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Abstract

Units 1 and 2 of the Kuosheng nuclear power plant will enter the
decommissioning stage immediately after the expiration of the operating
licenses in 2021 and 2023. In order to regulate the safety of the used
nuclear fuel temporarily stored in the vessel during the transitional stage
of the decommissioning of Kuosheng nuclear power plant, this study
will establish an advanced thermal-hydraulic analysis model under the
decommissioning transition stage of the Kuosheng nuclear power plant,
and perform SBO transient analysis and safety assessments to assist the
regulatory agency in reviewing works. CAMP is an international
program for sharing assessments, research, code development, and
accident analysis for reactor and plant systems. Taiwan could obtain the
latest advanced thermal-hydraulic analysis program version through the
CAMP, and this project will strengthen the technical capabilities of
domestic's safety assessment through technical experience exchanges

with the United States.
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© Volumetric and Edge Data - Vessel 20
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© Volumetric and Edge Data - Vessel 20
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© Channel 4 - Properties View X
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@ Geometry - Channel 3
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e Rod Locations - Channel 3
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@ Volumetric and Edge Data - Vessel 20
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e Edit Wall Temperatures (K) X
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X USNRC  TRACE Roadmap

Protecting People and the Environment

V5.0 Patch 6 has been released

V5.0 Patch 6
Release V5.0 Patch 7
Feb 2021 March 2022

V5.0p7-stable
branch

Main
Development
trunk

V5.1360 V5.1472

08/03/2020 11/2/21

f

We are here

B 38 TRACE #2:%% E % fi 7 2. B

/\{/USNRC

Protecting People and the Environment

Training Plans

 Training courses for 2021
— Basic training
— NRC staff topics \

« Migrating beginner level content to
an on-demand self-study platform

« What topics/approaches would you
like to see?

Bl 39 2R ¢ 7 T2 BAART IR
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/ U. S. N R C
> UNITED STATES NUCLEAR REGULATORY COMMISSION
Protecting People and the Environment

TRACE is the NRC’s Thermal Hydraulics
Systems Analysis Tool

« NRC would like CAMP members to focus their
assessments on TRACE.

« Suggested Areas:
— Modeling using the Exterior Communications Interface

— Testing of new features (e.g., higher order numerics,
fully conservative energy equation, droplet fields)

— Additional Integral Tests
— Research and Test Reactor Applications
— Artificial Intelligence (Al) & Machine Learning (ML)

10

Bl 40 2 Wt g2k € A R L 2488
{/USNRC

Ittglpl IIII ment

SNAP Development Overview

» SNAP Status - Version 4.0.1 Released 10/2021
— APT Plot Integration
— Global Find Dialog

* GIT Plug-in Updates
» TRACE Plug-in Updates
« MELCOR Plug-in Updates
* AWS Support
* On-going Work
— TRACE Merge/Diff
— TRACE Python Bindings

* Future Development Work

B 41 SNAP #2383 B & 4
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‘KUSNRC

sclear Regulat
Protectin zl’elnl dl/ Em nent

Uncertainty Plug-in Update

» Version 1.7.5 Released 5/21/2021

+ Python bindings for UQ were updated to support
platforms which use remote locations for
intermediate files (e.g. AWS Batch)

» The Python API files for UQ streams were updated

* The UQ Report generation logic was updated to
resolve an issue including lognormal distributions, or
when all the sample cases fail.

Bl 42 7 B fe sV 2 L ATH

'%USNRC

Protectir gl /:/ (/l/wl‘ ment

APTPIot Integration

+ APTPIot is now packaged directly with SNAP 4.0.x
as an optional feature set along with the ACS plug-in
and PyPost.

» This simplifies configuration, eliminates the need to
install these applications separately and reduces
disk space requirements since only a single bundled
JVM is installed.

* APTPIlot python, PyPost python and SNAP python
files are now unified under in a single directory.

— “<SNAP>/python” is all that needs to be included in the
PYTHONPATH environment variable.

B 43 APTPIlot ‘g Bl42:" { A7 iy
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NRCCodes License Key Server

* New License Key Server is in development
* Includes functionality to:

— Download license request file generators for TRACE,
RELAPS and PARCS.

— Upload license request files for TRACE, RELAP5 and
PARCS.

» Single or multiple license request files.
— Request license keys for specific code versions.

— Automatically email license keys once approved.
+ Can also log in and manually download license keys.

— Report issues with existing license keys.
« Server will be accessible from NRCCodes.com
— Anticipated to be available in November 2021.

Bl 44 £ FPH § A 474250 R4 b
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AETIREE SR CAMP € B K2 4p M mshs B & i 2
AR 7,0 A& 6 § 4 & NUREG/IA % % % > FIE5 B
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1. NUREG/IA H 4R 2 3 £ & ik
hics #57 CAMP 5% ¢ hits » M E § 6 FRL =5
NUREG/IA H s 2 4% % > 4Bl 45 & W] 5
NUREG/IA-0525, TRACE VVER-1000/V-320 Model Cross-Code
Validation (Ukraine).
NUREG/1A-0526, Simulation of Total Loss of Feedwater LOFT
LP-FW-1 Test using Relap5/Mod3.3 (Slovenia).
NUREG/IA-0527, Analysis of Main Steam Line Break Accident for

3-Loop PER with Relpa5/Mod3.3 Code (Taiwan, ROC).

Feohpag 7K EFF 2 NUREG/IA $pFdR 4 - & 2 B FL
Ble @7l o B RAEE R)E G FLT o ARl 46 7T 0 ke
{5 BETL f ¢ 2009 # 3 2021 & ¥ - £ P F § NUREG / 1A $jiesp
4o dimid e 161 5 4o B 47 #7753 4 & 31 % NUREG
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NUREG/IA status update

New reports posted since May 2021 virtual meeting
- NUREG/IA-0527, Analysis of Main Steam Line Break Accident for 3-
Loop PWR with Relap5/Mod3.3 Code (Taiwan, ROC)

- NUREG/IA-0526, Simulation of Total Loss of Feedwater LOFT LP-FW-1
Test using Relap5/Mod3.3 (Slovenia)

- NUREG/IA-0525, TRACE VVER-1000/V-320 Model Cross-Code
Validation (Ukraine)

B 45 7% £ 2 NUREG/IA 3F £

NUREG/IA status update

» Pending Reports

— NUREG/IA-05xx, Analysis with TRACE Code of PKL Ill Test G1.1 & G1.1a Study on
Heat Transfer Mechanism in the SG in Presence of Nitrogen, Steam and Water as
a Function of the Primary Coolant Inventory in Single Loop Operation (Spain)

— NUREG/IA-05xx, Multi-scale Coupling of TRACE and SUBCHANFLOW with the
Exterior Communication Interface (ECI) (Germany)

— NUREG/IA-05xx, New Functionality of TRACE: The 3D Post-Processing for the
VESSEL Component in SALOME Platform (Germany)

— NUREG/IA-05xx, Multi-scale Coupling of TRACE and TrioCFD with the Interface
for Code Coupling ICoCo (Germany)

— NUREG/IA-05xx, Uncertainty Analysis of Main Steam Line Break Accident for
Maanshan PWR with RELAP5/DAKOTA (Taiwan, ROC)

— NUREG/IA-05xx, Simulations of BEAVRS PWR with SCALE and PARCS (Poland)
— NUREG/IA-05xx, Relap5, TRACE and APROS Model Benchmark of the IAEA-SPE-4
Experiment (Hungary)

Bl 46 & %% 22 NUREG/IA #£ 2
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1. TRACE V5.0 USER’S MANUAL, USNRC, 2018.

2. The Fukushima Daiichi Accident Technical Volume 1/5, IAEA, 2015.

3. Standard Review Plan for the Review of Safety Analysis Reports for
Nuclear Power Plants: LWR Edition-Auxiliary Systems Branch,
NUREG-0800, Chapter 9, USNRC, 1981.

4. General Electric Systems Technology Manual Chapter 2.8, USNRC,
2011,
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6. Summary of the EPRI Early Event Analysis of the Fukushima Daiichi
Spent Fuel Pools Following the March 11, 2011 Earthquake and
Tsunami in Japan, EPRI, 2012.

7. NUREG/IA-0524, TRACE VVER-440/V-213 Model Cross-Code

Validation, International Agreement Report, 2021.
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2021 Thermal-Hydraulic Safety Analysis and Regulation Technical
Improvement for Nuclear Power Plant- Safety and maintenance

impact induces by the microbial corrosion on components of NPP

during decommissioning transition
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Abstract

This study uses experimental methods to investigate carbon steel
and 304 stainless steel corrosion behaviors caused by the
microbiological corrosion mechanism of SRB bacteria and SOB
bacteria. The temperature range of several components (e.g., cavity,
spent fuel pool and core) during the decommissioning transition stage
are considered to establish the environment of experimentation. In the
study, weight measurement, electrochemical impedance spectroscopy,
electron microscopy and energy dispersive X-ray spectroscopy
techniques were used to carry out material weight loss, surface
corrosion status, and material polarization characteristics. The
research results show that after 6 months of accelerated experiment,
SRB and SOB bacteria have no Pitting Corrosion or General
Corrosion on stainless steel, while carbon steel has Pitting Corrosion
or General Corrosion as the environment rich in SRB bacteria and
SOB bacteria. Further results also pointed out that water quality
management and temperature control are expected to help ensure the
integrity of the cooling water boundary during the transitional phase

of decommissioning.

Keywords:  microbial  corrosion, transitional phase  of

decommissioning, carbon steel, stainless steel
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% 3 - POSTGATE Medium

Solution A: 980 ml + Solution B: 10 ml + Solution C: 10 ml

Solution A:
K,HPO,

NH4Cl

Nast4

CaClz X 2 Hzo
MgSO4 x7 Hzo
Na-DL-lactate
Yeast extract

Resazurin solution

(0.1% w/v)
Distilled water

Solution B:

0.5 g | FeSO4 x 7 H,O 05¢g

1.0 g | Distilled water 10.0 ml

1.0g

0.1g

2.0 g | Solution C:

2.0 g | Na-thioglycolate 0.1 g

1.0 g | Ascorbic acid 0.1g
0.5 ml | Distilled water 10.0 ml

980.0 ml

# 4 ~ Acidithiobacillus thiooxidans medium

(NH4)2$O4
KH,PO4

CaClz : 2H20
FGSO4 : 7H20
Sulfur (powder)
Bromophenol blue
Distilled water

20¢g

30¢g

025¢g
10 mg
1.0 g

10 mg
1L
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BEEY PR RAAR LR 2 g ¢ F Bt 2 304 4
B o MR B S A (FREAF %) 4ok 5 %7 > 2t R
E R A E 10 mmx10 mm o B G 1l mmo T FRIE g T £
0 E 10mmx10mm > B A F 2 1mm: 325 F 6 12 304 SS E e (7
L% o R R A g 11 80 ~1200 BLR) M FAE 0 L 3 BF Rk

BEE AAMARN AT A RT ISR R Y R

F 5~ B4R 513047 i 4k chit B A & (Wt %)

Yowt C S P Mn Si Cr Ni Fe

CS 0.02 0.05 0.04 0.9 - - - balance

304SS 0.08 0.03 0.04 1.65 0.02 18.25 9.45 | balance

)‘M

LR &
= 3 SRB F(Desulfotomaculum nigrificans, D.n.)# 1 %415 &

(=)

$304SS £ G VAR A NF AT L R BRI REFFAT o Kbk
21304 % 4h4hE e r SRBREAY RSB E
WP AHE 75 SRBERAATRE)E T5 245 AHRE) O
BIRAL F ePIRAEEZ PR MR R SRR

BRI o 2 (5 #

#T5EH30-60~90~120- 150 180 = ez L F % - SRBA 7 i&
Fang R 5 40°C > M E R4 ¢ &7 o SOB [tk (Thiobacillus
thiooxidans, T.t.) ez 5L F 2 P> 30°C:E 7 » PIERFR 5 15 % > & 5

-'? ‘E' ‘-,ki-lu]‘pg ‘E' °
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F* 7 i 5 e pulf 3 2 (Electrochemistry Impedance Spectroscopy,
EIS)k & 45 R Flic 2 - A A 2 chT P P U0 38 a5 o
EIS * fE et e 27 AR T E » 72 FRE 7L 313
BRRF B A0PCHRBEFERREE > FHREFI 2 FRER B
Mg B RIRIELY BRA S BRI E AP F R R T 2 (0OCP) ~ #
it Fre s tFREREA P R R & CS-1130 2182
T TR T e FHREAFGLCB 5977 » & AEFL T F
* & {o4 & 7 #&(Saturated Calomel Electrode, SCE) (* 5 %% T & > @
%iéﬁﬁlﬁ?ﬁ&ﬁﬁ24nm’ﬁ¥?ﬁé*&ﬁm¥WQ
f2 B G RRps R % r2 12 B -k (Phosphate Buffered Saline, PBS) > B £ =
éiﬁ»i%é%i%uﬁiiﬁoﬁﬂﬁﬁfﬁﬁEMEZVEE
B 10mV el 520 04 5§ S 102~10° Hz: iB| & % % 11 ZsimpWin
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(2) #7410
R F R L RER R BT R B R ORRJIT 0 S Y
SEM it {74 0 > a2 42 5 2 00 5 3%~ = fEen PBS i3 0% B i
3P kAN PBS BRSBTS KRBT ikt 25%
50% ~ 75% ~ 9% PP i 73R ad® > & S adR G 10 A 480 ok R |
A F F @Rz o R P EAPFH M B RS 3T PBS PBS it
S 4ed 6% oo el R A S % NaOH D & pH & 74> B8 8 BR#
Flfe 4 ae iz g * oo
P BB T MIC Faa7) 50 R ERMEERE%RE
( American Society for Testing and Materials, ASTM ) #7 2> i% 2. ASTM
G1-03 HR3F = ;2 [4] 24 '7 4 300 mdwsd 7 enip & L% @ 6N HCI
500ml +1.75 g = &7 7 £ v %(Methenamine)3 /& T =7 10 4 45 >

m 304 SS 3 % E_7A 60°Ceh 6N HNO; /=72 20 4 45 0 2 {8 'jaL IR RN
I (7 0 sRIT TS AR R RE A EE S R ERE Y N R LR SR 15 eh

3650 * % £ (g)
EEBRE (L)*’éé‘#\i fF(em?) » R (day)
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4 6~ PBSAi A

NaCl 40¢g

KCl 0.1g
NazHPO4 : 2H20 0.9 g
Distilled water 500 ml
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LB Rl AT X AR e g R R o 3
B
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I HERA RS FRT UED 109 EFTIHFEL Y TR
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Bl 78 % 8L 24 RA P TFPRAFTF DL IR AR T
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2 T-RGFATIETRIIEFEBES (7 FREEHBE)

Carbon Steel 30days | 60days | 90days | 120 days | 150 days | 180 days
ERE® | FERA -11.71 -2.75 2.58 -2.82 291 -3.46
(mg/cm?) AR -11.72 -1.5 4.01 -1.58 -1.34 2.1
AR 5 7 #pF | 0.18149 | 0.02131 | -0.01333 | 0.01093 | 0.00902 | 0.00894

(mm/yr) ¥ F | 0.18165 | 0.01162 | -0.02072 | 0.00612 | 0.00415 | 0.00542
*(density: 7.85 g/cm?®)
Carbon steel
6
4 ..
,r; 2 "l.
E o : .
g A~ S
m 8
i -10 -
12 [ 3
-14
30 60 90 120 150 180
K

L8 304 BmEE RS HRBES (FFREHHR
=)
304 Stainless Steel | 30days | 60 days | 90days | 120 days | 150 days | 180 days
TER® | FERA 1.09 0.73 -3.19 0.23 -0.23 -0.13
(mg/em?) | %47 1.15 0.94 -4.89 0.4 -0.11 0.11
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KA ¥ | 3 #&EF | -0.01672 | -0.00560 | 0.01631 | -0.00088 | 0.00071 | 0.00033

(mm/yr) *FF | -0.01764 | -0.00721 | 0.02501 | -0.00153 | 0.00034 | -0.00028

* (density: 7.93 g/cm?)

304SS

RS (mg/cm™2)

30 60 90 120 150 180

KE P

B 7304 % g et BRI S FBE S (5 AR HEL
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% SRB ;ﬂm,s% RF B 304 BT AT HEFORFLSIR Y

AR P ERIA R F LSRR T D4 4T 0 B 2 SRB F 2 2
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CS PD Control

s 9

FRAESHR LB EERT
A % SRB R 4
it 515 L JE ek 3

0
-0.1
-0.2
-0.3
-0.4
i —@—day 1
2 -05
w O
= —e—day 5
w
—8—day 10
-0.6 day 18
—8—day 24
-0.7
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-1
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Current density (A/cmA2)

(a)¥t PR =
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CS PD Test

-0.1

-0.2

-0.3

-0.4

—e—day 1

-0.5 —e—day 5

E (vs SCE)

day 10

day 18
-0.6 v

—e—day 24

-0.7

-0.8

-0.9

1.E-08 1.E-07 1.E-06 1.E-05 1E-04 1.E-03 1.E-02

Current density (A/cmA2)

(b)3F 3% ‘e
Bl 8~ B4k & SRB Fi & A ¢ it o &
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Abstract

This project consists of two themes: "Study for the Shared
Systems Safety Management during Decommissioning of Nuclear
Power Plants" and "Hazard Assessment Technology during
Decommissioning of Nuclear Power Plants". The first theme is to
evaluate the risk impact of the shared systems design or operation
change of Kuosheng Nuclear Power Plant (KSNPP) unit #1 on unit #2,
and to propose recommendations or precautions based on qualitative
and quantitative results that may help the regulatory policy for
domestic regulatory agency. The second theme is a pilot study to
collect relevant literatures to understand and establish the assessment
method of non-radiation hazards during decommissioning of nuclear

power plants.

The main conclusions of this project include (1) Acomplished the
risk impacts of the design or operation change of the shared systems
of KSNPP unit #1 on the unit 2, and the results show that the risk
impact is minimal and complied with acceptable region Il of RG
1.174. (2) Established the method of non-radiation hazard assessment
during the decommissioning of the nuclear power plant and conducted

the case study.
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Evaluation of radioactivity in
a decommissioning scenario
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—> to eliminate
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Eliminated ? measures to control
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to eliminate non-
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Controfled ? safety devices

Controlled ?
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Provided ? personal protective
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No
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Consideration of]|
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(= )HAZOP  application for the nuclear power plants
decommissioning projects !

PR 2016 & d M s kAT 3 “r(Lithuanian Energy
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Annals of Nuclear Energy » 3 &8 p 2 52 i p T B2 v & (T 0 47
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BT pre 2 2 ot 2 1 & R K HAZOP Hpies >tk
S Ignalina +% B 'f 73 ',ﬁ’a‘fr“,f (D&D)iF¥3l4ez &g ehfp* o
‘%f RE 2P 0 & BT
1.% 2% 7 $#(Safety assessment framework.)
2.4 # W % fo 'k & & # (Description of facility and

decommissioning activities.)

3.5 T A 47 ¢ P& & g (Hazard analysis: identification and
screening.)

4.5 T 47 1 =i (Hazard analysis: evaluation.)
S B kB X 2 F #ﬁ %5 (Evaluation of results and
identification of safety control measures.)

T 2T RFERAT G R TR AL R AT R
WU ERE ML BT o (FLE T 2 AT A BN AT
ERF AR LAt A AR R p TN A - B 2o i
G ARfrg Ao BRWAFFT R OET > XY
MR AT TAHLIITAR - SRR BE X DR G o

=1 A1 53+ T Bu(lgnalina Nuclear Power Plant, INPP) g
1983 #11 k - E H > o RINMaE & a3 (15048 B0
1983 & F 438§ > 2 548 23t 1987 &£ B 4o f 0 1 548 e ek
243 2013 & 25 ET 2017 £) o d A ITL P W
FF e TRk R PR B3R i3 o INPP 1 5L e
2004 & & A A B i@ A 2 B e )t 2009 & KK A TRk iF
# o

145 INPP & % ",f =33 » INPP ",f (i ARAR A B B T[%a‘fr“,f
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R L P IR 7
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IE P NS S 5 1 FEE R 1L SR > m:fﬁ-",lrt fr“,!rt 73R AR
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(1) =/ (& )% *% (Workshop facility)
(2) ",f 73 A4 7% % (Equipment for decontamination)
(3) T # 4 2 A2 £ % (Electric overhead crane)
(4) 7 B+ 23k & (Vessel cutting equipment)
(5) ¥ ¥~ 23K # (Pipe cutting equipment)
(6) #:8 2% #% (Handling equipment)
()i B E & o o 3% 38 g % & (Ventilation equipment &
mobile filter unit)
(8) & 3% # (Monitoring equipment)
a0 R B SR i T AR 5 b At (i
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