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Abstract

In Taiwan, the nuclear power plants have gradually entered the
decommissioning phase. During the decommissioning transition phase,
nuclear power plants must continue to safely store spent fuel, and
therefore, the related structures, systems, and components must be
maintained to ensure the safety of the nuclear reactor facility during
decommissioning. In particular, the effect of water quality on low-alloy
steel materials in the early stage of the decommissioning transition is an
important safety matter.

Regarding fire protection strategies, unlike the main objective of
fire protection plans for operating reactors—which is “to ensure safe
shutdown and to maintain the reactor in a safe shutdown condition”—the
primary concern during decommissioning is to protect the “integrity of
the fuel stored in the spent fuel pool” and the “fire areas for the storage
of radioactive materials,” thereby preventing or minimizing the release
of radioactive materials in the event of a fire.

In terms of international decommissioning experience, Japan has
several nuclear facilities currently undergoing decommissioning, and
some nuclear power plants have already begun dismantling reactor areas.
Their experience is worth studying.

This research project is divided into three sub-projects. Sub-project
1 will analyze the impact of water quality on low-alloy steel materials;
Sub-project 2 will analyze fire protection strategies during
decommissioning; and Sub-project 3 will analyze the decommissioning
transition and facility dismantling experiences of Japanese nuclear power
plants. It is expected that the research outcomes of these sub-projects

will provide important regulatory recommendations. Below is a



summary description of each sub-project.

Subproject-1 : A study on the effect of water chemistry on low alloy

steel used in nuclear power plants during decommissioning

In Taiwan, the decommissioning stage for the Chinshan Nuclear
Power Plant is the post-operation transition phase. Since the fuel rods
have not yet removed from its reactor core, the reactor pressure vessel
still needs to maintain its structural integrity. Low alloy steels are used in
the fabrication of reactor pressure vessel and vessel nozzles. The criteria
for water chemistry at this stage is that the concentrations of chloride
ions and sulfate ions need to be maintained below 100 ppb, respectively.
Due to the open cooling, the dissolved oxygen concentration in the
coolant is maintained at saturation and carbon dioxide from the air
dissolves into the water to form carbonate ions. Therefore, the influence
of water chemistry during the post-operation transition phase on the
integrity of low alloy steel components were evaluated. Therefore, the
influence of high concentrations of chloride ions, sulfate ions and
carbonate ions on the corrosion behavior of low alloy steel were

evaluated.

Subproject-2: Study for Fire Protection Regulation Strategies during

Decommissioning for Nuclear Power Plant

One of the primary fire protection considerations during nuclear
power plant decommissioning is safeguarding the integrity of spent
nuclear fuel in spent fuel pools and preventing or minimizing the release
of radioactive materials due to fire. In this project, study U.S. NRC
inspection reports to understand fire events during nuclear plant

decommissioning and compares the differences between RG 1.191 and

\"



RG 1.189, serving as a reference and benchmark for Taiwan's regulatory
authorities in fire safety oversight inspections. Additionally, we conducts
a qualitative screening analysis based on the existing fire PRA model at
Kuoshang NPP. The analysis results can serve as a reference for
regulatory authorities' fire safety inspection strategies.

The main conclusions of this project are:

1. Reviewed 11 fire events documented in NRC inspection reports
of decommissioning NPPs reveals that nearly half of these events
occurred during hot work where combustible materials were
present within 35 feet of the ignition source without adequate
1solation or protection. This highlights the critical importance of
controlling combustible materials and ignition sources during
decommissioning.

2. Key differences between RG 1.189 and RG 1.191 include
shifting the fire protection objective from “maintain safe
shutdown” to “preventing radioactive material release.” Due to
potential significant changes in plant configuration, layout, and
combustible material quantities across decommissioning phases,
fire protection plans and procedures must reflect any major
alterations at each stage.

3. Based on the results of qualitative screening analysis and circuit
(cable hot short) analysis, eight fire zones, namely 10, 12, 24, 43,
48, 119, 122, and 131, have relatively high risks of causing
initioning evevts due to fire, and are recommended as the top

priority for fire inspections.

vi



Subproject-3 : Research on the Latest Regulation Practices and

Reactor Area Dismantling Phase in the Decommissioning of Nuclear
Power Plants in Japan

The nuclear power plants in Taiwan are about to fully enter the
decommissioning phase. Among them, Chinshan Nuclear Power Plant is
progressing the fastest, having entered the transition phase of
decommissioning and is expected to face the challenges of dismantling
operations.

Ensuring thorough assessment and planning, as well as effective
regulatory oversight, will be critical to maintaining the safety of the
decommissioning process.

Given the limited domestic experience in regulating dismantling
operations, it is essential to draw upon the experiences and practices of
international nuclear facilities that have been decommissioned or are
currently undergoing decommissioning.

This project will conduct an in-depth study on the latest progress in
decommissioning operations at Japan’s Hamaoka Nuclear Power Plant
Units 1 and 2, Genkai Nuclear Power Plant Unit 2, and Fukushima Daini
Nuclear Power Plant Unit 1. Particular emphasis will be placed on the
challenges and difficulties that Hamaoka Nuclear Power Plant Units 1
and 2 might encounter during the reactor area dismantling stage and the
regulatory measures adopted by Japanese authorities.

By leveraging these experiences, the project aims to provide
valuable reference points for regulatory inspections and oversight of

decommissioning operations in Taiwan.
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PR LA RBEPERT O HREPESRREEF AR o £
BWR & * 7 e ehp & BipF > $30-RiC g F0 7 a0 g

-

ﬁ
e AR ?}*Jcﬁi%&rﬁ RERERT O RS RR &

& 1lppm ™ ¢ @& Al 304 7 Sk i & &4 K4 E A 4o Electric
Power Research Institute(EPRI)s# 3 48 4 » & 7| - &KL §
BT 0 BRIV R & 25~100 ppb € 4vid 304 7 &4 s
oot KA tr 3 RV ERET M EEREHES FAFL
Ao kch AR AR R R AL > HE AW FL A
Fatldp+ a A4 Rk e BELFE {3 kAR A
SAS33 B i & £4 R A3 h- SR P BHRE A L4 d R Bk

F
24_ ?Baaﬁf\);'aaa@" }@‘éﬂl ° %zfé)iﬁ?é’éﬂi—* g léﬂflblfgﬁ"h’ﬁ
AEERZ LR KR 7 MEEHGREF LT HES KA

k5 EPRI $120 kU F Bk i enk 0 Gt F g ps
B RF YT BRI kR 7 i 4238 5 ppb(2016 # guideline
FAET L 3 ppb) o ALE Mt B Ak B PR A i P BT
iR p mv/ﬁ?#—'-i_ii” TRGE R PF g R R s R IFR

R RERGRAL S CERET 5T 8RS BT AR

*%&ﬁﬁm&’ﬂﬁﬁﬂﬂ%ﬂ$%%iﬁﬁ%ﬁﬁ’ﬁﬁ
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Wi o FEFERA TG AR B R RE > LG
WS FFFGL o 5T @A F LB S s AN
FER I B g > LAk R K A BRI ke
TRCETREZSFBIEAT A AP LENT > RRE
ﬁ’%&@ﬁw&EEJmmﬁﬁﬁﬁﬂ%ﬁ¢ﬂ§£ﬁ’%
CER AR ERZEZRAF A 100ppb TP KT R
2 8/em e i FloR PR R R FIR AN 4 friadE Al ppm
#H ke e kR 8~10ppm) et ® § MR G ¥ 0T
sk B Z F ¢ ans § BRUBRE A ) RS o

HTEA @A DPE YT A S AEFR K e

FE S ERERRES A 5 %ﬁ?ﬁgﬁ&%BBﬁ
LemAZ BT REPRBEIMNILEHRERTET B =
a5 Ml g > BEER - F o fmﬁﬁﬁwﬁa £ 4e
KERFERERER > B2 R Fas Kb R > F B
Bt B AERE  ZER-BYRERY S EHNE ABMH

R4+ $30 SAS33 B K & &4 cnfF & (7 5 B ERAR - i)

il %Hﬁmﬁﬁ%&%&@ﬁ%&ﬁwﬁ&ﬁT’ﬁﬁ%
kR hE A RELEATEES $0 e 1 3 Bk DA 7 G

%@ﬁ&oaiﬁ&ﬁfzﬁiﬁﬁ B3222 U-bend |3 e

B I FTERCETIRMEL S AT P BRET
ﬁﬁﬁ@%%&fﬁi@éﬁﬁ&ﬁ%+&%&M%B@

L a4 F A B E LAt RBRRET iy AR Taed
A

EEV NN SR SRS N



B R RS & 2

£
fr’\]l{‘b $% zg'—l—}@réﬁmg _‘EKO

RIFIZ2FLHE

FRRERS A KAF RE? B2 283 G5B
chie o hF RS AR  EEE ORI R | g Sk
feoiT® T o TR RAERLA A v Ok ¥ (Thermo-mechanical
Fatigue)™ » Bl v it A 2 Adn2 2 £ » A A KN E REY B
P AR A T L RB R A SR PR A s
BACKAF RBEBRKNF REY RS T EEEREEAD
et Fas i AP TRELERE &40 L& HFF
@%@*ﬁﬁﬂﬁ@’@Jﬁﬁﬂagﬁﬁﬂﬁ’gﬁiﬁﬁ
P B R o b Rk R AREA RER Y 0 BRAME
R s B SRR PR RKE 2HEkBNA
droRd o SRl BR R e T RE 0 B MG B AR 4 4R
S B < B 1 B 2 10 S A B S ‘“é’f#ﬁ;}imb%%b‘_
T {8 ME AT RESAF KA S A (Strain-induced
corrosion cracking, SICC)&5#= 3y R > B R ~ ik ~ 5 P RAE T
B EARRE B (oF S RS st E ) ¥
EBESICCodednr L om hp AP % T HEFR
GRG0 R E M B RITALT § RS 8 A DA
MR M e 3 BRE T ROTLREFAT g MK E £
e R o A ML F AT RR L MEE A ed ki
# (Hydrogen Water Chemistry, HWC) o # & k. » - -k iv &
(Normal Water Chemistry, NWC)™ » § # &+ )k & d <1 ppb 3 *«



iSppr@:’fﬁ rﬂf\]ig\v\x? }agﬂ: 1001*7-!1?3:7¢\+4n
RICET 5 B A4y A M KR ‘l?i‘g4c4fgo§l§r}j§_§i
S et A A A L sk R FE A

&l

ooy

BomH e RS 0 X250 °CE R A s B o FIRAT
304 # 454k ~ A302B B4k 9 & 175°C #2335 0.1 © 0.2 ppm 3%k
BvY » BB EHANHES L EFFETE B LM E 4
G (VIR ) e d R F ok 3

2 0.05ppm =] > Bl K FES BOR A 150 °C o R F
lcdp BT 0 kN F BB S POk %ﬁ%*@*ﬁﬁ%ﬁ%
Hag B v 22 PR IS G LT L mesf
?wdf’ﬁﬂﬂ@<%%ﬁ&¢ﬂ%ﬁ¥%¢w&i§ﬂﬁ
RFF ALY 128 > 5048 & k3 B BEHC] o TR

i 7 R, A D = R o W 3 ¢
BMEEMT T 0 kY PRFEE AT F Y PRFZ A

®z 3 0.007

ey

BE ARV BB R PR BT e R RO e Bk R F RE
BER T eng B B ERAIAE T 30 SAS33
B & w4 PBE Lot FEACRFERPFELF P
FORGE kY TR o F R R A RS P
RS e A7 R e R AL e E LB ad
S T RSl SN RN S
G E S BRSO E Ak E R K U-bend
Bk

FHEITFERYERAFHREAFHTRRET PF B 4 =
¥

oA HE S AR TURERETRERERT D47
R

R g A R



R ERE L P AT

(=) FATRRE AR F Rk F 2 T PR
WIS At B NERY ST Em
Feip T Pres AR T 2 > 3 18 % 4o Ut 0 T
BE FlER

—_\

<)-

N
-

Iy

() BHPRROF RERY T LRI 3=
SRR LI AL G dE ppm R F RR T HPTILE
RS RFRA > TFHABIYS ~ § 4T 2
FRitds L3 I 2 F R A 0 BN SRR

M G2 F IR EER

e
.

4y

N

S
ne

ps
hg

1. sk kst gE3k - oK PR Sk HoE BWR 4 (iR
etk g CRBEHRT L RAeR 1- 1) 4o 84 4000
#EEAR (RELS0°C): kK@ EEF 2804 &
LHE I RE o AR RREL PR e P RKR
R EFREER (50 °C #F)e ety d PID
(Proportional-Integral-Derivative)#=8 B4 » IR 7 1%
orplE S Y RITE R e B BT kg S 1B
JpA s RV b NP TR 2 KV ERBEVEAE
o4 cEBFME I AIER AR § gk
&feip ¥ RA(GOppm) > M F E B~ EERH T o ok
LEELE-S I S0 I F T IR T PN RV % g
RN FRERS A - A FR-ARPT R 3 E 2R
PET A DV GRS  § B R
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T TRFLE O RFEY B P 7R & - R
5 A S48 h 3161 17 5 kAR o JTR B BAL
Vi 316L7§;§@ﬁ%§ixrm? 2 g RER LR & rgry;
2w atRiE 4000 psic Tt - FE IS &2 4
BiGEORH o AR EELA 5L ATRI B X PR B A
R Bkl BRI R CRRE
2R B LI RUEENPREL Y NEFY > PP
RERIFEIAHFLIARR 8w DR
%A 5T o S UETRI B A BRAR TR ORI B b
KB FF B E R R GRS (R
B PR B A7 € bypass #7n i g M AR i 7 4 gL A
F )

2. BT W ERIL AP T F M S SAS33 B M E &4k o
ERFPEERCERF R DR HF R R D
F2cmx2cmXx 1mm2 & > 35T 4EEF o U-bend &
A RFAFEHRE Y hE_8emx2cemx2.5mm 2 & > A5GE
> U-bend F % % 4c B+ stain 3 12.5% ° § & {72
R VY - AL o (SiC)F}ﬁ'&Pﬁ,ﬁ“ffé e TR
d 80 HLA B3 1200 5L o

3. HE I (Mass gain) € P F S AES% P 50
£ =X

CEAE ¥ ROEFCRIATR AT T o 5% g
TR RIFEEARRDEOTE RO HPOFER

% o

4, U-bend & # K4 % 304 3 & § — U-bend test’ #-



WO - AL FTI- A ER o F IR LER
dd KL EF_E 0 H ostrain 9 5 12.5% =% 0 HER 4o
Bl 1-2977 o Bpt A BB B 2PIRRE 2 8T 38
74 +a & + B Hc4(Scanning Electron Microscope, SEM)

FLRES A G A2 Bnh T2 SRR o
Lo AT IRIET AR EF R T EASERRL R
WS H e RFERFRE Gng B L U T T SRR A
BARE > TP RIS Lo DA LT G AT
B E TR R RS Vi SRR L
PR FFREL I R FIAREFRE LG A2 2
AT REFP R A0 A5 L 51 17 pb g

Rt

fe ie £ ¢ X £ & 47 & (Energy Dispersive X-Ray
Spectrometer, EDX):& {7 & @ ~ & = & & 47 > @ it £ 4%
X krirRAERTd TFAAFRS L0 T
S N E BB X AR d N AR TR S
7 e d g s X RN o Ft T L EA T X

—\\

&

A A FER ST E A oA A o

F HA 7 F T

1)
(2)
3)
(4)
)

fidt BWR *5 (L P cnis oK 9 & SLIE K BRIGE
SA533B M & &4 T4 % 22 U-bend 23 % ® 1741 o
SAS33B K £ & 4hiE ¢ HESL (BRI ) -
W

& 1,000 ppb # -+ £ 1,000 ppb FrpcIgp+ - I 4c b
1,000 ppb s it > 4% TR A& (50 °C)k i~ i



(t4rin § ) T 7T U-bend 325 o

(6) % 1,000 ppb AEFL1R 4 » 3 TR A (50 °C) ki & 5
T (e F ) Ti{T T8 U-bend % o

(7) R34 %2 25 A4 (SEM & AES) -

(8) T & %R Tfr U-bend 3 & b v 2 IF R
A

(9) FHEREEFLED -

C i
ooling Tube Temperauter
Controller

Recirg
Pump

Autoc lave

Hampef

) Preheater
High Pressure Hear Exchanger
Pump

B 1-1 -k Eo 5y 7 LM



D (HOLE DIAMETER)
CENTRALLY LOCATED
» 20 mm
2omm 2.5 mm

g I i
(b) U-bend & # 22 % £ = 3, Bl
B 1- 2 U-bend & % &3

= FPirE

(<) FRBERAKSF BB R E 2 RER SRR
REF - FRIAGAERPI R E a2 P
PGB H A o AR F Y S A

(Low AlloySteel, LAS) %] 3% ¥ &_ & s 4
(Environmentally Assisted Cracking, EAC)# & % 3z
S A R ST T R

g Al AE R RS R F L E - R g

foR RA e A B eEs G f A AP RO e TR § 30

T o MEEHA RN HEF RERS HEHGAE
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TEELFRRAE S RhRaowidote gt Faed i
ME S HI AR E BRE o £ Al aE 4 5 SSAS33 B

Grade B > ¢ #1 R #_SAS508 Class 2 » §8 4" e i+ § F 2 #7
B4R K AR B R B IR 4 ‘5'-\4)3 o

¥ AT W RN ARG DY R T RS
BERBEY - I LR E‘?@@éﬁﬁﬁi?%%ﬁﬁﬁ”}’f““
P etk F R e A IR 4 B 3

CHEBFAEBELT ME Em[1]

$H3 & &80 7 0 kB e H (BAC) 4 4 &
BXINHRE B~ f R ESEAFRDPIT YK

[ AL PR RE FERA - v 0
EEBAHRBERE LR N EBAOT i L B o

dede 1o 1 AEF e BFF S AERT o kR A EHEN AL

L i A2 R

P\':'mF )iiﬁ. ) & y’k ;Eﬁ%il] P— jm%/fgg ° 7\ }]E'm/EHiT
BREBFALT EFEFALARE (M EFETE

(Electrochemical Corrosion Potential, ECP) ~ 4% ¥ 2 #& &

21- QAR B RMESEERE ¢ § R

2 AW AP RN (2] o
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% 1-1 3 s M & &£45 0 EAC 2 &

i B 2 2]

H

Environmental . .
e Material Parameters Loading Parameters
e ECP and DO | e S-content, morphology, size, spatial ¢ Frequency, loading or strain rate
e Temperature d;sﬂbghon and chemical composition e Level of load, K|, stress, strain, AK
of Mn
e CI, SO, 5%, , _ - « Type of loading
HS e DSA, concentration of interstitial C .
and N ¢ Residual stress
e Flow rate ) )
¢ Hardness/yield stress if > 350 HV5/
800 MPa

Environmental Parameters

Material Parameters

Loading Parameters

ECP* and Dissolved Oxygen

Sulfur content, distribution of
MnS

Freguency, loading rate,
hold time

Temperature, lrradiation

Dynamic strain aging

K level, specimen validity
(e.g., S5Y, constraints, plane
strain vs. plane stress)

Water Chemistry
(e.g., sulfate and chloride)

Hardness/yield strength

Type of loading (e.g., constant
load, cyclic load, ripple load)

Flow rate

Residual stress

* Parameters shown in red are discussed in detail in this repori. ECP is Electrochemical Corrosion Potential.

F 1-2 i

$ & &4 BB BAC 5 4 2

= [2]

Well characterized and established

Insufficiently characterized and understood

¢ Oxygen content and ECP

¢ Stationary conditions

e Sulphate-concentration of environment
e Steel sulphur content, MnhS-inclusions

» Susceptibility conditions (crack initiation)
« Strain/load rate/frequency effects

tion

tions

growth

Temperature, flow rate, chloride, pitting and irradia-

¢ Microstructure (weld filler, HAZ, heat treatment, ...)
¢ Dynamic strain ageing, vield stress

Crack initiation and growth mechanism

Transient (water chemistry, non-isothermal) condi-

Overload and load sequence effects, short crack

REARES HKE sl

B 1- 3 B A @

g

R TR abd kR Rk

12

2 5

B R en

o

# £(>100 ppb)™ - %




X
Rd
W
N
(0]
020]
S
-
=i
~
\"1‘\r

% i£ 60 MPaem'? P » 2 %
# 3% LF deid 0 & K (0] 3t 60 MPaem!? & 5 Frpk
B T2 PR AR kR B ppb pF
(~1120 ppb)> & B § BB T (3 F = 8/04ppb) -
SCC 2 % & i & & K & -] > 60 MPaem'? ps i 4 3
bei G o 4o 1-4 975 [1] o

"w-—

- T=283°C,0.004-0.018%5
10-7 _ O 0,=200-600 ppb, < 1 - 165 ppb SO,”
- ® 0,=8ppm, <1-65ppb SO,

1 n-& | Down-pointed arrows indicate continuous decay of 5CC
£ with subsequent crack arrest within 7000 h

20 40 60 80 100
K [MPa:m"’]

B 1-3 FIf 7 0 AR ME EH NS L E F PR
[11{2]
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10-?E""I""|""I""I""I""I""I""I""
F [T=288°C. DO = 8/0.4 ppm, ECP =50 - 150 mV__
5 i Na SO, H,S0,
n 10 -| @ 70ppbSO° ¥ 560ppb SO 1
"‘E"' | @ 350ppbSO % 1120 ppb SO 4
= 10°] oo
é e.\.N?‘\I\P ¢
et -
5 10" : - °® ]
g b e
----- ®
10" L ﬁ.ﬁ. * .0‘0 E
10 20 30 40 50 60 70 80 90 100
1/2
() K, [MPa-m™]

B 1-4 Aok FAERCTOMBERES N E S A K

& g (112

FRpi @y ¢ B 448 3L & £ - B4k (Carbon Steel, CS)
B id & £ 4% 0 SCC = & o ¥V ELAR LT M E &4 o
ik ORI R RiRe T Aok p it P ehER it g (Bl
B 4 MnS) i3 2 15 £ B BWR 457 4 % 425 2
Bg it B g 2 0 MR RCOREREBIRR 0 7 8
B g A0 ¢ 0 F G B A e R
KPR BE R H G o SHIS S AN B BB PR
(Dynamic Strain Ageing, DSA) % id ¥ & 100~350 °C
BEFRT > LR AERE F(LK107s)EF AL
RPET URZT] 0 F] DSA Sldz ey (4 gA) 5 g 2 ik
M E SRR o M R R AT T P R DR T
4% %8 B (180~270°C) » DSA %1% 1< & 4 4k ¢ SCC
B £ 24 M E e s B4 7k DSA Acp feh
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LE BT VBRI 2% B 1-6 o7 F F aup
238 B (150~288 °C)™ SCC 2 4= £ & & e & » -4
MELEE & 4 4% (20MnMoNi 5 5) %% & 8 ppm T > -k ¢
5% 65ppb SOXeHIRE T » ¥ 11 It 200~250 °C 2
BRERE*E-mFAmSAS33BCLLR AR RS F
Rk & 150~250°C mzﬁ’.)ixp; Flez 288°C T R AP
e SCC A &= £ (7 5 > Ta’fi # BWRVIP-60 SCC
Disposition Line 1 e1ig 12 T - @] 1- 7% 7+ 7 A 250°C T »
DSA aqs 227 SCC A= £ F T mApH L > ZR 7
DSA @ 28[3] o — k3N F B %R 4 # (Reactor
Presseure Vessel, RPV)i& #& cr/f & & 274~288°C » w2 3
3t 200~250°C > &2 3 B DSA &R e LAS# R ¥
BT 0 SCC o ¥ ay B ¥R R ER B R KR
(200~220 °C) » PRV * #f & B iR erid ok 3 B 4
FARBEE o TR AR F R 0 2 RPV
PspokGR R FRE M0 100°C > RIRA € % B DSA f
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107 FT T T T [ T T T T [ T T T T [ T T T T [ T T T T3
F[® 20MnMoNiG 6. A, 0.004 % S NE
F| A Weld HAZ, G, 0.007 % 5 8 ppm DO, 65 ppb SD4 8
& | m SAS33BCL1,C,0018%5 T
107 F E
% e m:rh.iu:;a-m'”25
= 10 — } —
8 " F —
ik E . 12
- i 55 MPa-m |
- -10
@ 10" F 4
e E E
10" = ] 3
: 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :
100 150 200 290 300 3350
Temperature [°C]
B 1-5 i & % SCC CGR =8 %8[3]
increasing DSA-susceptibility &
r— _18_-1]0&41":5 increasing loss of ductility 310
=, .16 ]
- 1 0.004 % S 1
o 147 T=250Cl J10° &
N 12 ] z
— 1 ] [ T—T
_— _ﬂj__ 0.018% S 1 4n-10 (&
w 110 Q
o '8_ ] .g.lw
N -6 3
T 1%
' 1 | A1 3
R 0.007% S o 50o0, o7 10
w | - ]
i 2
N o] 107
ASDECLZ |20MnMoNi 58 ASI3BCL1| Weld Filler | 22 NiMoCr3 7]

Material

Bl 1-6 % 250°C & » % 7 LAS » DSA st #22 SCC CGR z

A BB Rk

(274~288°C) > 4% ;A % 274 & 4 %] 5 400 ppb £2 25 ppb

& Ehd B3 14 [3]

R X

16

3k



pF> 2 ECP % +30~50 mVsup BLE- 3| 1 SCC {7 5 #f 12
F 3B 4 4R SCCH ML & F 4R 1- 887 [3]
KR 1-10 7 BB FIEF MRS E R R 4 &
TR 2 H o TPV EFT kY g
+ kR PR W 2 e ECPo #1730 2 g M ih
SAIME APV RLP ALA LS Shoji KpmE
R -3 S A SR R REUY Sl b
drkY mEREF AR E iR BWRE ¥ @
FiF e E[4] o B 1- 11 cnficdp A1 & BWR 38 3 pF ©
tv § FIRBE T 0 4o & 100 ppb FifE{R3EF 0 # SCC
BEBEAZ S RER T M & # F(Crack Growth
Rate, CGR)H_tpi7 e+ ¢ K; @457 100 MPa/m'? » 5
*EET] SCC Z = E[2]

-3
107 T T T T T T T T T T T T
[ T=274- 288 °C, RPV stoel A- F: 0.004 - 0.018 %S
[ @ DO =400 ppb, DH = 25 ppb, < 1 ppb SO
- @ DO =400 ppb, DH = 25 ppb, 100 ppb SO7
10" F © DO =400 ppb, < 1- 165 ppb SO} E
[ I
-10 ©
T ") o ]
IP-50 SCC Ol 1? | 1
L] [ Il o
1[]'” -00 Cb oo 0 O .
e&C 9B 3
E O e ]
1 1 L 1 L L 1 1 1 1 L 1 L 1 1
20 40 60 80 100

K [MPa-m'?]

Bl 1-7 3% % kY 82345 RE& k7 SCCCGR[3]



B 1-9

ELECTRODE POTENTIAL mVshe

—-400 = . —
500 o -
0.014 %S
—600 No scc 1
{(~gax1078ms™) +
—700 | N R N N N N N NN AN N [ SN SN TR NN S AN !

0 T T T T T I T T T T T

—-300 . .
0.004 %S sScC

CONDUCTIVITY uSem™" (CALC. ASSUMING Na,S0,)
10 20 30 40 50

SSRT €qpp 2.1%10 % ", 288°C, A5338
- PWR ENVIRONMENT + SULPHATE ADDITIONS
- POTENTIOSTATIC CONTROL

0 2 4 6 8 10 12 14 16 18 20
2
[SO,] (ppm)

A A aieh 7 B MRS kR R 1

E SA533 B C1.1(0.018 % S), 20 MnMoNi 5 5 (0.004 % S)

2. FPIFEME s E2 PR

§ 1 e @

— - |T=288°C, 150 ppb H,
Y 107 | |ecP--600t0-530mv,_,
E E & High-purity water
e [ | & 100ppbSO,”
10
o100
0
2 BWRVIP-60 SCC DL 1
T 10"
[4s] Fiss TAWAN fh A M MNOAN N A
© i
10'12.|...|...|...|...
20 40 60 80 100
1/2
K [MPam ]
& BWR/HWC %3 T » LAS # 4 SCC 4| s &

- f5 ¢ 2 BWR H#

TG F MR L AL RERR

B AR P B 553 Brier 8

18
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Kike 7RISR~ B LR AR kg
£r % ¥u(Reactor Coolant System, RCS)ke it i # eng i

PR AO R B AR TR A IR TR
LpE s gk T g & 3 B[] HI RS &4 o

F SRR TR MY 5ppbo #3Y SCC A = £ :f T en
PRI E B 1-10%77§ F 3+ kR d 1ppb
#4ci 5 ppb B

# BWR/- 4&-k it & (Normal Water
Chemistry, NWC)#k 5. 3

FET CGRA  288°C) A
£ i Fd 510" mm/day P' Bg 3 4 3 0.2 mm/day > £
4 3 50 ppb F& CGR B +c = 2 mm/day[1]- 8] 1- 11 0
Bhps VB A% g BWRNWC %8 (R
& 250-288 °C/%a % 0.4 or S8ppm/ECP=50 to 200
mVsug ) » 5~10 ppb # g5+ k& © K W 4eig M & & 4% D
SCC» #H ¥ 8ppmip % T » & T F 5ppb & g+ -
H A W= ki 3% 3 3 BWRVIP-60 SCC Deposition
Level 2 [2] °
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— 10’y | EEENWC EEEHWC
% T=288°C
= 10°+ RPVsteelsCandF
"é K =58 MPam'
-1
|§| 1 0 BWRVIP-60 DL 2
- WC-Transients
8 10
1)
= Stationary
‘-'é 1 0-3 operation
© 4
10°
<1 ppb 5 ppb 50 ppb
Fig. 25 Chloride concentration

B 1-10 & 485 $0 B R £ e & & 5 £ @ 5 en (1]

107 T=250-288"C, 0.4 or 8 ppm DO, ECP = 50 to 200 mV ¢
: cung’ o= T T 110°
§ DT, ===~
10° | vignEt O  [Solidsymbols: 0.4 ppm DO
E - o0 A Open symbols: 8 ppm DO —
0 - TL 4 10§
£ 10° | ¥ . >
Ml
o a . O 50ppo Cf 10' E
_ﬁﬂ]w _’,"' ® O 20ppbCr —_
4 - A 15ppbCr250°C
3 7 ® oo 40 8
© z 20k | % % speocr W P
o 1M L n* E
* MYy A W @®
- [= = - BWRVIP-50 SCC DL 2 for water chemistry transients | 1107 ©
107 L e BNRIS60 SCC DL 1 for staionary power operafion |
10 20 30 40 50 60 70 80 90 100
1
Stress intensity factor K [MPa-m""]

B 1-11 & 33 $0 A f f 7 g S dA KiE F R 2]

7 1+ PSI(Paul Scherrer Institute): S. Ritter £ H.P.
Seifert 4%+ = #8 RPV 4 * chit & £ 4% 1142 £ 288 °C 7%
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ppm £ 8 ppm > 3T & L OB & 5 WL AR e

AAET o B 1-12 &5 SAS33BCL1 % 3+ % g i
T £ g & WCI(CII<I ppb)pF
CGR<5x10"2m/s > 3 4r % #+ T 10 ppb F¥ > CGR 3
2 1.9x10° m/s » £ B » 3|[CI']<] ppb F¥ » CGR & ¥ 3
59x10M m/s > 3 174 ) s A M B X E S F o
) 5 R M epH B § R FE g el A @
EHRFREFLE ERESHT BT AT 2R
FE A RS RS L LB TP F i g L
PRBED R P RO Nl R R IS
F Vi iR s | R M fR[S] o B AR B AR
fHE N R R $ EAC A £ F P A

b

i# 82 %5%(50/20 ppb CI', > EPRI Action Level 2~ 10 ppb CI,
>EPRI Action Level 1) - ] 1- 13 %71 &fr# BWR &5
T AAREPT O SCCHAEFHE £ & ABE
ChzstyrmifiakiBE ™82 9 SCC N~ & @ F
P BEAZ i 7 BWRVIP-60 -k it & #7 fi i i2 &7 SCC sk
2 10~50 ppb ek v 4 ¢ 1 M & £45 7 SCC A 4=
FdF e D0 - BHE s R BRE T (K30
EPRI Action Level 2) 22 & pFfF cng v 8752 18 >
(R ERS: EAPE LR & A s SR
1000 - F& 12 ¥ > Bom £ #p 8 55[5] o @] 1- 15 & Ao
FHF RS AT ER S Sppb P SCC A&
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& Eig S AviE 0o — 2435100 ppb B F i o
B 1-15p 2R rqeh & L kRS F ECP* KA « tg
Hde o P55 USCC fed 4 2 iR ft BCP AT RAE
FEOCPRRERD SRR Ao F]Pt o Bt d kT
& (Hyrogen Water Chemistry, HWC)erZk 5 T > 43t & 4
FRRDEFFRE R E I RE[2]

wc1 | wo? WC 3
27— e
540" mis 1.2-10™" mis -Cuue.

— 226} . =
£ £
£ 1 —

= 225} ]
= \L —D.Dﬁg
E‘_I Indet— | E"."
c 24 o ] =
2 (R-05) lom s
T
':._‘.‘, 230 - \L 18010 mis | _g
E :15-10 m's K|=32-33I'uFa-m"=' =
Q - ll 0.0z ©
2.2 [ty C:SASI3BCL1, 0018w %S || 0

. T=283°C, DO =04 ppm,

i ECP=40m\,,_ ]
22— b L. 1L IR
300 400 500 600 700 800
Time [hi

Bl 1-12 B8 k7 » & 35 T it S 9148 £ g 5[5)
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LI S S S N S LN N N S S S S S N T T T T T —r T T E| 104
o [~ High-Sulphur Line", GE Model |T = 288 °C, DO = 80 4 ppm. ]
107 He == BWRVIP-60 SCC DL 2 ECP = 40 - 140 mV ]
H—— BWRVIP-60 SCC DL 1 ____”,__?ﬁ.u~-=103 .
10° l.'. ] P
iy Jodoke—k -10253
H -
E oo BE* * ——1" E
: TE—37 ] -
3 . 110’
+=7 . 10 Yo -7 [m Alloy A SDppbch 3
v 10 E '-- ! ] ‘._'m
) . * © AloyB,20ppb T[], 10 B
- 2 E 1]
o [ e @ Alloy B, SlilppbcrE S
£ |% [ % Alloy C, <1 ppbCI, * Alloy C,10ppbCl|{
- | after Transientof 10/20 ppb CI | | * Alloy C, 20 ppbcr§ 10
10'12 PETEEEI R RN N ST T SR S S RS ST B B
20 30 40 50 60 70 80 90
Stress intensity factor K, [MPa-m'’]

Bl 1-13 B2 f 7 0 &35 $i 8 £4 0 SCC AL £ F 5]

1
10 é T | T T T f’f/ T T §
F B ]
~
s 10°: 7=
F C ]
--E C % * Literature ]
al @ ¥* data 1
g€ 107+ 2 * g
= - 3 7
o o T § T=274/288 °C, O, = 0.4/8 ppm § 2
2 ¢ 5 |
c 10 E S K =30 - 40 MPam'" 5 E
5 F O : '5-5 ]
S 10°Y D¢ ]
o 3
T transient-free, stationary ]
—  power operation i
10'4 .4. PR [N ST W TN ST TN TN T SN N SO S W fff.-’ TSN W T T [ SO T W
0 S 10 15 20 50 100 150
Chloride concentration [ppb]

Bl 1-14 &8 8-k7 > & 47 4cid (& &4 SCC A 4% £ [2]
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1.2

® Accelerated SCC crack growth (> 10 mm/year) at K< 60 MPa-m

w (o] Noscc(<06mmyear)a.tr<<60Mpam”2
5 300 A TIF

el

> T = 274/288 c

£ 200 ~

o 100 //

o o <z ig

& -100 oo

c

8 200 -—L'=s.f'u“é’.?}olm_

O c < ]

2_ -300 ng E 3

o -400 z3 ]

i o ]

8 -500 “8 ]

= o o o o 3

o -600 —— ) PN

& 1 ~ 10 100
Chloride content [ppbl]

bulk

Bl 1- 15 % &5 22 BCP $taitdn 22 M & 4 4 <9 SCC B = £ eng2 58[2]

% W+ 2 (General Electric, GE)¥2 EPRI 35 2 ¥ %
BT U R 5-100 ppb & CFEHEART 0 T UER S
B SCC B~ £ F 3> GE 2 enidand 2 > e iR
BB S o) 1- 16 7 0 — 4R RS 4 K
1SCC M £ FEK B2 4 33 kR hif4e @ 3
dvom 500 ppb % A ER P A FIGESR L B A A o

B BEHRKALT 4ok & 14 H 426 100 ppb 2
Mok T B MO Sppb AT B BT LG BT
Mg L@ %3 éPawty® 3-5ppb & * # ik
B Fasme e A B bRt 2t
FpE T AR Rl A E i o i34 £ 5 BWR K
i« 8 4p 5122 3% ¥ Action Level 1 "% 5 3 ppb ° B 1- 17 R
2EEF 0 & HWC BB ™ » & 1 3k & #£_5-500 ppb -
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ppb’ #7F I ABLE

R ' [6] e

g

3

y s A

Crack Growth Rate (mm/s)

10

12 ppm O, (8 ppm for <5 ppb CI)

GE High Sulfur Line

1288 °C A ,
K 8
3 A é H
‘i V
| O
5 O
1 O
10 - S 8 % . P
! o
1 cPPL e
y we 60
107 1 Gt - X X <5 ppb Cl
| W _
] GE\’O - X
! - § ¥ [120 ppb ClI
g i 8
- BWRVIP Steady State O 50ppb CI
Disposition Line <© 100 ppb CI
SWRI and 1bG Heat X A 500 ppb Cl
Low Alloy Steel
<10° T B3 K —K — ‘
20 30 40 60 70 80

50
K, (MPaVm)

@/ 1- 16

ENWC ™ » & it 0k & $3° LAS ¢h SCC H s~ & i

B5 )
hid

0

W
o

25
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i 7 LR T
BTk p A EE A
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10°

107

Crack Growth Rate (mm/s)

<107

10

108 .

A SWRI Const K

O 1bG Const K

A SWRIR=0.6, 0.001Hz
0 1bG R=0.6, 0.001Hz

-g— §- WRVIP/GE Disposition Level
- at 55 MPaym

K = 49.5-55 MPaVm
| 63ppb H,, 288 °C

[ [AL 1Al II___.I
0 100 200 300 400 500

Chloride Level (ppb)

Bl 1- 17 & HWC ™ » & ik B % LAS 7 SCC Al 4% £ if % ¢

# 6]

3 REITAET $SE w2 I

B S okha & R p ke vz a0
fRoa TR kR F Y s § ha B BRBRE
Mgk WA T A AT o ¥ L5
%ﬁ@%ﬁgﬁﬁlﬁﬁﬁﬁ7‘°mﬁ#pﬁ@$m
LB EEF AR S f R RBIERTA B

xf °
F

&

-

m

n):i

El

EPRI 4% BWR -k (- 8 ¢ 13 43 (74524 » &
$CE A NS R B - Sk E T (288 °C/B §
200 ppb, % & :10 ppb, CO2 2k & :1~10ppm) = ¥ * #X ¢
Wik F 5%k + K4 % (Transgranular Stress Corrosion
Cracking, TGSCC) » m s a4 | F_ E R Bed B - &
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*7 v (V-notch)sn CT & P & {79 % » 2

& £

N
7~
—_

CEY 3 MR BEEAEIT LS & W R

P DGR Bk iBAE (175 °C/3 F 1 200
i% & :10ppb, #F 1 & jk & [H,0,]:100 ppb, CO, k&

P 2

: ﬁ‘q’r - f
M 2R A A PR S ek 139770 & § NWC

S as L v

A ol

HWC 2 g # (Startup) P B i % [7] o

% 1-3 % e aplid % %

(a) NWC

Impurity Sensitized Alloy 600182 AS33
Typo 304 55 Low-Alloy Steel
Sulfate severely increased caused severe caused sévers
cracking eracking cracking
HMitrate decreased cracking - -
Chloride severely increased ceused cracking | -
cracking |
Copper (with C1-) | increased cracking - -
slightly
Fluoride increased cracking no effect
Carbon dioxide increased cracking no effect caused cracking TGSCC
slightly
Sodium carbonate || decreased cracking no effect causpd sovers
cracking
. |
Silica increased cracking -
|
Acetic acid stopped cracking - no effect
Hurmic scid increased cracking
Zinc test inconelusive no effect
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(b) HWC

Irmpurity Sensitized ’ Alloy £00/182 AS33
Type 304 55 | Low-Alloy Steel
Sulfate caused severe - caused severe
cracking cracking
Other S-species caused severs tests inconclusive -
cracking
| Mitrate caused cracking - -
]
Chloride caused severe caused cracking | caused cracking
cracking
Copper (with C1-) caused severe | no effect I -
cracking | |
Fluoride raused cracking - -
Carbon dioxide no effect no effect no effect
!
Silica no effect - -
Phosphate no effect no effect no effect

(c)Startup

Impurity Sensitized Alloy 600/182 A533
Type 304 S5 Low-Alloy Steel
Sulfate no effect - possibly increased
eracking
i
Mitrate no effect - - |
[
Chloride caused severe no effect increased cracking |
cracking |
|
Fluoride no effect - - |
[}
o effect no effect ;
|
I
Acetic acid no effect - decreased cracking
Humic acid no effect - -

2 % Kapil K. Gupta 4-%t % & £ 4% (42CrMo4 steel)
& 40°C 3§ Afrs F 1 RCPRR R TR ARG
Bl 1- 18 ~ B 1- 19 &7 LAS 5 7% F eh# AJE {8 79 SEM
Mg Xk ¥4t % (Xoray diffractometer, XRD) 4" 47

PR ARIEER EFEFE AP DAL
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As-quenched =73 5 4= 45 F 4 B ol > FeCO; g7 )
WHBRRE LS A RE BEM N L 600°C
R A B Y Ak K O 4 % 7 FeCO; e & [8] o

B RGS. DAS 3 F 2 F (DB KEFT T B
plEE 0 HEER A (30 °C~120 °C) % b crfr 4833 & 4o B
1-20 %777 c B A7 5 ¥ B A5 2 enFeCOs & F Hg (v %
J£.30 °C~60 °C F]7} = s FeCO; "4t & et % 4 3 3 -
JASiE 5F X0 § A28 60 °C 1 F A R 4o @ 1] 90

°C { % 1% %5 FeCOsMep B endatihag = ¥
RA A F TR FeCOs WoAE[9] - d k5 o AR
R AR ek KA A AR T AR L BEN

FeCOs % » T 7 4 5 1 & 4 i e/ dbid & o

As-quenched #EIE at 300 °C/2h

#MEIE at 450 °C/2h ﬁtﬁiﬁ at 600 og/2h
B 1- 18 LAS ipl3& {8 et 1
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Intensity (a.u.)

T B T
li lu Ig T T
FeCO; :a.' ! =z = -
T I 17T i!"‘
FesC § 2§ zgs: =3 &
30 35 40 45 50 55 60 65 70 75 80 85
Scattering anale 20 (°)

Bl 1- 19 LAS Rl3# {8 eh XRD 4 4%

At Constant Pressure of 100 psi

_ 156
z
£
= —— APl %52
s - API X5
T 10 / L-80
_E - AP X560
5]

5 ./

Fe2+
0
0 30 60 20 120 150

Temperature ('C)

Bl 1- 20 LAS 5gif & % 1 hfi &b
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4. B s £4p it FIF

i B W.Y. Maeng 4 %t & £ 4 (3.5NiCrMoV) i
50°C~200°C -k enze 3t :2 {7 SSRT Bl 0 B 1- 21 &
77 LAS #.50°C~200°C 7 % % ka3 T «nSSRT & % »
VEREHE X BAERL B S @ Bl 1-22 87
TOETE] LA g 0 T U TR e 50°C ehi B 5 TETA v
T 2 s A FRREDFHEARS 0 150°C
21200°C B0 | 250801 B nE B T VB 4 o
S FR RS B oA M AR REF R R e B o
FEEFRORET R 8 SCC AR ek T
%R B H 4 SCC #r B3 4r » J€_50°C chi % %45 -
i R D el S SRR R SRR S I
SCC» m 4 7|5 P48 SR g Ae s 3 2 entf Ll - ¥
thos FER F PR R R 4 B 10 ppb~8 ppm>
B R 5 150°C> H &5 4@ 1-25 228 1-24 %751 » "8 ¥
g4 B EE @ - kA F kR E_LAS
FA SCCAA NI BEFZ > A B%s o "EF 33
EEERS
F R ET] SCC FRAVBILET A Pl e g 3
TE g P S s A% R LA
i p[10]

€>'i

150°C #1 SCC AT 1.4 Hi4e > 23 § ok

gn\;

o
o
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80O -

700

0 2 4 6 8 10 12 14 16 18
Strain[Al/l , %]

B 1-21 LASSE R R R4 BREE

(c) 150°C (d) 200°C

B 1-22 LAS % [r 8 B % v T %72 @
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[a]
o

—
o]

—_
[+2]

Elongation(%)
NI
@]
O

-
o

10 S lll‘%OO - IIHbOO s Il'%bOOO
Dissolved oxygen(ppb)

B 1-23 LAS & 150°CpF > 2 i3 3 - T il £ &

(b) intermediate
Oxygen

(a) aerated
(8ppm)

(c) deaerated (‘2’)5 2:1(1':
(300~400ppb) (<10 ppb)

B 1-24 LAS % 150°C P » % fo i3 & 1L T cn¥%7 %] B



300

L]

N
o
o

Pittling
without

straining|

_
(=4
o

Temperature (°C)

Izumiye , Tanno
Videm

Mizuno et al.
Fora

SSRT coupon
specimens

0 L1
10 100 1000 10000

Dissolved oxygen content DO (ppb)

118!

B 1-25CS & LAS e B # k¥ » NIRIE3 FA L4 i 2 H

it ® VGB(Vereinigung der GroBkessel-Besitzer) &
G. Briimmer 4%+ AS08 C1.2 1% & 4 4k i& 7 45 B ch g B3

70

)

» RSt i B L 1.7x10'% cm? (E>1 MeV) > B 1-
26 oo HE% > K FIREARK O E ASER
s % 4T B om ¥ LAS e CGR ¥ & PP &g 2 5[ 12] -
4 1-4 5% % 0 Bt AS08 CL2 2 SAS33 BBl i & 4
5B % » RPVI29 % chfg bt L 3§ 3t 5

S
M R 3 E RS T aEe Hesd [13] -
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Average da/dt [m/s]

1E-07
| o MPA[3) VGB /NRI - OOP tests : @ BM @ HAZ
r o European RR test [9] - :E :esis R : = %IF:' I?@HHAZ
1.E-08 — o PSI[10] -1P tests IR : AZ
F| o CASTOC[11]
1E09 4 | = = ‘BWR VIP-60 DL 2
" | ——BWR VIP-60 DL 1
1E-10 4 )
TE11 ¢ Qo 0 O
E o
1E-12 4
© o o @
1E-13 s d O o S :
0 20 40 60 80
K [MPam'?]

100

Bl 1-26 VGB #icdp & A §5 BB % % 7 CGR v i [

% 1-4 Pl s

Specimen No. Material: Height of loading Observation in
HAZ of K (MPaym) the stereoscope
KS01 AN97 242 No crack extension
KS01 AN95 22NiMoCr37 28.9 No crack extension
KS01 AN9%4 ( = A508Cl12) 433 No crack extension
KS12BC14 232 No crack extension
KS12BC13 20MnMoNi55 281 No crack extension
KS12BC12 ( = A533B1) 428 No crack extension

%< VTT Technical Research Centre of Finland £~

2

&7
7 2,100pg/kg chEnpe @ o R Bk =

1,700 pg/kg =

ETIN



\

&~

e R SRR EAp 10 e @ JRR) 1- 28 kp ¥ kAR
=Fx AApige BRE S 116 um> 1.80 um~ 1.45 um
( Glow-discharge optical emission spectroscopy, GDOES
AAT)e F R AR SRS M E S b B
SR g MK R f ~ 45~ 4R D

F =h
S
as}
‘-\?{g’
i
N
o
=
Y
gl
! N

ST AN ARy R

A
%
RELEHE o 4 g g agﬁ:):zr}gigrs{z;iffuﬁv

Date :7 Aug 2013
1301188.¢

EHT = 1000 KV
WD = 130 mm

EHT = 1000 kV Signal A = SE2 Date 5 Nov 2013

3
2pm
H WD =132mm Mag= 200KX 13021238 1/Lv'1'

B 1-27 LAS % & § i 55 40

36



DEPOSITED CRYSTALS
/N

Bl 1-28 LAS 3 it %& 5 [

(=) RE%RIBES
1L ELE @A R

AXFHET AEYHE L SAS33 B M & 44 eE
304 # dhd% 0 H VB2 A dod 1-5 %77 - SAS33B M &
EAEET A S AP - PR R EHRIE (HE 1 SAS33
B)» — # 5 54432 (%% SAS33B TT)» # &2 if
%5 @ pEfo s £ H_900°C/1.5 /) P 15 & 670°C/1.5 | ¥
[15] 304 7 &F4m 3 & R E_F3 @ Vg R 1050°C/40 A~
By s Y ko g AL 600°C/24 ) BF (U
5. 1304 SS sen) o

37



7. 1-5SAS533 B 4 & &4k &7 304 SS 5= & 1t B

wt% C Si Mn P S Cr Ni Mo Cu Fe
304 SS 0.0521 | 0.3518 | 1.1305 | 0.0091 | 0.0059 | 18.5217 | 8.1410 | <0.001 | - Bal.
SA533 B | 0.200 0.22 1.29 <0.02 |0.027 | N.A. 0.62 0.51 0.04 Bal.

2. 1,000 ppb #:f: 12423 ~ 1,000 ppb & 45 £ 1,000 ppb

RIS PRERE S ¥

LFSRIEFRITT 0 F L4 SAS33 B M4 &4
304 # #h4% TR R A e B R X (T
A RD)EFE FRRL S FY £ 4687 SEM
A5 AT 4oR] 1- 29~ Bl 1- 30 ~ Bl 1- 31 #75% »
kX S akkne ¥ 0b o 444 SAS33 B M £ 44k

E:D

45 %
304 # 445 U-bend 32 5 7 % B 4ow (0] PF) chi w
LRLIR o B0 ) FEAR T R Y R A4 AT
T AP RO Bl 1- 328 1- 33~ B 1- 34

5

e
G‘_r

om0 BEOT M A A & G R R 2 4F o gt b s 454 U-bend

RE i G BEFEF A > FIRL SAS33 B o 0 ot
HeenfieBr b fep EER A HET T 7 A LEREH

Feaeh 45 1
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B 1-29304 SS sen T FE % 0] 2 SEM % & ~ #7(= : 500X;

,:1000X)

S ol u
- — 10pm NTHU 5/13/2025
X 500 15,0xV SEI SEM WD 0 15.0kV SEI SEM WD 9.5mm 08:40:56

B 1-30 SA533B T 45 0] pF2 SEM £ & 2 47(= : 500X;

.:1000X)

B 1-31 SA533 B TT T4k % 0/ ¥z SEM 4 & A 47(% : 500X;
2.:1000X)
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Lt 100pm NTHU 5/14/2025 10pm NTHU 5/14/2025
15.0kV SEI M WD 30.0mm 11:10:22 WD 30.0mm 11:10:56

@ 1- 32304 SS sen U-bend :# * 0 -] FF2. SEM %4 & » 17(Z : 50X

,:500X)

-— 100pm NTHU 5/14/2025 10pm NTHU 5/14/2025
15.0kV SEI by WD 40.0mm 09:09:09 M WD 40.0mm 09:22:07

B 1- 33 SA533 BU-bend :# % 0] FF2. SEM % & 4 47(% : 50X

.:500X)

Bl 1- 34 SA533 B_TT U-bend 3 % 0 -] p52- SEM % & 4 #7(% : 50X
.:500X)
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PUBIEEIRE S kP 4o~ 1,000 ppb AR RAES -
1,000 ppb # &+ £# 1,000 ppb &% f 43 425 » 4 5] 548 500 ~
1000 ~ 1500 /| pFenf 2k s » HT R P EFFE A4
245 SEMBE o %% 47 > 304 SS 32 ¥ "L F RIERF
e HFE L REFR 4o e 2 pAE - K4
&4 SAS33 B2 SAS33B TTR| A mF£IF 4 ch& 3>
EEFRBFF AR FTEFALSPH 40k 1-6
BR 1-35977 o d R SRFEOERAPHRKRE > LA
50°C T & 782 X H_atrfon § chk (7% 5 >6 ppm)
13 304 SSHEF FENEIEAT A EF BT AT
FEIE =T 304 SSHHE NE T L e r o SRR
1304 SS 3% % % & EDS eh4 41 &k 5 > 4o 1-39 B 7
304 SS EH A G 2 g L H R G R o AMASE
304 SS A emusi 4 § MR RTINS HF T SR

BIE 44304 SSHR A 7 5 B AR EEC] o M8
4 4% SAS33 B ¥ SAS33 B TT ship[3d i % 4r# 1- 6 42
B 1- 37 ~ B 1- 38 #75% » B &I 4 4p§> 304 SS &
(PR SEFREFER O T EHL Y TFH S F
BAhe A A XA AS S BAHE o E S TR A

)

-

1000 £ 1500 -] p=ipl38 2 5 » SAS33 B TT#H* 2% 7
P A hE L AE RS 0 £ 5 EDS hA 45 R I B
FOVABELT A G R A A A Bl R 1-40 22 F] 1- 41

7 o
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£ 1-6 = AT 4% % 4 1,000 ppb £ife 124 ~ 1,000 ppb # 3 &2
1,000 ppb B2 i 13 35 ]33k 5 500 ~ 1000 ~ 1500 -] p 15 2 7 £

g0
Sample(mg/cm?) 500 hr 1000 hr 1500 hr
304 SS sen 0.0919£0.068 0.0864+0.053 0.1125+0.004
SA533 B -4.235+0.46 -10.78+2.23 -15.19+£2.47
SA533 B TT -2.461+5.15 -8.40544.02 -19.82540.49

5 H (1,000 ppb CI7,50,%-, CO4*7)

Mass Change (mg'cm?)

S00 1000 1500
Duration {hrs)

B 1-35 % 1,000 ppb £ 1342+ ~ 1,000 ppb & &=+ £ 1,000 ppb #%
AE IS P13 TR B 500 ~ 1000 ~ 1500 -] pFis 2. & &
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500
hrs

okV WD 10.0mm &

OkV WD 10.omm €x1.00k

1000
hrs

w—10pum kV WD 10.0mm ©ax1

07/25/2025

50.0 LDF
28x96um

HV

— 1 0pM
07/25/2025

D 16.0mm &

15.00kV WD 10.0mm ©x1.00k

— 10y SED

Std.P.C.50.0 LDF
FOV

B 1-36304 SS sen T4x:& % 500 ~ 1000 ~ 1500 -] p=ip| 3 (e

%6 A+ (% : 500X; % :1000X)
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500
hrs

&
1000
hrs
1500
hrs
B] 1-37 SA533 B T4 :F % 500~1000~1500 -] pFipliis -] B2 SEM
% A 15(% ° 500X; % :1000X)
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500
hrs

— 10um NTHU 6/14/2025 10pm NTHU 6/14
15.0kV SEI SEM WD 7.6mm 11:18:26 X 1,000 15.0kV SEI SEM WD 7.6mm  11:1

1000
hrs

10pm NTHU
SEM WD §.lmm

Bl 1- 38 SAS33 B TT T4z % 500~ 1000 ~ 1500 |- P ip] 2 14 | p& 2
SEM # & A $7(% : 500X; +:1000X)
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Fe Kal Cr Kal 0 Kol

W Map Sum Spectrum
Wik
Fe 3
Cr 175
99
75
0B

Powered by T-Q%

Bl 1- 39304 SS_sen T 453 % % 1,000 ppb Fifz 1243 ~ 1,000 ppb 4
33+ #11,000 ppb B 12 4L+ Bl3ETR B 1500 /] pF2 2 % & EDS

45

| o rusm |
25 Ni Ka

B Map Sum Spectrum
Wtk
692
272
36
0.0
0.0 02
00 0.0
0.0 02

Powered by Tru-Q#®
, Ll

M 1-40 SAS33 B T4 3 * & 1,000 ppb #7124+ ~ 1,000 ppb & 4
+ £2 1,000 ppb B4 12 4+ pIE B 1500 -] p*
il

—\

52 % &% EDS A
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Bl 1- 41 SAS33 B TT T4r:% % % 1,000 ppb Fifz 1243 ~ 1,000 ppb

% 33 20 1,000 ppb A4 AL 94T BI:E TR B 1500 ] PF 15 2 4 & EDS

45

F 44 S JAeds > = fa e U-bend 32
A w53 500 ~ 1000 ~ 1500 /) FF e B fs B (74w A
FREFR  SFHEFR ORPFEFRRE  KE 1500
JEERRRIE T A HEA & 4eB] 1-42 -~ Bl 1-43 - B
1- 44 #5757 > 304 SS W F AN EmFAAF 4 2 0 @

\

SAS33B A fa¢ PRI EF ~ £ F 44 &0 KAEET
Blebd = o Bor gt ER TS 1500 ) BRRIET AT
B sidsde o BB e B A 41 X 58 k3 (EDS)A 45 0 4o Bl
1-45~ B 1-46~ B 1-47 #t5F » 304 SS % & 3 & F 4842
AE, W5 PR g W, 4 S i it
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B 5 b4 W SAS33B A fEE Y v Euing G
ER R Y IR SR EE IS YR

Bl

_—

’

500X

1000X

1500
hrs

B 1- 42 304 SS_sen U-bend 3# % 500 ~ 1000 ~ 1500 |- FF2_ SEM % o

45
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B 1- 43 SA533 B U-bend :# % 500 ~ 1000 ~ 1500 -] p¥2. SEM % m 4~
iiil
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1500
hrs

B 1- 44 SA533 B_TTU-bend 3# % 500 ~ 1000 ~ 1500 -]: p¥ 2. SEM #

LI
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e Kal Lr Kai U Ral

W Map Sum Spectrum
Wt% o
Fe 553 a5
C 202 0.5
Cr 144 03
N 54 03
47 02

Powered by Tru-Q®
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1. NUREG-2169 “Nuclear Power Plant Fire Ignition
Frequency and Non-Suppression Probability
Estimation Using the Updated Fire Events
Database”[6]

AR 5 2014 #F 12 7 4 2 B NRC #7 # > i
{ #7el G A= L & (fire ignition frequencies, FIFs)fr
7N 4 P48 F (nonsuppression probability, NSP)z_ iz &
FEBaEY s o ARERT RN R 'G5 (Fire PRA,
FPRA)z_ J* o d 3% NSP 2. 3% 5% @ * 3o 5 5 &
#& FPRA> ]yt A3+ 4 7 &% FIFs 2 v & & g:4f i

dris o

FIFs & 44 7 2_% NUREG/CR-6850 [7] * 2 = >
TAFEL A 1P R (T 1 B3Te ATl L F 2 By
#¥-% B % 4 % #7(Electric Power Research Institute,
EPRI)eak &t ¥ i+ 1 & (Fire Events Database, FEDB)
PHE 32009 £ >t A am agET 7 R A 10 £ H R
$738 {7 7 { #7 - NUREG/CR-6850 *f 2 1 ¥ #% el

A2 VHE F 5 B WU At FiEEH FPRA At 3R 2
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* 35 B % %5 Rz FIFs ¢ 2 22 EPRI R4 T #
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137 300%) (F 35 LPSD X HE ) o gt o X cdi
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& OpenBUGS #c#83+ 5 18 & 8542 L Jh 2 FIFs #cdpdo

2-5 “om o

AT et 5B PRA % a1t {As L 5 31

_L

NUREG/CR-6850 ¥4 1 # i3 37k CHE S 4p st > BERY
HAed 36% Km o 3 LRSS LR X dod
2-6 5 & FET R
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1 % RG 1.191 Revl » # B & 7 % ¥
NUREG/CR-7114 » = = "f LHPRF U PRA RN 0 %
NUREG-2169 & & 2. FIFs ¥ J&* LPSD L & PRA » %]
b B R U PRA 2N R A F T £
NUREG-2169 # ¢ LPSD 2 FIFs % 5 — 4L #icdy o (£ B
RIFRIFRFERT DR FLPSD R & 7 % jg i
BRPM BIpEF LN AT 1T BRLE ARV IR L

T L)

. NUREG/CR-7114 “A  framework for Low
Power/Shutdown Fire PRA”

AR 2 52013898 d FRNRCH# WP %7
R LPSD ¢ i 7 2 ¢ PRA %5 % 4 -

9% RG 1.191 Rev.1 > %i‘ﬁﬁ—g? i #* &= NRC %
Hfodt B enids F/ie4s L X PRABCA &7 TE b 'Ge™
o ME l”T A e PRl R e R °%$F1€"£—’ >
P NUREG/CR-7114" i3 5 /i2 4% 4 & PRA 3= % 4
i%%’ﬁiﬁﬁﬁi*QHMwﬁﬁlk%&%ﬂ
2N ET R o

$- 4 LPSD ik fi ek ¢ PRA 2" #ick B @ &7
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42-3 FpEE N A K

1968—-1989 | 1990-1999 | 20002009
FPIE ¥ #c v i (FPIE countable
338.12 128.75 155.5
fires)#c &
FPIE L 12 F & ® & (FPIE average
A 1 1050 930 798
reactor years)
' 32 FPIE © U #f 5 (Average
7 (Averag 0.322 0.138 0.195
FPIE fire frequency)
LPSD ¥ #c v % (LPSD countable
74.49 34.75 51.5
fires)#c &
LPSD T35k i % & (LPSD
383 233 78.8
average reactor years)
I 15 LPSD L & #F & (Average
7 (Averag 0.194 0.149 0.654

LPSD fire frequency)
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% 2-4 LPSD & # L iR\ % S St Bdp (2 2 1)

FPRA Counts
Hp (| A= Lk N
1968-1989 | 1990-1999 | 2000-2009
2 |Containment |Reactor coolant pump PL 3 1 1
3B |Containment [Transients and hotwork| BL 12 5.5 2
Transients and hotwork
3P |Containment PL 12.5 4 21.5
(PWR)
Control/Aux/
Cable fires caused by
5 |Reactor AL 0 0 0
welding and cutting
Building
Control/Aux/
Transient fires caused
6 |Reactor AL 7 6.5 2
by welding and cutting
Building
Control/Aux/
7 |Reactor Transients AL 1.79 2.75 4
Building
Plant-Wide |Cable fires caused by
11 AL 1 0.5 0
Components [welding and cutting
Plant-Wide |Off-gas/H2 recombiner
20 BL 2 0 0
Components (BWR)
Plant-Wide
22 RPS MG Sets AL 4 0 0
Components
Plant-Wide |[Transient fires caused
24 AL 7.025 1 3.5
Components by welding and cutting
Plant-Wide
25 Transients AL 1.57 1.5 1.5
Components
Transformer |Transformer —
27 AL 3 1 0
yard Catastrophic
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% 2-4 LPSD & #F X iR\ % = st #dp(2 2 2)

FPRA Counts
Hp (| A= Lk N
1968—-1989 | 1990-1999 | 2000-2009

Transformer [Transformer — Non

28 AL 1 2 1
yard Catastrophic
Transformer |Yard transformers

29 AL 1 1 0
yard (others)
Turbine Cable fires caused by

31 AL 0 0 0
building welding and cutting
Turbine

32 Main feedwater pumps | AL 1 0 0
building
Turbine

34 T/G hydrogen AL 1 0 0
building
Turbine

35 T/G oil AL 1 1 1
building
Turbine Transient fires caused

36 AL 11.76 5 14
building by welding and cutting
Turbine

37 Transients AL 2.845 2 10
building

AL: #3% % Fu(LPSD) ~ BL: BWR & §(LPSD) ~ PL: PWR % 2 (LPSD)
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% 2-5 LPSDFPRA % #f iz FIF (2 2 1)

) a1 A= L ik i Mean Median 5th percent 95th percent
2 |Containment (PWR) Reactor coolant pump PL 1.17E-02 | 3.65E-03 9.97E-06 3.87E-02
3B |Containment (BWR) Transients and hotwork BL | 6.69E-02 | 4.82E-02 2.77E-03 1.91E-01
3P |Containment Transients and hotwork (PWR) PL | 3.76E-01 | 3.30E-01 8.75E-02 8.13E-01
Control/Aux/ Reactor Cable fires caused by welding and
5 AL | 8.94E-04 | 7.97E-05 6.61E-07 2.91E-03
Building cutting
Control/Aux/ Reactor Transient fires caused by welding and
6 o . AL | 2.68E-02 | 1.93E-02 1.80E-03 7.19E-02
Building cutting
Control/Aux/ Reactor
7 Transients AL | 5.62E-02 | 1.59E-02 2.63E-05 1.91E-01
Building
] Cable fires caused by welding and
11 [Plant-Wide Components ) AL | 2.07E-03 | 5.08E-04 4.36E-06 6.63E-03
cutting
20 |Plant-Wide Components |Off-gas/H2 recombiner (BWR) AL | 3.82E-03 | 6.24E-04 3.48E-06 1.33E-02
22 |Plant-Wide Components [RPS MG sets BL | 1.10E-03 | 1.66E-04 1.32E-06 3.76E-03
Transient fires caused by welding and
24  |Plant-Wide Components . AL | 448E-02 | 3.12E-02 1.65E-03 1.25E-01
cutting
25 |Plant-Wide Components |Transients AL | 9.40E-03 | 5.38E-03 1.13E-04 2.76E-02
27 |Transformer yard Transformer — Catastrophic AL | 4.82E-03 | 1.11E-03 9.43E-06 1.46E-02
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% 2-5 LPSDFPRA % #f X ik 2 FIF (2 2 2)

) a1 A= L ik i Mean Median 5th percent 95th percent
28 |Transformer yard Transformer — Non Catastrophic AL | 9.43E-03 | 4.10E-03 1.42E-05 2.86E-02
29 |Transformer yard Yard transformers (others) AL | 3.55E-03 | 1.04E-03 4.86E-06 1.17E-02

] o Cable fires caused by welding and
31 |Turbine building ) AL | 9.09E-04 | 8.21E-05 6.08E-07 3.01E-03
cutting
32 |Turbine building Main feedwater pumps AL | 1.12E-03 | 1.37E-04 1.16E-06 4.03E-03
34 |Turbine building T/G hydrogen AL | 1.12E-03 | 1.37E-04 1.16E-06 4.03E-03
35 |Turbine building T/G oil AL | 6.89E-03 | 2.31E-03 8.84E-06 2.27E-02
] o Transient fires caused by welding and
36 |Turbine building ) AL | 1.92E-01 | 1.30E-01 1.10E-02 5.66E-01
cutting
37 |Turbine building Transients AL | 1.28E-01 | 1.04E-01 1.75E-02 2.97E-01
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% 2-6 #H»EFEY FIF { 375 i 4 2 1)
A2 N R 2O
o a1 Az LR st NUREG/ CR-6850,
Updated FEDB
Supplement 1
1 |Battery room Batteries AA 1.96E-04 3.26E-04
2 |Containment (PWR) Reactor coolant pump PP 1.37E-03 2.35E-03
3  |Containment (PWR) Transients and hotwork (at power) PP 4.21E-04 2.34E-03
4  |Control Room Main control board AA 4.91E-03 8.24E-04
5 |Control/Auxiliary/ Reactor Building [Cable fires caused by welding and cutting AP 7.83E-04 1.25E-03
6 |Control/Auxiliary/ Reactor Building Trar'lsient fires caused by welding and AP 4.44E-03 2.46E-03
cutting
7  |Control/Auxiliary Reactor Building  |Transients AP 3.33E-03 4.81E-03
8 |Diesel Generator Room Diesel generators AA 7.81E-03 5.04E-03
9 |Plant-Wide Components Air compressors AA 4.69E-03 4.65E-03
10 |Plant-Wide Components Battery chargers AA 1.12E-03 1.18E-03
11 |Plant-Wide Components Cable fires caused by welding and cutting AP 2.77E-04 9.43E-04
12 |Plant-Wide Components Cable run (self-ignited cable fires) AA 7.02E-04 1.32E-03
13 [Plant-Wide Components Dryers AA 3.66E-03 4.20E-04
14 |Plant-Wide Components Electric motors AA 5.43E-03 3.41E-03
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% 2-6

¥ & EHY FIF § 475 (500 sk (4 2 2)

Ao L R AR

475 i Az X st NUREG/ CR-6850
Updated FEDB ’
Supplement 1
15 |Plant-Wide Components Electrical cabinets (non-HEAF) AA 3.00E-02 2.36E-02
] HEAF for low-voltage electrical cabinet
16.a |Plant-Wide Components AA 1.52E-04 4.80E-04
(480-1000 V)
] HEAF for medium-voltage electrical cabinet
16.b |Plant-Wide Components AA 2.13E-03 1.40E-03
(>1000 V)
16.1 |Plant-Wide Components HEAF for segmented bus duct AA 1.10E-03 1.27E-03
16.2 [Plant-Wide Components HEAF for iso-phase bus duct AA 5.91E-04 8.24E-04
17 |Plant-Wide Components Hydrogen tanks AA 4.93E-03 1.18E-03
18 [Plant-Wide Components Junction boxes AA 3.61E-03 1.11E-03
19  [Plant-Wide Components Miscellaneous hydrogen fires AA 4.82E-03 1.24E-03
20 |Plant-Wide Components Off-gas/H2 recombiner (BWR) BP 5.81E-03 8.83E-03
21 |Plant-Wide Components Pumps AA 2.72E-02 1.42E-02
22 |Plant-Wide Components RPS MG sets AP 2.31E-03 9.33E-04
23 |Plant-Wide Components Transformers AA 9.56E-03 8.02E-03
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% 2-6

7 FGE R FIF { 375 500 k(4 2 3)

AN g A

A ] A2 L st NUREG/ CR-6850,
Updated FEDB
Supplement 1
] Transient fires caused by welding and
24 |Plant-Wide Components ) AP 4.79E-03 3.65E-03
cutting
25 |Plant-Wide Components Transients AP 8.54E-03 8.28E-03
26 |Plant-Wide Components Ventilation subsystems AA 1.64E-02 6.12E-03
27 |Transformer yard Transformer — Catastrophic AP 6.61E-03 1.62E-03
28 |Transformer yard Transformer — Non Catastrophic AP 6.53E-03 8.38E-03
29 |Transformer yard Yard transformers (others) AP 3.69E-03 1.89E-03
30 |Turbine building Boiler AA 1.09E-03 9.78E-04
31 |Turbine building Cable fires caused by welding and cutting AP 3.47E-04 4.50E-04
32 |Turbine building Main feedwater pumps AP 4.38E-03 5.44E-03
33 |Turbine building T/G excitor AP 8.36E-04 2.10E-03
34 |Turbine building T/G hydrogen AP 4.12E-03 3.23E-03
35 |Turbine building T/G oil AP 5.49E-03 3.89E-03

178




% 2-6 ¥ FEHEY FIF { 79 (5 ik (4 2 4)

de LR AR

I3 > B o -)\' N 2=\,
47 %) =3 Az X fies NUREG/ CR-6850,
Updated FEDB
Supplement 1
] o Transient fires caused by welding and
36 |Turbine building " AP 4.67E-03 7.55E-03
cutting
37 |Turbine building Transients AP 6.71E-03 3.41E-03
FPIE Frequency Totals 2.06E-01 1.51E-01

AA A TR BN S AP 4 R R B ) - BP D BWR € R (5 FEEY) PP PWR T (S EHY)

(D d A F & AR B < ALB 100% ~ (2)% ¢ T % & AT s B ] A2 50%
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# 2-7 LPSD % i PRA

LAETRAIAER LB 2]

T

14T

LPSD =51 5 & 78

Task 1: Plant Boundary Definition and

1L# FEREL L PRAB Z fu®if A £ F%E 7 LPSD ¥ &t PRA

ﬁw"*%rﬁﬁﬁﬁofiﬁi’m = AR L i
’%E ip{ﬁf

zaﬁ@%ﬁ@m@%ﬁaﬂ%-@w

v
£ A7 & AT

% PRA ¥ hEJE = 0 s ¥ 2

1 Partitioning T H_F i AN LPSD o At: T Rk *?,%i\ EE AR BeA L S Ap
HEL o ¥ 3 58 ﬁﬂﬁﬁr % § HBWR F B 0 ot SE e gY
ZI - AN S I LPSD}’-H&"’Lgﬁ’“wuf"’g;%iﬁ@ﬂa
PR EFIEE LR AK o
”ﬁ%LﬁHmAﬁJﬁé@;»_LmD*QPKNQFFEmN

2 |Task 2: Fire PRA Component Selection [#282 7 F i@ ki A A 4pfF o e 2474 B 4 94 £5 B POS» Max
B3 2 POS AP M e 4o 2 3 032X u:}iir’:jéfi’—; i+ o
LFJAB TETT a X222 Ry > T H Gt E -
2R TR G T EA()R Y £ FT 2F L POSEM - QAT #

) . i(iiﬁz",ﬂ I 7 i ’{ L (Gldedt o FE) -

3 |Task 3: Fire PRA Cable Selection STH A TR T R AT 4 A A TR B -
4ﬁm“£wcww@w*wy@bf%xwéwrkk%ﬂ T A
B)¥ SR B B e IPSDV i B

4 |Task 4: Qualitative Screening B FiF i FPRA AP P
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% 2-7 LPSD * { PRA & 1481 ¥ &£(3 2 2)

3F f EI Y LPSD :#iz /i % & 18
. ] s & E’ﬁg\kPRA%g_“vg&’ IE’}'E—}\‘%};bFB&:’; S(AQE\‘BS)
5 |Task 5: Fire-Induced Risk Model T4 i+ H 32 A 7 % (unavailable) » * & POS 2 B AT i A oo
6 |Task 6: Fire Ignition Frequencies 51 % NUREG-2169 # 4-5 z_ #icdg
7 |Task 7: Quantitative Screening B ZiF # FPRA #p P
ILPSD g 2™ » L X FHEF v B FEE I > “P#Eiw LR R
8 |Task 8: Scoping Fire Modeling 2HFERRET T ERE S ii ’* BB A LPSDRET » & 8
BEr Tt B EHTEFVUFERE BT
9 Task 9:.Detailed Circuit Failure 2134 % 8 i FPRA 48 I
Analysis
Task 10: Circuit Failure Mode
10 g 3 F i@ i FPRA 4p e
Likelihood Analysis R 1
LV P AT EEAFEETR IR > TP T B2V UHE D
11 |Task 11: Detailed Fire Modeling e o
2ERET RSV A TREAR VR FRY S H FERET oo
12 Task 12: Post-Fire Human Reliability s ¥ 2320 8 -

Analysis
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# 2-7 LPSD ¥ & PRA &

AT RALER AQGB 2 3)

wp BRE .Y LPSD fﬂ"—ié AR EE
LPSD;}%;{;‘E ub,.lfb FEYPT 7 ¢ FE LR B
. : 4o B LT i RV ’\f 5 & K8 AmHL ) &TEP\\’PﬁﬂT:_%i .

13 ie;sslzsls?r)l; eSnetlsmlc—Flre Interactions e ﬁ?'l #1_1 " é’!‘rp;%; %i, ;; e h ; e
PR VO o b S0 iR F1E LPSD E T A BN LR 3
T FEOI TR HSFIERDT -

14 |Task 14: Fire Risk Quantification Byt ZiF 3 FPRA 4p FF

15 Task 15: Uncertainty and Sensitivity 54 % FPRA 47 I

Analyses

16 |Task 16: Fire PRA Documentation Byt ZiF i FPRA 4p
LiFa A g o fih- 300 > R RERFFREEEFHE 38 -
R BE P T R ATi 2 POS R kR o

17 |Task 17: Plant Walkdowns 2}%3— A BT RN Bt IE P POS Ap B iR fi 7 i 2 B L iE
E SRR S i
3R AT 43%1”7})15\! BB T AP LR AT
ek iE 2 Ao g ekl o

182



# 2-8 RHRSFPCM % B.(% & #

a3}

BRLEE-B L) A 17 4 (for SFP)

T MOV

CWD

Ri=® / s =¥

()T

THERBERRP

1 | EI2-F027A

1118-01

A204/ B RS - 1

FZ 48

IRC3C46C1

DR A BUERGER
1IRC3C46C2 :

-

R A eI A

& »

2 | E12-FO37A

1116-01

D501 / Drywell

FZ 10

IRC3C47C1 -
IRC3C47C2 -

gl
=

LA BRI L
L 2 BURRGER B

gl
=

3 | E12-FO42A

1097-01

IRC3C29C1 -
IRC3C29C4

=
=

o 2 RCERGER FC
v 2 BERGER

-

& »

4 | E12-F027B

1119

A204/ WS -

FZ 43

1GC4C48Cl1 -

-

= x

LB A BERGER EC

5 | EI2-FO037B

1117

D501 / Drywell

FZ 10

1GC4C24C3 -

-

@

w2 BCERGGER

6 | E12-F042B

1098

|

3]

1GC4C30C1 -

Foae w2 AR R R

CHWARENAFZ AP FRAAPM T HETEE2L FZoFZ2 X U HBE € R RHR KR 4 2 B 1 if MOV 3B gz ™% €5 4 % Kis o
1AM BS TR ARG 2RI FERGE D P Rr R AR

183




% 2-9 RHRSDCM % (3 & # /B 288 £2)A 4 4 (for RPV)
b1 MOV CWD M=% / 5= |BPAYA)®? THFEAFERAEP

‘ , IRC3C35C1 : ¥ 5¢ 8 24 BB B kL

1 | E12-FOO4A | 1081-01 | A103/ #1555 & FZ 12 R
W s AR IRC3C35C2 @ 7 i 5 4 # @i B fe
‘ , IRC3C34C1 : ¥ 5c 8 4 2B B X

2 | E12-FO06A | 1105-01 | A103/ #4855 & FZ 12 A
HPR = A IRC3C34C2 © 7 i 4 4 BHRH ki
IRC3C48C] : 7 i % 4 #UBE 22/ fx

3 | E12-F028A | 1120-01 D501 / Drywell FZ 10 '
rywe IRC3C48C2 : 7 i1 % 4 S mps 8 fx
IRC3C47C1 : 7 i % 4 $1/mps 20
4 | B12-FO37A | 1116-01 D501 / Drywell FZ 10 F =

e IRC3CA7C2 © ¥ in % 4 #ighe 50 i
. - IRC3C44C1 : 7 i % # #mpe 20 fx

E12-FO64A | 1094-01 | A204/ # ¥ 5: % - FZ 4 P2 RVER
> 6 094-0 PR - * 8 IRC3C44C2 : 7 i1 4 % #omis 200 g
6 | EI2-FO04B | 1082 | Al04/ ##5/ % AH |  FZ24 |IGCAC2TC2 : ¥ it % * £ mie 0k
‘ , 1GCAC34C] © ¥ it 4 4 % @it 28 [ fx

7 | E12-FO06B | 1106-01 | A104/ #4555 & FZ 24 A
HPR = A IGCAC34C2 © 7 it % & #/EH: 7 4k
8 | E12-F028B | 1121 D501 / Drywell FZ10  |[IGC4C23C1 @ ¥ it % 2 B @i 00 i
o | B12-F037B | 1117 D501 / Drywell FZ10  |1GCAC24C3 : 7 it % 4 #UEk 20/ i
‘ o 1GCAC43C1 : ¥ #i 4 4 # @i 2L fx

10 | E12-F064B 1095 A204 / R % = FZ 43 T er
Wi = & 1GCACA3C2 : 7 4t % # FUmpe M fx

P LUEATFZ A S AFAMTHE T EE2 FZ o

184




Pz >inisip
Mt 2 F

AR B TR
2 i

Bl 2-1 L% > g A 74

185



| 2 &

L
E 237 236 |
115RE07
o g 137 - e % F
g ! 120 239 238 299
3 136
X Lv-1178 o Ex % 099
1 714
x
FO27A
LV-117A — —°A
el —
_ B CST
—fp_.
DRAIH
TAHK EMER. RECIRLC.
MAKEUP _—
PUMP 5=
= =
= oxE z
é& = FOO4E
) )l
S R ot
= ©X rooan
B < 115ACE02 =
= b= 2 g2 RHR B
= SPFCP = FossA T
> A 3 »e
115CR02 1150601
HX 1150601
115GEB01
115FB01
FiD
115AEBD2 SPECP 115MEB01
ol CSsT
& &
PP —=] 1147] 1'4“'1

Bl 2-2

W 2 b

186

%

&

4t ok
WU

2 1B



A—e— L L 4
B — T 480V <P-—-X00
3¢, 60 Hz
T ﬂ FU
—-—dl 23
(((
480/120 V
[ :}
501 —sC1 <©-G00 —RO0
ALL
[ = 49-
o o
L ¢ =
L —_40X- == 49X~

:

| 42 ps 9 ps ©
o T | [ € (OPEN)g (CLOSEY
==420- —=42C- (G) CR)
] <P=-=00 <P-5C0
%88 49- 42 42
c- 0-
49 MECH
.—
%) INTLK 6

Q7107073

(YDD
v

E h ; VALVE SHOWN IN FULL OPEN POSITION

Bl 2-3 & 4] MOV # &8 4 471 % Bl

7 kR © NUREG/CR-6850 Figure 1-4

187



EKHVATT
EXATSHB02

515088

EXA05HB01
15040

188




180° GNHV-IT1

270°

p— onTEIS2 sz
(B126037A) \ (B12£037)

DRYWELL 5F EL :39'-10"

00

B 2-5 +5= B D501/ Drywell (B #/8 %)% 7= 2 BI(F B EA %)

189



RCIC %—N—‘ csT
E51-FO13

SFPC
—>
SFPC ‘ &C/U
&C/U g [
I
r
30{
g 3
@ Fw.se RWCU ‘}L.
('S
Y ¢
0 g FIRE
& WATER
RIW
. 2
FoaBA RAR  oX§ 2 Box 4
g PP BFosiB | - 2
%'}Xg FO47A0X  RHR PUMP A ’—2—' I v i S 2
= =
= L
: - " = FOSTA e . * | F087B — .
X3 FOB5A FO54A  FO26A F026B FO54B ‘ FOG5B 2
=
= MSL A —» -
ECW-A SFPC&C/U —» ECW-B
OCEAN OCEAN

FOGBB FO14B

B 2-6 RHR % 3uii4%27 R B

190



Sump Tk

B2-7 - B AL03/F B4 B 5 — (R 2/ 5 )% 7 2 B

191



1E-40B2

Cooling Unit
1VA2B

BPV-1ITR
E12F0518

e
21066801
E12.F067

AUX. BLDG 1/2F EL : (-) 40'-0" THRU (-) 47'-0"

B 2-8 i R AI04/F BBER RS — (R /R 5) =% 7 2 F

192



(z) ARG R2ZP= RRIDEFTRS FRAS I - £ HT§
BN Z BT AR T2 BB SRS o B
FHl 2282 AN 2%

PRACH MR FPP 2 PR E BRI & 5% R

R RS LR R e TR bR N Y
) ZRLEIF N R o A FN A R

e S R R BRI AT A Y B

Gkl Fpl s L frr A ERIE P o

ZORRF 22N L PRAHES G 4 FaE N L
 PRA #5358 (T {4k L L PRA) [14] 0 2 ¥ - Az

g ALy

%= R “,T e E F15](Arw T

Mii—%ﬁﬁﬁﬁﬁﬁﬁ7ﬁ%‘%ﬁ‘ﬁi‘%
HGGL ~ 83~ 7 b Ml )0 BT
iz R ( ’T‘f»u@/)i}‘g Ea g ) v % PRA 558 2

éﬁﬁﬁﬁiﬁﬁ%%?ﬁé%ﬁﬂﬁkQﬁﬁﬁﬁ

|l
—ETF
shs
pijud

EF254 (G RV PRA £ ¢ 30k s &
BEALRL S )

X PRAFEN 2 T & 5 A 478 TE A 47
BAINA o TSR T A AN R (X RS
) BmiEim (TN RHFIR) TEAIY AL

JEA TR IR s A L B R TR T EPEAT

193



d N B R B 2R AT R B L L R ST R
AR B RPN R LRT T 2

g b ke ~ SFP 4 fr ~ 10 2 B e /2 BT R s ot

=i
—

M2y o BF L EFTHDINGR TS BUR

% T & B 0 AcRl 2-9 #7or o

1. ¥5= EQ‘,%?}L"\' ¥ PRA B % &4 17
R % & g 4~ $7 4% Scope-in Screening-out 2_ = ;£ »
PP R £ 500257 4 LRI AT mA
T B VR P B A2 RS R AR LR
B R (T g
Cl: E5 afx >igs (Jpwibtr) 2/ SFP 4
P~ AR ZARBE K SV E
C2: galAcEdp T it dode 2 P F ~ Jp kil B (5
RHR 3 #7B1H) ;
C3: 3 W/ a st (A RRA 5B/
W BERS  AE TF )

BEIEIFERHEY T PIET 0 F 20 R

FmA TR B ECI-C2ERmZHTZ RS
PF R BB F BEN TR RS R0
¥R 5 ~ 74K &R % (Intake Structure) - ?f{—:ﬂ% K& F

( Emergency Intake Structure ) ~ #7418 5 ~ 7T #8855 ~

194



B RS Ry G- HEER LR LG
H e % en:fOﬁL‘(B-%E M oE

BEA s (FRP-RFRFTET XL T F BERS

THREEFEEITFHMERR )RS 1234

(P ROFRFRT ¥ 1§ MO AR P e

R BRI OFEFDOBARSCFAFEBREE)-

T RERIEELE VR T &g

RBRTE B (BT R S RERDE)
o A G OB R 3RA ke BB R L P
%gy¢,iim%ﬁ%ﬁ#ﬁﬁo%nﬁ%$wwﬁ
2%k 5 SFP 4 fr/ad Kk sarr 2 D ¥ ¥ a0 R IR
SFP /4 %r o

FRREWE RS ~F BRERS ~F 8> ~ TR
SE AR S R B RIBE G AR s
TR R AT 2 KK H OB R GR i
E]Jl—z"?24lu"’1‘fl’#§]}‘fvoxe‘.)\“ﬁ:‘ LEEFRE 0 F S ks
GBI @(F%#‘f% AL FT R4 5-12)0 4
HPCS ~ RCIC ~ &7k s 325 » F b 87 A ALk H P72 B

4

F (dep L) 220 1) TR GRS < 308

* ‘J\'(A\)?p - éﬁ;xlf ) o éﬁ;/)’%/”\ ’}‘rﬁ&?%“-ﬁiﬁﬁf’—r :

(1) 35 X% PRA #5582 2 M @ip s 5 A#H >
G RET A4 U RS f}!f L (& )% 90A ~

195



S

90B ~ 113 z_ ¢k > ﬂfﬁéfﬂ,f),

(2) BERF LI PRA #5828 &Fips 172 37 i
(damage function)> #-7 7 RHR~CSTXR % % si(&
AREFR)ZP V) RIEET O Aol V(AR
14A ~ 14B ~ 220 ;

(B) #-wrsfl e s ~ BB 5 > > MG pEREETA
5

(4) e/ a s ExA 3 BB L (5)% 4
B

HAVIHFARY R RFREA(T FS 0
LR p RERDE) ok SFP R G s 1T 0%

CATRUSE (* B3 s § R BRI T ) * Ffp

R bti'%;;ﬁzj-f'},}vv’?ﬁ}a B2 [r L (& )% B '1"'5'%3 T

#
L U RN R

FEYHA B L(O)T ULHRA SR 4o

% 2-10 #1777 ; é‘%;‘/,é,:%%f—,"ﬁ 71 B LR Sy > H

3 8B N(A)H (7 10~12~24-43-48~119~122~

2 131) Y XV ERELT R HRGAAHRE -

3.‘6‘?

-

]

*‘;’; =
L —
\

RITREEZE LR 2R

fpd}’?f;\l”ﬁ)»('* W AL E REED R ) f
b 242 &R s BRI R S 2 G Rt g
RERTES (5 6EH 5 0% )0 AT R

196



4.

"f‘}% (kR 222) BT (A L E 228) A
BRCE 1 A R B RIL R 3 HIT S R 5 I
L FA ST R P AR 1 F A S T
ﬁa%a’ﬁéﬁaﬁmﬁ%#@ﬁﬁ%ﬁ%@%é

ﬁ&g ,%/\K/T\ m#ﬁ_f‘{r g 4\: ~ gﬂ:,}% F,% vfir'z\ 2-11 #751 o

fy_vgﬁﬁf’&”‘ﬁb%‘ri‘g 5

BroeH

BPIZ R B LN R g gy
WA g s dE SFP A4~ 2 G RS T2 5/
waﬁﬁﬂwxa%ﬁﬁ%ﬁ%ﬁﬂ%oumﬁw%
PRA #5553 A#H > 145+: = ROF R Rl e i
T (FRs () g2 B LY ERER) #17 ik
DT R 2P L(A)E (blde LT A5 EE
® )RR P W B R B2 R REL K . PRA #i5¢ >
AFRFTELSI LB L RA)TLS GRS FTEED
TPER &R Mo LRI FD VAREL 2

EFCHE A I S 2 —»"f iERFE X
AR T R E BNRCALZ A2 A 2 IP71111.05 >

42 &tk 8 B2 B V(M) E N XTI E EnE
o HARRZ BAER G %- 0 PARBRELEZ - L AF

197



Yo s & #r/SFP £ fr#rZ 2. SSCs» % HApBE 2 |7 1 (4)

e o©

dod 242 eori o R GERR A (BT PR

PERERADPFT)B LRGP L(M)®RTF 1012
244348119122~ 2 131 % 8 » H ¥ pr L (A)
% 1012244353482 A B L he kiR E RE
BEpR A e R A 5 BV (A) R 19122 2 131 2
ABULR G RRLE LT o

i RATR s (F P RS R ERDT )

Laid

FRHR s (i SMPv @) @ Ilas

+ & F:@ # RHRSFPCM @ ¥ i I3 Kk s 2. 8

FREEH RSB L (R)E 42C-W -~ BB R 5 B0 (A)
T 218C~ % Wl % 17 N (A) % 261A ~ 254255 & (¢
g SFP /2 frz pb b dr/id -k K 32 VR 0 &

PN AL R E LR T % o

198



% 2-10 72 ROf RERISERD L (2)% T FRAs 1T AR 2 1)

BB BACR)E B B s A H)F B TEg | A
1 12 RHR A AREA AUX (-)40'-0" Cl~C2 H1
2 13 LPCS AREA AUX (-) 40'-0" Cl

CRD PUMP TRANSFER TUBE DRAIN TANK
3 14A AUX (-) 40" -0" Cl1
ROOMS
4 14B GENERAL AREA NE OF RX BLDG AUX (-)40'-0" Cl
5 14C EAST CORRIDOR 1ST FLOOR AUX (-)40'-0" Cl
6 14D-E  |WEST CORRIDOR (EAST) IST FLOOR AUX (-)40'-0" N
7 21 COOLING UNIT AND CABLE VAULT AUX (-)40'-0" Cl
WEST CORRIDOR 1ST FLOOR SEPARATION
8 S01 AUX (-)40'-0" Cl
ZONE
9 14D-W  [SOUTH CORRIDOR (WEST) 1ST FLOOR AUX (-) 40" -0" N
10 14E WEST CORRIDOR 1ST FLOOR AUX (-)40'-0" Cl
11 19 MIDDLE CABLE VAULT AUX (-) 40'-0" Cl
12 23 RHR C AREA AUX (-) 40" -0" Cl
13 24 RHR B AREA AUX (-) 40'-0" Cl-C2 H1
14 220 PIPE PEN ROOM NORTH OF HPCS AREA AUX (-)40'-0" Cl

199




% 2-10 1= ROF R T IPVE LR A TR (8 2 2)

BB BACR)E B B s L IGESER TEg | A
15 219 AUX BLDG CABLE AND PIPE GALLERY AUX (-) 40'-0" -ROOF N
16 31 PIPING PENET ROOM AUX (-) 15'-9" Cl
17 34 CABLE SHAFT AUX (-) 15'-9" Cl
18 35 CABLE SHAFT AUX (-) 15'-0" TO 33' Cl1
19 36 CABLE SHAFT AUX (-) 15'-0" TO 33' Cl
20 37 CABLE SHAFT AUX (-) 15'-0" TO 33' Cl
WEST AND NORTHWEST CORRIDORS 2ND
21 42D AUX (-) 15'-9" Cl1
FLOOR
PIPING PENET ROOM SOUTH OF EAST HVAC H1
22 43 AUX (-) 15'-9" Cl~C2
SHAFT
23 47 480V MCC ROOM AUX 32" Cl
24 48 S.W. ELEC PENET ROOM AUX 32" Cl-~C2 H1
25 51 N.W. ELEC PENET ROOM AUX 32" Cl
26 53 N.E. ELEC PENET ROOM AUX 32" Cl
27 54 S.E. ELEC PENET ROOM AUX 32" Cl
28 55 480V LOAD CENTER AREA AUX 32" N
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210 Pro Rp RERIEAT I D N F LLHRAS A (8 2 3)

BB E B Bs A1) R TR N
29 56A-E  |[SOUTH CORRIDOR (EAST) 3RD FLOOR AUX 04" & 3'-2" N
30 56C NORTH CORRIDOR 3RD FLOOR AUX 3F2"&7 Cl
31 56D EAST CORRIDOR 3RD FLOOR AUX 32"& 1 N

SOUTH CORRIDOR 3RD FLOOR SEPARATION
32 S03 AUX 0'-4" & 3'-2" N
ZONE
33 56A-W [SOUTH CORRIDOR (WEST) 3RD FLOOR AUX 0'-4" & 3'-2" N
34 56B WEST CORRIDOR 3RD FLOOR AUX 32" Cl
35 57 480V MCC AREA AUX 21'-10" Cl
36 58 S.W. ELEC PEN ROOM AUX 21'-10" Cl
CONTAINMENT H2 MONITOR & INSTRUMENT
37 60C AUX 21'-10" Cl
AREA
38 63 S.E. ELEC PENET ROOM AUX 21'-10" Cl
39 65A SOUTHEAST CORRIDOR 4TH FLOOR AUX 21'-10" Cl1
40 65D WEST CORRIDOR 4TH FLOOR AUX 21'-10" Cl
41 284 EXTERIOR STM TUNNEL AUX 3'-2"TO 39' Cl
42 82 CABLE TRAY TUNNEL ON AUX BLDG ROOF AUX 39'-10" N
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% 2-10 1= ROF R TPV E LR s 1A (B 2 4)

BR | BFA(R)F B % @ A (B R TR | A’
GENERAL FLOOR AREA WEST OF COLUMN LINE
43 111A CTL (-)40"-0" N
C4
EMERGENCY WATER CHILLER ROOM (UNIT
44 111B CTL (-)40'-0" Cl
1,DIV. II)
EMERGENCY WATER CHILLER ROOM (UNIT
45 111C CTL (-)40'-0" Cl
1,DIV. I)
46 112 |CONTROL BLDG AIR SHAFT CTL (-)40'-0" TO ROOF N
47 114  |WEST CONTROL BUILDING CORRIDOR CTL (-)20"-0" N
48 116  |UNIT 1 REMOTE SHUTDOWN ROOM CTL (-)20'-0" Cl
49 119  |UNIT 1 NORTH ESF SWITCHGEAR ROOM(DIV.II) CTL (-)20'-0" Cl~C2 T3
50 122 |UNIT 1 SOUTH ESF SWITCHGEAR ROOM(DIV. I) CTL (-)20'-0" Cl~C2 T3
UNIT 1 BATTERY CHARGERS& SWBD 1RBD
51 130A CTL (-)20"-0" N
ROOM (DIV. I)
GENERAL FLOOR AREA WEST OF COLUMN LINE
52 130C CTL (-)20"-0" N

C4
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% 2-10 1= ROF R TP PVE LIRS TR B 2 5)

BB BACR)E B B s A H)F B TEg | A
53 131 CABLE SPREADING ROOM CTL 1'-0" Cl~C2 T3
54 132 UNIT 1 NORTH RPS MG SET ROOM CTL 1'-0" Cl
55 133 UNIT 1 SOUTH RPS MG SET ROOM CTL 1'-0" Cl
56 138 WEST CONTROL BUILDING CORRIDOR CTL 1'-0" N
57 143A CONTROL PANEL AREA CTL 30'-0" N
58 143B UNIT 1 CONTROL CABINET AREA CTL 30'-0" N
59 283 NORMAL INTAKE STRUCTURE (PUMP ROOM) OTHERS LEVEL Cl
60 288 NORMAL PUMP HOUSE HOUSE ROOM OTHERS LEVEL Cl
61 285 NORTH EMERGENCY PUMP HOUSE OTHERS LEVEL Cl
62 290 SOUTH EMERGENCY PUMP HOUSE OTHERS LEVEL Cl
63 01B-E  |[SECONDARY CTMT (EAST) REAC 3'-0" Cl
64 01C-E  |[SECONDARY CTMT (EAST) REAC 28' -9" Cl
65 S04 SECONDARY CTMT SEPARATION ZONE REAC 3'-0" & 28'- 9" Cl
66 01B-W [SECONDARY CTMT (WEST) REAC 3-0" Cl
67 01C-W [SECONDARY CTMT (WEST) REAC 28'-9" Cl
68 10 DRY WELL REAC (-)28'-10" TO 33'-10" Cl-~C2 H1
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% 2-10 %= R AR E DI LR g 174 (8 2 6)

EE |\ R)E o Fi 5 A *I)F A CREA 3 Ea
69 09 STEAM TUNNEL REAC 26'-0" Cl
70 113 AIR COMPRESSOR TURB (-)30'-0" Cl1
71 90A NCCCW PUMP AREAN VESSELS ROOM TURB (-)40'-0" C1
72 90B NCCCW HEAT EXCHANGERS PLATEFORM TURB (-)22'-0" C1
73 253A  |WEST CONDENSATE STORAGE TANK FUEL (-)42'-0"TO 1'-0" Cl1
74 253B  MIDWEST CONDENSATE STORAGE TANK FUEL (-)42'-0"TO 1'-0" Cl1
75 253C  MIDEAST CONDENSATE STORAGE TANK FUEL (-)42'-0"TO 1'-0" C1
76 253D  |[EAST CONDENSATE STORAGE TANK FUEL (-)42'-0"TO 1'-0" C1
77 254 SPENT FUEL POOL MAKEUP PUMP A ROOM FUEL (-) 42'-0" Cl1
78 255 SPENT FUEL POOL MAKEUP PUMP B ROOM FUEL (-) 42'-0" Cl1
79 257 CONDENSATE TRANSFER PUMP ROOM FUEL (-)42'-0" C1
80 256 NORTH PIPE ROOM FUEL (-)42'-0" N
81 258 EAST PIPE ROOM FUEL (-) 42'-0" N
82 259 SOUTH PIPE ROOM FUEL (-) 42'-0" N
83 260 CORRIDOR AREA, 1ST FLOOR FUEL (-)42'-0" N
84 261A  |[SPENT FUEL POOL PUMP ROOM FUEL (-)42'-0" C1
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210 Pro Rp RERIEAT I D N F ULHRS A (8 2 T)

BB E B Bs A1) R TR N
85 261B PIPING AND DRAIN SUMP ROOM FUEL (-)42'-0" N
86 309 FUEL BLDG STAIRWAY #17 FUEL (-)42'-0"TO 1'-0" N
87 262 NORTH PIPING AND VALVE ROOM (WEST) FUEL (-) 20" -0" Cl
88 263 NORTH PIPING AND VALVE ROOM (EAST) FUEL (-) 20" -0" Cl
GENERAL FLOOR AREA EAST OF COLUMN

89 264 FUEL (-) 20" -0" N
LINE F8

90 265 CORRIDOR AREA, 2ND FLOOR FUEL (-) 20" -0" N

91 266 MCC AND EQUIPMENT AREA FUEL (-) 20" -0" Cl
SPENT FUEL POOL DRAIN TANK AND HX

92 267 FUEL (-) 20" -0" N
ROOM
REFUELING FLOOR GENERAL AREA WEST OF

93 268A FUEL 1'-0" C3
COLUMN F5

94 268B FUEL BUILDING EXHAUST UNIT PLATEFORM FUEL 1'-0" Cl
REFUELING FLOOR GENERAL AREA EAST OF

95 268C FUEL 1'-0" C3
COLUMN F5

96 268D VEHICLE STORAGE BUILDING FUEL 1'-0" N
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%2:10 i BUF RERFE T Y LR ULFRAS 1T AR 2 8)

MR | B () F o s WA (5303 A T | % b
SOUTH CORRIDOR - RADWAST BLDG 2ND 1B7
97 218C RADWAST (-) 20" -0" Cl1
FLOOR
98 42C-W  |SOUTH CORRIDOR (WEST) 2ND FLOOR AUX (-) 15'-9" Cl1 OB2

"AUX : F B EH 2% ~ CTL #7418 % ~ REAC : F B E AL % ~ FUEL : %A % ~ RADWAST : Bof Ay %
PHI @ E4p% #—p kil A (G RHR 2 #rRH#) T3 @ E4pF 2 —d £ ¢t ~ OB2 : SFP &% 1P-48B 2. L.C. OB2 ~ 1B7 : SFP % 1P-48A 2. L.C. 1B7
N:#*& &g
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% 2-11 ¥ Rl RATRE R V()% L@~ 174G 2 1)

BB E B Bs A1) R TR N
1 253A WEST CONDENSATE STORAGE TANK FUEL (-)42'-0"TO 1'-0" Cl1
2 253B MIDWEST CONDENSATE STORAGE TANK FUEL (-)42'-0"TO 1'-0" Cl
3 253C MIDEAST CONDENSATE STORAGE TANK FUEL (-)42'-0"TO 1'-0" Cl
4 253D EAST CONDENSATE STORAGE TANK FUEL (-)42'-0"TO 1'-0" Cl
5 254 SPENT FUEL POOL MAKEUP PUMP A ROOM FUEL (-)42'-0" Cl
6 255 SPENT FUEL POOL MAKEUP PUMP B ROOM FUEL (-)42'-0" Cl
7 257 CONDENSATE TRANSFER PUMP ROOM FUEL (-)42'-0" Cl
8 256 NORTH PIPE ROOM FUEL (-)42'-0" N
9 258 EAST PIPE ROOM FUEL (-)42'-0" N
10 259 SOUTH PIPE ROOM FUEL (-)42'-0" N
11 260 CORRIDOR AREA, 1ST FLOOR FUEL (-)42'-0" N
12 261A SPENT FUEL POOL PUMP ROOM FUEL (-)42'-0" Cl
13 261B PIPING AND DRAIN SUMP ROOM FUEL (-)42'-0" N
14 309 FUEL BLDG STAIRWAY #17 FUEL (-)42'-0"TO 1'-0" N
15 262 NORTH PIPING AND VALVE ROOM (WEST) FUEL (-) 20" -0" Cl
16 263 NORTH PIPING AND VALVE ROOM (EAST) FUEL (-) 20" -0" Cl
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% 211 P2 Rl RATRE R V% L A 174 (G 2 2)

P B ()E P s W (5303 B TR | gt
GENERAL FLOOR AREA EAST OF COLUMN
17 264 FUEL (-) 20" -0" N
LINE F8
18 265  |CORRIDOR AREA, 2ND FLOOR FUEL (-) 20 -0" N
19 266  [MCC AND EQUIPMENT AREA FUEL (-) 20 -0" Cl
SPENT FUEL POOL DRAIN TANK AND HX
20 267 FUEL (-) 20" -0" N
ROOM
REFUELING FLOOR GENERAL AREA WEST OF
21 268A FUEL 1'-0" C3
COLUMN F5
22 268B  |FUEL BUILDING EXHAUST UNIT PLATEFORM |  FUEL 1'-0" Cl
REFUELING FLOOR GENERAL AREA EAST OF
23 268C FUEL 1'-0" C3
COLUMN F5
24 268D  |VEHICLE STORAGE BUILDING FUEL 1'-0" N
SOUTH CORRIDOR - RADWAST BLDG 2ND 1B7
25 218C RADWAST (-) 20" -0" Cl
FLOOR
26 | 42C-W |SOUTH CORRIDOR (WEST) 2ND FLOOR AUX (-) 15'-9" Cl OB2
27 222 |DECONTAMINATION AREA RADWAST 5'-Q" C3
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% 211 P2 Bl RATRE R V% L A 174 (G 2 3)

BB | BPA(R)E P B 5 ® BE (D)5 & TR
28 228  |HOT MACHINE SHOP RADWAST 5-0" C3
29 H RN P IR (1 )€ TRUB (-) 30" -0" C3
30 FERE AR TER B )° TRUB 1'-0" C3
31 R R (41)° TRUB 30'-0" C3
32 CEEC N REAC 76' -3" C3

“FUEL : %42 Fe % ~ RADWAST © Bl R %

"OB2 : SFP % 1P-48B 2. L.C. OB2 ~ 1B7 : SFP % 1P-48A 2. L.C. 1B7
P AR R 9%

N: &4 &%
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22-12 o RERMA Y PTIIO0S % 2 AF2AAME ()T

RN (A)R L % | EAnE it
1 12 RHR A AREA AUX H1
2 24 RHR B AREA AUX H1
PIPING PENET ROOM SOUTH

3 43 AUX H1
OF EAST HVAC SHAFT

4 48 S.W. ELEC PENET ROOM AUX H1
UNIT 1 NORTH ESF

5 119 CTL T3
SWITCHGEAR ROOM(DIV.II)
UNIT 1 SOUTH ESF

6 122 CTL T3
SWITCHGEAR ROOM(DIV. 1)

7 131 CABLE SPREADING ROOM CTL T3

8 10 DRY WELL REAC H1

AL N(R)REEEFIE 25T 0 s 2 RN T2 R o
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#2-13 B RATRIEA 5L IPTIIL0S % 2 A7 2 ApH B L (5) %

R B L(A)E L Bs | fcdEea

SPENT FUEL POOL MAKEUP ‘

1 254 FUEL | SFP 4k
PUMP A ROOM
SPENT FUEL POOL MAKEUP

2 255 FUEL | SFP 4k
PUMP B ROOM
CONDENSATE TRANSFER

3 257 FUEL | SFP 4k
PUMP ROOM
SPENT FUEL POOL PUMP

4 261A FUEL | SFP % 4r
ROOM
SOUTH CORRIDOR -

5 218C  |RADWAST BLDG 2ND RADWAST]| SFP % #r
FLOOR
SOUTH CORRIDOR (WEST) ‘

6 | 42C-W AUX | SFP i 4r
2ND FLOOR

DR AT L ()T R AT

ERCE- R R S A
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