation Bomb Explosion Incidents (Draft
Proposal)”, and revised and tested the Radiation Disaster Response
Information Platform task planning function. We also created a remote
controlled lead tank truck to assist in retrieving radioactive sources for the

detection platform. Furthermore,we selected 6 densely populated or traffic-
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critical areas to conduct characteristic wind fields and radioactive material
diffusion simulations. We thenintegrate the simulation results to analyze hot
spots where pollutants spread and accumulate, and evaluated dose
distribution. Additionally, we completed the Radiation Diesaster

ResponseTeam’s annual training sessions.
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Applying Critical Infrastructure Protection and Risk Management Techniques
on Nuclear Power Plant during Decommissioning

(3+ % %5+ AEC11203011L)
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Drawing upon the latest practices outlined by the International Atomic
Energy Agency (IAEA), this research utilizes the Decommissioning Risk
Management Project, DRiMa, framework to analyze potential risks
associated with the approved decommissioning plan for the Chin-shan
Nuclear Power Plant. Additionally, theories of Critical Infrastructure
Protection are employed to study risks based on activities’ scenarios and
hazards. A quantitative questionnaire was developed and filled by experts in
nuclear regulation to assess key risks that need to be managed and mitigated

during the implementation of decommissioning plans.
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Enhancing the features, parameters, and technological prerequisites for
site-specific groundwater protection and regulation during the
decommissioning phase of nuclear power plants
(3 & %% ¢ AEC11204013L)
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To investigate the groundwater protection and regulation features
pertinent to nuclear power plant decommissioning, this study builds upon

previous projects funded by the Nuclear Safety Commission (NSC), formerly
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known as the Atomic Energy Commission (AEC). These projects, conducted
between 2019 and 2022, scrutinized the guidelines governing
hydrogeological parameters and critically evaluated groundwater transport
modeling and protection programs at the Chin-Shan and Kuosheng Nuclear
Power Plants. Our study aims to advance site-specific groundwater
protection and regulation features, parameters, and technological
requirements during nuclear power plant decommissioning. Three primary
tasks comprise this project: Task 1 entails exploring test methods for
determining geotechnical parameters and devising strategies for reviewing
relevant investigation technologies and methods. Task 2 involves delivering
suggestions for reviewing input parameters for groundwater characteristics
during decommissioning, informed by ongoing experiences in groundwater
protection during both operational and decommissioning phases. Task 3
focuses on scrutinizing groundwater transport modeling and protection
programs at the Maanshan Nuclear Power Plant, poised for decommissioning,

to offer a professional strategy for the NSC (formerly AEC).
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Preliminary Study on Regulatory Technologies for the Decommissioning
of Special Structures in Nuclear Power Plants
(3* 4 %% AEC11206021L)
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The decommissioning of Unit 1 at Chin-shan Nuclear Power Plant in
Taiwan is about to enter the second stage of dismantling important
components. The segmentation of reactor pressure vessel (RPV) and the RPV
internals is one of the most difficult and challenging tasks in
decommissioning. Considering the research on dismantling technologies and
construction methods of large special structures during decommissioning,
reducing the radiation dose to on-site operators in a reasonable low level, and
aiming at the convenience of non-contact are both critical. Based on the
feasibility assessment of using laser technology for remote processing of
large-scale components during decommissioning, the collection of
international literature and compilation were initially carried out in this pilot
technology research and analysis case. Although laser cutting technology is
quite common for cutting thin metal sheets in general industrial applications,
there are currently no international examples of decommissioning nuclear
power plants using laser cutting to dismantle pressure vessels and internal
components

As the decommissioning stage of nuclear power plants is approaching
in Taiwan, the dismantling of stack structures has become an essential
research issue. However, the systematic collection of stack decommissioning
was lacked in the past literature. Therefore, this study is based on the IAEA
technical Report, i.e. "Dismantling of Contaminated Stacks at Nuclear

Facilities", which extensively covers various stack types and the dismantling
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experience of both nuclear and non-nuclear stacks. The report also addresses
waste management and relevant issues. Recent cases of international stack
dismantling and radiation protection regulations are collected in this research.
Recommendations focused on the dismantling of steel stacks, as those in
Chin-shan NPP and Maanshan NPP, are provided for better regulations done
by NSC.

In addition, the main segmentation technique for reactor vessel internals
has used mechanical cutting as the primary cutting method. It would be
helpful to choose the appropriate mechanical techniques and methods used
to cut the RPV internals through gathering and analyzing the literature and
engineering reports. Several regulatory recommendations were summarized
based on findings from the collecting information on the international

dismantling technologies and the segmentation-related practices.
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Preliminary analysis of Requirements for Deregulation after

Decommissioning of US Nuclear Power Plants
(3* % %% © AEC11203010L )
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To get the knowledge of the content and practical experiences related to
the termination of licenses for nuclear power plants in the United States, this
project collected documents related to the License Termination Plan (LTP) for
the La Crosse nuclear power plant, Nuclear Regulatory Commission (NRC)
review results of the LTP, and responses from the licensee. Additionally, to
obtain more information regarding the classification of non-impacted area, also
collected characterization results of the non-impacted areas of the Zion nuclear
power plant as well as NRC review reports. After consolidating, summarizing,
and analyzing the collected literature, recommendations for the review and
regulatory requirements pertaining for the decommissioning and deregulation
of domestic nuclear power plants were proposed.

The final report includes translated excerpts from various chapters of the
La Crosse Nuclear Power Plant LTP, a summary translation of the NRC’s
review results of the La Crosse Nuclear Power Plant LTP and the licensee’s
responses to these results, the characterization survey results of non-impacted
areas at the Zion Nuclear Power Plant, the NRC’s review results, and
recommendations for the key points of license termination for nuclear power
plants in Taiwan. The recommendations include suggested items to be included

in the documents for applying for the license termination of nuclear power
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plants in Taiwan, review criteria for each item, and review suggestions for

survey reports in non-impacted areas.
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Research on Regulatory Practices for Nuclear Reactor Facility Safety

and Early-Stage Decommissioning Activities
(z* 4 %% © AEC112012)
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The domestic nuclear power fleet had sequentially entered the transient
period of the decommissioning phase. The nuclear regulatory body needs a
coherent approach to the safety of both operational and decommissioning
plants. This project adheres to its 4-year framework to support the current
activities of the nuclear safety regulatory division of the Nuclear Safety
Commission by setting up the research issues on safety in the transient phase

to decommissioning, aiming at fulfilling the technical needs in dealing with
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the related regulatory practice. In 2023, it kept on building the regulatory
competiveness in seismic and tsunami safety evaluation, thermo-hydraulic
safety analysis, material corrosion, preventive maintenance and risk
assessment. In light of Taiwan’s unique decommissioning configuration in
which the spent fuels still remain in the reactor in early stage, this project
consolidates the international regulatory experiences into decommissioning
regulatory basis. It enhances the regulation quality and depth to ensure

nuclear safety in the transient period to decommissioning process.
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Thermal and radiation analyses of a spent nuclear fuel dry storage cask

filled with damaged fuel cans
(3* % %% : 112FCMAO001)
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This study completely analyzes the feasible technologies and
implementation examples of dry storage loaded with damaged fuel in the
world. In order to provide technical analysis findings and regulation
suggestions related to the Dry Storage Systems (DSSs) with damaged fuel
can (DFC) a set analysis methodology for DSS has been developed to

evaluate the impact of radiation shielding and thermal hydraulic
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characteristics. The research results indicate that no any obviously adverse
effects on radiation shielding and thermal hydraulic can be found for a cask
loaded with DFC. On the contrary, the shielding and thermal hydraulic
margin will be slightly increased on both analysis results. The results prove
that properly planned dry storage facilities can indeed be effective and safely
store damaged fuel. The important findings obtained through international
information collection, technology analysis and hypothetical case studies
have been summarized into regulation suggestions, which will help the

authorities improve the capacity of domestic dry storage supervision.
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Environment and Anisotropy Verification Technology for Tunnel Disposal
of Low-level Radioactive Waste
(& %% 112FCMA002)
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The current direction of our country is towards a non-nuclear home, but
the disposal of low-level radioactive waste remains a necessary issue to
address. Early commissioned research has focused on centralized storage
contingency plans and issues related to secure control after closure. Another
part of the research continues to improve the technology for low-level waste
disposal in tunnels. In the current year, following the previous year's low-
level waste disposal issues, this study presents an analysis of "Environmental

and Anisotropy Examination Technology for the 112th Year Low-Level
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Radioactive Waste Tunnel Disposal.” The main content includes the analysis
of hydraulic-mechanical coupling simulation technology in the chemical
environment of fractured rock masses. Additionally, it involves the
construction and application of testing and destruction criteria for the
strength of anisotropic rock mass materials. The goal is to continuously
improve and update international low-level waste disposal technology in

Taiwan, further enhancing regulatory capacity.
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Study on the Regulation, Review, and Verification of the Safety Analysis

of the Geological Disposal Facility for Spent Nuclear Fuel
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With the ultimate goal of solving the difficulties in the safe disposal of
spent nuclear fuel, the mission of the Nuclear Safety Commission includes
supervising Taipower in implementing the geological disposal program for
spent nuclear fuel in Taiwan and promoting the formulation of regulations
for safe disposal of spent nuclear fuels. This is expected to be beneficial to
the regulating control of the final disposal program conducted by Taipower.
The objective of the project is to develop the specific guide for the safety
analysis report for the geological disposal facility by referring to the main
issues discussed in international geological disposal programs and reviewing
comments provided to various countries on their disposal project’s safety
analysis report by regulating agencies.

This project will assimilate the safety guides published by international
organizations and the safety requirements and design criteria established by
regulating agency of various major nuclear-power-generating countries for
the geological disposal facility for radioactive wastes. Based on extensive
study on related information, a draft guide for the safety analysis report for
geological disposal facility will be devised for Taiwan. This year’s task is
focused on the remaining 7 chapters in the proposed guide, in order to
complete the draft.

In addition to the development of the review guide for geological
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disposal facility, a sub-project on investigating the sedimentation and erosion
of buffer material with sloped fractures across the deposition hole will be
conducted in this study. The tasks include experimental investigations on the
sedimentation and erosion behavior of buffer materials in sloped fractures,
and the evaluation of mass loss due to sedimentation and erosion of buffer
materials. These tasks are intended to be conducted independently such that
major findings from Taipower’s safety analysis reports at different stages

and/or international collaborated researches can be compared and verified.
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Refinement of safety control technology for dry storage facility reuse
units and safety standards regulations for spent nuclear fuel

transportation
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Chin-Shan and Kuosheng nuclear power plants have entered the
decommissioning stage in Taiwan, and removing the spent nuclear fuel from
the reactor has become the key point. This project will be divided into two
parts including: (1) refinement of safety control technology for dry storage
facility reuse units, and (1) safety standards regulations for spent nuclear fuel
transportation.

In the sub-project I, the indoor dry storage facility will be necessary for
the current decommissioning plan. In 2022, the safety review items of the
retrieval system of the dry storage facility have been proposed. Such
regulation required more research related to international operating
experience. For the wet storage operation experience in international
operation, refer to GE Morris in the United States for wet-type spent nuclear
fuel storage and SKB CLAB in Sweden. This year, searching for operating
data and reviewing related regulations or information, will provide more
suggestions. In addition, 2022 is mainly focused on the BWR plants. This
year will also focus on PWR systems such as Maanshan Nuclear power plant,
in this research we will refer to the Maanshan Power Plant spent fuel pool
design standard and regulations. Improve the review point content on the
retrieval system.

Meanwhile, in the sub-project 11, through the study of IAEA's SSR-6
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(Rev.1) Safety Standards Regulations for the Safe Transport of Radioactive
Material published in 2018, and the harmonization of existing regulations
with IAEA's safety requirements for the transport of radioactive material, it
will assist the nuclear regulatory authority in reviewing/refining the relevant
transport management reviews and safety control requirements. Not only that,
it will gradually improve the regulatory requirements for the transport of

radioactive substances.
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Linking up international radiation protection technical specifications and
improving radiation detection capabilities (3/4)
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The project adopted a roll-on approach to improve the technical ability
in control practice and the technology of radiation protection measurement

according to the updated regulations of the radiation management structure
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and technical specifications suggested from the International Atomic Energy
Agency and the European Union.

To improve the research and the technology on the evaluation of
radiation detectors for testing and calibration, and to enhance the personnel
and biological doses assessment considering the domestic and international
trends is the priority of our national laboratory to strengthen the accuracy and
credibility of radiation measurement and dosimetry.

There are three subprojects in our four-year project: (1) Researches on
the establishment for the updated regulations of the radiation protection
management system: the radiation protection technical specifications
referring to the latest international trend and the impact of new regulations,
and the radiation doses to the lens of the eye and to the fetus are investigated
in this project; (2) Researches on the improvement of radiation detection and
measurement system, and the dose verification methodology: the
performances of the certification technology for personnel dose evaluation
and radiation detector calibration are assessed in this project; and (3)
Researches on the improvement of the evaluation and technology for human
chromosome abnormality analysis: a continuous research on the domestic
database for background value and dose response curve of the chromosome.
All efforts of this project aims to pursue and to provide a higher level of the

regulation of radiation safety.
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Research on the radiation survey and safety management for NORM

(naturally occurring radioactive material) contained products
(3* % %% © PG11301-0332)
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The applications of products containing naturally occurring radioactive
materials (NORMs) are becoming increasingly widespread and deeply
involved in people's livelihood. This plan was analyzed the types and content
of NORMs added in different commaodities, establish techniques for radon
measurement and calibration, personnel dose assessment of products
containing NORMs, and develop a treatment plan for products containing
NORMs with abnormal radiation to protect the radiation safety of people

using related products.

VR
B 2018 Az > & dk f AT ARG SHACHRE B AREHEIR Y 7 2
RIS PR g e PIE g AL g MR R LA R

H-=x 5&6 -7



CEE S SRR SR R R i E A Ao I ch T et
FRmsm B2 A R ARG 2370 2 BHE 2 {5
FUEJE ] B EEINE £ T2 AT LA R AR ERRIA Y R

[N TR IR R R

y <

FoERS
&
9

- ~ %% ICRP#R 4 » &2 5 X At M 2 P # B35 6 Hie
~3-% 5§ ICRP 115 5147 & ~ UNSCEAR 47 2 % B < ik 2 4F
2o T FERERZERIEERTE SO ERIPRE &SR

o R 1T E R RWSHES TRSL A MR

—_—

W

>

2
7
<

AY

—t
.

Ptk oo gtk ARSREN 1122 30 » 2REWREAL ¢ (TAF)
A AR R L RET & TR RO AL T
g T M| TR Bog X AP TR R e § PEA
FE PP Es (A F BR)ED - 231128 98 BBEE > Iof
12 W 297 > 5 B % - REF 7 2 RSP TR &a § R
HIEDZFHE -

d

#
7.

A IE‘J’]"}*F?F@ EQY-% el Y =F =3
¥ 55 B Daijin A RE 22 g (5E A RE AT AR
LR A A RASE % R R A R ot B F A R G

\\\?’;r

RS TR & SRR A PR SURP 5 R Kot
'ﬁ%?%%i@ﬁ%ﬂﬁ‘ﬁﬂﬁﬁ££ﬁﬁﬁﬁﬁm%zﬁ@%g
WRIZ A RBRETFREEREFLZ N N REFTHF L g RE

Paifp&ég—g-ﬁ")%ﬁbg;‘ ¥R &2 B i 2R RGE 7 E B

#-=x 5&6 -8



R R AT S S TROBREIRE -

EoREFRRMES TR EE DA
e 112 # 10 3 12 P Hp A LA g?ﬁgri%l?%}grﬁgg}ik

EEICE o HEE S EERILE SN L 2T £ S

R S HEEE TR B)2 patRRE ARG > R

)2
Bl BRIk Lo B SRAGFERESHET > P AP &2 3F0 E 5

S
™
==
et
E

AR ALE [ R RS TR R PR RL - R A KR E
1mw’aﬁiﬁ%ﬁﬂ&%ﬁi%ﬁ&ﬁﬁ@ﬁ@gﬁ%,iﬁg
EREETELEE T AR RMES TR S8 5N AR 4 o

w\ﬁﬁﬁﬁﬁﬁ’ﬁgﬁﬁﬁﬁipfﬁﬁﬁﬁ%,#%%@ﬂyw
# < 1 f& “Zi-YiYang, “Astudy on the relationship between the radiation

detection quantity of NORM-containing products in Taiwan.” Journal of
Radioanalytical and Nuclear Chemistry, 333, 1195-1202, 2024. p % i

RAF § R RIS T &2 & B SR B A E T e i o

5 BY
AP SRS R WAL § TAFATREY 0 SRR TS
5 & R ?‘rra A AR P @Rk AP % ERE

e 3 % r'r'?ﬁ—- e B > AREFEHEL §F ERIE ZHED
igﬁﬁﬁ%ﬁﬁ%ﬁ%?%i@“%ﬁ’%%i#i@HiW§?%
ot B bl g PMPERE BE T X RNHPLSTE &S
THERAE P aeRrd o IERRARRE Y LR SR > o

H-=x 5&6-9



2 1~112 E R %R SRAFTEE

ERE T L Rk | AMERELMSVY)E &

h E/m 4 0

EE L X

R S % 5 kg > ;
K x 2 0

et 9 0

o 3 -

ok ll 0

AR B ;i ; 8
r ¥ 2 0

ey 2 .

3k 21* 0

* >3
e

PHY - Rk

Bl 1~ TAF

R

= I

A1 A %’

& 2

H-=t 5&6 - 10

~

B A SR &

TAF

P2 Ak 0 kA0 4 2 2 Ay

=7 %
P B

%P




BRBMHESSFEERAITEL 2% A
Studies on radiation protection aspects in decontamination and

decommissioning of high-intensity accelerator facilities (2/2)
(z* 4 %% © AEC11012047L)
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There will be several high-intensity accelerator facilities in Taiwan,
including a few proton (~250 MeV) cancer therapy machines, one heavy-ion
(~400 MeV/A) cancer therapy machine, and two high-energy electrons (1500
and 3000 MeV) synchrotron facilities. Significant secondary neutrons may be
generated through hadronic cascades in proton/heavy-ion induced nuclear
reactions or photonuclear reactions after electromagnetic cascades in high-
energy electron accelerators. Those neutrons potentially induce material
activation in accelerator components and surrounding environment to varying
degrees depending on the characteristics of neutrons and material properties.
Therefore, studies on radiation protection aspects in decontamination and
decommissioning of these facilities are deemed to be important and necessary
for both the facility owners and regulatory agencies. Based on collected
operation histories and advanced Monte Carlo techniques, the project aimed to
develop suitable models and methodologies to quantify the magnitudes and
general trends of material activation in the above-mentioned facilities.
Accordingly, practical guidelines or recommendations are provided to support
future decommissioning activities. Considering the mechanisms and
characteristics of the secondary neutron production in these facilities, this
project was divided into parts. A comparative study of the two categories was
performed and an in-depth investigation of the material activation caused by
the operation of proton/heavy-ion therapy accelerators was conducted in 2022.
In this year, the focus was shifted to the material activation of GeV-grade high-
energy electron accelerators. The results and experience obtained from this
project will facilitate the management and regulation of material activation in

these facilities.
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2023 Research on radiation dose and risk assessment of workers involved in

the recovery and smelting of iron and steel radiation anomalies
(& %% 1 AEC11011042L)
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This project, a 2-year project from 2022 to 2023, uses the internationally
developed commercial personnel radiation dose assessment codes and the
actual measurement data of on-site inspections of domestic iron and steel
industry, to simulate the exposure dose and health risks of workers involved

in the recovery of iron and steel radiation anomalies during the recovery
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processes of different intensities of radiation anomalies. In addition, it is also
planned to collect and analyze the current status of the control and disposal
of international steel radiation anomalies, and appropriately reviewing
domestic relevant inspection standards, procedures and management
practices. In 2022, this project has discussed and evaluated the radiation dose
and risk of employees exposed to different levels of artificial radiation
abnormalities in various situations, and developed recommendations for
precautions for practitioners of artificial radiation abnormalities; This year
(2023), the draft recommendations of standard handling procedures and
radiation protection measures for discovery of radiation anomalies in
domestic are proposed. The proposed protective measures by this project are
intended to provide to the competent authority to use as a reference for further

control and disposal of steel radiation anomalous.
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Study the quality assurance control operation and project improvement

on medical exposure of radiotherapy equipments
(3* 4 %% © AEC11012048L)
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The purpose of radiation therapy is to increase the dose to the tumor
tissue to reduce tumor growth or inhibit it while reducing the dose to normal
tissue to avoid side effects or reduce their probability. Therefore, the accuracy
of the radiation therapy dose delivery affects its effectiveness. To ensure the
accuracy of the radiation therapy dose, medical exposure quality assurance
of radiation therapy equipment should be conducted, and radiation protection
operations require clinical verification and dose verification. Continuous and
comprehensive review can improve the quality of radiation therapy. The goal
of this research project is as follows: 1. Inspection of radiation therapy
equipment nationwide to ensure radiation safety and medical exposure
quality assurance. 2. Examination of the quality assurance procedures and
effectiveness of new radiation therapy techniques (such as low-energy
image-guided system for radiotherapy, hypofractionation and flattening
filter-free techniques). 3. Enhancement of the professional capabilities of
radiation therapy medical exposure quality assurance personnel in medical
institutions throughout the country. In 2023, a total of 105 radiation therapy
equipment quality assurance operations were conducted. All test results
complied with legal regulations. Additionally, 20 low fractionation high dose
technique dose verification and quality assurance operation status checks
were performe, as well as 20 quality improvement and clinical feasibility
evaluation studies for techniques of flattening filters free. In the current year,
instructional videos for quality assurance operations were also completed for

___________________________
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computed tomography therapy machines, CyberKnife, and Gamma Knife.

Key word: radiation quality assurance, radiation safety, radiation

therapy dose
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2023 Study on Evaluation of Radiation Safety and Dose Constraint of Planned

Exposure Situation
(& %% 1 AEC11012046L)
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This project continues the 2022 works and methods of the study on
evaluation of radiation safety and dose constraint of planned exposure
situation. In 2023, this project focuses on radiation sources and facilities such
as equipment possible of producing ionizing radiation, sealed radioactive
materials, and high-intensity radiation facilities (such as irradiation facilities),
in nonmedical applications. The on-site radiation safety inspections of 360
radiation sources or facilities have been completed in 2023. This work has
collected and analyzed the international practices or measures on dose

constraints for high-intensity radiation facilities, and combined with the
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survey data, evaluated and proposed recommended dose constraint values for
the types of radiation practices surveyed. In addition, a draft recommendation
on radiation protection safety regulations for high-intensity radiation
facilities (irradiation facilities) is proposed as a reference for the control and
management of the competent authority.
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1. Fang-Yuh Hsu, Investigation of radiation doses and dose constraint values
of non-medical planned exposure radiation practices in Taiwan, 4th

International Conference on Dosimetry and its Applications (ICDA4), 16-
20 October 2023, Valencia, Spain.
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2023 Research and Analysis on Regulations for Existing Exposure

Management
(& %% 1 AEC11012049L)
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The ICRP-103 report puts forward the concept of the existing exposure

situation. The radiation sources of the existing exposure can be divided into

H-=t 5&6 - 29




natural radiation sources and artificial radiation sources. The natural radiation
sources include cosmic rays and naturally occurring radiative material
(NORM), including radon gas, NORM industry, building materials, etc.,
while the artificial radiation source is the exposure of nuclear or radiation
accident residues. ICRP recommends that countries conduct investigations
on existing natural radiation sources of exposure, and appropriately establish
radiation protection management practices based on the conditions of each
country. This project is carried out in two years. In the first year (2022), the
specific practices or guidelines of international radiation protection
organizations and countries on the management of existing exposures have
been collected and analyzed, and the industry scope that meets the existing
exposure management in Taiwan has been preliminary reviewed, in addition,
the existing exposure management specification (draft) proposal has been
proposed and the feasibility and impact have been evaluated, and two expert
discussion meetings and one industry discussion and explanation session
have been completed. This year (2023) is the second year of the project, and
have proposed the self-management guidelines (draft) proposal for the
existing exposure industry and the review standard or procedure (draft)
proposal for the competent authority, and complete three explanatory
seminars for industry practitioners, and proposed a full report on the 2-year
research results from 2022 to 2023.
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Preliminary study of independent confirmatory survey technology for

nuclear power plants decommissioning
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The three nuclear power plants in Taiwan have been reached the end of
their operation and need to be decommissioned one after another. Since there
Is a lot of radiation work to be done during the decommissioning period,
implementing radiation control work, radiation protection operations,
complete protection measures and technical capabilities are the key and
important issues for decommissioning. International experience with
decommissioning nuclear power plants shows that independent confirmation

can detect problematic radiation detection results early and allow for a review
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of radiation detection procedures. This enables the operator to make early
improvements and increase public confidence in the decommissioning plan’s
implementation. The proposed project aims to address the need for improved
independent confirmation and detection technology for decommissioning
nuclear power plants. To achieve this goal, the project is to establish
independent confirmation procedures for decommissioning nuclear power
plants, enhance the technology for measuring and verifying residual
contamination during decommissioning, and refine the technology for

analyzing radionuclides for decommissioning nuclear power plants.
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Characterize the therapeutic efficacy of an iodine-131 labeled PARP

inhibitor for triple negative breast cancer
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In the past decade, cancer has been the leading cause of death for
Taiwanese people, and breast cancer is the most diagnosed cancer among
women in our country. For the treatment of breast cancer, usually different
targeted drugs or compounds are prescribed depending on the expression of
receptors on the surface of breast cancer cells, and usually this method may
provide a suitable therapeutic efficacy. However, the triple-negative breast
cancer cells, which do not express any receptors, making the common
treatment methods for breast cancer ineffective. According to research
findings, these cells not only have BRCA1/2 gene mutations but also express
a large amount of poly (ADP-ribose) polymerase (PARP), which plays a
major role on the repairment of the single-stranded DNA damage in cells. As
such reason, couples of PARP inhibitors have been approved by FDA for
breast cancer treatment. However, based on some published literature reports,
there is a great difference in the therapeutic effect of PARP inhibitors, mainly
because the expression of PARP is different individually. To provide a quick
and efficient monitoring method for the PARP expression in different patients,
several radiolabeled PARP inhibitors, for instance, 1-123-KX-1. This
research project has completed the labeling of radioactive iodine-131-PARP
inhibitor, and confirmed its radiochemical purity and maintained a certain
affinity for PARP enzymes after labeling. Finally, through an oral
administration of radioactive iodine-131-labeled KX-1 in a MDA-MB-231
breast cancer tumor cell animal model, the effective inhibition of tumor
growth was confirmed, indicating the significant potential of this drug for the

treatment of triple-negative breast cancer cells.
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PARP-1 detection of breast cancer cells. Molecules (< #& © )
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Neutron computed tomography technology development in Taiwan
(z* 4 %% 112A004)

FH4t foict avesl rwar? gonp

THFECFRAY o TRRAT AR R

AT P i DY 3 U R R S B ok
# N F BEE(THOR) W1 ¢ & §¢hv S p4p » &P 2D ¢ 3 B s
S REFRMER OB S SJr Y TETR R B UF B TR R
AL i oo R R AR FRED SRV TR e

i i -

The goal of this study is to establish the neutron computed tomography
(NCT) image technology of neutron radiography in Taiwan. This work
preliminarily starts the capture procedure of the neutron radiography images
at W1 Neutron Beam of Tsing Hua Open-pool Reactor, and then develop or
apply the NCT software to develop the NCT technology ability in Taiwan.
After the execution of the project, the NCT research technology has been

firstly established in Taiwan.
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TSPO 3rd generation #x &4 {4 % &.(& -123-ER-176) it 3 5 #p Pufd 519 i
B URE LS
Evaluation of lodine-123-ER-176 as an Inflammation Diagnostic
Radiopharmaceutical by Nuclear Medicine Imaging Analysis for Early

Neurodegeneration
(3* % %% 1 112B015)
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£1 1 M %038 5 (Traumatic brain injury > TBI)%%:J PET £ SPECT &
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B B B fT e B B h R4 B A o

BadRa W AEd A R e i oo g A SRR
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Protein » TSPO) 4 £ 5 F # 4c § M - b 535 o TSPO 4 77 Bi_
AT RS L e o aiT R 1 lFo%gé Pt g s s v o iE
"ot A B #5058 (TBI animal model) i 5 0t =t 235k s 4= Ho5t i (7
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ER176 /SPECT ¥ i 4 » 5 d 81§ 45 3 "3vie "6 & 4 5 4.3-5.3%ID
(0.5~2 -] p&) » »+ TBI #4055 & = % & 2.61 & (20K 48)2 0.97 & (4
B)m% o H 2% F-18-FEPPA 4p it s & k7 £ et 1 5 L F i

2AE o R ATATF ES R

B 4P 0 0 T 5 8 STETR F 4 (PET) ~ 416 7548 § (TBI) ~ B %5 3 54
4k 4% 45 (SPECT)

Traumatic brain injury (TBI) based on positron emission tomography (PET)
and single photo emission computed tomography (SPECT) reflects the
molecular imaging technique in vivo spatial distribution of functional images
in the body, uses radioactive tracers to provide functional /quantitative
information of each tissue/organ, and uses dynamic scanning and The
pharmacodynamics/pharmacokinetic analysis of injected radiotracers are
presented in the form of mathematical models.

Experiencing brain inflammation after a traumatic brain injury (TBI) is
virtually inevitable. Neuroinflammation by activated by neuroimmune cells
and implicated in the pathogenesis of several neurodegenerative diseases. Glial
cells are activated in response to brain injury, and activated
microglial/macrophages are associated with dramatically increased expression
of translocator protein (TSPO), radiolabeled-TSPOcould improve early

diagnosis and therapeutic follow-up.

Across this plan will gradually research in the field for nuclear medicine
preparation, analysis and application for Translation Medicine. TBI animal

model has been established as the animal model for this trial; and radiotracers
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(F-18-FEPPA and 1-123-ER176) have been used to treat brain inflammation.
Analysis of PET/SPECT image results to evaluate drug specificity and binding
ability.

The results can show that in the TBI animal model, the amount of F-18-FEPPA
accumulated in the brain on the Day 7 after trauma was approximately 1.56
times (striatum) and 1.21 times (cortex) compared with the contralateral side,
and the structural image of brain trauma can be seen through MRI T2 imaging.
In 1-123-ER176/SPECT image analysis the amount of brain penetration
through image analysis is approximately 4.3~5.3%ID (0.5~2 hours), which is
approximately 2.61 times on the Day 7 of TBI animal model (Striatum) and
0.97 times (Cortex) location, the results are similar to F-18-FEPPA. In the
future, we can continue to improve the research on other inflammatory

reactions as the beginning of new nuclear medicine drugs.

Key words : Positron emission tomography (PET), Traumatic brain injury (TBI),

Single Photon Emission Tomography (SPECT)
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Evaluation of neurotransmitter receptor radiopharmaceuticals in TBI rat

brain imaging of awake/anesthetized animal by PET image.
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The Study for Radio-halogenation of MIBG and ER-176 Analogues
(- % %% 1 NL1120631)
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K MIBG #f i 47 2 3 bidah -fR 3k o 7 Fring i iE i T 5 JEN,N*-
BT 3 ARA)3(27 A7 F%=A4)% AR(TBSMBG) % # 2 bf & =
[F8U]-mIBG > A 3217 7 #®iF o @ % = /8% F eng (&3 2 W § st
[CUIMIBG » N-# 734 e "2(NCS) ~ % "= T foif § 1 & e i st
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BELPRT B EE-HE L F AP HA*IMIBG 2 W -

The proportion of the aging population increases, the related degenerative
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diseases are also increasing significantly. There is increasing evidence that
heart disease and cognitive decline are linked. The development of
radiopharmaceuticals for relevant functional evaluation will has benefit in the
early diagnosis and application of such related diseases. Therefore, it is
important to develop radiopharmaceuticals for the diagnosis of
neurodegenerative diseases and heart diseases. 12%I-Metaiodobenzylguanidine
(*Z21-mIBG) is an important diagnostic drug. It can be used in single photon
tomography examination of heart and neuroblastomas. At the same time, *3!1-
metaiodobenzylguanidine (**1-mIBG) can also be used as a therapeutic drug
for patients with high risk of neuroblastomas. Therefore, the synthesis of
radioactive ["H]mIBG was explored using three distinct oxidant methods,
yielding radiochemical yields of approximately 85.3+1.0%, 79.5+3.1%, and
74.4+2.0% with N-chlorosuccinimide (NCS), Chloramine T, and hydrogen
peroxide, respectively. However, the radiochemical yields of [*2IJmIBG from
the NCS oxidation condition were slightly lower at approximately 71.3+£1.1%.
The study suggests promising prospects for scaling up the production of no-

carrier-added [*IJmIBG in the future.
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1.38th 2 4~ ¥ &9 & 8 jici &4 4 329 © Radiolabelling of [**!1]-
MIBG with various oxidizing agent

2. ¢ # 4% Annals of Nuclear Medicine and Molecular Imaging; A&
B : Radiosynthesis of 3123|-metaiodobenzylguanidine (mIBG) for

theranostic applications
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Fds WA R & P R B PERAET ARG g
68-5 H A g2+ ¥ ERR
AN OPEN-LABEL, COMPARATIVE PHASE Il CLINICAL TRIAL TO
ASSESS THE ACCURACY AND RELIABILITY OF THE GAG68-
DOLACGA POSITRON EMISSION TOMOGRAPHY COMPARED
TO COMPUTER TOMOGRAPHY VOLUMETRY OR MAGNETIC
RESONANCE IMAGE FOR MEASUREMENT OF LIVER RESERVE

AMONG LIVER METASTASES PATIENTS
(* 4% %% : 111A006)
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The Asialoglycoprotein Receptor (ASGPR) is a receptor present
exclusively on the membrane of functional liver cells. The INERO38 carries six
sugars at the terminal endpoint of the glycopeptide and can bind specifically to
ASGPR. When labeled with the radioactive isotope Ga-68, INERO38 can
predict liver functional reserve based on its absorption in the liver.

Objectives:

The primary objective is to compare the results of Ga-68-Dolacga PET
Imaging with computed tomography volumetry or magnetic resonance imaging.
The secondary objectives include evaluating the correlation of Ga-68-Dolacga
PET imaging with traditional liver function tests and liver fibrosis indices, as
well as assessing the safety of Ga-68-Dolacga in patients with liver cancer.
Study Design:

This is an open-label comparative study aimed at evaluating the
performance of Ga-68-Dolacga PET relative to CTV or MRI in measuring liver
reserve. The goal is to recruit 2patients diagnosed with liver metastases
confirmed by histology or cytology and who would benefit from
metastasectomy. Acceptable residual functional volumes are approximately
greater than one-third of the standard liver volume or equivalent to at least two
liver segments based on clinical judgment, among other inclusion criteria, and

no exclusion criteria.
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Methods:

During imaging, subjects received IV injection of 2.0 = 1.0 mCi Ga-68-
Dolacga, followed by PET imaging acquisition 60 minutes post-injection.
Subsequently, two follow-up visits will be conducted to confirm the subjects'
health status and collect any new adverse events. Liver CTV or MRI will be
manually traced by radiology experts to outline the liver contours and sum the
areas for each axial slice. For functional quantitative analysis, tracer uptake will
be expressed as a percentage of injected dose (%I1D) and standard uptake value
(SUV), along with qualitative assessment.

Results:

In evaluating preoperative liver storage using Ga-68-Dolacga PET imaging,
this study found that adopting an objective threshold selection method,
selecting a threshold of 20% to 30% is closest to the normal liver volume range,
while an objective threshold selection of 25% to 30% yields results closest to
computed tomography volumetry of liver storage before measurement. No
significant safety issues were observed in the two cases in the study.
Conclusion:

This study suggests that Ga-68-Dolacga PET scanning has the potential
application in evaluating liver volume and can serve as a tool for objectively
selecting the liver with normal function using a threshold selection method.
However, larger clinical trials are needed in the future to confirm the

performance of the examination and the safety of the drug.
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- ~S0014; 68-% 3 sudgt + 287 B B F D2 " RMAH
S001 WPH | SUV threshold/ 20.00% 25.00% 30.00%
SUVmax (g/ml) value 9.34 11.67 14.00
46.68 PET_RLV (cc) 1428 1375 1264
- ~S002 45 68-% 3 sudpt + 287 B EE F D2 RN A
S002 PYH SUV threshold/ 20.00% 25.00% 30.00%
SUVmax (g/ml) value 7.80 9.75 11.70
38.99 PET_RLV (cc) 1428 1322 1285
22~ TSR F R AR E D2 e T £
CT_TLV (cc) | CT_TuV (cc) | CT_RLV (cc) | CT_Remnant
rate (%)
S001 WPH 1308 2.18 1305.8 99.8
S002 PYH 1313 2.8 1310.2 99.8

2 ~ S00L 45 68-% % i éfit F ik Boairn vrik s £ &1 T R UTk R A

BIE TR T & 2 AR

CT_RLV SUvV threshold/ | 20.00% | 25.00% | 30.00%
(cc) value 9.34 11.67 14.00
S001 WPH | 1305.8 1428 1375 1264
difference (%) | 9.36 5.30 -3.20
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CT_RLV SUV  threshold/ | 20.00% | 25.00% | 30.00%
(cc) value 7.80 9.75 11.70
S002 PYH | 1310.2 1428 1322 1285
difference (%) | 8.99 0.90 -1.92
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Using artificial intelligence to investigate and predict the formation of
atherosclerosis
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Cardiovascular disease has been among Taiwan's top three leading causes
of death. The challenge in the clinical setting is the inability to predict high-risk
groups for the disease early. Atherosclerosis is prone to causing myocardial
ischemia, leading to heart failure, and the formation is related to macrophages
engulfing lipids and forming plaques, causing local inflammatory reactions.
Clinical and animal models have discovered that plaques are more likely to
occur at bends or bifurcations in arteries. The detailed mechanism of formation
needs to be clarified. Therefore, this project aims to use animal models to
establish the spatial and temporal distribution of macrophages and
inflammation-related molecules in the aorta. Isotope-labeled antibodies and
APD drugs can be employed to distinguish the distribution and morphological
changes of cells and the expression of inflammatory molecules in different
stages of the disease. Ultimately, we will combine artificial intelligence and
animal model to develop a platform for predicting the progression and severity
of atherosclerosis. Our preliminary results have been made in developing an
image analysis program for assessing the proportion of vascular plaques.
Utilizing this program enables effective analysis of the area and proportion

occupied by plaques within blood vessels. It can be employed to analyze the

H-=t 7&8- 32



proportional presence of plaques in various stages of disease progression.
Furthermore, it can validate mild, moderate, and severe atherosclerosis in
subsequent experiments. A vascular imaging recognition system using artificial
intelligence will be established in the future based on experimental designs for
atherosclerotic mice. This system will be integrated with the results from the
Image analysis program for vascular plaque proportion, facilitating the
development of an artificial intelligence-driven image analysis system for

atherosclerosis assessment.
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Assessment of the skin and eye health risk of dehumidification rotor
system
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In anticipation of the future application and promotion of the
dehumidification rotor system, conducting a toxicity risk assessment of the
system's emitted gases is an imperative task for the development of this system.
This study utilized in vitro cytotoxicity testing methods to assess the hazards
posed by the emitted gases of the energy-saving dehumidification rotor system
to human skin and eyes, clarifying its biological mechanisms. The concrete
findings include: 1) Completion of the compositional analysis of gases emitted
by the energy-saving dehumidification rotor system; 2) Completion of
cytotoxicity testing of PM, s emitted by the energy-saving DWS; 3) Completion
of oxidative stress testing of PM,s emitted by the system; 4) Completion of
inflammatory effect testing of PM, s emitted by the system; 5) Assessment of
the risk of skin and eye diseases due to PM,s emissions from the system.
Monitoring data indicates that the PMs emitted into the sampling space during
the operation of the drying and cleaning wheel system are slightly lower than
usual, suggesting the system's potential ability to reduce PMs in the
environment. Additionally, the VOCs, SO, NO,, and O3+NO; emitted during
the operation of the dehumidification rotor system showed no significant
difference compared to the control conditions, preliminarily indicating that the
operation does not significantly deteriorate the air quality of the operating space.
The PM_ 5 particulate matter produced by the operation of the dehumidification
rotor system also showed no significant cytotoxicity, oxidative stress,
inflammatory effects, barrier damage, or increased risk of skin and eye diseases
in ARPE-19 (human retinal pigment epithelial cells) and CG1629 (human skin
fibroblasts) cells. The experimental results of this study suggest that the
operation of the dehumidification rotor system does not pose a significant
health risk to human eyes and skin. The findings of this study can serve as a
reference for the future development of the energy-saving dehumidification
rotor system, aiding its continued growth under safe conditions.
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User Interaction Interface Usability Evaluation Report for the Operation
of Solid Target Station System Using Virtual Reality

(3* % %% NL1110722)

mekx!l gy Fer’
PPRIEE R B A REPPAF P

WS BRI nF (P2 BHE T ABEH BT R -BEE A
e FE 0 Pt SR R ARV SUEAR T IR L Fla i BT B
PIRT LR 1A R EN ARG BET BERE Y BT R
KAFFLRT VR A2 WP PR BYRT S 8 AT
TEZEFOIREFA LB EIZERFETHREEERLT T A2

BREHREDRT 52 PR R BEE 3 2 o PF AT L2

R ARBIRT BHITIERE 2 BT h 2 BT R b

¥ o

N.
n G
fme
= »

pus

=
T
_\_‘_
FEIne
(s
(w
7

2

It is challenging to prevent dangerous factors like high radiation, high
voltage, and high temperature during on-site training when operating or
maintaining the cyclotron solid target station. Therefore, there is a need to
build a virtual reality training platform, providing a risk-free virtual reality
environment for workers to conduct education and training on operating solid
target station equipment. This article explains several factors considered

along the process of building a solid target station virtual reality training
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platform, and provides several material templates such as scripts and
storyboards indispensable for virtual reality designing. Lastly, the crucial
points and methods for evaluating the effectiveness of training platform are
presented. Hopefully, this platform can serve as a stepping stone for the
promotion of virtual reality technology and this article becomes a good
example of technological inheritance and reference for future platform

enhancement.
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Studies on Strategies for VVoltage Regulation in Area Power Grid with
Distributed Generation
(3* 4% %% 112A013)
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Renewable energy sources such as solar and wind energy are
becoming more common in the power grid. These sources can be produced
from large- scale farms or smaller generators found in households. This
has led to the decentralization of the power grid. While the traditional
power grid relied on a single large power producer, this new approach to
energy production relies on multiple smaller sources across the grid.
Microgrids now became possible, where a small community (area) can
produce power on its own or even connect to the main grid for buying or
selling excess power. Trading between multiple areas (microgrid) with
distributed generators (DGs) however is a challenging task, since there is
not single supplier of electricity that manages the transactions. Multiple
transactions can happen throughout the day and the presence of multiple
sellers makes the process even more complex. Microgrids can also
connect to one another to form a networked microgrid, which provides
even more stability than a single microgrid. However, this also means that
there are more sellers and buyers within the system that have to be
managed. This study presents a blockchain-based energy management
system to process transaction within the system. A test case using the
IEEE 33-bus system is modified and separated into three microgrids is
considered. These microgrids can operate independently or can

interconnect in a networked mode that can provide energy support to each
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other. Dig

ital twin models are created for the DGs in the system and are

used for verifying transaction in the blockchain network. Records in the

blockchain network include hourly readings within the system as well as

system disturbances such as faults. A 24-hour simulation is created using

a Simulink model running on an OPAL-RT digital simulator that runs in

real-time.

A hardware-in-the-loop simulation using a long short-term

memory (LSTM) controller for a battery is designed to mitigate system

faults and

notify the blockchain network of the event. The blockchain

network is developed on an Ethereum Virtual Machine (EVM) using

Python and Solidity, deployed on a private Ganache blockchain platform.
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© HF6 W% 7YY, Hong, F.I. Alano, Y.D. Lee, J.L. Jiang and
JN. Yeh, “Digital Twin-Based Blockchain for Power Support in
Networked Microgrids,” submitted to IEEE Access.
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Study on Three-Phase Unbalance Improving Strategies Considering

Load Variations of Distribution Feeders
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To address the issues of load variations and imbalance in modern
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distribution systems, this project aims to establish a simulation platform for
optimizing three-phase load balancing in regional distribution networks. Based
on distribution automation, comprehensive data such as bus voltages, line
currents, active power, reactive power, and feeder elements can be obtained
from the Distribution Dispatch and Control Center (DDCC) and the Feeder
Dispatch and Control Center (FDCC), resulting in a more complete
understanding of the power grid. Therefore, this project utilizes practical
distribution network information to create a feeder model. The load tapped-off
points are then adjusted to improve three-phase imbalance issues, consequently
reducing voltage and current imbalances, zero-sequence and negative-sequence
voltage imbalances, neutral line currents, line losses, and enhancing feeder
power quality. This project involves converting the Taiwan Power Company's
regional grid data and historical load data into OpenDSS files, a distribution
system simulator, using the Python programming language. The circuit
topology adjustments are performed through an API, obtaining three-phase
power flow under normal and abnormal operating conditions, and employing
optimal algorithms to solve for the optimal three-phase load arrangement. The
outcomes are helpful for improving the unbalanced conditions of distribution

networks after the interconnection of distribution energy resources.
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Study of Optimal Feeder Protection Relay Coordination Strategy with

Distributed Power Generation
(3% %% : 112A0011)
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This project introduces the application of Modified Particle Swarm
Optimization (MPSO) algorithm to solve the coordination strategy of Over
Current Relay (OCR) considering distributed energy integration. By forming
a set of tracking paths through the connectivity of the system structure, the
OCR coordination problem is modeled as minimizing the summation of all
protection relay operation times (OT), while considering the constraint of
coordination time interval (CTI). The total sum of different protection relay
operation times will represent the fitness of various Time Multiplier Setting
(TMS) and Pickup Current Setting (PCS) values. The Modified Particle
Swarm Optimization (MPSQO) algorithm is then applied to solve this
optimization problem for protection coordination. The project will use a
distribution system with multiple distributed energy resources as a test case
to demonstrate the successful solution of the optimal TMS and PCS settings
by the proposed MPSO algorithm. This will reduce the overall OT and
mitigate the impact on protection coordination settings caused by the addition
of distributed generation (DG) to the system. In the test case, the MPSO
proposed in this project will be tested and compared with other metaheuristic
artificial intelligence random search algorithms, highlighting the superior

efficiency and performance of the proposed algorithm.
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Study of Data Exchange Optimization for Common Information Model
(:* % %% 112A012)

et HEZD MR EE A
TR BAPHAFTR L PRI TP

A3 F A2 B F 03] (Common Information Model, CIM) 22 3 4

i ﬁi%l 47 i SV P 1 03 B3 2 2 (Simple Object Access Protocol, SOAP)
£ 4 R S i 3% 3% (Representational State Transfer, RESTfuI)@;@?J Z 8

H CIM z @W“‘J K «u—!"}‘# » 112 SOAP & RESTful #1# &2 Ji& * 4%

;- /i & (Application Programming Interface, API) = = % & & stz T 4

o @A H TR P-4 37 B B3 12(Structured Query Language, SQL)#

2t 1 #8512 (Not Only SQL, NoSQL) 7 #% & (Database) 2. 78 % £ B 12 > iU

BANHDCIM2Z TAAHEE 5Pk 32 o ¥ - 25 £HRT R

BREz FEg A MrE R CIMEBEFRE F2 o bR k2

TEREEREFR AP A EE 2 R RAHRTEREZPE T UARE S

FEFER R TIfRRE A L TR L - H TR R
RAFAFRL Y # i

The aim of this project is to analyze the differences between simple
object access protocol (SOAP) and the representational state transfer
(RESTful) for the common information model (CIM). The SOAP and

RESTful are used to exchange data and verify their performance in the
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proposed data exchange architecture. The application programming interface
(API) of SOAP or RESTful is used to exchange data for different systems
and record data sets in the database. The structured query language (SQL)
and not only SQL (NoSQL) databases are selected for the comparisons of the
access performance. Besides, the CIM is also used for the operation and
maintenance of the distribution transformers. The real-time information of
CIM is used to analyze the impact of distribution transformers and display
the status of the distribution transformers on the graphic user interface (GUI)
when high-penetration renewable energy is installed in the distribution
system. Finally, the proposed data exchange architecture with database
method collects and exchanges data between facilities to achieve the asset

management of the distribution systems. -
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2. Te-Tien Ku, Chia-Hung Lin, Chao-Shun Chen, Yih-Der Lee, Jheng-
Lun Jiang, Sing-Jia Tzeng, “A Distribution Static Synchronous
Compensator Application to Mitigate \oltage Variation for
Distribution Feeders,” MDPI Sustainability, 2023.
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Study on Supporting Operation of Distribution Feeders by Microgrid
G4 %hE 1 112A014)
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Facing the challenge of integrating a large amount of renewable energy
into the power grid, the intermittency of renewable energy sources has
impacted the stability of the grid electricity supply. To ensure the stability and

&
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safety of the power grid, seeking advanced grid technologies, such as
microgrids and energy storage systems, to provide more grid supporting
services are paid more attentions. Currently, various stakeholders can
participate as suppliers of ancillary services via Taipower's energy trading
platform; meanwhile, how these participants can ensure their maximum
benefits on energy market trading mechanisms has become an important
research topic. This project focuses on the study of using NARI microgrid
system to participate ancillary services. A megawatt-scale microgrid simulation
system is developed and can applied to implement the simulation analysis of
supplementary reserve and spring reserve. The main research goal of the project
in this year include (i) to develop load forecasting method, and applied to
implement supplementary reserve simulation with this load forecasting
strategy. (ii) to design a control strategy that considers the participation of PV
power in supplementary reserve simulation under night peak load period. (iii)
to do simulation analysis of the operation of various spring reserves (sReg,
dReg, and e-dReg) under NARI microgrid system and then makes the
assessments on their performance.
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Research on Grid-Connection of Multiple Three-Phase Power Sources

and Frequency Regulation in Microgrid
(3* % %55 1 112A015)
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Since the global energy crisis and environmental issues are becoming
increasingly severe, the decentralized power generation and microgrid
technologies have drawn much attention in recent years. These technologies
are helpful for developing renewable energy and promoting society's
transition to low-carbon environment. The future power system needs to
reduce its reliance on fossil fuels and increase the proportion of renewable
energy usage. However, when the capacity of distributed power sources
grows to a certain proportion and connected to the main grid through power
electronic equipment such as inverters, little inertia characteristics of these
devices may lead to a threat to the stability of the main grid. To ensure the
safe and stable operation of microgrids, it is necessary to effectively integrate
microgrid power control strategies and related energy scheduling
mechanisms. If this integration can be achieved successfully, it will greatly
improve the operational safety and stability of microgrids and promote the
development of renewable energy.

The main objectives of this project are to: (1) establish a microgrid
islanding operation framework model; (2) develop parallel-connection
control strategy for three-phase power conditioning systems, diesel
generators, and renewable energy, to ensure that the voltage fluctuation rate
at the connection point of renewable energy is within 5%; (3) develop active
and passive islanding detection and mode switching technologies for the
three-phase power conditioning system. When the diesel generator is turned

off, the three-phase power conditioning system can maintain the load voltage
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fluctuation rate within 5%; (4) develop fast detection technology of grid
frequency and frequency regulation algorithm for the three-phase power
conditioning system in microgrid islanding operation mode, and maintain the
SOC of battery within a reasonable range.

In addition, this project would establish relevant grid models based on
the microgrid system provided by National Atomic Research Institute and
perform the simulation to explore the control strategies of energy storage
systems, diesel generators, and renewable energy under different operating

modes and scenarios to maintain the stability of the microgrid system.
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Research on Expert System for Diagnosis of Damaged Transmission and

Transformation Equipment in Substations
G+ 4 %% 1 112A016)
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If the power transmission and transformation equipment fails, it will
lose great economic benefits, so prevention is better than treatment. One of
the effective methods for high-voltage insulation degradation detection is to

observe the phenomenon of partial discharge of equipment, and it is the
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earliest characteristic. Prevention can be done in advance, and trend
observation is better than periodic inspection. Long-term observation can
effectively reduce the probability of misjudgment.

This project intends to develop a high-speed data acquisition device to
acquire the original discharge waveform data of partial discharge for noise
suppression. In order to improve the diagnostic efficiency and accuracy of
the diagnostic system, it is necessary to suppress the noise of the
measurement data, so that the fault identification of the discharge type is
carried out. Carry out discharge type identification and identification.
Through this method, the actual operating data of the system can be recorded
as the original discharge waveform, so as to understand the original discharge
waveform conditions of the power transmission and transformation
equipment in multiple partial discharge measurements, and then after noise

suppression, it can be regarded as the type of partial discharge identification.
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Operation Strategy for Charging Station Considering Solar and
Storage System
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Transmission Line Protection and Relay Configuration
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In a 69KV power system, multi-terminal transmission lines have more
factors to consider in the setting of distance relay coordination compared to
conventional two-terminal transmission lines, due to the presence of multiple
endpoints and branch lines. Factors such as the topology of the line, the relative
positions of substations and feeders in practical situations, and the connection
methods and locations of feeders and branches need to be comprehensively
considered. This study aims to research the impedance calculation methods for
Zone 1, Zone 2, and Zone 3, as well as the distribution of fault currents in

transmission lines with more than three terminals. Additionally, based on the

___________________________
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existing distance relay setting programs, a program flow structure for multi-
terminal lines will be developed to meet the requirements of increasingly
complex power grid structures and the integration of renewable energy sources,

ensuring the applicability of system protection coordination.
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INPUT system_matrix Matrix R S 50 A
INPUT pmu_data Vector PMU F e &
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Resilience Enhancement of the Power System with Interconnection of

Renewable Energy Source
(z* % %% 112A019)
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The goal of this project is to enhance the resilience of the power grid
through the development of a technology that utilizes Intelligent Electronic
Device (IED) data to achieve multi-end transmission line adaptive protection,
fault classification, and localization. This will not only improve the resilience
of the power grid, but also reduce the economic and power quality problems
caused by transmission line faults, and speed up the repair and restoration of

power supply. To achieve fault diagnosis, precise time synchronization and
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5,

transmission line parameter estimation are required. Therefore, this project is
divided into four sub-projects, including the design of a fault localization,
fault classification, and an intelligent identification method for fault current,
the development of a time synchronization and correlation for sequence of
event (SOE) analysis method, and the establishment of an automated
transmission line parameter estimation and correction method.
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%2 P : A Simple Formula for Time Synchronization for Improved
Transmission Line Fault Location
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Research of low-power magnetoresistance sensor devices
(G* % %% © 112A005)
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Magnetic field sensors play a crucial role in various applications such as
mechanical control and consumer electronic devices. When combined with
permanent magnet markers, magnetic field sensors can provide precise
position and angle information in the field of automatic control. In consumer
electronics, they can serve as tools for applications like electronic compasses,

enabling orientation and attitude sensing.Resistive magnetic sensors operate
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based on a spin valve structure: a heterogeneous arrangement consisting of
two layers of ferromagnetic material separated by a non-magnetic spacer
layer. The relative alignment of magnetic moments between the two
ferromagnetic layers determines the resistance state of the spin valve,
allowing for magnetic field sensing. In this project, we employ a chemical
sputtering method to fabricate resistive magnetic sensors with a stacked
structure of multiple layers of ferromagnetic and non-magnetic materials. This
stacking approach is designed to leverage the anomalous Hall effect(AHE),
resulting in sensors with superparamagnetic characteristics. Additionally, we
utilize the Tunnel Magneto-Resistance (TMR) effect to create a film structure
with a magnetic resistance ratio exceeding 50%. In future projects, we plan to
integrate these features to develop a resistive magnetic sensor that combines

both anomalous Hall effect and Tunnel Magneto-Resistance characteristics.
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Investigating innovative applications of biomass conversion technology

and its efficiency
(z* 4 %% 112A008)
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In recent years, the world has been striving for net zero emissions and
combating extreme climate events by pursuing the common goal of capturing
and reusing greenhouse gases such as carbon dioxide and methane. Some
research teams have successfully converted carbon dioxide into acetate through
chemical methods. Acetate is more readily utilized as a carbon source for
microbial bioconversion than carbon dioxide, making it an ideal target for
efficient and high-value bioproduction. This project aims to construct and
optimize a biochemical synthesis platform that can effectively convert acetate
into high-value compounds through metabolic engineering. In previous studies,
our team has successfully utilized Escherichia coli to convert basic carbon
sources such as glucose and glycerol into high-value compounds such as
violacein and deoxyviolacein, which have antifungal, anticancer, and dye
potential. Employing a rational design approach, we have enhanced the
efficiency of acetic acid integration into central metabolism. Additionally, we
have integrated an RBS Library into the target plasmid, utilizing optimized
screening methodologies and colorimetric assays to select and analyze high-
performing strains with improved yield. By comparison with regular RBS
strain, deoxyviolacein production increased five-fold (reaching 180 mg/L)
while the consumption rate of acetic acid rose by 70%. Lastly, by RBS calcultor
analyzing we compared each gene’s expression level. This study contributes to
the comprehension and realization of the vision for acetic acid and carbon

dioxide reuse and high-value transformation.
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Low-dimensional carbon material synthesis and analysis
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Low-dimensional carbon-based nanomaterials can be simply synthesized
using low-cost and eco-friendly methods based on earth-abundant and
sustainable precursors. In addition, such nanomaterials possess several superior
materials properties, such as tunable electronic states, excellent stability, and
engineerable electrochemical properties. Among carbon-based nanomaterials,
carbon quantum dots (CQDs or referred to as graphene QDs) compose of
nanoscale sp? graphitic framework and edge/surface functionalization. As a
result, the CQDs can hold both advantages arising from two-dimensional
graphene and zero-dimensional QDs, thus would be promising nanomaterials

in optoelectronic and energy-related applications.

In this one-year project, we have successfully prepared hydrophilic CQDs
with well-controlled graphitic structures and edge functionalization using
bottom-up molecular fusion method based on the nitrated pyrene. Due to
several unique materials properties, such as large surface areas, high
conductivity, efficient charge transfer, and interfacial bonding sites, they would
be promising additives for WOs-based electrochromic devices, which could
enhance the electrochromic properties, such as coloration efficiency, switching
time, and cyclic stability. We have investigated their materials, optical, and
electrochemical properties for the CQDs/WO3; composites using different

spectroscopic techniques. Moreover, hybrid inorganic-organic electrochromic
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devices were also fabricated based on the CQDs/WQO3 composite films. Indeed,
the enhanced electrochromic properties were observed by tuning the loading

contents of CQDs.
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