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Research on Asia-Pacific Nuclear Medicine Regulations and Drug
Administration System
(3* % %% 1 109A007)
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1. Collect data on Japanese and Indonesian regulations, analyze the differences
with domestic regulations, and produce research reports on nuclear
medicines in Asia-Pacific countries for the participation of nuclear research
institutes.

2. Holding the "Asia-Pacific Nuclear Medicine Regulation Training Course"
and visiting the domestic drug regulatory agency consortium medical

product inspection center, cultivating domestic and international regulatory



talents and strengthening the relationship between domestic regulatory
agencies, and in-depth understanding of domestic regulations.

3. The signing of a letter of intent for cooperation with Cho-Ray Hospital of
Vietnam can expand the differences in the use and regulations of nuclear
medicines in Vietnam and jointly promote the research and development and

clinical application of nuclear medicines.
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Cardiology. Neurola
MEMORANDUM OF UNDERSTANDING o

- Preclinical expericace sharing of PET/CT with G
2

ce sharing of PET/CT with F-18 FDG in Onculogy

ring of PET/CT with Ga-68 Dotatate in

FOR COOPERATION ON NUCLEAR MEDICINE

PSMA in Prostate cancer

celinical experience sharing of Depamine Transporter | Using Te-
BETWEEN 99:-TRODAT-1 Brain SPECT in Parkinson disease
INSTITUTE OF NUCLEAR ENERGY RESEARCH, TAIWAN N
RD) 3. Other contents are mutual interested by both partics.

CHO RAY HOSPITAL, VIETNAM

Article 4 - Duration and Termination

This Memorandum of Understanding (MOL) shall take ef
signing for a period of three (3) years. Matters that have not bee

Party A: Institute of Nuclear Energy Research, Taiwan

meantioned under

Address: No. 1000 Wenhua Rd. Jiaun Vill

 Longtan District, Taoyuan City 32546, this MOU will be subjested to separate agreements through consultati he
& Y MOU can be extended by written agreement hetween two Parties to be presenicd
with 2t least thirty (30) caler to the completion of its effectiveness.
Party B: Cho Ray Hospital, VietNam 2. ‘The MOU may he amended by mutual writien consent of bath Partics.
3 Eather Pany y pate this MOU by writien

Address: 2018 Nguyen Chi Thanh Str., Dist, 5, Ho Chi Minh City, VietNam icALb) e Dl

Party, wi s from the date on which it is intended that the
0 Parties under this Memorandum of understanding (the “MOU™), Institute of acivities are closed of thi ompletion of
e e (i 0] cooperation activities appraved by both Partics or under implementarion

of 4 This MOU is signed on 1152021, in two copies in the English lngusge, each

Parcy retaining one original copy. The copies are equi

gree to proceed constitutio
uclear Medicine, on the

ar y
and cach a “Pary”) aliogeth
ncing the i

following contents:

y valid
Article 1 - Main scope of cooperation
The purpose of this MOU is to promote academic and edy

cational cooperation on SIGNED ON BEHALF OF SIGNED ON BEHALF OF |

Nuclear Medicine between Two Parties on the besis of equality, mutual benefii, in INSTITUTE OF NUCLEAR CHORAY HOSPITAL.
sccordance with the law and regulations of cach Party ENERGY RESEARCH, TAIWAN VIET NAM
Article 2 - Method of cooperation DIRECTOR-GENERAL _ DIRECTOR
agree that all initiatives mentioned in this MOU will be carried ou A .
the funds allocated in their respective annual budgess, and should be .
discussed in each project later St daisd ( 'Uy/; pl -
Chen. Charn-Ying Nguyen Tri Thue
Article 3 - Contents of cooperation i ; B T8 T '

xchange academic information and materials on nuclear medicine.

Facilitate the exchange of experts, sharing experience, co-organize training
courses, conferences, seminars and RD Projects on strengthe: of

follawing nuclear medicine techniques.
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eatical production for PET/CT: F-18 FDG, Ga-68 Dotatate. Ga-
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Talents exchange and certification of quality assurance in nuclear medicine
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Imaging
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The focus of this plan is to improve the domestic nuclear medicine
imaging technology, establish an image quality assurance certification system
and international talent exchange programs. Furthermore, improve the quality
of nuclear medical imaging in order to help promote the market development
of nuclear medicines by the Institute of Nuclear Energy Research (INER). We
will follow these points to complete in this project. (1) To establish an image
quality assurance procedure for nuclear medicine medical instruments, to pass

medical laboratory certification of nuclear medicine imaging technology, and



ensures the accuracy of patients' nuclear medicine images. (2) To assist the
verification of the new imaging analysis software developed by the INER. This
IS a retrospective image analysis study of cerebral neurological diseases, and
will write a research report. (3) Host one international conference on nuclear

medicine / medical materials.
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Data collection o n the application of atomic energy technology in medicine,
agriculture and industry

(z % 4% © 109B013)
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Atomic energy has a wide range of livelihood applications, covering
medical, agricultural, and industrial fields. This project designs questionnaire
surveys and relevant research institutions and other Internet collections to
collect the information about the application of atomic energy technology in

medicine, agriculture, industry in Taiwan, Malaysia, etc.
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Safety Impact and Regulatory Technology Research for NPP

Structures/Components under Potential Earthquakes (2020)
(z+ % %% 1 109B009)
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The TPC has executed the PSHA SSHAC-3 on its NPPs. At first, this

project investigates the reasonability on the logic tree of the ground motion
characterization for crustal sources on the later regulatory demand. Then,
according to the hazard input data from SSHAC-3, the soil parameters obtained
by field testing together with the unique non-linear effects on the vertical
similar to the horizontal ground motions in Taiwan, this project tries to collect
the existing as well as the up-to-date techniques and regulatory guidelines for
the site-specific ground motion response spectra and the foundation input
response spectra of NPPs. Meanwhile, this project also reports case studies
as well as guidelines for NPP structures when the soil-structure interaction
under seismic excitation should be considered. Concerns in the response
analysis include SSI effects and the derivation of the FIRS. Prior V&V case
studies are employed here severing as the demonstration examples that fulfill
the recommendations in ISG-17 guideline.  Finally, relevant documents
published by EPRI and NEI are reviewed and examined for the expedited
seismic evaluation process and diverse and flexible coping strategies for its
seismic mitigating strategies assessment method. The applicability of the
structural analysis procedure and nonlinear FEM analysis for the spent fuel
pool suggested by EPRI 3002009564 will be assessed. @ A thorough
understanding of the methodologies and their underlying scientific foundations

may assist regulatory agency to accelerate NPP seismic risk evaluations.
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The main objective of this work is to propose a reliable routine standard operation procedures (SOP) for
structural health monitoring and diagnosis of nuclear power plants (NPPs). At present, NPPs have
monitoring systems that can be used to obtain the quantitative health record of containment (CTMT)
buildings through system identification technology. However, because the measurement signals are
often interfered with by noise, the identification results may introduce erroneous conclusions if the
measured data is directly adopted. Therefore, this paper recommends the SOP for signal screening and
the required identification procedures to identify the dynamic characteristics of the CTMT of NPPs. In the
SOP, three recommend methods are proposed including the Recursive Least Squares (RLS), the Observer
Kalman Filter Identification/Eigensystem Realization Algorithm (OKID/ERA), and the Frequency Response
Function (FRF). The identification results can be verified by comparing the results of different methods.
Finally, a preliminary CTMT healthy record can be established based on the limited number of earth-
quake records. It can be served as the quantitative reference to expedite the restart procedure. If the
fundamental frequency of the CTMT drops significantly after the Operating Basis Earthquake and Safe

Shutdown Earthquake (OBE/SSE), it means that the restart actions suggested by the regulatory guide

should be taken in place immediately.

© 2020 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Regulatory technology and advanced assessment methodology on flooding

and tsunami hazard reassessment for NPP (2020)
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178 & %] %2 (Near-Term Task Force, NTTF):& {733 & ¥ ¥ 3¢ > 2L
ERER 2B R LE TG S s R R RAPHIRE DR B
IPRRTEN AR AR TR EL AT RAHS
TREGY R BT NGER S E L SRR S N e g
Ba,8 LFIEAR > s WBFNArEE T R % (Probabilistic Tsunami
Hazard Assessment, PTHA) « ##7 3 5iE W F AR AT 3R ~ R p]
% R ERPTROK KR TR AR D oA A 0 2 E Re R
AR RAPME 2. PTHA FHiFe fd > R B3I\ 22T R LT
(Probabilistic Seismic Hazard Assessment, PSHA)# 7 = % SSHAC-3 SSC *2
A BIERRE* At PTHA 2 ¥ 73831 o

After the Fukushima Daiichi nuclear disaster in Japan on March 11, 2011,
the U.S. Nuclear Regulatory Commission (NRC) formed a Near-Term Task
Force (NTTF) to conduct investigations. Recommendation 2.1 requires

flooding hazard reevaluation. The tsunami hazard assessment is important to
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the nuclear power plants (NPPs) in Taiwan due to Taiwan is in an area where
the risk of tsunami is relatively high, and the plants are close to the ocean. In
the tsunami hazard assessment of NPPs, the deterministic method was fully
developed and used in tsunami forecasting. On the other hand, the development
of probabilistic tsunami hazard assessment (PTHA) method is still in its infancy.
In this study, the relevant research, standards, and guidelines are collected to
understand the assessment process and items for flooding hazard evaluation of
NPPs in the USA, and the PTHA method of NPPs in the USA and Japan. Finally,
the feasibility of applying the logic tree of PSHA SSHAC-3 SSC in PTHA for

the subduction zone is shown.

VR H

PAAGE ¥5 U E s 4 15 » USNRC /e 2. NTTF uE (78 2.1 &
FPRRGEF R o R AF L B A 5 Z B394 11 &K USNRC
kX TR RFERITREEEL L RERPEEFAN S 4
TEZRE 020 ETERAep Ara F 41 H ¥ PTHA 2 £4R 0 #474p
B2 2 % b o 3. 745 PSHA SSHAC-3 SSC "2 % 484k * +* PTHA
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Precipitation, LIP)2_ 3= e H#-97F A d -k & SLAR 5 #2387 -
VALY SIS N SR S Y SPMER Rt 5 - Th L5 S 1S i £l
foo ¥ P e FEBEEFREIS Y T 2 B - R o

2. DCPP> LIP R i pFr » A28 7 s+ »&gmfu )

\\\?{r

LIP o %% » k&4 38247 S b AR ®id = 2 3
¥ £ R 10 CFR50.54(Df 2 457 1 = e ig e 3
(4rB® 1) -
(C)XEERfeP 2P TRAPME 22 B3 B s T R AJ7H2
REBATARFR 2 F o
LpFtndpI it 22 v Ao BHA - &AL A
sl R~ £ AR B R o R0 o
2. $WArp AP T RAPME e 23 % A 20 PTHA 37
FHECB 2RI 3) B jadhanERg 3 A AEE 2D o
()22 FpP 3 F e 252 B4R2 (PSHA SSHAC-3 SSC)# et i
F TR K N PTHA Z 7 A3 2 = 7048 o
1. PSHA SSHAC-3 SSC (2019)s¢ #% &~ PTHA 3 B 3 & 3]/5 v 38
A el B (BESE Y & R A2 320 km = BN e Rja v 0 4ol
4y o R > IR R B rig s ae BAA R IRE T
Bogttt o AP M AR AR EFIE T ARENT R
L ol L IE T s bR e PTHA = i > R BN 0 i dd B
AARMEL O AT LAREARE .

2. 73 =7 kg PSHASSHAC-3 SSC £ w 3f £ 22 ¥ # 4 5 PTHA
BRI S S A RFBE LNtk T T R
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Lu, W. S., Wu, H. L., Hu, K. C., Chen, Y. L., Chen, W. B., Hsiao, S. C.,
Hsiao, Y., Chen C. Y. & Tsai, L. H. (2020). The Characteristics of Coastal
Highway Wave Attack and Nearshore Morphology: Provincial Highway
No. 9, Taiwan. Water, 12(11), 3274.
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2020 Thermal-Hydraulic Safety Analysis and Regulation Technical

Improvement for Nuclear Power Plant

(3* % %% : 109B006)
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This research integrated experts in materials science, thermal-hydraulic
analysis and risk assessment field to improve the regulation capabilities for
NPP units under different operating conditions. Through the study, the safety
impact of volcanoes for the operating and cold shutdown units, the microbial
induced component corrosion during the transitional phase of

decommissioning, and the Loss of Coolant Accident (LOCA) caused by
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hypothetical accidents are all discussed. After integrating the efforts of various
sub-items, this research provides advanced recommendations for volcanic
hazards and cooling water quality monitoring standard operation procedures.

Furthermore, this research also proposes a NUREG/IA technical report on
hypothetical accidents in the transitional phase of decommissioning as a result

of participating in the CAMP international cooperation plan.
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Mix design development and quality evaluation of high integrity concrete
disposal container

(3* % %% 109A002)

% PR VR X PR

IR e i X g

AFTEY FELERARIE B F BT R E R
BN B2 RGEDFeit o B - A A EMRRES fiey S BcESE o T
B 15.5em 5 IR 0 273 et 2 SRR A 0 E UK 2 4
e e d o HEIPTR L I RS S IR R
00°CHL - K HZ 24 /| PF » 4eig B iR 2 KiVE o PRy

&

o k- FMAEF Z R (W/B=022-~020 % 0.18) > & ¥iE kR
It BRI a4 AR T iRsk o MR R 2 R R R D o
IR AR R ERET R TEA o

SRR R R R R RS R B AR S R 0 Y
R 018 Fert M AR S RR o BEon M MR R B R AR Y
FARA I am AT S G o FIER Y MRS 2 3R AR R e
TR F o = fA-k PR R R et }J}?{‘Fg_,,ﬁl TR E > LR RRET e S
IR AR MR R R 0 B

VBRI & ¥ s s Ml L B
TR o

ERCRUP gl ]

Th
A

31



”ﬂ@_@

In this study, the reactive powder concrete was adopted to develop a
concrete mix for highly-integrated container. The first part of the study was
to determine the proportioning parameters of reactive powder concrete for
the intended application. In order to improve the quality of the reactive
powder concrete mixes, the specimens were cured in hot water at an elevated
temperature of 90°C for 24 hours. The second part of the study was to prepare
concrete specimens with varying water-to-binder ratios (w/b) of 0.22, 0.20,
and 0.18, and assessed the mechanical and durability properties of the mixes
such that potential mixes for highly integrated container can be identified.

Test results show that concrete mix with a w/b ratio of 0.18 exhibits the
highest mechanical properties. This indicates that decreases in w/b ratio
improve the stress-bearing capacity of the concrete mix. Also, due to the
dense microstructure produced from accelerated pozzolanic reaction upon
high-temperature curing, variations in the durability properties of concrete
mixes were found to be insignificant. The surface resistivity of specimens
was found to be correlated well with the porosity for reactive powder

concrete, indicating a good potential as a technique for quality control.
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The Study of Characterization of Irradiated Graphite Waste for Nuclear
Reactor Decommissioning

(3% %5 1 109A003)
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During the decommission of graphite reflector in a research reactor, the
safety issue of residual radiative isotopes produced after a long time operation
is of importance, especially the long half-life isotopes such as '“C. Regarding
to the mechanic strength of irradiation graphite as reflector in TRR reactor, its
mechanic property does not change much and it should not be a concerned
problem in the decommission of the graphite materials. Besides, the study
result also shows, the activity of the graphite reflector which is far from the

TRR reactor core is lower than 7.2 x 10* Bg/cm®.
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Study on the Implementation Standards for Decommissioning and
Dismantling of Nuclear Facilities in Japan
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As of the end of 2019, there are 24 commercial nuclear power reactors in
Japan decided to decommission. In the meanwhile relevant regulations, such as
“Implementation Standards for Decommissioning and Dismantling of Nuclear
Facilities (AESJ-SC-A003:2014)” by Atomic Energy Society of Japan (AESJ),
were established in Japan to meet the demand. It is expected that through the
study, useful information obtained from analysis of the above documents will
be provided to domestic regulatory agency to assist in enhancing

decommissioning safety for nuclear power plants in Taiwan.
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Study of the Contamination Control for Dismantling Operations during the

Decommissioning of Nuclear Facility

(++ % 4% 109B008)
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This study proposes the suggestion of the standards and strategies for
controlling the radioactive pollutant spread during the nuclear facility
decommissioning processes. The references about the characteristics of
different decommissioning disassembling methods are investigated. This study
also develops the calculation sheets of designing the ventilation and local
exhaust systems. The suggestions to plan the flow field visualization
experiment of modifying the CFD modeling parameters are presented in this
report. The conclusion and suggestion of the suitability of the different cutting

methods, the notice to establish the local exhaust system for decommissioning,
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the consideration in safety to design and to operate the whole ventilation system

are illustrated.
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[1]Sun Il Kim, et al.(2018), Aerodynamic Diameter and Radioactivity
Distributions of Radioactive Aerosols from Activated Metals Cutting for

Nuclear Power Plant Decommissioning, Nuclear Engineering and

Technology, 50, 1088-1098
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The Qualitative Assessment for the Integrity of the Mechanical Equipment

Important to Safety during Decommissioning for Chin Shan Nuclear Power
Station

(z+ 4 4% 109B004)
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The International Atomic Energy Agency (IAEA) recommends its
member states to adopt the "graded approach" to carry out the safety risk
assessment of the decommissioning activities. The "graded approach" has been
adopted for the safety assessment of decommissioning in the field such as large-
scale commercial nuclear reactors, experimental reactors and nuclear
laboratories, and has been credited by its member states. The "graded approach"
has been also adopted for the review of safety assessments for
decommissioning activities and the development of a regulatory approach for
reviewing safety assessments for decommissioning activities and as a basis for
regulatory decision making. This research project will adopt the "graded
approach" to carry out the study of "qualitative assessment of the integrity of
system/equipment important to safety during decommissioning period" and the
outcomes of this study report may be referred as a basis for regulatory decision
making as well as regulatory rulemaking and regulatory control on the field of
the integrity of system/equipment important to safety during decommissioning
period.

Secondly, the Phenomena Identification and Ranking Table (PIRT) is
employed as the strategy of decommissioning knowledge management in this
project, by using PIRT to classify and evaluate the knowledge of each
decommissioning work items or research topics and build a Knowledge Base

to integrate the decommissioning research results of nuclear power plants.
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Research on fire risk factors due to equipment shutdown, partial operation or
configuration changes during nuclear facility decommissioning

(3% %5 109B005)
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The unit 1 of First Nuclear Plant was in operation since the end of 1978,
and the license of 40 years. In line with the government’s policy of non-nuclear
homelands, the unit 1 of First Nuclear Plant was planned to carry out
decommissioning. The preparations for decommissioning operations would be
planned from 2012 and the decommissioning operations would be implemented
in 2018. During decommissioning operations, fire protection regards the safety
of human life as the main goal. In various decommissioning work, the
prevention of many fire risks are also the primary assessment task before
implementation; such as the application of various decommissioning
regulations, reference to global nuclear power plant decommissioning cases,
and fire safety protection plans. In summary, the unit 1 of First Nuclear Plant
needs to establish a fire protection plan that meets the decommissioning
operation standards to maintain nuclear energy safety and prevent loss of life
and property.

Based on the comprehensive analysis of domestic and foreign laws and
regulations, foreign case studies, and site surveys of The unit 1 of First Nuclear
Plant, this study initially summarized the following six items for fire protection
in The unit 1 of First Nuclear Plant, and listed the fire prevention work on the
progress of decommissioning. Risk analysis, put forward the principles and

norms that must be followed in the decommissioning process °

1. Safety of combustibles management

2. Safety of ventilation and dust collection equipment
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3. Electrical safety

4. Fire safety
5. Construction safety

6. Personnel safety
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Research on Biomass Power Generation Networking-Engineering Yarrowia
lipolytica for the Synthesis of Medium-Chain Fatty Acids
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Lipids are products of natural origin and are very attractive renewable
alternatives to petrochemical raw materials. Although naturally occurring long-
chain fatty acids can replace certain petroleum-based chemicals, medium-chain
fatty acids possess the physical and chemical properties that are closer to
currently used petroleum-based products. In this research project, we will use
gene cloning technology to design an engineered Yarrowia lipolytica which is
an oleaginous yeast that naturally produces lipids at high titers. Therefore, it is
a good candidate for producing medium chain fatty acid. We will express
ChFatB2 and CpFatB1 genes that encoding thioesterases for the catalytic
conversion of medium-chain acyl-ACP molecules in Y. lipolytica. In addition,
we will delete the three genes gut2, faal, and mfel from its chromosome to
prevent byproduct formation. Results indicated that the created strain have only
poor ability to accumulatively produce medium-chain fatty acids when using
glucose as the substrate. However, when using octanoic acid as the substrate,
the engineered strain is able to accumulate C10 medium-chain fatty acid. Future
work will be continued on optimizing the pathway for medium-chain fatty acids

production, especially when using glucose as the substrate.
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Development of anaerobic digestion technology of continuous production of

biogas
(& %5 1 109A008)
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This study explores the optimization of biogas production in continuous
anaerobic digestion after acid depolymerization of fiber waste, and high-

nitrogen biogas slurry is used a material to adjust the carbon/nitrogen ratio. The
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chemical oxygen demand (COD) of the kitchen waste biogas slurry are 44800
mg/L, the total solid content (TS) was 43% and the volatile solids (VS) is 25%.

The C/N ratio of the high-nitrogen biogas slurry was at 7.5. High nitrogen-
containing kitchen waste biogas slurry and depolymerized fiber raw materials
batch flask experiments show that the optimal conditions are the
substrate/inoculum ratio (S/I ratio) of 1 and C/N ratio 20, pH=7, which
produces 476 mL-biogas/g TS. The co-fermentation of depolymerized fiber
raw materials and pig farm biogas slurry were the S/I=1, C/N=20, pH=6, which
produced 795 mL-biogas/g TS. The COD removal rate is the best under the
condition of pH=6. In this study, the biogas potential of depolymerized fiber
materials mixed with wastewater of pig farms in different parameters
(hydraulic retention time and organic load rate) of continuous stirred tank
reactor (CSTR) anaerobic digestion is further analyzed. The best experimental
parameters are the hydraulic retention time of 25 days and the carbon-nitrogen
ratio of 20 are the best conditions for biogas production, which produces 333
mL-biogas/g COD and 880 mL-biogas/g TS. The results also verify that the

addition of organic acids can effectively increase the biogas production.
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Evaluation of recycling methods of biogas residue and slurry

(:* % %% 1 109B003)
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Using de-aggregation lignocellulose to increase the carbon source has
been proven to improve the total production of biogas in the AD process.
However, the characteristics of the biogas slurry and residue still need to be
analyzed in order to evaluate the decontamination method. In this project, we
analyzed the biogas slurry and residue produced by co-digestion of de-
aggregation lignocellulose and livestock wastewater, including fertilizer
composition, heavy metals, and harmful bacteria, then refer to this as the basis

for evaluating the feasibility of resource utilization. Based on the results of the
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analysis, we calculated the recommended amount of biogas slurry to farmland.
The accumulation of zinc in the soil should be monitored regularly. E.coli was
not detected in the sample, but Salmonella was detected, so it is recommended

not to use it for lettuce planting.
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Study on the adsorption characteristics of desiccant wheels for volatile

organic gases from the drying process of plastic and crop
(3% %% : 109B001 )
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B4 2P 5 M2 TS d RRERET LT &REN A1 BT
R SR LT T R SRR ET T F e B2 A2 T
R A S5 154 119 2 081 pg/g e A8 3 AR IR 185 A
BN RSRET Y 0 A RT R RIRE AT Ao i

This project focuses on analysis of the adsorption characteristics of the
desiccant wheels which were made by aluminum dross for the wider
application. Adsorption tests of the desiccant wheels which have different PPIs
(pores per inch) are conducted to pass through three volatile organic gases to
obtain the operation parameters of adsorption kinetics and breakthrough curves.
Based on the results of adsorption tests, mathematical models of the desiccant

wheels with different PPIs will be developed. The adscription capacity of
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desiccant wheels for toluene , ethanol, and acetone were 1.54, 1.19, and 0.81
ug/g, respectively. This study is a pioneering study for VOCs adsorption by
using the desiccant wheels. In a further study, adsorption capacity can be

improved by modifying the surface of the desiccant wheels.
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1996) -
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Yoon-Nelson Model (Yoon and Nelson, 1984)2_R ;2 & #* cwx ¥f# 4
B3t A = G & S MR e+ SRR 3 2 RIGR(SEA, 1997) 0 Bl
Bt & e Ft R 2k 3 (Kim and Kang, 2004; Tsai et al., 1999) » 79 33 iF
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t : pF R (min)

TR FRAEE A PR (min)

kK: F R F ¥ #i(l/min)

Ci : VOCs it/ ik & (ppmv)

C : VOCs e % Jk ¥ %t {8 2. A1 )k & (ppmv)

BLh o AT B M F A R R d Q)N E ol e A
2 FHER CO> RTRE Qg T od R EAVHRESR A ZTE
G B R Za v 2 SR HRHEAER Z0 X7 EEHE s L
T g Y0 o Sod P AT A ()N Rk R H TR E
Wo mie 5 (S a2y 1 F W2 95 -

zr.'
Qyx Coxty = [Yo x Sx Z —Zy x py|+[Yox Sx Zy % ] % [f C*rFZ],.-I[C*{:.Zn‘J@)
0

W=S8xZxp 4)

Wi B L (ke
Qg * &7 18§ MR £ (m¥min)
St 2B e f(md)
Co:iEinF 4 87 5 Ak & (kg/m’)
C: 5 #5172 5A /k)ii(kg/mﬁ
Yo i Bt ik 3&" kR 5 Co PFz T gmx 't & (kg solvent/kg solvent gas)
7t s g B R R ()
Za i 2 %*ﬂ @ﬁ%ﬁ“)—%ﬁ(m)
pp b SR RE 23 L B R (kg/m)

d3AF M 3FBERME 3RIHF O GEEES(R 1) 2
HAR 2. R LY S Yoon-Nelson Model w5 # 4 #-2] (8] 2) o »fit s
4R 2 &9 Seliched 1 AT o B4 N2 R2FA09 0 0 T

73



354 1 2% % (Mean absolute error, MAE) &
7 BF R (150 _exp)iT
F ¥ (k)5 0.110 1/min > ¥

(150 theor)~ £

>

HH gt

R % 50%F
B o RIRIRET L B WD T 08 g
A& S 0.294 1/min > H#H3T T F

S

5081 pg/g AR F

[EETS

ER

0.01-0.04 »

9 % 50%F % PR

o d RHEds 4 N2 R

g% 0.159 1/min - "ﬁ% Bz T

i 1.19 pg/g @

FHAWH 154 pglg o TR BRF B A (Za)t e R 5 24.5 om v i

A

b5 83cm> ¥ %

Z 147cm -

a
0@ 0®
& -
&
0.8 0.8
T cthanol: 255 acetone:
& 0.61 129.5 ppm| & 0.6 122.5 ppm
o o
04 < 044
° 10 PPI o 10 PPI
02 © 30 PP1 02 / ° 30 PPI
60 PP1 60 PPL
0.0 + T r T T T T T 0.0 T T T T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
time (min) time (min)
d e
1.0 @ 1.0 ©
0.8 y 0.8
- ethanol: - acelone:
s 067 77.6ppm | & 067 69.5 ppm
o o
7 0.4 1 5 0.4
° 10 PPI ° 10 PPI
0.2 ° 30 PPl 02 ° 30 PPI
60 PP1 " ol 60 PPI
00 +—mF——————————  00F ———————————
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
time (min) time (min)
) h
1.0 @ L0 &
—_ ethanol: —_ acetone:
061 46.5ppm | & 0.6 41.0 ppm
(=] (=}
G 0.4 1 G 044
; ° 10 PP1 o 10 PPL
024 © 30 PPI 0.2 ° 30 PPI
r’ 60 PPT . 60 PPI
0.0 —— o
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
time (min) time (min)

m1v

74

Ci/Co (%)

0.0+

Tl AMARERTREE ~ 7 PPl iHH 2

0

toluene:
126.5 ppm

° 10 PPI
° 30 PPI
60 PPL

30 40 50 60 70

time (min)

10 20

toluene:
70.3 ppm

° 10 PPI
° 30PP1
60 PPL

20 30 40 50 60 70

time (min)

10

Y]

toluene:
42.5 ppm

° 10 PPl
° 30 PPI
60 PPT

P

r*,-

30 40 50 60 70

time (min)

B AR

0 l() 2(]



RAMAEARER

b
25 ®) 2:8
2.01 2.0
ethanol: 151 acetone: 1.5+ toluene:
129.5 ppm| 1.0 1 122.5 ppm| 1.0 1 126.5 ppm
3 054 3 054
g 0.0 4 g 0.0
5 —0.5 A S A5
E -1.01 E -1.04
° 10 PPI —1.51 ° 10 PPI =55 ° 10 PPI
° 30 PPI -2.04 ° 30 PPI -2.01.4" ° 30 PPI
- © 60 PPL —2.54 ° 60 PPL 2.5 " 60 PP1
B0 T T T T T T T =3.0 T T T T T T T =30 " T r T T T :
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
time (min) time (min) time (min)
d e
25 @ 2:5 © - 2.5
201 "Mf 20 Y 20+
| V. o " 4 ]
15 4 ethanol: L5 ¥ acetone: L5 toluene:
1.0 4 y 77.6 ppm 1.0 1 69.5 ppm 1.0 1 70.3 ppm
3051 5 05 S 051
S 0.0 S 0.0 S 001
& —0.51 S —0.5 1 &Z 0.5
.07 = -1.0 E 10+
=15 o 10 PPI —1.5 1 ° 10 PPI =15 ° 10 PPI
=210 ° 30 PPI =20 ° 30 PPL —2.0 1 ° 30 PPL
255 60 PPI 2.5 > 60 PPL 2.5 60 PPI
3.0+ T T T T T T T -3.0 T T T T T T T -3.0 T T T T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
time (min) time (min) time (min)
(2) h) i)
2.5 5 T 25 A 25 ( 7
27 L
2.0 1 /;}' % 204 2.0 ; /
1.5 V4 ‘ethanol: 151 acetone: 151 * toluene:
2 46.5 ppm 1.0 1 41.0 ppm 1.0 1 42.5 ppm
5 T 05 T 05
S S 0.0 S 0.0+
L:T & 0.5 1 G —0.5 1
=1 1.0 E 1.0
° 10 PPI =15 o 10 PPL =155 ° 10 PPl
° 30 PPI —2.0 1 ° 30 PPI —2.0 ° 30 PPI
60 PPT =257 ] 60 PPT =255 60 PPT
—3.0+ T T T T T T T -3.0 T T T T T T T =340 T T T T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
time (min) time (min) time (min)

B2 " F e Atk sFd 3k PPl k2 Yoon-
Nelson model = ¥t 4 3] 4t % %

75



‘ %109
TR RE SR TM T SRR ER

1 st 4 W53 2k

conc. weight Kk 5 T50_exp  T50._theor adsorption capacity Za

Pore 925 (oom)  (g)  (1/min) min) (min) MAE T g (em)
129.5 1806.35 0.189 0.995 10.5 10.2 0.01 0.69 25.0

10PPI 77.6 1800.44 0.112 0.973 209 22 0.02 0.87 25.0
46.5 1806.55 0.097 0.986 24.3 26.9 0.02 0.64 24.7

129.5 188451 0.127 0.994 18.1 18 0.01 1.17 25.0

30PPI ethanol 77.6 1882.05 0.08 0.98 154 19 0.02 0.77 25.0
46,5 1860.75 0.085 0.971 28 29.3 0.03 0.69 25.0

129.5 182051 0.141 0.984 14.7 15.9 0.02 1.08 21.0

60PPI 77.6 1760.1 0.077 0.946 14 16.5 0.04 0.75 25.0
46,5 1730.56 0.078 0.963 214 256 0.04 0.65 24.8

1225 1814.74 0.479 0.969 8.2 8.7 0.03 0.69 9.6

10PPI 695 17446 0.235 0.993 324 32.8 0.01 1.51 7.6
41 1801.78 0.311 0.992 26.5 26.7 0.02 0.72 6.8

1225 191955 0.243 0.991 216 21.9 0.02 1.62 11.0

30PPI acetone 69.5 1892.1 0.235 0.996 35.3 35.2 0.01 1.45 8.1
41 1849.83 0.379 0.988 20.8 21.1 0.02 0.53 7.1

122.5 1828.13 0.366 0.967 19.6 20 0.04 1.55 7.9

60PPI 69.5 174405 0.19 0.997 39.7 39.8 0.01 1.81 8.5
41 173359 0.211 0.988 30.8 31.4 0.02 0.85 8.3

126.5 182494 0.25 0.97/5 8.4 9.2 0.02 1.27 14.8

10PPI 70.3 1798.97 0.174 0.948 11.6 12.7 0.04 0.98 14.8
425 1829.76 0.086 0.957 22 24.5 0.03 1.11 16.6

126.5 1843.79 0.155 0.973 17.5 18.5 0.02 2.39 13.0

30PPI toluene 70.3 1650.05 0.12 0.954 224 26 0.05 2.01 18.8
425 1863.45 0.146 0.963 275 29.4 0.03 1.22 10.4

126.5 1832.04 0.202 0.964 13.1 14.6 0.04 1.82 22.1

60PPI 70.3 1708.84 0.155 0.934 209 22.2 0.04 1.71 10.0
425 1803.86 0.147 0.979 29.6 31.4 0.03 1.36 11.9
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Research of high performance anti-reflection coatings fabrication by

high power impulse magnetron sputtering
(G & %5 1 109A005)
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The demand of anti-reflection (AR) coatings is increased rapidly as the

fast development of optoelectronics industries in nowadays. The high power
impulse magnetron sputtering (HiPIMS) technique, is characterized for its
ability to deposit thin films with dense microstructure, uniform film thickness
and excellent adhesion properties, which has attracted lots of attentions from
academia and industries. In this work, we did the simulation and designed the
thickness values of Ti02/S102 multilayer thin films and then grew these thin
films using HiPIMS technology. We found that the thickness differences for
Ti0x/S10x and TiOx/Si0x/Ti0x/Si10x thin films were less than 5% implying
their good uniformity. The hardness of 5.8 GPa and the maximum adhesion
critical load of 21.7 N were obtained for TiOx/SiOx film. For the
Ti0x/S10x/TiOx/S10x films, the hardness was 6.6 GPa and the maximum
adhesion critical load was 6.9 N. The reflectance of 5.98 % was achieved in the
range of 400-700 nm for the TiOx/Si0x thin film fabricated using 15 sccm
oxygen flow rate. Meanwhile, the average absorbance of 1.72 %, reflectance of
1.40 % and transmittance of 96.84 % were obtained in the range of 400-700 nm
for TiIOx/S10x/Ti0x/S10x film, which already met the requirement and can be

used as anti-reflection coating.
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1. Wei -Ting Chen, Bih-Show Lou, Jyh-Wei Lee Jyh-Wei Lee, "Effect

of target poisoning ratios on the fabrication of titanium oxide coatings

using superimposed high power impulse and medium frequency
magnetron sputtering”, 2021 ICMCTF conference, (April 26-30, 2021,
Virtual Conference)
() T#m=~
1.”Effect of oxygen flow ratios on the optical and mechanical properties

of silicon oxide thin films grown by superimposed HiPIMS” » 3 fg 2
Surface & Coatings Technology -
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2.”Optical properties evaluation of titanium oxide films fabricated using

plasma emission monitoring technique by superimposed high power
impulse magnetron sputtering” > 4% & I Materials Letters -

3.”Effect of target poisoning ratios on the fabrication of titanium oxide
coatings using superimposed high power impulse and medium

frequency magnetron sputtering” > 4% & I Surface & Coatings

Technology -
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Sample Hardness Elastic Lci(N) Lc2 (N)
(GPa) modulus
(GPa)
TiOx/SiOx 58+1.2 127 + 11 12.1 21.7
TiOx/SiOx/TIOx/SIOx | 6.6 £ 0.1 71+3 6.9 6.9
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Study of Electric Power Distribution for Three-phase Unbalanced Power

System
G & %5 1 109A011)
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The main objective of this project is to study the generation and
distribution capabilities of various distributed generators. Due to the high
penetration rate of the renewable energy, the decline of sensing components of
various electronic equipment, and three-phase unbalanced loads, the control
performance of the microgrid is very poor and cause the energy loss. To
overcome this problem, the regulation technology and transfer strategy between

the distributed generators and the feeder of the microgrid are researched in this
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project to maintain the stability of the microgrid system by compensating the
three-phase unbalanced loads. Moreover, the microgrid system of the institute
of Nuclear Energy Research (INER), including diesel generators, storage
system and three-phase unbalanced loads, is adopted to established the
simulation models. Based on this system, the regulation and transfer strategy
of the distributed generators in different operating modes will be discussed to

maintain the stability of the microgrid system.
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Chang, “Voltage Regulation Using Recurrent Wavelet Fuzzy Neural
Network-Based Dynamic Voltage Restorer,” Energies, 13, 6242, 2020,
pp. 1-19.
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Study on Three-Phase Power Flow Analysis Incorporating
Renewable Energy
(& %5 1 109A009)
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With a large amount of green/ renewable energies integrated into the

electric distribution system it may cause various voltage problems, and then
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further affects the system stability and safety. This is due to the intermittent

characteristics of natural energies which cause the output power variation on
the renewable energy facilities and unbalanced installations of renewable
power generations. The most commonly seen voltage problems include
under/over voltage, voltage sag/swell, voltage imbalance, and voltage
fluctuation, etc., and the severity is followed with the installation capacities of
these renewable energies. Thus, to seek the solutions for these voltage problems
may take more concerned in recent years. This project aims to investigate the
power flow analysis technology based on INER microgrid system that be
formed as virtual distribution system. The main tasks of this work include (1)
to establish the modelling technology of the distribution system and critical
energy facilities in system for simulation and power flow analysis; (i1) to build
real-time simulation environment of distribution system for scenario simulation
test and method validation; (ii1) to develop voltage control strategy that be
applied to transformer on-load tap changer (OLTC), smart converter, and

energy storage system for improvement and mitigation of voltage problems.
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Study on Switching Scheme of Distribution Networks Considering Green
Energy and Demand Response
G & %5 1 109A010)
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This project aims to establish a systematic feeder automatic switching
scheme for reducing the impact of distributed renewable energy high
penetration and demand users’ participation in the demand response program

in the regional distribution networks. Therefore, a research on switching
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scheme on green energy and demand response in distribution networks is

planned. Firstly, the relevant researches related to the integration of high
penetration of distribution green energy and demand response to improve the
operation efficiency of the regional distribution networks has been extensively
collected as the following research reference for this project; secondly, it is
proposed to build a simulation analysis platform based on Python, including a
database system, forecasting program module, power flow analysis module,
and optimization program module; finally, the load and weather data of the
regional distribution networks was imported into the database through the
developed platform, and the OpenDSS is used to build the grid model. Then the
deep learning and optimization algorithms are also be applied to analyze the
relationship between feeder load and green energy through the built platform,
the optimal phase arrangement of the three-phase loads, and the optimal

switching scheme for feeder reorganization.
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as)

BB U BRI G Pl REEE A G E
2 P G AE R GRS BRI A TR R MR AR (T
Fh% o 23S RKBSDP HRIE T 4 BRSO 2R
BEROAHTREIFRET FRLZ AR F RS A SRR

S

p min \P i_ymin \P
_ Eloss Eloss ITl_ITl N'-N
OF = [(01 <Eloax Emin + () [max_ Imm + w3 Nmax_ymin (1)

VERRBEOTRIPHRE LA g A RIARE T RET M
TRREAIFESRGM I 2% UHRF FHRT
%@ﬁﬁﬁiﬁ%éﬁ’ﬁéiféiié izyx ; H =t > 12 Python 4%
RETAAAE - R AR RS FERRANT S ¢ § FTU T
AR 2 RS E T PR e BTG A s s i
FEFREE S
A1+t SQLite FALE > £ 41* OpenDSS & = 7 83 £ R AE S ¥ &2 5

LA

PR HCA (S A TR 2 ARSN N RS

R

ERENTESER NGRS A R T RO L AN S R NP

ME OB EBEMRERE AP EN ST 2R AL T RETET TR
BRI 2 FRRTREEAHRAT  REET AT AR ZUEY
R BT GRE R G R M AR A R

ERC - Hd T A RFERFRMETEIET R



-11_[‘(,}‘ ,

AR SR B A

» /«m

2 f g AR 'lﬁ"ﬁ*fg‘aﬂ@ﬁ?” 2 R -
F 1 FERNE P2 & R R
EN S 0 W
21 4 S ZE E 4 B iﬁ’*j B -
st g~ R AR i 1S = i
12051x4x7 12051x1 50
ol R
20 S~ 2B R ¥ |- 7= +{ 3 &
YGBoost 0~ LR . BB/ Y
12055x7 12055x1 32000/0.0080
% 2100 = R N2l S '—1-+~?'l”<)§ s T iaE R AR
C X1 X2 X3 X4 X5 X6 X7 ToE  FAv(%)  REE
LSTM 1.137 1.145 1.137 1.139 1.149 1.149 1.141 1.141 14.1 0.00516
XGBoost 1.112 1.177 1.113 1.148 1.037 1.243 1.154 1.143 14.3 0.06376
53 BRES | P RS eE
Weightin
Case ghting Ejpee (KWh) I, (A) N
wq ) w3
Original - - - 9512 34.8 -
Casel 1 0 0 8249 28.8 812
Case 2 0 1 0 8698 19.9 774
Case 3 0.8 0.2 0 8297 23.2 796
Case 4 0.4 0.3 0.3 8331 21.2 398
Load
/—\ﬁi‘“?ﬁ:ﬁﬁ'ﬁ (kWh) | =+ Real %
o ] -~ LSTM_Predict h
B i 700 1 —- XGBoost_Predict i
B ’
- IRl OpenDSS &G
\ 500
aazipny B
?*%ﬁlq\ﬂ I Lo R g e 400
b - > | e ewa
(AT Ea
300
fe LR R Ehp R ; , , , , , . ,
R Rk £ 0 25 50 75 100 125 150 175
Hours
CREESTE T B2 F % f 4~ LSTM % 22 XGBoost i

99



0.4 1

HE &

bl
w
;

Unified factors
o
L)

013

0.1 4

year

0.23

0.07

0.3

0.17

month day hour

0.23
0.19

weekday temperature humidity

- LSTM

mmm XGbooster

0.09

EX|ENERF

B 3 LSTM ;2 ¥2 XGBoost j# 2.

53

2
]

= #
i 4 B

4L
5 5

A 35 TS

100

2000
1800
1600
1400
1200
1000
800
600
400
200

kwh

i 4

ERAMAAEARER

Total loss of each feeder

K27 —
-

= oM S oW W Q@ = M < 0 w0 W
oo NN Lo I o O T o O~ O O B ™ |
= = = = = = e e e e e e ]
o oM X X X HOoX X O oM XM X X X

Feeder name
W before W after

Casel 2. AR HIp 4 "5 Mot &

XJ59
XJ60

2L

Rl



L THRRFEZEETHMSI BARNR

SOFCH it XKL F Em A BT
High-Temperature Durable Mechanical Properties of Braze Sealing Joint for
SOFC
G & %5 ¢ 109A013)
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The aim of this study is to investigate the high-temperature creep

properties and fracture pattern in an SOFC stack using braze sealing technique.
Experimental results indicate that the creep rupture time of both unaged and
aged joints is increased with a decrease in the applied constant shear and tensile
loading at 750°C. The tensile and shear creep strengths of unaged joints at 1000
h are of 5.33 MPa and 3.27 MPa, respectively, which are about 40% and 33%
of the average tensile and shear strengths, respectively. The tensile and shear
creep strengths of aged joints at 1000 h are of 5.67 MPa and 3.63 MPa,
respectively, which are about 40% and 37% of the high temperature average
tensile and shear strengths. A thermal aging treatment at 750°C for 1000 h
slightly enhances the joint strength of tensile and shear specimens. For unaged
tensile and shear joints, fracture occurs at the interface between Cr203 and
braze at short rupture time while fracture occurs at the interface between
Ag2CrO4 and braze at medium-term and long-term rupture time. For both aged
tensile and shear joints, fracture occurs at the interface between Ag2CrO4 and

braze or between Cr203 and Ag2CrO4 for any rupture time.
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Impurity Analysis and Improvement for Recycling Vanadium Electrolyte
G & %5 1 109A012)
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Recycling vanadium electrolyte with impurities and chemical additives
from the raw materials to the refining process may result in reduced electric
performance and damage the equipment and premature component damage.
This research was studied to remove impurities by commercial active carbon,
resin and precipitation method. The results show precipitation method was
the highest efficiency, and the removal efficiencies of iron and ammonium ions

were more than 70%. Regenerative electrolyte of coulomb efficiency, voltage
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efficiency and energy efficiency were 92.8%, 87.3% and 80.9%, respectively
under the conditions of commercial all vanadium redox cell testing (@100

mAcm-2, average output power density >120 mWcm-2).
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[1] Z. He, Y. He, C. Chen, S. Yang, J. Liu, Z. He, S. Liu, lonics, vol
20, pp.949-955, 2014.

[2] G. Wang, J. Zhang, J. Zhang, J. Chen, S. Zhu, X. Liu, W. Wang, J
Electroanal. Chem., vol 768, pp. 62-71, 2016.
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Research on the International Trend of Atomic Energy Technology and
Development Strategy for Taiwan
(3% %% 1 AEC109001)
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In this study, we conduct assessments for nearly fifty atomic technology
groups for civil purposes, and derive technology strategic priorities for eight
fields through the expert panel method. The results of this study could be used
in proposing a detailed strategic plan to promote the civilian uses of atomic
technology. In order to improve public understanding of the atomic energy
technology, we support Atomic Energy Council (AEC) in handling three atomic

energy popularization works, translate international atomic energy
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popularization literatures, and provide a variety of popular science resources
for the general public (including publish short science articles and develop

tabletop game).
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A Study of Atomic Energy Applications for People's Livelihood and Vision
Planning on New Southbound Policy
(z* 4 %55 1 AEC109002)
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Atomic energy technology has a wide range of people’s livelihood
applications, which can be applied to nine of the seventeen Sustainable
Development Goals (SDGs). The nine SDGs include: zero hunger, good health
and well-being, clean water and sanitation, affordable and clean energy,

industry, innovation and infrastructure, climate action, life below water, life on
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land, partnerships for the goals. This project collects atomic energy technology
applications in six countries including India, Indonesia, Malaysia, Singapore,
Thailand and Vietnam, covering medical, agricultural, industrial and other
fields.

As for the New Southward Policy to promote atomic energy technology
cooperation, Taiwan’s well-developed medical system and technology rank
among the best, it is the priority and feasible direction proposed for cooperation
with the six countries, such as cancer radiotherapy, nuclear medicine
application and medical imaging technology. In the future, we can make use of
the existing cooperation platforms and centers of various ministries, then open
national radiation standard laboratory and y-irradiation facility to conduct
technical exchanges in atomic energy technology, cultivate professional talents

and connect regional markets.

v RPF

RFffHEr R AV A9 RBMERATTREP R FHLELR
T om el ARIEITa wICR AP EFALEEFR Y PR B RF
TRt RA ARG B BRTCPRT G PREREEY R E

T %ﬁiw&’vp”éﬁﬁ%wwtm7 7 Ras o ] FRAT

WRAARDRIE L ARBRE - FRF &AL FORLT 7 9o

FoERAE
- CRFAABEEYR L AFRARAFFEY FHLL iEr > H
TAA R Ay ﬁzaua&

B %mzp Eak o2

25
Tﬁ
e
W
—N
-N
‘—'

‘ ‘?—
<a\
-\—
W
et
;—A
&
N
e

115



i

3N

FA P HEBEE Y 1% JAEA A RBZEMAR 0 g
w22 RERY LEGRP o ad AREF o g B mm

b TR TR AR A R B R LR BE R

Are e BRGS0 ARRG A P R EF F AR R R

4

7

IR R R F L PHEF I G o EFNE Z ERMF O FR
B £ 075 P FRATE AR R MRS R (iR
TR FRGEAFAF AR N FE L ER o e
L EE Y SR R R R E o RIRAR B E
2 BEsE o A ARV F LRI E SR Y PR &
TinEAH > LT &Pz 300k &3 2R3 g A ke

-

-~
T

v RGP EF B UFRLT o ERAL Y KT
ERVEMF L INT B2 LY GlAeF TS v A e 4hB 2
~F- ¢ e e e AL TR RESR G EEY ) RERT A
PP BT EEAA 2 RED FREE
OPEN-Lab » ;& (T > AP M F B F 2 K K2 E ~ Hwr 4 f
o e A R FIFRE AR R T e R PSR T
R PR SRR S F St enil 4t s 2 HLE R
PR BT S G SRR T e R R 8 R E T

116



ZRERAMANENRER

FR-A2m 2

Rz~ A3 wm~ﬁ&ﬁﬁa§@&zﬁo

» AT vfﬁi@§$1@+nﬂﬁf o BB RAEEZ R B
%’%ﬁﬁﬁ%ﬁ#?%amﬁ&ﬂﬁ B LR ke
R RFE-H L0, TP ST E R einT ks

4TRSS R R R T 5 Je 3T e 9 ik

T5 S PR B R AT h B B > R s e B R B

-

A e

> RY

ITERAFFHE R AT w R R0 K TS T AT ST A4 g BT
BEd e TR < a e FEARERGE AN FRHRLAR
5 IE 0w ARG A AERNEBF PE R - TR P ST RBIEE L T
BB E P F LB iR FFE I UG L AT 2R
VLIRS B A RPN E FR T B2 T A e

117



TR ERRERAMAERRER

FARKKPFFTIRLAEZ FRFAY

Research on the radiation survey and safety management for NORM

(naturally occurring radioactive material) contained products
(% %% AEC109003)
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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 commodities, 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.
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Decommissioning of nuclear power plants is an important subject of
nuclear energy control in my country, since Unit 1 and Unit 2 of Nuclear Power
Plant No. 1 have obtained decommissioning permits on July 16, 2019.The
Atomic Energy Committee of the Executive Yuan (hereinafter referred to as the
AEC) takes into consideration the technical experience and regulations of
foreign nuclear power plant decommissioning control. In addition, refer to
IAEA general safety standards and related guidelines and other related
management methods during decommissioning period, amended “Enforcement
Rules for the Implementation of Nuclear Reactor Facilities Regulation Act” and
“Regulations on the Permit Application and the Management for
Decommissioning of Nuclear Reactor Facilities” on November 16,2018.

Since advanced countries in the world still upgrading and amending
regulations of nuclear power plant decommissioning, and our nation has never
operated a complete decommissioning operation actually so far. Therefore, this
research project focuses on the decommissioning control regulations for
nuclear power plants in European countries including Germany, the United
Kingdom and Belgium. By means of observing four different aspects such as
regulatory authority, novel issues, regulatory dynamics and regulatory
essentials, analyzing the problems encountered in the period of
decommissioning of nuclear power plants and their impact toward the existing
legal systems of these countries. Based on the experience of these three
countries, this project provide analysis opinions and specific suggestions to the
guidelines for the nuclear power plant decommissioning control regulations

and decommissioning operations of our country.
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An preliminary analysis of the connotation of site regulation of nuclear power
plants
(34 %% 1 AEC109015)
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This plan is going to research on the legal procedures and cases regarding
partial release of site regulation in decommissioning of nuclear power plants
in the United States, to assess the feasibility of the introduction of its
administrative procedures into our country, to examine whether the current

administrative procedures for EAB,LPZ or other plant control measures are
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complete, and to put forward policy and legal recommendations. Firstly, we are
going to analyze the current legal status of the decommissioning procedure and
related plant control measures of nuclear power plants in Taiwan. Secondly, we
plan to summarize the procedural characteristics and the experience that we can
learn from the United States on partial release of the plant sites regulation in
decommissioning of nuclear power plants; Further, to compare the differences
of legal systems and the interpretation of legal theories between Taiwan and the
United States. We may, if necessary, refer to the planning and implementation
of the decommissioning plan of the first nuclear plant in our country as an
example. Finally, we will analyze whether the legal experience of the United
States is feasible in the adjustment of Taiwan legal system, and explore the
issue of the completeness of our country’s procedural provisions on this matter,

in order to provide research recommendations.
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2020 Collection and Analysis of International Decommissioning Cases and

Regulation-related Risks
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After forty-year operation, all three Nuclear Power Plants (NPPs) in

Taiwan enter the decommissioning stage in succession, starting from 2018.
According to internationally recognized practices: users pay, we need to assure
that there are sufficient revenues allocated to satisfactorily complete the
decommissioning tasks, and leave the least burden to our next generations. The
National Back-End Foundation (NBEF) was established in 1999, under the
governance of Ministry of Economy, in compliance with the Article 23 of the
Nuclear Reactor Facilities Regulation Act: the licensee shall provide the
technical, the management ability and the financial data, etc., to prove that they
are competent to execute the decommissioning.

Since the cost estimation usually is proposed couple years before the
decommissioning starts, differences exist between the cost estimation and the
actual cost. These differences could become substantial and affect the overall
quality and schedule of the decommissioning, especially when key
uncertainties/risks are not well handled during estimation stage. This paper
summarizes the experiences accumulated and risks anticipated by international
communities in decommissioning cost, with considerations of state-specific
issues in Taiwan, to propose recommendations for regulators in reviewing the

cost estimation on NPP decommissioning.

IR Wi
AFEFEREFREPN B AR QW NS 5 Fp
Fl P PigaE s R TR g g R ﬁ‘&{m © AR AR

Miamke it e AP R R FZ A - EHERTY PR

f
Bl
S
Ei
= r:»

|

g:;%i;p;ﬁff;;‘q‘_ﬁ’F’.;ji.@—%;‘éév’ﬂﬁ"’;‘:KﬁE«]F, T B AT
K//t/n“%i ﬁ';}%\b’% mEé}W"%J TR % = BRI 8 AR GE A

134



‘; éﬂﬂﬁmﬁimggﬁﬁ

PR EAl/E ARE o =AY

T2 % WP 4 HP TR R
1S HRPORRA T R ARG ARG/ E ISR AR
iz 1B 23 TR 4

— ~ AIF-NESP-036 “Guidelines for Producing Commercial Nuclear Power
Plant Decommissioning Cost Estimates, “Atomic Industrial Forum
(USA), 1986 pta3f 4 2 ERT # & F T 4 a7
B0 gy SR CACRRT T RES T

= ~ PNNL draft “Assessment of the Adequacy of the 10CFR50.75(c)
Minimum Decommissioning Fund Formula,” Pacific National Northwest
Laboratory (USA), 2011 - 2354 5 B 47 % W 23 B2 7 f“ﬂf p

E,,.,uz{4:[&%?(100&)u*q&ﬂff,tlxt%fﬁﬁ -3

‘ /

T

I

» NEA #7201 “The Costs of Decommissioning Nuclear Power Plants,”
OECD/NEA, 2016 - & 3F 2 % & #747 Nuclear Energy Agency (NEA )
ERFE 20 BPRBMZFREPRETH A5 7 B 5 ks
ﬁ%&:é%awfw@’mm;égﬁwuwwﬁ B
(International Structure for Decommissioning Costing, ISDC ) #& 5% »
REPTRFREY BRTA -

7 ~ Nuclear Regulatory Commission (NRC) Z_ Regulatory Guide (RG)

1.202 “Standard Format and Content for Decommissioning Cost

Estimates for Nuclear Power Reactors” 2 NUREG-1713 “Standard

Review Plan for Decommissioning Cost Estimates for Nuclear Power
Reactors” « # & 442 5 NRC $ A2 R EPTRBLFRF " 2
% R

135



@ &
+ P
i %ﬁ/%‘ Flz & Bhiz 3k o

R EEL%
¥ REL P é“%&%fr"ff REFIEGL BB SRy BNEE L 5 &
$ NEA#7201 37 £ 73 » nE#E NEA § R (L & SR M) &g %
SR Xz o a & E W R Ruhit A Bl B Pacific National
Northwest Laboratory (PNNL ) 3F £ 2. #7747 X £ ¥ - NEA#7201 3f 2 ¢ #7
mEDERERRAGFRR
4 E 2% Eﬂ“,ff}t?’ * RGP E_ % F Bt AIF-NESP-036 3F 2 2. &
AR IR o Lbﬁxyﬁ,;*iﬂrjkf‘;@?]ﬁuﬁ",f B BRI (ATEHEHF
R IR EREW R F AT MR N FE- BT REIRNRE
HP R LB ﬁi{f&i%ﬁ F w3 HAFskE (site-specific) @ &7 )I‘
B IR L R BT RE VA A E AT T
B R e F RS (trend)
FRERZPRRMEFZREARPT - LFLHALFARLY B
WA E RPE f T R AT R B2 EdlF AEE (RG1.202 2
NUREG-1712) - 124 &g * 2 @]i“{f?)’i%‘f *FHRARFHEE L8
PR A E TR EIEF A/E AlER 0 Bk &k & (risk-informed )
AR HBALESE » kg PIE PP RET ST o LR AERA
W hE A RS ANBCZsiRAAaa > B AATEL
ARE D AFERGEAIE 2 RAL R TARRFEFLFTRAT

% I/}IJJ‘ ;’; IV WK%_}#T# ISDC 5’_5&” m PNNL iﬂ’?

N+
c

‘m\\

136



EERETRALHENRYR

FrEALERA G FE TS o

B#f: APk (Th) SF F A PR 2R 4IE
28 R -
CHf: AgpEikd “WHEF Y AR 2E AL BN A2 E L3 2
RBECBREZRAGEFRLE Y RATRE -
1&g HlERT
O RPBFEAIN TN T RLERFERALEFEE T O REET
DAEFRL AT B (105 EFE TR) 2P T iy
Bog #£0 % 1,014 i T iedo ¥ | 10 5 292 5 1 iode
SRR EH R P 5381 R T F e Wy AP 549 R
CRR P EE P 160 o ERERFP T ETRFRF TR
forrig » 2 1B A3 WL TR ATR 7 Blhed g d e
7 "}f}%mﬁip ?h Mg UKL 2 ¥ FE miE fg,,,??;
CH AR RTET2 % BREE o~ B O By s ATE/R R
[FEEF Rt n DB TR RATR P R B R
FEFA/RHIFER L BT RERE IS F R ER
SRR e AuG AP C (AR)

® - i Ulo ML (RBE)FRET BEAPET A
S CHE ) BREREL e TR TR A

® ARFP- Z RFRFARISARGIS 25 E s TR gk (10-15 &)

137



138



EEEREAARHEANRLR

109 # B R%4 W sl frid R 2 B HE ]
2020 Study of international decommissioning regulations and guidelines
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In oder to facilitate the decommossionig of nuclear power plants (NPP)
successfully and safely in Taiwan, this research aims to assist and enhance
regulatory body on safety regulations and technical guidance in
decommissioning process. According to the research purpose, three tasks were

established and accomplished.
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Firstly, the international decommissioning reference and publications
from IAEA were collected and complied. Secondly, this study summarized
historical site assessment (HSA) method mentioned in two important technical
reports (NUREG-1575 and NUREG-1757 Vol. 2). We also analyzed and
compared the HSA reports of US Rancho Seco, Zion, and Vermont Yankee NPP.
In the third task, the US NRC Inspection Reports (IR) of SONGS ~ Zion NPP

during decommissioning were collected. This research integrated the
inspection items and analyzed inspecton frequency into tables. The important

findings or violations mentioned in IRs were particularly presented in the list.
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Environmental radioactivity survey of marine and coastal area and population
dose assessment of Taiwan
(3% %% 1 AEC109010)
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After Fukushima incident, more and more people care about the radiation
around our living area and impact of ocean ecosystem. For the health of
Taiwanese people, this project promotes Taiwan sea area radiation monitoring
and population dose assessment. Seawater, marine organisms and cumulative
samples (shore sand and seabed sediments) were used as the main analytical

samples, and cesium-137 was selected as the key nuclear element for
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investigation. Project, started from 2019, establish and refresh a radiation
background database to improve the environmental radiation background of
Taiwan's sea and land areas, and then grasp the trend of the impact of
radioactive wastewater discharge from the Fukushima nuclear disaster and the
other nuclear power plants on Taiwan sea area to ensure radiation safety.
Population dose assessment confirmed medical dose due to computer
tomography and mammography examination, cigarette smoking and ingestion
of Cs-137. Other radiation sources like external and internal radiation dose

from terrestrial gamma, cosmic ray and foodstuffs are continue reassessed.
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Investigation on Medical Radiation Exposure of the Taiwan Population
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In this project, we propose to investigate the medical radiation exposure
of the Taiwan population via accessing National Health Insurance Research
Database to get medical-exposure population, recording parameters of
diagnostic examinations in sampling hospitals, measuring radiation beam
characteristics and outputs, developing dosimetric models for eight types of
medical exposure, evaluating the effective doses for each examining protocol,
and deriving the collective dose. The survey will include eight types of medical
exposure, such as computed tomography, nuclear medicine, cardiac
interventional  fluoroscopy, angiographic interventional fluoroscopy,
conventional fluoroscopy, conventional radiography, mammography, and
dental x ray, and at least 51 examinational protocols. Finally, we will propose
a database of the Taiwan population dose from medical exposure, and establish
a website to provide people to look up the dose level of examinational protocols

of interest.
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Study of radiation background in waters off Taiwan
(G* & %%, ¢ AEC109011)
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This project assisted in collecting seawater and sediment samples
surrounding Taiwan by the group led by the National Sun Yat-sen University
during 2020. The Atomic Energy Council Radiation Monitoring Center
collected marine biota and measured the activity of natural and anthropogenic
radionuclides of all samples. Our group identified the marine biota. Physical
models and oceanic chemical parameters were used to assess the influence of
coastal currents surrounding Taiwan on the distribution of the activity of
radionuclides.

The range of Cs-137 activity in seawater surrounding Taiwan was within
the criteria of survey value (2 Bq m™). The activity of short half-time Cs-134
was lower than the detection limit (0.5 Bq m™). The primary Cs-137 peak was
in seawater at 200 to 300 m depth. The temperature and salinity characteristics
of primary Cs-137 peak were consistent with the ones of Subtropical Mode
Water. But the relationship between them needs further investigation. The
secondary Cs-137 peak in the surface waters during 2018 and 2019 was unclear
in surface waters taken this year. In addition, the Cs-134 activities of marine
biota samples, including fishes and shrimps, were lower than 0.6 and 0.09 Bq
kg'. Cs-137 activities in sediments and sands were lower than 0.82 Bq kg™
The strategy of long-term monitor strategy is to identify the primary peak along
the vertical water column and follow the depth of the primary peak to find its
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horizontal distribution later. If an abnormal peak were observed, the strategy is

to trace its source and follow its dispersal distribution.
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Research on The Emergency-Response Technology for The Radioactive
Events
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In order to provide the education, training and resources of radiation
disaster response and disaster relief personnel, this project plans to build a
research and development center for radiation disaster prevention and rescue
training to solve the current shortage problems of radiation disaster prevention
and rescue training sites, equipment and teaching materials. This project also
plans to expand the effectiveness of response to radiation disasters by
developing domestic dirty bomb incident response strategies, remote control
radiation detection technologies, and the radiation disaster management

technology and platform other than nuclear accidents.
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Research on Radiation Protection Management Specification and
Measurement Technology
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In order to respond to the radiation management structure and technical
specifications of international organizations, this plan adopted a roll-on
approach to cooperate with the updated regulations on the improvement of
technical ability in control practice and radiation protection measurement
technology, in two main directions. This year we conducted researches on the
radiation protection mechanisms, regulatory control impacts, and radiation

evaluation techniques for technical specifications, dose for the lens of the eye,
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etc. At the same time, the latest technical criteria were applied to the
performance tests in laboratory certification system in order to strengthen the
technical capabilities of personnel dosimetry assessment and radiation detector
calibration laboratories. The plan also improved the technology related to
biological dose evaluation. The purposes are to enhance the techniques for
radiation protection management to ensure the public’s health and safety.

keywords : radiation protection, proficiency testing, biological dose
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Study on the revision of Ionizing Radiation Protection Act
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The current Ionizing Radiation Protection Act in Taiwan is based on the
ICRP-60 recommendation. Due to the technology advancements, social
changes and environmental requirements, the ICRP revised its ICRP-60 and
published ICRP-103 to provided more complete framework, reasonable
approach and effective implementation for the radiation protection of
individuals in different exposure situations. The improvements of ICRP-103
included, the classification of exposure situations into planned, existing and
emergency exposure, the division of radiation dose controls into dose limits,
dose constraints, and reference levels for medical, existing and emergency
exposure, the better dose assessment for the age-dependent representative
person instead of the overestimated critical group, and the introduction of
existing exposure for the technologically enhanced naturally occurring
radioactive materials. In addition, ICRP-103 updated the data on radiation
health detriment risk factor, radiation weighting factor and tissue weighting
factor. The objectives of this project are to study the new concepts and
methods recommended in ICRP-103 and TAEA GSR Part 3 and to suggest
revisions on the lonizing Radiation Protection Act. This project will help to
ensure the quality, smooth the implementation, and avoid any difficulty in the

future revisions of Ionizing Radiation Protection Act..
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Research on the Resources Establishment and Practical Management of

Radiation Emergency Response
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This project collects international cases and practices of post-disaster
recovery from major radiation disasters, as well as the planning management
and latest situation of recovery and rehabilitation after the Fukushima incident

in Japan. At the same time, it collects various types of disaster prevention
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professional training mechanisms, operation methods and actual cases in Japan,

Taiwan and other countries and further analyze the situation in Taiwan’s
cooperation methods between the government, enterprises, volunteer groups,
and communities for the preparation and response to radiation disasters.

In order to assist the first responders of local governments to identify
radiation disasters, familiarize themselves with radiation disaster response
steps and precautions, this project conducts the development and design of the
first response personnel deduction education training system and handles local
government radiation disaster prevention and rescue workshops. Based on the
more likely drug accidents as the situation, and issued the situation according
to the time sequence of the disaster, and trained the trainees participating in the

training for cross-group coordination and disaster handling.
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Advancement of measurement and analysis laboratory for radiation disaster in
northern region of Taiwan from year
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In order to respond to environmental radiation detection after radiation
disaster, Atomic Energy Council (AEC) entrusts National Yang-Ming
University to establish a measurement and analysis laboratory for radiation
disaster in northern region of Taiwan to provide radioisotopic analysis
capability. To continuously improve the laboratory’s capabilities, we

established standard methods for environmental water samples, and evaluated
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the impact of size and geometry of water sample containers on the minimum
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detectable activity (MDA). Furthermore, we achieved the certification of
environmental protection for water samples in the field of ionizing radiation
from Taiwan Accreditation Foundation (TAF). In addition, we actively
participated in the disaster prevention activities in both Taipei City and New
Taipei City, and also took part in nuclear emergency exercise organized by AEC

to achieve the purpose of educating and promoting radiation protection.
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Strengthen detection technology for radiation disaster response
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After the Fukushima accident in Japan in 2011, the Atomic Energy
Council, AEC, thoroughly reviewed the lessons learned from Fukushima
accident and proposed the “Programs for Safety Re-assessment”, make a
proposal of the program and then publish the report. According to the report, it
implies in case of the nuclear disaster, various radiative samples occurs and
must be analyzed. As a result, there is a great demand for the detection and
analysis of those environmental samples. The samples include agricultural,
fishery, livestock products, water, air, soil, and biological environmental

samples. In conclusion, for the sake of ensuring the environmental radiation
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safety, the southern backup laboratory has to promote its capacity in radiative
analysis. Therefore, the aim of this project is to enhance the capacity of
radiative analysis in environmental samples, and finally acquired the extending
accreditation about the items of environmental samples from the Taiwan

Accreditation Foundation (TAF).

FVEPR
AVROP R L AR BAPRAFEH T RET R E 2
BRSBTS R AR RT LA ITRAIES > ¢ R AR

BB A T IENE R AP 2 RBRE BRI RE %
KA BRPREHE 22 LT PRBERT VIR LEPR = oy e
BRPEZHAY ZRFEH R BRPIETEAD - TEIIH4pHM L |2
B2 B @er L it 77 OP &R A8 BB HHERRRTE
@A%mimpiﬁmﬁam-AévW?ﬁﬁﬁﬂ&ﬁﬁﬁﬁ%ﬁﬁﬁ
BREFMIRIE § 7 AP T T RSP LT EF T F
FHRETVAERRICHAGFEERS I RATE > B2 R

iR EERA T 2 o

fro

B %

=
AR EERRRF AL R GEM AR R RAPP D
BEPEAEE BRI AMI9 E 122 2 AP RhF -~z FHER
BRIV RFHEFEL BRI REEEY 8 THHEL > ap
PRAE R 2 ORY BIRAER 2 R R L Y PRLIRSE 5 0 e F i 5
tRIE T~ 7S St B R R B ARSI A A 4 VR RS

2
R

185



THRETRERE RN AHEARER

i TAF RBAR 2 4 f @ fionsfii e 2 2 R * 1 e p o

- S EE SR E R R
(- )R FHi = Bt FREFR R B &L
109 E 147510 F Fe LS R P T RT LS T P
CREBEBETREABBEA A Sk S ok S 2 KR
AP ERE TR R AT RIZE P WA AT RE 2R AR Z i
WY A AT RS B AT i 4 R AR R 4 o
(CE: 350 S SLER b ﬁﬁtria TR

BOOWE D IRBATE B IR R R A TR T s
IR ﬁﬁwﬁﬂw FEA THRE Bl TAF i o 50 #
E S KERARGE P ;"_é? s ¢ FF B s A ,}fri% N

FREBRBRAFES CFEE T RIS KRR TAF 20F 2§ %
F 109 & 3% 20 =~ ApREdRITARAE S > £33 5 7 15 pw TAF %
NBRBR A AFRR S AT R Y o BRI R @ Rk S Ok S IH
P~ AP 2 EMORZ VR 69 o
(2) 545 BRI R B ad R s o A7 4 VR &

AEHKFI 108 F 12 7 17 p 3 & %4 2020 & IAEA W% R+
B R RO R > 20 109 & 7 P 21 p YRRl A Sz BK
¥ (Sample 1 ~ Sample 2 ~ Sample 3-QC) ~ — & 4.4 (Sample4)2 2 = B
g A (Sample 5 ~ Sample 6 ~ Sample 7) o B %> 109 & 11 * 12 p 3% 3F
IAEA #cdp > @ TAEA T 109 # 11 % 25 p o F @k % > 2 9% 3%
BRFEGREEREREZFBR SVRZY

186



EEEREAARHEANRLR

EZal X

3109 £ 2 2 13 pa il ke fEHHEESH 44 [ International

Congress on Engineering, Sciences and Innovative Technologies | B *%3 #* 3¢
g o T " International Conference on Advances in Civil, Architecture and
Environmental Engineering (CAE) ; § 3k ° MU L > F 2/ 1 5L
42 P % " Study on the Distribution of Radionuclide Activity in Soil, Rice
Component in Taiwan. | °
109 & 11 7 27 p>» A (RZ B LA HE L F)%4 12020
International Sustainable Development Conference ; R*£#7 3¢ ¢ » I 14 T
FFARL N g LAHme A K 48P 4 4 5 T Study on the Distribution of
Radionuclide Activity in Soil, Tobacco Component in Taiwan. ; 4 %
" Assessment of Natural Radioactivity Levels and Radiation Hazards in

Water in the Pintung, Taiwan | °

> B¥

KRR TP 2 RORRE R R R R R RN
,563’%’%t“%fﬂi\?%iiﬁiﬁﬂﬁﬁf’%?f*eﬁ‘iiﬁiéfiﬁ—?iéfcfﬁ’ﬁ‘Ei?’f’
Bor LB TS AT T R A A RRPRE R RS § S
M2l 2o # a0 AF ;s,é;j_vr,fﬂfgxb%; fe & Roac g 2§ & 1R NS

FAREY 7 2 107 BT R R E R G R D AR o

187



| THREfREEERAMRA ERARER

SIS -BERIRE TR L R F
Improve the quality control of radiation workers' dose assessment agencies in
Taiwan
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Aim : The personal dosimetry laboratories in Taiwan follow their own

calibration management of personal dosimeters. In this study, we executed the
on-site visit and blind test for personnel dosimeters quality performance for
evaluation on quality control management improvement.

Materials& Methods : We survey 8 personal dosimetry laboratories in Taiwan,
including a questionnaire for business information and inspect with random
sample selection. The samples were sent to standard laboratory for irradiation
and sent back to their own facilities for radiation dose conversion.

Results : The personal dosimeters laboratories held the qualifications of TAF
certification. The results of statistical analyses showed that there were no
significant difference (p>0.05) between dose deviation and influence by usage
year or reading history.

Conclusion : For abnormal events, each facility followed the notification
process with records keeping. We also recommended that the blind test can
provide the routine performance test for checking the management quality of

dosimetry laboratories.
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Research of Deployment Effectiveness of Medical Exposure Quality

Assurance measures and Items for Diagnostic Medical Imaging Equipments
for 2020-2021
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This project analyzed the suveys from nationaly on-site visits on 50
computed tomography scanners, 50 mammography X-ray equipment, and 100
interventional X-ray equipment surveys according to 2019 control procedures

workbook of Taiwan released by Atomic Energy Council, Executive Yuan. We
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can take advantage of the surveys and field data to create a database. The
outcomes may be an important reference for further control procedures
workbooks or textbooks and concrete proposal for medical exposure quality

assurance practices in the future.
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Carlo simulation of normalized glandular dose coefficients in
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1.42 P : Radiological Equipment as a Role of Radiographers in Taiwan
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Study on the Radiation Dose and Risk Assessment of Recycling and Smelting
Workers Related to Radiation Anomalies in Steel

(:* 4 %% : AEC109020)

Faxa ORI
'R FEAE R PEEFEY v PHEE A FARGHPERE

FIp* £y it 2R ¥ r2dffde 7085
T & P BB R B e R R 7 R AR T
Yoo CHRT A AU T2 R MR e AR A EWREF N F
BRI A ARV 2 AN A BT 2B
it > TR ERF O REHBESHE Y 2 g
TZ2E R E AR > 2 P AR R AMBE F RS ST B S R
¥ 2 R AP BT BT R B E A R 2 1 SR E &
EER 'R o M ETRENSE 2 AEENE T2 gt ITERER
Bl EmPrisie o A BASM S0 PR 2 ST RPN W Ak g A R
¥ 418 2 dg 8 Hloca o

There are dozens of reported cases of iron and steel radiation anomalies in
Taiwan every year. The reasons for the radiation anomalies are that most of the
waste steel materials such as steel pipes or components contain natural
radioactive material deposits, and a small number of scrap metal material

containing waste radioactive sources which are artificial radioactive materials.

197



This project is planned to carry out for two years. The content includes research
and analysis of commercial computer codes on radiation protection assessment,
which codes are suitable for assessing the radiation impact of persons involved
in handling or disposing of steel radiation anomalies. Through the collection
and analysis of the international control/management measures and
detection/processing procedures of steel radiation anomaly, and
comprehending current detect and dealing situation of steel radiation anomaly
by means of visits and inspections of the steel industry. With the planned
relevant simulation scenarios to evaluate and confirm the relevant workers'
radiation doses and health risks. Besides, this project will propose and
establish the optimal operation process planning and reasonable control
measures for iron and steel radiation anomalies for reference by the competent
authorities to improve and strengthen the effectiveness of radiation control after

the discovery of iron and steel radiation anomalies in Taiwan.
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Study on Evaluation of Radiation Safety and Dose Constraint of Planned
Exposure Situation
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The latest radiation protection recommendations of the International

Commission on Radiological Protection (ICRP Report No. 103) classify
exposure scenarios into planned exposure situation, emergency exposure
situation, and existing exposure situation. Radiation practices must also comply
with the principles of justification, optimization, and dose limitation. Among
the three exposure situations, the planned exposure situation in the past were
mainly based on the protection of radiation practices and interventions. In the
latest recommendations of ICRP, it is recommended to emphasize dose
constraints and risk constraints. Therefore, the radiation protection system in
Taiwan also needs to consider the latest regulatory content and gradually
introduce the dose constraint concept. This project is planned to carry out for
two years. The content of this project includes the collection of the justification
and dose constraint specifications and practices of international planned
exposure situations, the development of an assessment model applicable to
Taiwan's radiation protection regulation system, and the recommendation of
dose constraint values applicable to safety control of domestic radiation
practices. This project will also conduct a survey of the current status of the
radiation sources, in conjunction with the graduation and classification of
radiation sources in Taiwan, to complete a sampling inspection of at least 400
radiation sources within each year (412 sources were inspected in 2020),
perform on site surveys of radiation practices, count their types, uses, and
evaluate radiation doses and risks, and review the applicability of justification
and dose constraints, establish radiation protection safety specifications for
different types and uses of radiation source applications, so that the industry

can follow to improve the regulatory effectiveness of radiation safety.
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Nuclear security issues are concerned by all world countries. Since the

nuclear techniques were developed, the prevention of nuclear incidents is an
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important issue that no country in the world can ignore. Though, the nuclear
technologies, such as nuclear weapons development,  restrictions or
agreements, safety and control of nuclear power plants, nuclear technology
development and application, and supervision and inspection of radiation
equipment, are contributed to Sustainable development of the country, it also
brings a certain degree of potential threats and security risks. How to make
good use of nuclear energy-related technology and avoid its negative impact
has always been an international issue that has attracted much attention.
According to IAEA Nuclear Security Series No.4, facing current threat
environments in which targeting any nuclear power plant including radiation
exposure or release of radioactive substances endangers power plant personnel,
public and environmental health, IAEA recommends risks are mitigated by
evaluation methods and improvement actions. in the research, we focus on
research and analysis on the effectiveness of guards and contingency forces,
cyber security protections and controls, and advanced research on security

culture of nuclear power plant
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Research on Safety Control of Low Radioactive Waste Disposal Scheme
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In order to ensure the safety of radioactive waste disposal and improve the
review technology. The Fuel Cycle and Materials Administration (FCMA)
supported the “Research on Safety Control of Low Radioactive Waste Disposal
Scheme” to study the site safety control of low-level radioactive waste disposal
and storage facilities and scenarios of unintentional intruders. This study also
investigated effects of rock fractures characteristics and the in-situ stress on the
stability of disposal tunnel structure. Results of this study were provided to
support the FCMA to enhance the safety review and analysis of tunnel disposal

facilities.
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Research on Regulatory Practices for Nuclear Reactor Safety and Early-Stage
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This project is aimed at adequately addressing the possible technical issues
that might be encountered with the regulatory practices of operation and
decommissioning of nuclear power plants, in a way to streamline the regulatory
process. It emphasizes on keeping the regulatory technical competence,
enhancing the capabilities in thermo-hydraulic analysis, seismic safety

assessment, material corrosion and preventive maintenance, and risk
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assessment. With the expiration of the licenses of Taiwan’s nuclear power
plants, it is necessary to exchange and share the experiences in advanced
nuclear countries in order to cope with the unique decommissioning
configuration wherein the spent fuels remain in the reactor vessel in the early
stage. With reference to the international examples of decommissioning and
associated regulatory requirements, this project built the corresponding
analysis and assessment capabilities to strengthen the regulation quality and
depth, to ensure safe operation and smooth decommissioning activities of the

nuclear power plants.
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control during the decommissioning of nuclear power plants
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Inadvertent radiological releases can get into groundwater owing to spills
or leaks for operating or decommissioning nuclear power plants. To protect
public health and safe, a site-specific groundwater protection program shall be
established to assure timely responses and effective management. The project
purposes are to 1) collect groundwater protection regulations and industry
guideline documents of the operating or decommissioning U.S. nuclear power
plants and analyze the regulation difference between operating and
decommissioning nuclear power plants; 2) collect the cases and experiences of
the U.S. nuclear power plants and analyze the regulations, specific techniques,
and important parameters of the decommissioning nuclear power plants; and 3)
suggest the advanced framework of the groundwater protection regulations for
the Taiwan nuclear power plants based on the U.S. cases and experiences. The
overall regulatory recommendations of this project are listed as follows.
1.Reference to U.S. industry practices including NEIO7-07 guidelines, the
establishment of a regular self-assessment mechanism for decommissioning
nuclear power plants, for groundwater protection programs and groundwater
monitoring programs, documentation review, periodic /irregular inspection
and other control measures to confirm the compliance of groundwater
protection programs during decommissioning of nuclear power plants.

2.In order to refine the relevant control of decommissioning nuclear power
plants, it is recommended to continuously collect information on the
international groundwater protection scheme, and to continuously strengthen
the control effectiveness of the groundwater protection scheme of

decommissioning nuclear power plant.
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Generic Risk Insights Study of Flood and Typhoon Events for

Decommissioning Transition Period of Chinshan Nuclear Power Station
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This project, “Generic Risk Insights Study of Flood and Typhoon Events
for Decommissioning Transition Period of Chinshan Nuclear Power Station,”
continuing the results of the previous two-year PRA project, the internal event
and the internal fire PRAs, conducts the internal flood event and the typhoon
PRAs. And in addition, a risk assessment of the spent fuel pool will be
conducted for the decommissioning transition later phase that all spent fuels
are displaced and stored in the spent fuel pools.

The research contents of this year includes: the model establishment and
evaluation of the internal flood event and the typhoon PRAs, and the risk
assessment of the spent fuel pool for the decommissioning transition later phase.
And the important technical elements and suggestions for the review of the
internal flood event and the typhoon PRAs are also listed for the regulatory
agency of Taiwan.

For reactor core, the results of the internal flood PRA have shown that the
most important internal flood events are the flood propagation scenarios from
flood zone 41 to 4H which lead to the initiating event of loss of offsite power
with all AC power are unavailable.

For Spent Fuel Pool, the major risk sources may various follow by time
after shutdown. For internal events, 10 years after shutdown, the main source
of risk for pool boiling is the failure of the fuel pool gate, and the main risk for
fuel damage 1s the load drop (include fuel rod and cask). For 2 years after
shutdown, the main source of risk for pool boiling is loss of offsite power, and

the main risk for fuel damage is the load drop.
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Technologies and Strategy of Decontamination, and Safety Assessment and
Characterization Analysis for Nuclear Power Plants during Decommissioning
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The structures, systems and components of Chin-shan Nuclear Power
Plant will need to be decontaminated before dismantling, which to remove the
material from areas where it is not wanted. Decontamination is used to reduce
the dose that workers may receive from a component or surface, and the
potential for airborne radionuclides. In order to better understand the
applicability of various decontamination processes and technologies, the
purpose of this project is to collect and integrate relevant information on the
reports of international decontamination technologies, decommission decision
and process, and the associated practices. This report aims at investigating a
variety of chemical and physical technologies that have been commonly
applied in the nuclear facilities and power plants for decontaminating
radioactive surfaces. Through the understanding towards the working
principles, target contaminants, applicable surfaces, waste managements,
operating characteristics, and performance of these decontamination
technologies, their properties and feasibilities are evaluated and compared as a
reference for the regulatory authorities. Furthermore, in order to establish
regulatory opinions of the subsequent decontamination process as the reference
for regulatory agency, this study focuses on exploring the principles,

advantages and disadvantages of non-chemical decontamination technology,
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such as, mechanical, melting, biological and compound methods, used in the

decommissioning of nuclear power plants at various countries. The results of
research are to provide recommendations and regulatory decisions related to
decontamination technology for AEC.

During the decommissioning phase, a nuclear power plant must
demonstrate the residual radiation of the site meets the release criterion through
radiation survey and site investigation. The Multi-Agency Radiation Survey
and Site Investigation Manual (MARSSIM) provides detailed guidance for
planning, implementing, and evaluating radiological surveys. According to
MARSSIM, the survey designs should use the Data Quality Objectives (DQO)
Process and the survey result assessment should use the Data Quality
Assessment (DQA) Process to ensure that the survey results are of sufficient
quality and quantity. The purpose of this project (2-2) is conducting DQA
guidance translation, collecting and integrating relevant information on the
DQA-related documents, and providing review points and recommendations

about DQA process to regulatory authority.
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Studies on radiation protection aspects in decontamination and

decommissioning of radioisotope production facilities
G* & %%, ¢ AEC109019)
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At present, there are 13 cyclotron-based radionuclide production facilities

in Taiwan, whose particle energies are between 9.6-30 MeV, and more than half
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of them have been in operation for more than 15 years. Secondary neutrons are

generated through nuclear reactions during the cyclotron operation and those
secondary neutrons potentially induce material activation in the cyclotron body
and shield structure to varying degrees. As many of these facilities are
approaching the end of their lifetime, studies on radiation protection aspects in
decontamination and decommissioning of radioisotope production facilities are
deemed to be important and necessary for both the facility owners and
regulatory agencies. The project aims to collect the operation history, to
quantify the potential of material activation, to develop verification techniques
for decommissioning of domestic cyclotron facilities. Assessment of
radioactive residual activities in materials around the cyclotrons is the focus of
this project. In addition, related guidelines and technical recommendations
supporting for decommissioning activities will be proposed, including
decommissioning planning strategies, assessment, and measurement of
radioactive residual activities, etc. According to the survey result of machine
specifications and technical parameters, advanced Monte Carlo simulation
codes were used to predict the magnitude and trend of material activation for
domestic cyclotrons. The results and experience obtained in this study will be
beneficial to all parties involved in decommissioning of radioisotope

production facilities.
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Verification Methodologies and Case Studies for Indoor Dry Storage

Facilities Loaded with Mixed Types of Casks
(G & %% © 109FCMAO001)
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In order to continue improving the regulatory management technology of
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spent nuclear fuel interim storage, this study explored the radiation shielding

and heat transfer characteristics of a large indoor dry storage facility when two
different types of dry storage casks are loaded. The facility considered in this
study was a big concrete building loaded with 60 HI-STAR 100 metal casks
and 60 HI-STORM 100 concrete casks. The characteristics of radiation field
and temperature distribution around the facility were examined in detail in
order to establish and improve parallel verification methodologies for
upcoming safety review of a similar facility in the Chinshan nuclear power
plant in Taiwan. To achieve the project goals, this study established a
hypothetical facility model and evaluated it from radiation shielding and heat
transfer point of views. The research content in each technical area included:
(1) collecting information on the design and regulatory requirements of
international indoor dry storage facilities, (2) establishing calculation models
for the hypothetical facility with two types of cask, (3) evaluating the
characteristics of radiation field and temperature distribution of the
hypothetical facility under normal and abnormal conditions, and (4)
summarizing the research results and proposing guidelines or recommendations
for reviewing related safety analyses. The results and experience obtained from
this project facilitate the progress of indoor dry storage program of spent

nuclear fuels in Taiwan.
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Research on the review technology of radiation analysis of decommissioning
workplaces in 2020
(3* % %% © AEC109004)
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This project conducts related research on the "Examination technology of

radiation analysis in decommissioning workplaces". This year it mainly
includes two parts: 1. evaluation of the Scaling factors of difficult-to-measure
nuclear species, and 2. independent confirmation investigation procedures and
methods of final state survey.

The scaling factors of difficult-to-measure nuclear species will vary with
facilities. Therefore, how to make a reasonable and correct assessment and
decision is a very important task for the radiation analysis and site investigation
during the decommissioning process. This project referred to the international
literature, and integrated both of the existing foreign/domestic technology, and
also analyzed and summarized the evaluation methods, selection strategies,
application examples, and review guidelines for difficult-to-measure nuclear
species in decommissioning operations of nuclear power plants. Independent
confirmation survey is an important quality assurance step, which can ensure
that the decommissioned site can indeed meet the release criterion. Through the
implementation of independent confirmation survey, in addition to keep the
licensee strictly implementing the requirements and commitments of the final
status survey plan, it can also greatly enhance the public reputation of the
regulatory agency. By means of extensive technical documentation collection
and review, this research has thoroughly explored the implementation strategies,
procedures and methods of the independent confirmation survey for
decommissioning nuclear power plants. It is expected to be useful for the
inspection and regulation of independent confirmation survey for domestic

decommissioning nuclear power plants
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109th-year Research Project- A Study on Structural and Material Performance
of Drystorage Cask Systems and the Regulator Compliance
(:* % %% © 109FCMAO002)

A2

y\\i*

Mgl AaRB1Ry J/R2? FF1 A4}

S%ﬁﬁ%&éIWEIZEﬁ@ﬁﬁ%Q&ﬁﬁw’ﬁ?&%@%
R FEEL e T B ¥& 3° BT W APRRSF RS L o E P
FL A F DR Rl g R
Rttt R R > % o £ B A P FoNPT3% TR T
CRPTBRG LA PR AL PR E % 2
WAt e g R Y R R AR 2 R

AL E 109 E F E P PR R A 4k SRR MR R
ZLEFIFEMRT Y 0 WA (DREF s dE R Rl BT e i
Mo Qi FER AT P REFF  QORER IR
BRI LR ORISR IR A SR L Bk 2
FIBIE B FTAAT o AFFH L TR S F KRG BRI BN G PR

FREEGRELE 2 F IR BB MR FATE

VLA FLRTEE P 0 2 18 A A TR B M AT

Sy

N —
2. — °m

The operation license of Taiwan 1% nuclear power plant has expired since

Dec 2018 and the others will expire by 2025. The plants are moving onto the

256



"309 _ _
TR FEREERAMAHAERRER

phase of decommissioning, and spent fuel dry storage systems are essential to

the decommissioning procedures. Namely, the fuel needs unloading and
removing from the reactor and pool. After that, the emptied pool can be used
for dismantling of the reactor, pool and reactor building. Heat removal greatly
affects the safety of the spent fuel dry storage system, and the ventilation plays
a key factor in the long-term integrity of the structures and components,
especially in view of materials deterioration and temperature dependence.

The 109th-year research project is to conduct a study on structural and
material performance of drystorage cask systems and the regulator compliance.
The study collects and analyzes the techniques for evaluating the ventilation
performance of drystorage cask systems, factors affecting the material
deterioration of the systems, industrial specifications for material properties,
and characteristics of different drystorage cask systems and safety regulations.
The results obtained will help develop advanced safety regulation for
drystorage cask systems in Taiwan and improve the design review and

management techniques.
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*WASSC/TRANSSC joint working group, “Methodology for a Safety Case of a Dual Purpose
Cask for Storage and Transport of Spent Fuel”, Report, 2011-2013.
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Research on the radiation safety management and planning technology for
decommissioning of nuclear power plants
(z* 4 %35 1 AEC109003)
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Due to the decommissioning of nuclear power plants in the future, it is
necessary to develop safety control technologies related to decommissioning of
nuclear power plants, and to learn the international experience of nuclear power
plants decommissioning to develop complete decommissioning planning and

management technologies for large nuclear facilities. The project includes the
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analysis of the applicability of protective measures, the collection and analysis
of potential radiation accidents during decommissioning, and the study of the
application of countermeasures. In this project, we conducted research on
"development of radiation dose reduction technology and application of smart
technology", "research on improving radiation control technology during
decommissioning”, and "establishment and training of radiation detection
report review technology during decommissioning". The research results can
support the sampling of environmental parameters at radiation sites, and to
reduce the exposure hazards to personnel working in hazardous sites. In
addition, the research will assist the authorities in implementing radiation
safety control during the decommissioning phase, and provide a reference for
the authorities to review the design and results of the decommissioning
radiation detection of facilities in the future to ensure radiation safety during

the decommissioning process of nuclear power plants.
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Development of Task Review, Verification and Control Capability on the

Design of Final Disposal Facility for Spent Nuclear Fuel
(G & %% ¢ 109FCMAO004)
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This project aims to study the safety requirements and/or guides
established by international organizations for geological disposal facility of
high-level radioactive wastes and the design criteria of geological disposal
facility adopted by various major nuclear-power-generating countries. Based

on a careful assimilation of the information, a draft guide for the safety analysis
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report on geological disposal facility has been devised. Composition of the
guide was launched by compiling the chapter on facility design, along with
suggestions on major technical review issues. In addition to the preparation of
design guide for geological disposal facility, a couple of verification tasks on
important safety features of the disposal facility are included in the project.
These tasks are intended to be conducted independently such that major
findings from Taipower’s safety assessment reports and/or internationally
collaborated researches can be compared/verified. Thus, two technical sub-
studies, namely, verifications on the results from field experiments conducted
through international collaboration and seismic analysis/simulation, and the
behavior of low density buffer and its effects on the thermos-hydro-mechanical

coupling functions in the deposition hole, are included in this research project.
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