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Abstract

This project continued to collect and analyze documents related
to the volcanic risk especially for ashfall assessments of international
nuclear power plants, and conducted the volcanic risk assessment for
Kousheng Nuclear Power Plant, during the cold shutdown. Besides,
with reference to the design standard facilities related to the
prevention of volcanic events, and the procedures established for
volcano eruption events, in Japan's Shimane Nuclear Power Plant, the
procedures pl454, “The Emergency Guidelines for the Impact of
Volcanic Hazards on Equipment and Personnel,” of Kousheng
Nuclear Power Plant, was evaluated that may help the regulatory

policy for domestic regulatory agency.

The important conclusions of this project are: “For the
established PRA model of the volcanic event during the cold
shutdown period of Kousheng Nuclear Power Plant, the conditional
core damage probability (CCDP) of the volcanic ash event is
4.13E-03.” And the sensitivity analysis shows: “The improvment of
the procedure 1454 'Guidelines for Response Measures to the Impact
of Volcano Hazard Factors on Equipment and Personnel' can

effectively reduce the risk of volcanic ashfall hazard.”
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VOLCANIC RIFT ZONES, VOLCANIC VENTS,

AND DIKE-INDUCED FISSURES AND
FAULTS OF THE INEEL AREA
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. | The volcanic rift zones (VRZs) and
‘4 the axial volcanic zone are defined
by locations of volcanic vents and
magma-induced ground deformation
features (Kuntz and others, 1994;
LaPoint, 1977). The number in
parentheses below the name of each
volcanic zone is the estimated recur-
rence interval for volcanism in that
zone. See Table 3 for additional
background information and geo-
chronologic methods used.
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(=) Extemal Events Hazards Screening Analysis for the Yucca
Mountain Project [
*3F 4 %5 BSC = # (Bechtel SAIC Company, LLC)>* 2008 & -

% Yucca Mountain 3+ & #7iaz R4 » 4 R L TP 5 AR
Yucca Mountain B3 3 b B e RN B AR PR 2 7
FTREERITEFEZTREL CFERP AT o

# Yucca Mountain B¥ % HE ALk & 25 & ik P
(Receipt Period) ~ 2 50 # % % #p (Emplacement Period) - %%
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MY BeR P EE > 2 10CFR63.2 (%% = ;;;Je 231)hE s &
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VAR EF I T P g ERI0CFR63.2 (44 < /Igie 2.3.1)
HEERNEEBEI] o AT EY TR EENRE T 7 e Tl
B 3% i % &2 (Geologic Repository Operations Area, GROA)+# »
d 10 CFR 63.2 (%% = 1}% 2.3.1) %7 Tk 2. el % bR A
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% 1. Yucca Mountain p+ 15 3Ry ¢t ¥ £ 2 &g R 5

78 =% TR S AF - Kt | ATEE
1 PREE H_ 6.1
2 AP B AR T e = 6.2
3 VaLE i Z 6.3
4 Wb E 2 S 6.4
5 Ffhok * 6.5
6 FHE 3 6.6
7 CE R e T 6.7
8 & % it 3 6.8
9 HisRFT + 6.9
10 | wigeha 2/E TR %% & 3 6.10
11 TR s 3 6.11
12 O 3 6.12
13 AT A 3 6.13
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(=) Ash Fall Hazard for North Portal Operations Area Facilities,
October 2004 !
* 3¢ £ (BSC 2004a [DIRS 169989]) = BSC = & (Bechtel

SAIC Company, LLC)** 2004 & » 5 Yucca Mountain 2+ 3 #7#2.
R4 > 3B enL 7P 5 R F (Design Calculation) Yucca
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B ER 2 \_,k;}g_/ Kﬁ,;}?ggﬁp’;_&r'ro

Yucca Mountain B+ 75 344 8 F° 2 E K ¥ FIE AT A
N LEFATRZ VLA ER G(AF o M BRIAES)> 2 1Y
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TR FRR DD A T) 0 B R AR U

TGE S S TGS X F IR GNIE - W ot
A2

R EAE e LT 2
ASHPLUME #%;% #7 & 11 - ASHPLUME 7 } > & % Sufdic 35 ip
(Total Systems Performance Assessment, TSPA) =38 2. — 84 » #*
* 3% Yucca Mountain ¥ iy ek LS H 2 b M o

"$ # ASHPLUME #7 & denfiedp et » R38R 7 2 5

FERLLAF Y gEFHLIE R > ME FE Yucca
Mountain P35 S i B el Lvg BHAF S o H P %R E
PR i B wBp BSC o7 ¥ - 3842 (BSC 2004b [DIRS
170026]) » “Atmospheric Dispersal and Deposition of Tephra from a
Volcanic Eruption at Yucca Mountain, Nevada™ ; @ X Lieg 3 4F 5
P|B~p 4352 (BSC 2004a [DIRS 169989]) -

* 3t 4 57 Yucca Mountain B7 i3 34 8 2 2 FiERE > B
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A dq BT 4 A3k 5 (Canister Handling Facility)2 & % & » 2~
BSC 2 # ¥ — #F 2 (BSC 2004c [DIRS 171769] -

& 47 % % B o Yucca Mountain B 75 34 IR 2 5 E R
FIRE S R R LSRR LA TR SRR R R
HUE ) > N LA T e B S 426 10 glem? 5 6.4x108 - &
TR FERZG > L ETNRHE G 9% F > vk

# T 3o B 47 10 g/lom? S & 4 A2 6.8x107 -

) NRC Regulatory Guide on Wolcanic Hazards Assessment
Working Outline, October 21, 2019 P!
B w2019 # 10 % 21 p 2R NRC Vv Lig T3 4%

Al(Regulatory Guide)z. 1 £+ % > & 5w < 384a 1 (1) @ 4 ;5 (2)
1 5 B) BRR FAIER 2 (4) HiF 5 P AT -
1. #§ 4

(1) p e
A NRC & | i %2 % » ¢ 414 0] (Regulatory Guide,
RG) » M BB R i K F A{rILfa -l L %0

TS
CGERELE
A S r g AP T R H4
(3) it * hér 4 fo g 12 2R (Orders and Regulations)

A. 10 CFR Part 100.23(c), 10 CFR Part 50, Appendix
A, Criterion 2(1), 10 CFR Part 52.17(a)(1)(vi), and
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10 CFR Part 52.79(a)(2)(iii).

(4) #pBE eng 48R -

(5) & #1% Rz p e(Purpose of Regulatory Guides)

(6) # " = % 1 i¥; (Paperwork Reduction Act)

(7) = % 3£ 3 &(Public Protection Notification)

2. 3t -
(1) # 7 h7F -
A gV L BT TG AN ERDREER FooL

Pt RAOR Y R EE i f B RGFE L
L ket % oo ARG ¥R 2 5 VLB E 4] E

I

=i

- Bh %2 a2 > @ NRC E,%Jvﬁ ¥ o2 10
CFR50 & 10CFR52 z_ %%+ -
(2 *

A N

B. B #ABH 32 d

C. p 848y F uald

D. & * SSHAC #= 3 #p|z 3t

E. #&#% oL L g T A 45 (Volcanic Hazards Analysis,

VHA)= 2

L

47 4% #z(Initial Characterization)

=

L L fcz: ’-—:‘; E‘f’?éﬁ?é

o

A ¥ b % ¥ % (Risk Insights)

d. VLR Y o/& L TS 2 3
e. Wik GiF &
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f. K AHL TR
9. ¥fEWwz G
() & R ERE RN
A. 2Ry &% IAEASSG-21 s i - R
B.ANS234 & & BH*® > 7 A3 X %%+
(4) BB FHIERI Y b
3. B E IR
(1) & &A&H 7
(2) B &4& F
A LA Eamg s v B diaindapgds
SRR e
(3) #i-# # -1l (Tectono-magmatic model)
(4) XL :g 1 3 & £ (Deterministic Screening)
(5) A b &k F
(6) ¢ LB o/ L T B LR
(7) Hmehh Gk %
(8) K A#H2 =Rk
(9) #f# R 23+
(10) Ext2 -2
4. 347 ¢
(1) ¥ 342 :}iﬁvﬁﬁ—g e {7
(2) NRC B | ehfd 7

(=) Columbia Generating Station — Notification of NRC Inspection

of the Implementation of Mitigation Strategies and Spent Fuel
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Pool Instrumentation Orders and Emergency Preparedness
Communication/Staffing/Multi-Unit Dose Assessment Plans
(05000397/2018010) and Request for Information, March 29,
2018
A 5 #(ML18088A015) = % W NRC % = % B¢ f »* 2018 # 3
o AT 2 COLUMBIA #: % Be#m# 3 e NRC AR %3 +v
(Notification of NRC Inspection) 2 # i+ £ £ (Request for
Information, RFI) » 4§ & 3P 4™ o
AARL B 47 444 COLUMBIA 2 ¢ o Ho A M2kt A
et & 2 (Beyond-Design-Basis External Events)z_ 4 f# { v -
* Rl R B -~ 22 COLUMBIA Jf**f‘g\mT‘%X@-%ﬁg%g
(Emergency Preparedness Enhancements) >+ 2018 # 6 * 11 p 1
15 p 2 AR % o L AR %2 1345 NRC m%‘gﬂfﬁa‘ﬁ 7+ (Temporary
Instruction) 2515/191 » T 4 f2 L uk fo* YOS KRB & £ 2 (7
frete d o & ?f%@-%ﬁ AR Sl s s e R EFR R
(Inspection of the Implementation of Mitigation Strategies and
Spent Fuel Pool Instrumentation Orders and Emergency
Preparedness Communication/Staffing/Multi-Unit Dose Assessment
Plans) -
ST SRR NRCARE A frfic ™ 4 | R sde
Fefie 30 GV A E R CCHRFFTIRAPEE  TRIENG T

2
BOAREE > A PES L T AR BT E 0 RFL LA 0 ¢ RFI

2018 & 50 18 p 2w ki o AMHLEYE o MBR &
P COLUMBIA R je &3 ¢« W~ 1 a5% # & NRC
$14 EA-12-049 fr EA-12-051 et 4] o A% < BP9 1345
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2012 & 3 ® 12 p RFI & feh 4 § Sdlfeid zt3] 0 12 1235
2013 & 3 * 27 p % 4 :51 COMSECY-13-0010 > " p & eni§ sk %
IR ERP - mALOEF AR o R PR E T
IR AL ok i ST S
d NRCALRARBiEFE A » 117 25 2585 NRC 045 T e %
> 371z 38 4 (Safety Evaluations, SES)® o F]pt > 3% F &390
TOfEPR T R FLEX Kvg ~ * B R A 2 Bf%f%%i%&am

EEAR > NI AARZERY FRFTRBREHELSF

(=) Emergency Assessment of Mount St. Helens Post-eruption
Flood Hazards, Toutle and Cowlitz Rivers, Washington []
* B % 1980 & 7 & *+ U.S. Geological Survey, Circular 850-1
W4 o ABPNZEEALRERERH Y EF S LSV L (Mount St
Helens)#g % 1 > Toutle j» 2 Cowlitz j» ik -k & F eh ’T‘ £
FRFEP AT o
1980 # 5 * 18 p # & 4 V' Mount St. Helens v i ¥

(6o d A zfr ULy i fg 47 A5 = a0 Toutle i@ % f= Cowlitz J7 4

T ARREPHORFHFTT N ERZE LT RSP R o
WAL B2 "ﬁ BB % Spirit Lake if ek i@ i fo
% Toutle /® #* = Elk Rock er3% % i3 « 287 7 fa 3 7 ’Ls,_T N

R m Fba Rtk iR R B i 2 R R IHC] -
ete AFT Y R = 4 12 Elk Rock stk g i i 4 i
AP E R R R PR B RIRFEREITRIII S G
AR o
AApE e 7 r(1) g R e kR P AT At B
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A2 f§ 4 5 (2) & Spirit Lake 2 EIk Rock e3% & @32 B ¥
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AR BEEOER - 2 B 3 Cowlitz jP 2 5 RELS o ¥ - Bk
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A AN BB ERAENI I o R BRI G Y
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(~) R34 ZETONLPEEFBAA F(P AR R LFEE
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2 % »xis oo 4935 1985 £ 4R ¢ %R PRA R 2 [
%511 F R BR 52 Br3 039~ By % 03252+
EvViE o F REBHR 52 Bc s 0504 (= (0.39° +
0.322)0%) o & F ikt o2+ 5 7 =-2.18 (= In(98/294) /
0504) » ¥ & ¥ i fed » ¥ HLFL FT RS
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2.4 > % 5 0.0146 -
(3) et BAT2 % »cis % % 1.1E-03 (= 0.075 x 0.0146) -
3.0SP: #& £ f{ ‘bR R e Bk f@ﬁf@ 5 ‘L’f##\ % 32T 54X

~pP

e

ge & geb TR o B “—ﬁ”%ﬁ'HQa?;j C“§°4‘3‘;Tfr(‘)~’§\:‘§_

FZE)2Z AT AV LALER A 5ompE o K 5

[y
N

SRS RS 2 s BRE S % il A DR
x4 5K 2 pldb4 # 3¢ 6.3.6 » 4rit ¥ 69 KV B R 351§ P
o FOEAIEEE F R T (GT) 0 B g P 4R R
ot RAEZ A2 F L (P12 B A 2 i 69KV B
MH-2 iy GT 2 A FIF & (%425 4 1454 % 5 6.3.6)) + (GT
2k F1A i ) o
(1) P12 ok 2 B 69 KV B B 32 4o 85 GT 2 £ HE &
(xR 3 1454 # 6.3.6) » 12 SPAR-H = ;235 » 1

7
—~

=
%i* k!
ﬂ.\

5
o 2

6‘34

e
A. HEPp(Z #r354) /iy V& T Y PR
LU A W E T L Lk o
B. HEPA (34 734): Flid L L LA ja ™ 2 0 s ~ i@
Y OB RYE Sy FHAT Y PR 2 PSF
(Performance Shaping Factor)igzk 2 1; H4 7 &
PSFs 3% i 3f 4o
A L AIEITRATE S FFBLVLERE R LD
FHEB)T L HEEL G SR PR > RS
2. PSF % 5;
b. 425 2 ¥ % e 542k » PSF 2 5;
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c. H4PSFs3z5: 1-
d. sarmt » P AT 22 2R %
0.001x25=0.025 -

(Q)GT 2 & Fla»cd 5 1 p ¥ Jo GT 2 8 4& F14 »(Tr4e
#o~1E 2 F) 4 %) 5 L 1.0E-03(= 4.3E-04 + 5.7E-04) >
P1EFL L A R 2 E F) 2 sk 1.22E-03 (T4 L L L&
2.k T4 2 S B P mode s GT 242 4 »2 % 5
1.22E-02 » H % »c4s & % 1.22E-02x0.1 = 1.22E-03 ¢ ) ;
St e 5 2.22E-03(=1.0E-03 + 1.22E-03) -

(3) # M » R ALz % »T iy F i 272E-02 (= 0.025 +
2.22E-03) -

4.EDG: & % EDG (% DG-5)~ tdt % it @R ™ » 4o EDG (%

DG-5)2 it § © F v L% @ ¥ % #- 5 & £ EDG (7 DG-5)
T R TAIRT A2 2 (SBO)L Y s BAEE & B 7o %%
THEERESZF)2A T VL AER A5 om s &
T EK S R3I R EDG & f v RELHE 0 4 EDG 2 i f
CERE AV LA R AT 0 RS L ot AT
A2 5 (- ReARARR 4 1454 3% 6360 & AT
EDG (% DG-5)2 * F1E ) + (EDG (% DG-5)z % F]% »cis
%) -
(1) 5= Rk =424 4 1454 # % 6.3.6 » 2 s+ EDG (%
DG-5)z. 4 F|E i# » 12 SPAR-H = 23205 » 3P 4T @
A. HEPp(Z %32 ) /il VL Az ™ o HY PR

LEFAPFT LG
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B. HEPA (3 F4): Fl& L X L4 T 2 8 ~ i@
FoFRYPE Sy FHET Y FRF 2L PSF
(Performance Shaping Factor)iEzk = 1; H4 7 B
PSFs 3% % 3LfP 40T
A S AFEITEEL EPNFE S R ETER L LER
(FR)TAFHEREAE AR RS RS 2
PSF = 5

b. L#HpEFEN2 ] F > & T F TR 2
PSF % 2

c. H4PSFs#5% 1

I3

g1t 1 5 EDG g { #4 pez A FE 2

k!

e

¥4 sk % 0.001x10=0.01 ;

e. ¥j&= - EDG (7 DG-5)2. * Fl4p ikt L ] i :
(EDG-A~B 2 4p &% %) % (EDG-A~ B
%2 DG-5 Bz Apiklt 5 33); EEREAp iR 5
2.5E-02 (= 1/2 *1/20); #c 548 & F1F 2 2384
¥ & % 2.5E-04 (=0.01 x 2.5E-02) -

(2) EDG (% DG-5)2. £ F]4 »c¥ % : pr¥ i DG 1A & DG
1B 2 4 & T4 s (A ~ FHE F L )5 G
1.21E-03 (= 1.66E-04 + 1.05E-03) » 11 2 DG-5 2_ %
% 2.82E-02 (= 1.51E-02 + 2.31E-02) ; # ¢ & 5 3.4E-05
(=1.21E-03 x 2.82E-02) -

(3) w ot A3 2 4 28 X L 2.84E-04 (=2.5E-04 +
3.4E-05) -
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5, ECW: &% ECW - & & jp ot £ RhE EDG ¥ * T » J5Ik/5
R AEFIECW T * (BERECWBK T Ad TH 2208 0T o
o FL L AR R IRIEAE T o v F A R~ F AR B
Rephitz B > v L giARPoRT 2 g L) T 4o
ECW & 32 &4 v AV Lhd % > Bk & R §Rdr 2 flt
BT e B E RS T o R AT S G (P2 oA
®AR R F 1454 vgit - > 2 R niﬁfi—ﬁg‘;{ ECWP 2 ECW B~
Rr oz v 2 A FE )+ (ECW 2 £ F]& »e8 ) o
(1) = Ak 2 1454 %42 - » 2 Prprin ECW B~ok T

2.V % 2. A F|E %5 12 SPAR-H 3 23R 0 P 4o

>

HEPo (2 #7384 ) s s VL 8T o ferv Pl e o

BEREA BT L L0s

B. HEPs (B4 {7324): Fl3A L L LA 5 T 2 s ~ i
R SRy FHR T Y PFRA 2 PSF

(Performance Shaping Factor)Bzk 2 1; 24 7 &

PSFs 3% 3P 40

a P RIEITRE G F P FE > R IRT B VLS

(5 BT A RSB R R 2

PSF 5 53
b. {HigEd X2 [ i T3 TR 2
PSF % 2;

C. #2534 1454 2% AP M At (GR s # B ¥ ) » &
PSF % 20 ;
d. H4PSFsiai 1;
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e. W&t H18 ECW g { #4pr2 A 7T 2
W4 % L 0.2(=0.001%200) ;
f. Y-8 ECW g { #4pc2 A Flppirits
B(T 5 12); w4 Tt A
0.1(=0.2x0.5)
(2) 13942 n 4 1454 2 it r%?vngﬁﬁ%@k r ECWP

i RAHTREIRTE®EA LR = b S
FONLAMBFLAREZPM R EIRFEET ERE

o T OB b ICARRER BEICR 0 AL TR
WAL AT R R LY ECWP 2 35 dl4cstiFm
2 i FEEpF 2 5 5 1.0E-02 -

(3) ECWP 2. £ T2 »cf% % 1 ¥ 5 ECWP 2 4% £ 74 »g(r
Aede ~ F X T4 ) S 5 4.4E-05 (= 3.49E-05 +
9.15E-06) ©

(4) &t A H2E2 25 F 5 11E-01 (= 0.1 + 0.01 +
4.4E-05) -

6. SGTS : & % SGTS (% ¢ % SGTS ki iz F s B R % HVAC
g AAE RF RBRS T TR 532 A & PFL
Wi B/ MR R 2 YR D SGTS 2 B R ERIE (F5 &
FeiEFR)e 2 Bt T RE EDG 2 ECW a7 * T » plpk
4o SGTS kit f v FIV LA @ ¥k » BT B LERT
FRE SRR AR o 2EE BN TR
4 R BB TEAI AT TEERT Y = )2 &
7 X L B A3 5 ompF o Bk 2515% SGTS 4 suig
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Frasg o a SGTS fsttl LikHg4sad » *vio
P PERRET S N2 (R ERE -2 A FIREAS
P 4o

A (#HFRBRER>DTFER 2 EF viBpFl L FFE
AWI oI L HEDGEF v BB mie {4
Pz %% % 5.0E-03 (=0.01 x 0.5) -

B. & #&#™ »SGTS 414 4% » W= LOCA 2 3 {5 512 55
TAdAR  m VLT ET IR F I Y P AR
2 ARRF 1454 v pdn JEcEs Y F MR ko gt
v (F2. A F]34 $#% % 50E-03 (=0.001 x 5)

C. A>3 3 SGTS 2 PR FHRETEF BRERST ¥ b
G F v BRE R LA Rt 4 TR R R S
R T B
5.0E-03%x(1+6x5.0E-03)/7=7.13E-04 -

(2) $iz Rl iy 2 L (R)t s EaA 45

AeB 94T P A ViR 2 L L (R BT R &
FOBERAI FFTE AT

1. VOLCFS02 : # % g #b ik » & [f ~ = ~ (2]t > %4

Z Rl L3 POS 4 g 22 e & b TORE 2 AHTS)

Bo#z s i W Lits s E G AHTIVEVT) 4o B 10 #77 o B 3 %

B Bl4eT o(1) EdnF 2ag ke L 1:(2) kAEA 2 1454 769

KV BB H30 0 L i S AR R R 2 TR PR BT R

SARAFRUATRARAZ T M S AN IRTETRAT R

ZF a2 Q) AR bl gd w2z A FIE A S
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38 e

2.VOLCFS03 : & 2 i ¢t TR Y & 4 SGTS» = Bk & 7 R &
AR F BT m R R R N LR E e

3. VOLCFSO04 : & % f#t 22 &2 ECW > % T 2 B % £
M2 E A IR R A PFR LS ART
;%:J—o

4., VOLCFS05 : # 2 b §h® &% EDG> % 2R 22T & A
F o AR R PR LS E R A

5. VOLCFS06 : 1% § % & & A 5 S Hdpsk > & 231 yp w24
R R LS T A
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I, WinNUPRA - Event Tree Module - [T3V.EVT]
s File Edit View Model Window Help

DS|| 8 <|x| Ol= 2| M

Function Assignment:

Branch Comment:

Probability:
0.00E+000

E0134 2.33E-006
1.55E-002

[LC334 | 3.22€-001 2.33E-008
3.62E-001 FL134

2726002 T1BeE003 | 287E-002
RI034

1.54E-004

E0133 2.33E-008
1.66E-002

SD134 3.46E-001 2.33E-008
3.30E-002 FL133

3.04E-001

[ lwosse

I.E!m;l 2.33E-006

1.86E-003 3.07E-002
s
<.
For Help, press F1

Seq Frequency

Status Sequence

l6os [capNuM[

W 10. %2 o i 2 L Lk S TV.EVT
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(T) 152 Bk g iy 2 U Lk 2 g B A8 5 2 47
oB 9 E o P RS B 2 VLA R £
4 BEFE ] HiE R334 5 (Conditional Core Damage

Probability, CCDP)z_ z_& &~ #7828 % P 4T

1. VOLCFS02: ¢ % iy ¢t F Rz if it yp '3 348 5 5 1.59E-05 ;
Hfo ) Asne 4ok 6977 L B E AP 5 B84 4 ke
ECCS #f-k % 5 ¥Rk 5 54 »cm 4 pr » CSTXR &2 B -k B
FohF w4p A pe® GIT 4 2cm 7 7 % ot R @ 4 480K
MR AE o

2.VOLCFS03: @& % fy *t & 2 & % SGTS > 5 7 il 42 Rir2
TR HEEHeREBF L 194E-05 (= 2.72E-02 x
7.13E-04) -

3. VOLCFS04 @ # % fu*t TR 2 de 2 ECW > 5 T e 2 B % 4
M2 F R B iF RGPS 5 2.99E-03 (= 2.72E-02 x
1.1E-01) -

4. VOLCFSO05 : & % jh#+ T /h> &% EDG > 3 T M2 2 &5
Pl H R iR K S 7.72E-06 (= 2.72E-02 x 2.84E-04) -

5.VOLCFS06: 1% § % £ & A > B H4 »o Bk & RERAM K F
SRR TR R I T R
1.1E-03 -

GF AT P R Y R 2 L (R )E e T S
HAo47%% 5 413E-03 (= 1.59E-05 + 1.94E-05 + 2.99E-03 +
7.72E-06 + 1.10E-03) -

(=) FACE A ¥7
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j‘%ﬁi%gﬂi%\ﬁ#j Wﬁﬁﬁ"i"" 1) B8- @ B4 5w
T IRGL % 1GGL ¥ 7 ¥ * ; (2) HH = ?jé

Pump)+ F14 22> € £ & % (4 RHR ~ LPCS) # -

M

(B) HH = Y LipRRAE A FIE 22 4 20 X TR A 2 plab4
2 AFiEa Fi; 2 (4) Hae D ECW &3 B3R TG 44k
T2 v FEEgpg, < T VLA FREFEEERE 0 4

@f"r%ﬁf{filn\’f‘?’ﬁlu—li“&:u’ ;}Eﬁﬁ 7 'E‘_ %%J‘%—Q\?T :
1. 8- - %?4—-%5—,&’*} T 1 1RG1 £ 1GG1 % * oo

(1) VOLCFS02 : ¢ % gyt 7 ik » Hif g3 it d Bk
5 1.59E-05 < % = 9.91E-04 -

(2) VOLCFS03: # % gy 7t 3 ih > & 2 SGTS> ¥ EDG & B »
g yh s A v 5 1.94E-05 -

(3) VOLCFS04 : # 4 fy b T iRy & % ECW > & EDG & B -
HiFid g iE s ie L 2.99E-03

(4) VOLCFSO05 : dr % fi 7t TR e d 4 EDG (2 £ »cis 5 d R
% éh 2.84E-04 2 % I 2.84E-02 (= 25E-04 + (1 x
2.82E-02))) 5 R 22 A HiE g e i
d B ke 7.72E-06 2§ % 7.72E-04 (= 2.72E-02 x
2.84E-02) -

(5) VOLCFS06 : +: & % & & i % %% »c > 22 EDG & M -
B g g s m i 1.1E-03 -

(6) 55 =rif » - 2 iR p eI E o d Rk
4.13E-03 < % % 5.10E-03 (= 9.91E-04 + 1.94E-05 +
2.99E-03 + 7.72E-04 + 1.1E-03); # +* & % 1.2 (= 5.1E-03/
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2.

3.

4.13E-03)

s W ?sﬁﬁ %'k &% (EChW Pump) £ F]4 3% o

(1) VOLCFS02 : & % gr#t 2 ik > Hixitlp o3 5d Rk
7 1.59E-05 2 % & 3.07E-03 -

(2) VOLCFSO03: & % fr 7 /R ® & 42 SGTS &2 EChW & i »
HiE e E v L 1.94E-05 -

(3) VOLCFS04: ¢ « g *t 7/ ® & 4 ECW> 22 EChW & & -
HiE g S v s 299E-03 -

(4) VOLCFSO05: # 2 i *+ % s » & 4 EDG> ¥ EChW & B -
Hig it yp e ips s 5 7.72E-06 -

(5) VOLCFS06: % § % £ & iy % %42 > & EChW & M
Higyp oy ipdim s 11E-03 ¢

(6) 57 b w7 » 8 - 2 iFE R B PEF 4 Rokan
413E-03 # 3 & 5.87E-03 (= 3.07E-03 + 1.94E-05 +

-

2.99E-03 + 7.72E-06 + 1.10E-03) ; H 1t & % 1.4 (=
5.87E-03 / 4.13E-03) -
Tz ¢ VLB ARAL A FIE 22 A s F FIAR A pldb4
2R (A de SRR S A AL T B P )@ R L PSF o R 4
FIF TR BRI TA R Z 7 8 MARM R MR
B BREAITAERFE TV Lrf g i~ i i
REIF P24 4phi2 PSF iEd 35 %% 5 1 €£a73%
& fs & F & B 7|2 CCDP @E#H 4T !
(1) VOLCFSO02 : & % e+t ik - # v oLign Bl 4 5% & (724
7 r BApM 2 PSFiEd 5% 5 1) pt 404 »ais o
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2.72E-02 " 5 7.22E-03 > s % & A 7|2 iF g v B 45 15
&% % 4.22E-06 -

(2) VOLCFS03 : & % fy*t T iR2 & 4 SGTS » fa A 4932242
BERGEHIepM bt B el &A% 2(7 V)
R FIE E 2 A R e SR iE
Yoo W3 AE M % 5 5.15E-06 (=7.22E-03 x 7.13E-04) -

(3) VOLCFSO04 : & % fig ¢h T k2 & 4 ECW (55 i Bk v 2 3%
e AP PN T Aitis > H L LAp A FIE 2 (4P M 2
PSFigd 20% % 1)% »c# % d R %¢00.17 * 3 5.0E-03)
Ho A AT 2 % »cs v L 15E-02 (= 5.0E-03 + 0.01 +
44E-05) - p* T B Al F g o W I I R okh
2.99E-03 ™ * 3 1.08E-04 (=7.22E-03 x 1.5E-02) -

(4) VOLCFS05: # 2 fx 7t & B2 # 4 EDG k4 473 % 2425
THEHBEM AT BRI RGBT (VL) &
PR A FIE 2 AT B o AT ER
SR I D R % eh 7.72E-06 % % 2.05E-06 -

(5) VOLCFS06 © 1% § % & & fu & S H 4 »(HF &8 79 F
MRS - Bl Ldp b A FE 22 2 g d R ke
0.075 ** 3 0.005) > H iFiyp~ B WIFd h ke
1.1E-03 = * & 7.3E-05(= 0.0146 x 5.0E-03) «

6) it » WH =2 BRI 4 R kh
4.13E-03 T 4 & 193E-04 (= 4.22E-06 + 5.15E-06 +
1.08E-04 + 2.05E-06 + 7.3E-05) ; # & % 0.05
(=1.93E-04 / 4.13E-03) -
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4. e ECW R 2 EX "G w4ciinT 272 FEH®

Pl ) ot TN LA R (TG 2 B
Koo Nl @8 ECWP S8 4) o 2 1AL ECW ¢ » 2 4k
A2 A e a7 5 P RAT2 % o 5 T 4 10E-0L (=
0.1 + 44E-05) » p & (e 72 F 2w I Fd R ke
2.99E-03 % 5 2.72E-03 - y* 42 F 2 g Bt S > 4 R
% ¢14.13E-03 T % 3 3.86E-03; H 1 i@ 5 0.93 (= 3.86E-03/
4.13E-03) -
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% 6. {63 F PR T3V 2. CCDP ] 4 st & (3 2. 1)

5ip | CCDP b 2w E

1 | 7.21E-06 |HR-4FRW-FL1 CHEGJ-VCI3CCFAB |AAA-T3V
HR-GT/2H OSP-RECOV/2H

2 | 5.37E-06 |HR-4FRW-FL1 CHEAGJ-1VC-13A  |CHEBGJ-1VC-13B
AAA-T3V HR-GT/2H OSP-RECOV/2H

3 | 3.42E-06 ]DGE4AKVRGGGCCF12 |HR-DG5-RCIC-INO |AAA-T3V
HR-GT/2H OSP-RECOV/2H DG-RECOV/2H

4 | 2.26E-06 [HR-4FRW-FL1 SDTFFAILLOOP CHEGJ-VC13CCFAB
AAA-T3V

5 | 1.85E-06 |HR-AFRW-FL1 CHAGJ-VCI3CCFAB |AAA-T3V
HR-GT/2H OSP-RECOV/2H

6 | 1.77E-06 |HR-4FRW-FL1 HR-GT/1H OSP-RECOV/1H
PMAE12-PA9CCF123 |AAA-T3V

7 | 1.74E-06 |DGEB4KV-1GG1 HR-DG5-RCIC-INO  |DGEA4KV-1RG1
AAA-T3V HR-GT/2H OSP-RECOV/2H
DG-RECOV/2H

8 | 1.68E-06 |HR-4FRW-FL1 SDTFFAILLOOP CHEAGJ-1VC-13A
CHEBGJ-1VC-13B  |AAA-T3V

9 | 1.56E-06 |DGEB4KV-1GG1 HR-DG5-RCIC-INO  |CHEAGJ-1VC-13A
AAA-T3V HR-GT/2H OSP-RECOV/2H
DG-RECOV/2H

10 | 1.33E-06 [HR-4RELIEF-RVO AAA-T3V HR-GT/2H
OSP-RECOV/2H DGECAKV-10G1  |DG-RECOV/2H

11 | 1.13E-06 |DGABAKV-1GG1 HR-DG5-RCIC-INO  |DGEA4KV-1RG1
AAA-T3V HR-GT/2H OSP-RECOV/2H
DG-RECOV/2H

12 | 1.13E-06 |DGEB4KV-1GG1 HR-DG5-RCIC-INO  |DGAA4KV-1RG1
AAA-T3V HR-GT/2H OSP-RECOV/2H

DG-RECOV/2H
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% 6. (6B F PR T3V 2. CCDP &) 4 s & (3 2. 2)

5ip | CCDP b 2w E

13 | 1.09E-06 |HR-4FRW-FL1 CHAAGI-IVC-13A  |CHEBGJ-1VC-13B
AAA-T3V HR-GT/2H OSP-RECOV/2H

14 | 1.09E-06 [HR-4FRW-FL1 CHABGJ-IVC-13B |CHEAGJ-1VC-13A
AAA-T3V HR-GT/2H OSP-RECOV/2H

15 | 1.09E-06 |[HR-4FRW-FL1 HR-GT/1H OSP-RECOV/1H
CHEGJ-VCI3CCFAB  |HR-CWS-INI AAA-T3V

16 | 1.07E-06 |DGE4AKVRGGGCCF12 |HR-DG5-RCIC-INO  |SDTFFAILLOOP
AAA-T3V DG-RECOV/2H

17 | 1.06E-06 [HR-4FRW-FL1 PMAGIJ-VCI6CCF12 |AAA-T3V
HR-GT/2H OSP-RECOV/2H

18 | 1.02E-06 |DGABAKV-1GG1 HR-DG5-RCIC-INO  |CHEAGJ-1VC-13A
AAA-T3V HR-GT/2H OSP-RECOV/2H
DG-RECOV/2H

19 | 8.67E-07 |HR-4RELIEF-RVO AAA-T3V HR-GT/2H
OSP-RECOV/2H DGACAKV-10G1  |DG-RECOV/2H

20 | 8.10E-07 |HR-4FRW-FL1 HR-GT/1H OSP-RECOV/1H
CHEAGJ-IVC-13A  |CHEBGJ-1VC-13B  |HR-CWS-INI
AAA-T3V

21 | 7.75E-07 |DGE4AKVRGGGCCF12 |DGEN4KV-DG5 AAA-T3V
HR-GT/2H OSP-RECOV/2H DG-RECOV/2H

22 | 7.42E-07 |DGAB4KV-1GG1 HR-DG5-RCIC-INO  |[DGAA4KV-IRG1
AAA-T3V HR-GT/2H OSP-RECOV/2H
DG-RECOV/2H

23 | 6.57E-07 |HR-AFRW-FL1 HR-GT/1H OSP-RECOV/IH
PMAEH-PAABCCF12 |AAA-T3V

24 | 6.36E-07 |HR-AFRW-FL1 CHEBGJ-1VC-13B  |PMAAEH-1P4A
AAA-T3V HR-GT/2H OSP-RECOV/2H
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% 6. {63 F PR T3V 2. CCDP %) 4 s & (3 2. 3)

5ip | CCDP b 2w E

25 | 6.36E-07 |HR-4FRW-FL1 CHEAGJ-IVC-13A  |PMABEH-1P4B
AAA-T3V HR-GT/2H OSP-RECOV/2H

26 | 6.36E-07 |HR-AFRW-FL1 CHEBGJ-IVC-13B |PMAAGIJ-1VC-16A
AAA-T3V HR-GT/2H OSP-RECOV/2H

27 | 6.36E-07 |HR-4FRW-FL1 CHEAGJ-IVC-13A  |PMABGJ-1VC-16B
AAA-T3V HR-GT/2H OSP-RECOV/2H

28 | 6.36E-07 |HR-4FRW-FL1 CHEBGJ-1VC-13B  |PMAAE12-1P-49A
AAA-T3V HR-GT/2H OSP-RECOV/2H

29 | 5.81E-07 |HR-4FRW-FL1 SDTFFAILLOOP CHAGJ-VC13CCFAB
AAA-T3V

30 | 5.44E-07 |DGEB4KV-1GG1 HR-DG5-RCIC-INO  |SDTFFAILLOOP
DGEA4KV-1RG1 AAA-T3V DG-RECOV/2H

31 | 5.40E-07 |]DGA4KVRGGGCCF12 |[HR-DG5-RCIC-INO |AAA-T3V
HR-GT/2H OSP-RECOV/2H DG-RECOV/2H

32 | 5.07E-07 |DGAN4KV-DG5 DGE4KVRGGGCCF12|AAA-T3V
HR-GT/2H OSP-RECOV/2H DG-RECOV/2H

@ K4 %7 CCDP =+ >+ 50E-07 z. 4 »2c % &
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s P AR E plaba T T T HR K - L BB
TRL KINENLE
PALIPRARE AR R YHR BT R 2 50
LB FHEAH LA IR TEFRET T ABFL
SEDNPMITFREFIRFR 0 SR T R 2 AR
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Abstract

In order to investigate the influence of Microbiologically-influenced
Corrosion (MIC) of the cooling water boundary (e.g., core cavity and SFP)
during the Chinshan NPP (CSNPP) decommissioning transition phase.
The mechanism of MIC under different materials, thermal-hydraulic
conditions of CSNPP and biological characteristics of microorganism are
considered in this study. Through the literature review and water quality
inspection procedures of CSNPP, the mechanism and parameters, such as
the species of bacteria, water pH and Temperature were discussed in this
study. The results show that the MIC for the stainless steel, carbon steel,
copper and aluminum will induce different corrosion conditions. However,
the fuel cladding can avoid MIC due to the chemical stability of Zr-alloy
can resist the corrosion induced by sulfide. The findings of the study have
also been compiled into regulation suggestions for nuclear safety authority,
which might provide a new idea to improve the safety for

decommissioning NPPs.

Keywords: Chinshan NPP, Microbiologically-influenced Corrosion
(MIC), fuel cladding, regulation suggestions
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General corrosion
Pitting corrosion
Crevice corrosion
Galvanic corrosion
Intergranular corrosion
Stress corrosion cracking
End-grain attack
Erosion-corrosion
Blister formation
Microbial corrosion

Sediment induced corrosion

Leaching of calcium and silicon from concrete

Carbonation and rebar corrosion in concrete

i 2~ B A $ A 5]
Nickel-
. Carbon Stainless Titanium
Species
pec Copper Steel Steel Alloys K?ﬁf}i
Oxygen v v v v v
Nitrate v v
Niftrite v
Ammonia v
Sulphate v v
Thiosulphate v v
Sulphide v v v v
FElemental v v
Sulphur
Organic v v
acids e.g.
acetate
MnO» v
Ferric Iron v v v
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Material Fluid ([[General |Selective [Crevice ([Galvanic [MIC (IG |TG |(Erosion [Two- |IGA |Hydrogen ([ Issue
Type Corrosion |Leaching | Pitting Corrosion SCC |SCC |Corrosion | Phase Damage | Summary
Corrosion Erosion (Note 2)

No Yes

Austenitic S5 | Raw |

Water

Carbon Steel | Air No Yes
Fuel No Yes
il e
Clean No Yes
Water
Raw No Yes
Water
Wet No Yes
Steam

Reinforced Borated No Yes

Concrete Water

(Pools only)

Mote 1:  Based on structural aging mechanisms associated with aggressive chemical attack and corrosion of embedments.
Note 2: Hydrogen damage is only a concern for carbon steel, when cathodic protection is used, and when the voltage potential is incorrectly
set.
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2. FRERE5 IS et BER M 45°C
ﬁ@%?&*E@ﬂB*QEWﬁ?ﬁﬁﬁ’&%ﬁﬁvﬁ

SRR L F G A W RARS S L R R A
AATRR R IRy 45-46°C 2 B R REkE S22 LA T
#Uf & SRB #4 £ o @ 3 1 SOB Feh4 £ o

BEAR hpnin F AL ¥ %&,&ﬁ\?fﬁﬁ‘kjfﬁllb’fﬁ%ﬁwig
Fa % o f- P AR BRI B A B
BEAFIE LRz REPT B x L8318 KR F LY

-
4y
B3
=
sk
Ak
i
i
=
e
1=
/\‘
&
N
3
Moty

g it 215 KA

WaesrE 4 R 5 IOMW 2T > @ A iesid 10 X i8> T

ERCI MW LT S Pr- kA B Ak ERIF R KB

HRCE L A R R A R 2MW 2 Lo dE P A RR

2Rk BRARR R T L@ e 90 SRB A TR BRI
#

AL B R Y B BIE RIS

At 6824 77 44 SRB & SOB Rt g fE £ ihd
EEfMAF ka2 RN G FEHDTA R DL
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SR LNNE S SR SLEN DTS L2 2 Y T

Wikt A R 2 FIRERREAM O RV HRE T P E

FABAP TR FILERER D F LA

4 (# SRB 2 SOB)iK
A AR A ind A R4 SRB F 4 £ (% 6) 0 82K

<

/!

i@ﬁ%&i@ﬁ“ﬁﬁ&“ﬁ@SRBﬁ?ﬁﬁj}ﬁJ&ﬁoﬁi’%f
%®%§J%SOBa‘§’%ﬁ2#ﬂWﬁ% BB PE B2 KR E BT B
2RERGECER TH7) BN FEAD F A Ao ARE TR
B o

-

-

MeA A BB KRB L e B AT S A
- W8 0T RPIRE R TR PR 2 R R A P
WA R B LA BB HE R B RER T RN F L RS
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305 P ROCIEMY T L h BN R R e

RHRSEHE SFP HX.Z RHR HX.ZZ
AR SFRaRRTT RHRAGR T
H11-PE14
R E TR-B21-RE14
25(¢%) 26 11 15 13
26 27 12 16 14
5/D | SFP EO ]| EO ]| ]|
7 39.7 34.3 34 397 38.7 23
v 398 24 338 40.8 395 274
v 41 346 343 419 40.77 27
7 41.7 35 34.7 428 41.5 28.1
v 42.5 358 354 43.3 42 279
ki 432 6.1 358 44.1 42.5 282
7 43.5 36.3 359 44.1 429 28.3
v 434 36.3 3549 432 392 30
v 426 26 357 42.5 286 2977
7 42.1 35.8 35.5 42 38.2 296
v 41.7 356 353 419 38.3 2938
7 41.5 34.3 339 1.5 23 296
v 41.1 34 336 41.3 371 296
v 40.8 336 332 41.2 ) 296
7 40.5 334 33 40.3 374 294
v 40.3 33.1 327 40.3 37 29.1
v 40.2 33 325 40.2 269 293
7 40.2 33 325 40.3 38.7 28.3
v 40.5 331 327 40.5 29 238.3
ki 40.6 332 2.8 40.5 389 284
7 40.9 334 33 40.3 38.8 28.3
v 41.1 336 332 40.5 8.7 28.5
ki 41.3 338 334 40.4 29 2877
7 41.5 34.2 339 40.7 38.3 275
v 40.5 336 332 40 376 274
v 409 337 333 40.3 379 )
v 41.7 34.1 336 40.7 3.1 27.4
v 422 343 339 41 386 275
7 43 34.5 34.1 39.2 37 254
v 433 3.5 34.1 40.4 37.8 27.8
v 439 247 345 40.3 79 278
7 444 35.3 348 40.4 39.2 27.3
v 449 357 352 40.6 395 275
v 454 26.1 356 297 29 2877
v 456 AR AL7 387 381 8.4
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6 1Pi- RO R ECRIRET H SRB Rl 4 & £ lE
T

S | B e Bx

Bk |

*

2T~ BT RECRIRETHY SOB AL A & L1
i

N EE I TR

Rk |
~40°C

%

LAfIAE d LmEAL

‘3“7_
2Ly B BRI ECKE T R & P S oREE L BB 2R TS 7

TR g RN B AT 40°C ) gtk R K 0 F R B e d o
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1. Bavts— R fcd P A & AT .F“Iﬁ\,q 10 SN
B BB k2T MERRYE RS T A2 &
e o R AT AT NI EFF KRS EFTE N RR

2. %%%%%%%%@“ﬁﬁ%?% TR R F TR K E
AR E A ",f SR RAFE TR ot T AR "f % xL

pecl

BLEF RGP T P2 TG RIS IR RS A
FF A A TR LR

XS

SRR PET B A B EEHME RV L
BiFLFY

i

MIC 314z 48 i%fjﬁraq AR E s P RRE TG
¥ A _‘ﬁd%’giioi#‘%’g‘ﬁ?.ﬁé%ﬁl FHEEE FHAhER T2
B AR MR e b B F R T R FT S
WEF TP TR FAompE R BB T2 ks ko RE e
7 (Pseudomonas) ~ 3 7 (Sphaerotilus) £ 5t £i % ﬁﬁ(DeSUWOVIbI’IO)"’K P
P AR SR A E -2 BB §
FEF R RE R A L REA S T S EARE T 4
A AR S P BB UGB T AR A o BETR B A7 s
W RHTILEFEE AR FH I K F 7 E

3?%’1“:}4 2

\\\

|,h‘<

4

ET-
=
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GF TSRS (M) B i34 T a4 E a0 § T R
7 (Thiobacillus thiooxidans) & # frfrfk (e 7 11 B He i 4 KA 5 o

A0 fEMIC AZ AR I EEFCFENE HF
AT s ERBHEE FRE L B FRAEF s o MIC B

A R 7IVE S BERMEFA oL A L% - MIC 5142
it A 2k & SR 0 F AR BB KRR o MIC i 4 i feid ¥
A (D)2 5

@AMl T MRV pH B 5 3~40 (A)frE
BB > PIRTRB 5423 o O)RF A B A2 FEeheppeat &
Bto > A2 RAYFEG KFAEREPH EFL 2~4> TR E£H+*

SRR AU 4B % 2 AR R Y MIC dhd > Kearns[13]
MEREMREMNENFTE L LD RR G LFATF MIC 7%
10 B Sl 17

(1) +#L:E * ER 308L &2 E312 37 v & 4% 4 304L £ 316L 7 44
&

(2)4% 422 »5 iv > 2 45 R 5 ¥ %3 7 %% (Gas tungsten arc
welding, GTAW) ¢ § #8: jr T 9%4%(Gas tungsten arc welding,
GMAW):2 {7 4% 4% ;

(3)’k ¥ F 4 %= Pseudomonas - Runella - Acinetobacter &

Alcaligenes -

<,

BlREGVR S L S drdrd 8 HaEEETFE F 5 X T MIC a3 5o
R REET I SR 2P A A E kY 0
Wi FEEF N MIC hd BB T F bk F AR SR
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5 F bk SURIF Y 4202 00 MIC 28 2§ £ 3l - 4
PO R AL PR R Y R A A e T 23 i
TR 19N B FR R T 008 1148 35 304L £ 316L # 4% 4k $1> MIC ehig
1 o ER308L &2 E312 4 = & B en A R L o™ b ~ dpdd ~ 5 £ DK
freflgig = e e & Jo g J et ff P BLT s B MIC fndp ik 0 Bl
BAEFEHRST UERIFEEE Wz S LEE 0 RS
L Fedp AR o & 304L £ 316L 7 4fdn b MABAS ¢ iE R E R
BFE 3PP A Aok T DA FE - R T
BEI | HA GO R #E AR R R T e A AL
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%8 Rk e A A g

#1 (mg/)  #2 (mg/1)
Arsenic 0.022 0031
Barium <05 <0.5
Cadmium <(0.005 <(.005
Chromium 0.013 0.023
Fluoride 6.9 95
Lead <0.02 <0.02
Mercury <0.001 <0.001
Nitrates 20 3.0
Selenium <0.005 <(1L.005
Silver <0.02 <0.02
Alkalinity 144. 178.
Calcium 13. 7.9
Chloride 226 126
Copper <0.05 <0.05
Hardness 58 34
Iron <0.1 <{).1
Magnesium 6.3 3.6
Manganese <0.05 <0.05
pH 8.1 8.1
Sodium 250. 206
Sulfate 98. 87.
TDS 740. 580.
Zinc <0.05 <0.05

8

i o BERAGRB) ¥ Ed - HwFes 5 i3
Fre*mpgRy redd

Desulfobulbus -+ Desulfococcus - Desulfomonas - Desulfonema -

+ %< %8 > % L SRB 3 Desulfobacter -

Desulfosarcina - Desulfotomaculum - Desulfovibrio - SRB ¢ 2 2 #r it

o d FAFAEF G RT IR SRB (B au] o A B il

7 K4t o SRB g B # [ ¢ A
@(~106 °C)s I

AP EE LR
(20~40°C) &2 42575 #(>80°C) » + ¥ fimih Finvf v
SRB it ¥t 2 ++ - SRB it & it (7R3 f2(F k55T 4)

AEnit SRR R B AR o P Fe? R A8 3 3
it FeSo mpt MR REALE A2 BT BAS ¢ §
Frfh @ (SOs) ~ T Aifc & B (HSOY) ~ = Fnpk M (S306%) 22 Fn X Frfis

FEBRY MRAIFA

(82032') o H P 82032"z AR TR N e
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[14] o > BEREF Bsl4oT 907 > AT LT N e AR

Fe + 2H,0 — Fe(OH), + H, 4)
4H, + SO0;~ - H,S + 20H™ + 2H,0 (SRB) (5)
H,S + Fe?*t - H, + FeS (6)

FEBLERART BLAFERE > HPHEETV A RER
GRB AR FLE G LA A ISR L B A F DR
e GEE R REME e FIHE MIC #5304 ¢ chf 4 i &
w3 4 > SRB A3 % v‘/,?u’ AR THB L ETA o b £ 5 AECL
ER 2 ¢ 2 2 Bk Bi(Disposal Vault) » — $km 2 % % 5 A% B * i

KB G A8 2 b @ § dot b IR B L 4
BL PRI ok A2 NHB AT BICI R
EE e d SRBITY A4 dunit v i Bt A 3 B AR
Flo A FAcrt F >N & o 0 R A F A8 > @ 4 A, s
TRF- B¢ I 7 (4oW 3) 0 MIC T 85 2 50 ) 5T chffdg
d L EHTPH B2 g B+ kR D @ RV A A o &
& e dF LA Mk p 2t A) s i e Cu,0 &2 Cu(ll) & (CuCly-3Cu(OH),
in CI"solution) » - #75 4 4 G MIC $R & 3k & chp i Ap B > Blde
g 5 CuS Rk Cu0 I 2 24 4 & 4 cd jx [15] -
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Organic Layer
-
(1) — —— [ —
] ) Oxide
/\ /K )\ Metal

Microbe

EPS

/
—————=, Microbe
— —_— =T

—

Aerobi

D /C:/ e //ﬁ”/\‘ — Region
{u/ <

@ g .75_" = Anaerobic

:,v” ﬂ&i == \r_,,,, === Region

B 2 2 4 w(Biofilm)a) < g &

MIC o *02 4 b & ik & L B P L &5 5l S e A

4 it oﬁ%&mﬁw’a% Y 3 Aokie RS L
AP MIC 7 i § i 33 & o E A ITH - A iRl R A 7

B4 MIC § L& eni % o 12 SRB k> R BHERT i A2 &

B W dommp s RN Bt s E R ¥ g A
FEHVEZANM P LG RF IR FM g S TR F o H
WhEA T R R B g R EHE SRS ) 2 g T st S i
E e PR ORE S it P EBA T HYE T AL A L[16] -

\v
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K-
MIC 2 & hp i bz cng VB R F B E Dgigdt

B et v o Sl AN M RS T B
1 wEv#4EF 548583 (M) BRI 7 S5 1 F
Gt FEBEREAE AL BB Y A

RALT R G e E KRS R
2 AP E &R kP A8 IRk e Cu0 ¢ Cu(ll)
K > MIC ¥ 1258 5 CuS kptik Cu0 > Bk %3
K
3. #MeEa T oo mE A SRRl o B L T
MAAFLA S AR G R R A A BA S
HET AL R

B-27



Bos A R RS R A R R R T

BAd o PROT ORI 3R TR W e BB R MO L S R
FEE)NERE N ATl A2 Py I ehR AL o R EAR
& kit ks ATIC A G40 IGSCC ~ 4w 2145 & £ P4 ~ @ 3%

:j"
AR SRKARAE o 3 2 X6 E RN RS S HE(F 50

TeHend R E@ S PR ER PV R Z RGER L PR
Bk HOF T s R ek gl Bk Hed g £ 8y
0P B BB E FHA LT E S MIC FUEE 7 A 7
o

NN

B pE G chd S B e §OEATR A 8 MIC » T ¢ B s ok

EXLzzks
ART AR EHEA G L RIACR A o F 2T R R E 2
Py faend £ od DOE *t 2019 £ AR ZIF L 1 & e & (B 3 &R
4w 12z F - Savannah River Site 7 EEEagst F 27 4 LR RiE L P Ao
2 TG FER R NI 2 R F RO 0 21RR 0 g A R e
i R TR T AEIL 25 RIN b endg BV g Resp and £ o
BAR G EPF RaEske LFL0EE > B ARG
WP R enS 2 B Pk e e S e X B R g R g
PR G R B R 10T o SRR R A B IEH F e
LR it ”*fim’%ﬁ%“f N LRE T P S o S AN &
PLEY SRRSO FRENM e R g2 PP
F R L) pORTACR T e T R R IR DR R ok
T kadZ s 4> 2 8RR - A7 S22 P famin s L@
LB A Pt £ F G € EORY P R L T Rk

DR E PRR A UL F L L R TR LT A
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FOU R TGI (FHEBRRB) BT ROERRAELER o RIE D
B RT o FF LT REAFER TR A R YRR TR
A ANEETE > bldet B FREREEITUE R R VE-
LR B 45°C(m dE B+ B 5 65°C[17]) 0 BE T 4rF Ak R R
TEEE R ﬁ/}:ﬂigbﬁll =4 ﬁ 4»{3#]41&%@@@_1 , 1% ;.ﬁ‘gmﬁg\;
A frend £ UEEREGS REBEGVRRE o
%**@%ﬂ%ﬁﬁﬁ&%ﬁwﬁ%~ﬁ%%%%&ﬁﬁ%ﬂ
P RF DB P BHRT UREE ARl T 4 ok R
JHE%%%%%%% PoRGE Y R BT MR A R A R R it
P e L Al B YGRS B e FURGRY B RS 7 B AR 1R
BMREMBME -FlX WP ERs ety s dd vk
Kihe k4 B TERBEFE S BRE HH)E o H P 1L
B4 ans m@ﬂﬁMWﬁmng CEF RERES TN

3
Adeid T R e EMICH 2 T o it b g A2 R E A
& A NR TSR At
ERBRAfER e ¥ - 2 6 o fic2 5 € B8

R R e FEM LR Frd R ik B o

2

EERETORELF
£k s

i i

MIC ¥ & § H 5% L 485 3 | A ds o e g

By RE  BE WL i AR 7 S A
o AGMER T F 6 ABRFARDER B RTH L LI
o MICIFHEY 27 * Bl ds > &7 ~Fi~ & (V3 & Eph o bt
FEMBEREIFER > F I penjicd AR g sl MIC & £ 444
TR PR3] A & e o A1 2 (1)7) S BB R P Dl R~ (2)
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A o ke e H ¥e 7 (Pseudomonas) ihim 7 ~ (3)7) = T ff 4 42 48R
1% ) (bacillus) shjic 2 4 (4) %= pé % & & 7 (Sulfate-reducing Bacteria,
SRB) - ¥ Mt b acnFl R ¢ FEAR BY pHE kTR 3

¢
WY ~F F M2 RLTHEAEZ E[6] -

# 3

TRER S & 2 Mg B ARSIk Faes gk
GETIMAL BHAST L F L b G b v b RS R
%\%%’é%%é&iﬁﬁiﬁzg’%ﬁﬁaﬁégwﬁﬁ&\
TG B AATE S R F o T s Y AR BRI
ﬁ#z@ﬁg%@%%ﬁm%ﬁmﬁmW%ﬁyQ%ﬁﬁ%ﬁ%@
112 % MIC § w5l 4 chtg 5 [17] - MIC # 2L 8 35eh 47558 - &

E AN AErI ) g v s — LU 4 ,i‘-%%g;;i% , 3L
BAEDTEF AW EMICERY LEINELDET B
it R E A 5 )N M) TRE R F e B R
BFH et s 112 A e R e A 0 B ORSE & BT il
Poow Gy e
B 3 B 4 5 % K Savannah River Site ** DOE 2020 5%z %
PR E B RS FEEL Y TERZR Y 0 RGBS
Fh2 R g R RESE EF RN L TR
At 1-3uSlem L4 0 R R B E 6061 4R L AR T
AP RIL G o & AR A 5 (7 MIC ¥ 1 i e
Wit o ¥ -k p WAL F R B(FRR) A RLE ~ jE 55 o {8
BEPRAAT PR T SRR ¥ kY AP RR L R A
BorlpE SRB %) 4 100cells/mLy — % (83 a3 B#cE % ¥ i £
PR A S i B AROR R & 8 IR BT R R

B-30



de o e B FHHEF T FRR P15 SRBAH ¥ 45 X2
AP T RPN TR AT A LR R R R
#+ % f 41 oSRB 2.2 MIC #p i chpic 2 4 £ 0 £ 4 Fooiy R 5 (B
)k chdp ko wH @ 1 £ T b o SRB 4 304 7 Hhdk ks
FURAL G TG o g g2 ERELEF A MICZ R -

54 SRB 5 R¥ [ ie § A B SRB X 2pctin@ HRS
ﬁvﬁ%ﬁﬁﬁ@%&ﬁ§%ji£ﬂﬁ8wn{,—éﬁmm
* it Fo T LA MICH S A R m#ﬂ*ﬂ’:ér 4 MIC p#
B P A BN SR A

A9 e fo 4 5 2 foind RHR 4 e ki

LRFL R AR RRRT > A P e FiE R b e[3)]
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® 3~ Savannah River Site -k ¢ {47 [18]
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Bl 4 -~ Savannah River Site -k — *§[18]

% B ldaho National Engineering Laboratory p 1951 # B 425 7%
TP R - R AR AR L R R
HEAER R RRER M S B BB L RIS
Fope E e ARES 0 ¢ 3R S~ H g(monorail) ~ fo 2
oG B RS LA S § et 304 2 M B4
£ A5 006LerE £ T URR bl £ EH A Bt ARBIIIN
Tk 304 7 4% P~ 1% > 6061

4

R chf 48 0 B4R B TR S LB 4 T
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EEEREANIBETHRERSL L BBERAN ALY & GO
ﬁof—%%%%ﬁ%m{ﬁ?3ML%%%ﬁéP% 16 /6. i 1
F R ARV A S BB ET SRR
B chpr it 5 - F R e ’g__.‘q:i,it_;‘;’ﬁ Jrah 4 2 o 304L 7 44K P AR
ik o Rk DRIV AL 0 — AR ARE S 2.5 umlyr o o 2 4
RS BT P ARG A 0 & 6061 4BL £V (BT B
FAEAR) L I sk 0 VAR A NS 0 LG o KBIET
GIECAE R S AR R LY - ull S N S 40 ¥ RN A R
FPHERA ST A FIRF e MIC i3 o -304 7 44k 2
606145 & £ 8 »pt-kis pFRld T EEFRE T PR 13 £
(50 453260304 7 Hdn 3 A NI A 0 6061 4E L & NI BERK
Brab oo et XX 5 381 umlyre otk i im B B s T i
r%ﬂﬁ@;’z%gﬁ¢ﬂﬁ%i%@i%ﬁ’%ﬂ%@*%‘*

LERRBMASGE 2 1 304 AHMmELS AL A A

¥z(Biological Fouling) o #* & iy 3 4873 & ¥ 4F i cnfie $ 48

\-H>

%_SRB- A fit 7 (acid-producing bacteria) ~ £ % pj(heterotrophic bacteria)

45
= o

FOLEE R 4c gk > ik~ 5% A ~ £ 2 (thermal shock) & i
T2 e 2 ‘Jﬂ"‘,f EAE - Rt BUNEAE L AN = N gl €l
hEFE S PRl e R B ) o R AZER FTE A o L L B

M2 PR REEZ S DA AW

(dm
IF
4
e
&

A
=

4
-\g..
yod
>

TRKGT ke FIRR Ak T LB B N i T
PLK R Bt e R BT R K e Bt e 8

AU R o Rie 5 R E 5 MUy & 3~4KGy 0



FET U EF) 0%k F o ApETF R wie (Phar F R)EF LA
- wTEIFRORSF o FLFRAAY R ARET T RN
% g s+l > 15 &_Micrococcus radiodurans - ¥ a2 10 kKGy B
b 3 e Az LI F BB Y AR B Fo 2
P E 2 B & h 4 o 4p 7 (Colonization) st % > H_n FiE (e
—x A5 F Lihdpgih > & MIC %7 4pl > et P A 2 it § 4
T+ aagd FF BTk i > FRAIVFR DL
> o304 7 44 F m Yk A AT NREILEFTOCE R

Gltendp s (ok 5 BEit P R)E 2 R E 2R Tt e s Bk
AP AR o R A A 304 A4k St R R E B H BN
B [3] -

Pr R B R S Amgr v @ 93 i (fuel transfer channel,
FTC)Z & ehjic2 > 7 i € )+ 4 fg 802 it 5lAc & o d
VORI S B FTC R B F <« £ 57 FIRER 2 RUL > =ibilE
fhicte Rjc B G hd 00 R Y A RET FAA RER T d
Angra 7% Fup 1985 E B 4piBf T miEE 2 BB KA
ARG PR e B REFS Tt Bk S N TS
FRER > FL S MIC ek sy i o 4 kAL F &
B ht g @R R fladkg kA Lo kRS B R
wpERE G T REH D A A S T R R R N A 4T
oo 3 TR P B RPN KT TR S L

N

1%

£ 7 it o Angra ® R E H ¥ REF TR R o ﬁi#%‘ﬁ%ﬁfr;é
F(Fungi)sis (¥ + Afr+ £5) - L B4 & FTC 1 &0
SR RS R T0%
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[19] -

B BARC #3 * gyl ko pl K S FERF B RS
iR Ak o A SNF AL k9 mﬁﬁf Ktk A

D6 fmE 0 &G B F it dg s (D £ 5 248Gy 1 2kGy) i *
P AP a4 o 2 ¢ FPB1-FPB4 - FPB6 = i 4 3L tR L2 3|
EAE L= B s Y "fﬁx £ % 3.8ug/mg biomass[20] °

* &3
FEEOIT AN B ML T R Y R R RTIB AR A
4B Y R AT A4 S & At~ AT 7 #4K P IGSCC - B

BB E DR P SRR Y AT BT
1 Rk A 4 £ chi & Fl g & ’4\4,_‘" = DRl AR SEAIDS
(Fro| LppmP) e R Ry REER ML FFE
BET - BINEE T ik A

2.t MIC %4 chffT i
b

oy #
LB
[
(S
P %\'
Ty
ﬁ\._,rl
!
&
3
~=h
&=

AL~ S E s

F R RIS R 4

3 BIRE T RTINS ML ILAL G B Dl

S b4 BB BARC K %6 -k3 § #F#FME G DypiE

% 248Gy 1 2kGy 2z Ftk > # B Savannah River Site * &

K enig sat % ik 25kGyr = v | LA BESYE F IR
A oo
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[=X)

P BB w R E AR B A FoR LB R
FiE U R T A GFRT R PR L FIH T 7
Pt B R R RN F R 0 2 MIC 2 BT Sk T
Al g maedind o AFF G- B AP - RG2S
#4142 A F DBL7.1T T Rud Arok k Sipicd P4 dkipl ) [21] 0 M H ER
fao R P AE G KA e R TR R RbAeE 2 R 2 Rk
o

SRR F LT PRGR P LRk B
METPLA KRR A E - AR T RR

A& ARF Ry EPRISF 2 ¢ 350 b frok2 ok i- B agal > 3 %

T on AR TR RR P A AR s B R ]
SENIE R RIS 3 e/ 3

FH2ZPHRERERAFLE GFROTELT L2 BF R %
fhz 2B BAL 0 T pt R L Tk o H ME2 s i3t % NACE Standard
TMO0194-2004 .45 » f1* 2§ & pldciz (73} 2 Most Probable
Number » MPN % ) 1% B4 fr-K 3= L (4B 5 ¥7m )k 5 8 R
K2 il PR k] LBLAIHEL bR B d S
A2 AR S L1008 o T Rk DT o5 6 BLILN10% R o
‘w@nﬁﬁflﬁ’ﬁgﬁwgﬁﬁﬁﬁmiﬁﬁmﬂgmm
g (AR 6) 0 2t prd Pt LSRR S Y Bk
R Bl RIS I IRER R AL S 5 B B A RKY 2

e

~

3

f

#o+ 3t A& F 210° B 7% #i(Colony-forming unit) (¥ - : CFU/mI)
% BEALELR T A Bl i w o P SR P R
RB # %5 7 Wi 12 & £ - 845§ B4 575 87 F42:8 1000

o
oK
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CFU/ml -
FEM P - R4k A FE KRBT E 5T

b EEHEE MICET 82 52 2 BB A KER Rt
it 2 2 BRI TR T FRpRE T E Ry
BRSNS ERAL IR R XA E RPN
B o s ERG R R
ARERY VA EFE > MrE RSN E R o9 XiE SRB
A2 FE O AT R R TE RIS A R
IES A 23 N om%{r’—g#\j\%’%’ﬁ%?"f KL, AT
?ﬁﬂlﬂiﬁﬂ%ﬁﬂkﬁﬂ%scﬂwﬂ$ﬁlﬁﬁ'arb%ﬁﬁm;
GEBE AL R REFLT Y 2 b T @A RN ok

rfﬁ“%ﬁi%;‘/%rﬁ /lbﬁp*ﬂiﬁﬁ%7 RIW o

DN B AT L ek

3
|
- S

e

1'ml

/}/ I'ml [ ml {ml \ 1l
[N /A /AN /s
Fﬂ E=3 E=3 f=j E=J

_ [

Bl 5 57 D8I7.142R % 2 Rk AFf it 7 L HI[21]

Bt I AR R R B R — i FE A B IR

B 6~ 5% DBL7.14% 4 F #r{v il in T & H[21]
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Ay A REA PR F ALY

1. AfaE#
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Abstract

CAMP is an international program for sharing assessments, researches,
code development, and accident analyses for reactor and plant systems.
Utilizing TRACE code and sharing the experience with CAMP members
help U.S. NRC improving the codes. This research focus on the safety
analysis and assessment of Chinshan nuclear power plant during
decommissioning phase by TRACE thermal-hydraulic code. The
location and form of the possible loss of coolant accidents during the
decommissioning transition phase are evaluated based on the systems
and equipment that are still in operation during the decommissioning
transition phase of the Chinshan nuclear power plant. TRACE
thermal-hydraulic code is used helping assessing the safety and
sensitivity of parameters of Chinshan nuclear power plant during
decommissioning phase. The results can assist regulatory authority

conducting safety review.
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SNAP 3.1.3 - Released 10/25/2020:

@® Support for uncertainty quantification analysis using DAKOTA
has been added to Python Directed streams.
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An issue was resolved for plug-ins that support Attribute Level

Ownership that prevented the "Show Owner" option from
appearing in the Property View immediately after activating
ownership for the model.

An issue was resolved that prevented some optional real value
editors from properly updating the ownership and last modified
time when activating or deactivating the property.

An issue was resolved in the standard component selection
dialog used by plug-ins for components like control systems
and materials that caused the list of Available Components to
contain duplicate entries after creating a new component to
select.

The Revert Modifications main menu item has been updated to
close all dialogs associated with the model prior to reloading
the file.

An issue was resolved in the 2D View's Connection Preferences
dialog that caused some non-editable columns to be editable.

An issue was resolved in the 2D View's Connection Preferences
dialog that prevented it from displaying the preferences of a
single selected connection.

An issue was resolved in the Integer Variable and String
Variable enumeration editing dialogs that prevented the
move-up and move-down buttons from maintaining the table
selection.

The initial condition set editing dialog has been updated to
show the values in the current model units.

The initial condition set editing dialog table has been updated to

support cut, copy, and paste like a spreadsheet.
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® The initial condition set editing dialog has been updated to sort
the rows by name when the dialog opens.

® The initial condition set management dialog has been updated
to refresh all open dialogs and frames when the initial
conditions are applied.

® The initial condition set management dialog has been updated
to select the new condition set after importing a condition set
from afile.

® The component selection dialog for managing the components
in an initial condition set has been updated to only display
filters in the category list that are included in the set of
components, and to ensure that the entry indention makes
sense.

® The initial condition set import behavior automatically

identifies the components included in the condition set.
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® Nathanael Hudson 45 1 # & & e CAMP = R 4+>* PARCS
#2378 # #7455 micro depletion &t # & AR o

® Guido Mazzini 33 i* pin power reconstruction for hexagonal
geometries # iy g R o A 75> v H & CAMP # % ¢k
w0 3% i & k- 28 o Nathanael Hudson #& 31 #-¢€ %+
Nam Zin Cho & Jae Man Noh, “Analytic Function Expansion
Nodal Method for Hexagonal Geometry,” NUCLEAR
SCIENCE AND ENGINEERING: 121, 245-253 (1995):z & P
:rnJ o

® Nourah Alyammahi 9 FF 2 % ¥ 4 i3 & chp 3 %2 B 3T
* 1 RELAPS o 3% 4 ep % ¢ 5+ 12 & NRCCodes.com B~
B E e BT A2 3N B~ B eh B AL - % % Christopher
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2 USNRC

Fall 2020 CAMP Meeting
Movember4 — 6, 2020

L Srares M ! . .
mived brates Muclear Be e TERRLTY ‘.flrh.mlMeetng
Protecting Peaple and the Fuviranment (Microsoft Teams)
Day 1
Wednesdoy, November 4, 2020
0600 EST [GMT -5)
000 Meeting Opening and Logistics Andrew Ireland
L% WAL, LISA
15 Wielcoming Remarks Ray Furstenau
LS MR, LISA
25 Review and Acceptance of Minutes Andrew lreland
{Fall 200% ¢ Spring 2020 Check-in) L= WAL, LISA
o:30 Status of NRC Code Development Chris Houie
L% WAL, LISA
Program and Code Status
Chesir: &nitony Calwo.
100 TRACE Code Developmernt Status Chris Murray
L% WAL, LISA
1:30 RELAPS Status & User Problem Report Doug Barber
IEL I, LISS
200 BREAK
Z:20 PARCS Updates and S=tus Nate Hudson
LS NRLC, LISH
Z:50 SHAP Development Overview Chester Gingrich
LE WAL, LISA
Member Country Reports / Technical Reports
Chesir Ardrew Ireland
305 Status of CAMP-related Activities at PS5l Konstartin Mikitin
Pardll Schigrred Instioa, Sefterland
335 Heuristic ws Mathematically Complete Sources of Uncertzinty Tomasz Kozl owski
University of Minot, US4
405 ADJOURM

Times relaive fo siarf ime: 800 AWEST (UTC-0500)

Fall X0 CAMP Mestng Agenda

Dy ToF 3

B 2 CAMP 2020 & # % ¢
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B USNRC  \ovemoers o200

6, 2020
United States Nuclear Regulatory Commission V_inualll bng
Protecting People and the Environment (Microsoft Teams)
Day 2
Thursday, November 5, 2020

06:00 EST (GMT -5)

Member Country Reports, Continued
Chair: Andrew Ireland

0:00 Status of CAMP Activities in Hungary

0:30 Status of CAMP Activities in Slovenia

Jozzef Banati
Paks N NPP Ltd, Hungary
Andrej Prosek

Jode! Stafan nstitute, Sovenis

Technical Reports
Chair: Andrew Ireland
100 ENEA TRACE Application in Fission and Fusion Field Nadia Cipriani, Fulvio Mascari
ENEA, ltaly
130  BREAX
150 The ICaCo based Coupling of TRACE asd $CF In SALOME, and & rew function of Kanglong Zhang
TRACE: an .t b Cytnder and Cartesien VESSELs inntead KIT, Germany
of unleg the VESSEL JUNCTION componmet In SNAP
TRACE Modelling of RD-14M Station Blackout Experiments Geoff Waddington
ONL, Canaca
250 ADJOURN
Times relative to start ime: 6:00 AMEST (UTC-0S:.00)
Fal 220 CANF Westng Agenda DayZof 3

B 3 CAMP 2020 & 4% ¢ sk fe( % =
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Fall 2020 CAMP Meeting
November4 -6, 2020

R USNRC

United Staees Nuclear Regulatory Commission

Virtual Meeting
Protecting People and the Environment (Microsoft Teams)
Day 3
Friday, November 6, 2020
06:00 EST (GMT -5)
Technical Reports, Continued
Chair: Andrew Ireland
o0 Simulation with RELAPS/MOD3. 3of an Integral-Effect Teston Loop- Richard Trewin
Seal Cearing in the Upper Plenum Test Faclity During Test AS Framatome G K, Germany
030 Azzessment of PARCS 3D Macrozcopic Depletion Mode! for Surik Bznuni
VVER-440 Reactor Core Nuclear and Radiation Safety Center,
Armenia
100 Exploring Crozs Section Generation for PARCS Nodal D#fusion and Luigi Mercatali
SP3 Pin-wize Simulation of Cores with HEX and Square FAs KIT, Germany
TPC Meeting
130 Review and Acceptance of Minutes from TPC Meeting (Fal 2019) Andrew lreland
US NRC, USA
135 NUREG/IA Status Kirk Tien
US NRC, USA
205  BREAX

225 Dizcussion of In-Kind Contributions Jozeph Staucdenmeier
US NRC, USA
255 Discussion of Action items Jozeph Staudenmeier
US NRC, USA
325 Final Dizcussion 3nd Remarks Chriz Hoxie
US NRC, USA

30 ADJOURN

Times redative to start ime: 6,00 AMEST (UTC-05:00)
Fal X120 CANF Westng Agenda Day3of3

Bl 4 CAMP 2020 & # & € 3R3RAZ(F = %)
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NUREG/IA's published (2009-2020)-Total of
154
Argentina |} 2
canada [N 5
Croatia |} 1
czech Republic |NEENEGEGN 7
finland N ©
Germany NG 1!
naly N 3
vorea  — ! i
People's Republic of china |l 2
poland N ¢
Republic of china | ;1
siovenio |GGG :
spain I, :/
Sweden [N 5
switzerland [N 3
Ukraine N «

United Kingdom |} 1

B 5 NUREG/IA W% 4 43+
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(2) B2 CAMP e 3 # B & i £ B &
AFTALARERE CAMP ¢ J B2 Ap b o B
BRRAN BT AL L RRE R

B~ 1 & NUREG/IA 3 4~ i %387 £ Bhigék o

1. @M% CAMP ¢ f B% & fi
(1) st
Paul Scherrer Institute (PSI)?F;-LFE? FEHLP BN L

FReEas i M2 BIE8F7EHRS w0 ¢ 35S
fri & % seh 24 47 (LOCA, MSLB, SGTR) ~ %+
BF H(ATWS, TRA)frig AR R AR F (e 3 & 7 e
TH)E o VOB ERFIE RN F B TRACE #5540 1
SNAP i 23 ¥ A G » i@ EH I B P Pl KN F o B
KKB, KKG, KKL % » 12 2 g4 & -k5% F i B(EPR) » ¥ »
BRI R KR E E end o %484 & TRACE #
Womgk b i w Al s B 3D 1 Bt R B 4R

Cepe R R ERRE e R TR PR E
WAl o Tl ERPEEFNL R DN o gt 3y

w5

i # $h1E CHAN e it chfg ;N (COBALT) » f j2 &
FAR R TN A F B CHAN it o i % ¢h 301 R A
s g miz®rTISNAP ¥ » 2 & B g 3Tt = 23 2o
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PABL SCACRRER INSTHINT

The STARS Project at PSI

largest resaanch instiute
2100 amakiyars
[ ' gl |
| ETH Zurich EPF Lawsanne | Evwag | WSL

Empa
cankar for nucker

Research with Synchrotron Radiation General Bialagy Large Research .
Bautrans and Fuans 11 and Narenacheakogy | Enargy | and Chamistry Facilities | Log=tic

Laberatary for Labomatary bar Laborateny bar Labamtary for
Thermal s b i Waste Maruge ment Energy System Analysis

[Experimental Fast PROTEUS

Reactor Phyisics Reactors Operation

STARS: Steady-state and Transient Analysis Research for the Swiss reactors

=,
A - bt e mbch ftan 30301104/ CAMP Rl

%+ 5

H ——~

B 6 PSI 347552 STARS 3+ g

PABL SCACRRER INSTHINT

The STARS Project Mission

+«  Verification and Validation

» Maintain Reference Validated Models of state-of-the-art simulation codes

for all Swiss Reactors and Cycles

s Multi-Physics Coupled Methodologies
for integrated safety simulations

= Regulatory Support

ranting-  2af 17|

e Fuel/Core Reload Licensing,
Period Safety Reviews, New Reactor Designs

= Utility Support
e.g. advanced applications and R&D studies
far operational, ageing and back-end

Multi-Scale Numerical Schemes
for high-fidelity Reference solutions

Uncertainty and Sensitivity Analysis

for best-estirmate safety assessments

Education and Teaching
for academic projects and know-ho transfer

\

.
'::-,'-'- ttpss fwenenpmilch frtan

B 7 3L STARS

il

30301104/ CAMP Rl

LE 2 iEix
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PABL SCACRRER INSTHINT

0 v b 123
e i Lseh e

e me e i ocde]

- & W

SNAP application for PMSYS

| | Definition of S5 | Definition of transient |
& kr'l BT } \\‘1 :. \‘ £ .

T it

-

™ hitpc fweww palch fvtan

[
= ol =
—"‘l ‘.'I lIJ
55 ADS 2007 ﬂm‘u#f!*‘ I -
4 5 ’
R mwa e e Li T L i
v T Al
Post-processing | H
modules ]

B 8 SNAP Az:% j& * »* PMSYS

PABL SCACRRER INSTHINT

Making the Switch from PIPE to VESSEL
Components

_+: 1.0
— 3D nodalisations appear to give better ; ::
results e
+ Mot so good I E 05
— VESSEL components don't model ERREEE u
lateral/shear stress effects; 3D co- i "
current behaviour in TRACE is
independent of core diameter. At small .
core diameters, results may no longer
be physically consistent.
* Open questions :“ E
— Under what conditions are 3D D; E
nodalisations non-conservative g
- Guidelines needed for 3D nodalisation ::3

for small-diameter cores (scaled ITFs)

httpe fwenan i ch futan

B 9 PIPE i 4% VESSEL i i% 2 45
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PABL SCACRRER INSTHINT

Assembling Full-core BWR Models using COBALT

+ BWR system analysis regularly requires | B o
A g

coupled 3D kinetics and full-core /L | . R

nodalisations [ |
* Automated tool (COBALT) used to | L]

generate TRACE cards for CHAN ““'1“'“?"“"+

components ]/ i

— Perl based It o o 4

— Developed many years ago r{ Yo

— Cannot create advanced BWR CHAN
components

— External to SNAP Model Editor, i.e.
difficult to include in analysis chain

New approach under development

— Internal to SNAP Mode| Editor

— Automated python scripts using

Puint Kistics Farameiees [aprianal)
Ctrr

e ladiag
ke (T]

Bactanical Dasign
Loskep Tabie

E

Pawer Profiles (eetionai]
o &: CMS FEs [JAFF & P14
xman B! FIR Pl (1R}

Bursup Prafiles

Cgmen &; CHE Fis (3EIP B 30PO)
Dgon B: FIR Pl (IEREY

Cipion £ Faiczn

Oxide Laper Thicknass [aptienal)
Fakon

Ered Layer Thickireess [aptbenal)
enar

SNAP's built-in Python interpreter
— Ultimate plan is to embed as a . e
dedicated SNAP plugin

Oriice mag + |cas coafficients
Faotal

P}
T https s mich ftan

B 10 4U* COBALT 1 £ 2% = BWR 2%

PABL SCACRRER INSTHINT

Verification of PARCS for VVER geometry

2D WWER Nuresim benchmark (Kozloduy &)
Reflector XS homogenization =* 5 types of reflectors. Modeler
in Cartesian geometry.

Homogeneous X5 generated from Serpent. Symmetry of the
ADF manually added.

Use of GenPMAXS to generate PMAX files,

Results for k-effective REFL5
| | REFL4
Serpent reference | PARCS || REFL3
REFL2
k-eff 1.05470+ 0.00005 | 1.04661 "REFLl

Power distribution (with ADF) :

— fverage relative difference of 0.9 %

— Maximum relative difference up te 3% for corner fuel assemblies

— The distribution of the relative difference is homogeneous for the
inner assemblies

Future work = pin power comparison.

Ongoing collaboration with the University of Michigan on the
verification and validation of the new pin power reconstruction
capability in PARCS for hexagonal geometries,

Model of the VWER core

OR\N

Cartesian geometry for reflector models (REFLS)

Y
=B it fweswomich fitan

Bl 11 53 PARCS #2.5%*+ VVER & @
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1t Paks IENPP LI 7 £ 4 5 @7 JIRP § 5 &
BLEFY  METAAZEPREAFTR BELE TR
WL R e A 8T i Y Sy p 90 E
EARRELF R LR HRP L 7T IAEA BE
9 ek % PMK-2> 7 8 CAMP > 4 chEH g R 2 — - p
= & * TRACE, RELAP5 ¥2 PARCS #2;¢ > “,f PARCS #
A= FE Bt » RELAPS 1 & § £ 27 # % 1 TRACE g
PoraeFadmy kblis 67 > AR ZRFAFT =
11 All MCP stop , Turbine trip, AR valve opening, Break of 80
mm, Primary to secondary leak» 17 % Az 4%k 3+ A B F 2o >

2 % +=(SBO) -
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PAKS IL s i

Member Country Report

Prepared in collaboration with

paks VY r\f]
Boener | R mtapC
Lad

Paks Il NPP Ltd. MVIM Paks NPP Budapest Univ. of Institute for
Technology and Energy
Economics Research

B 12 &9 f1F o

% PAKS Il fromssnen

ELECTRICITY PRODUCTION AND CONSUMPTION IN HUNGARY

Production Consumption

® Hydrocarbon
u Coal/lignite

B Renewables

Bl 13 @7 IR+ 2 A&
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RELAP5 model

RELAPSMOD3.3. SNAP 3.0.2

Contains all available systems

Core divided into 10 cells and 5G
tubes divided into 3x3 cells

5G secondary side has a
downcomer and a riser part

Wall heat structures for heat loss

Control systems for both steady-
state and transient operation

Ransom-Trapp critical flow model for
the break and steam relief valves
with given discharge coefficients

TRACE version 5.0 patch 5 | SNAF
302

Contains all available systems
Core divided into 10 cells and SG tubes

51:1&6:-:!-\:‘0‘-'““""“"“ ; [ Tl .- ) modeling
Bl 14 RELAPS % & 4%
TRACE model

-

-

divided into 3x3 cells

S5G secondary side has a downcomer
and a riser part

‘Wall heat structures for heat loss
modeling

Controd systems for both steady-state
and transient operation

Chake flow model for the break and
steam relief valves with given
multipliers

B 15 TRACE % & #-3]
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Bl 16 RELAP5 -~ TRACE & %
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Main simulation results

Main processes are reproduced well by
both models

Maost challenging process is the complex
mixing in the downcomer top region

The accumulator injection is thus slightly
elongated in the simulations

The liguid level of the downcomeris
accurately predicted, but it is
underestimated in the core

Consequently, an earlier dry-out and a hit
higher maximum surface temperatures
are ohserved

Secondary feed & bleed operation can
prevent the fuel damage

P R (D)

Main simulation results

Main processes are reproduced well by
both models

Muost challenging process is the complex
mixing in the downcomer top region

The accumulator injection is thus slightly
elongated in the simulations

The liguid level of the downcomeris
accurately predicted, but it is
underestimated in the core

Consequently, an earlier dry-out and a bit
higher maximum surface temperatures
are observed

.

Secondary feed & bleed operation can
prevent the fuel damage

BRI % (2)



(3) #fit MR T

BAMR LT FABFE 3202850584
f2o% ¥ whEp 2013 11 ket A F & & % o3 * RELAP5
22 TRACE % #7% * it {7 Bethsy 9.1b jp|:# » Bethsy % % &_
900 MWe Framatome = i £ /B -k & Jis B e ] vt B8 § 3%
o A FRILE fort F 4t bl 1 96.9 - Bethsy
0.Lb F o A5 0 EMAHF B L 508cm ALY &
BRE 2VAR N ZE FR R BT RERE R D
B FEBAIRRFE s 300 fyik bl @ o § R
SR BREDT2Z3KEE FEER o
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*e .
". JoZef Stefan Institute ].—\)4 Reactor Engineering Division

3.1 Bethsy facilty

* BETHSY facility was a 3-loop replica of a
BETHSY ety 900 MWe Framatome pressurized water
reactor. Volume, mass flow and power
were scaled to 1:96.9.

* The core power has been limited to app.
10% of nominal value, i.e. 3 MW.

* The design pressure on the primary side
was 17.2 MPa and on the secondary side
8 MPa. The BETHSY facility had three
identical loops, each equipped with a main
coolant pump and an active steam
generator.

* The engineered safety system modeled
were high and low pressure safe
injection systems, accumulators (one per

qup? pressurizer spray and relief circuits,

auxiliary feedwater system and steam
dumps to the atmosphere and to the
condenser.

Fall 2020 Virtual CAMP Meeting rd.js.si

Bl 18 Bethsy ¥ @k WPt i &2

o
*e .
". JoZef Stefan Institute ].—\)4 Reactor Engineering Division

3 2 BETHSY 9.1b test description

23 oot Facanyvien | | 1H@ BETHSY 9.1.b test was a scaled 5.08 cm
.. tee 0s | coldleg break
B - - without available high pressure safety

injection system (i. e. Design Extension
Condition);
- with delayed operator action for secondary
system depressurization
300 s after safety injection (S1) signal the
reactor coolant pump started to coast down.
When maximum core cladding temperature
reached 723 K, the ultimate procedure
started.
Safety injection: p < 11.9 MPa
Accumulator injection: p < 4.2 MPa.
Low pressure safety injection: p < 0.91 MPa.
Fall 2020 Virtual CAMP Meeting rd js.si

B 19 Bethsy ¥ &% % & 3ip
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:.. JoZef Stefan Institute R4 Reactor Engineering Division

3.3 TRACE 1D calculation input model

ot PpRRLI GO > 503 P i MO . s P Gt >
. . . ]
Cd e o= lé e il ia
> T . > [ 1
s o s e s
¥ - —— o -
(lacns 4 £ & wcits &
M rerEmATEN o Numnssy revEATER A W
e P e i 4 L& dfia P e < 1
DATS £ I . . )'g s
w resomasn '{l i TN 4
& 7 E &G s
= 1 £ = i
186G |t SG3
| i {
| { ol
pe— { | i ,
| { L
! & { { i |
‘ 3 { | 1 |
- 2. | { oS {
{ {
. - ol T @ .
= ¢
B’ f ¢ N 7
T .xt i = 3 . g = ez
'& T244% — LOOP3
1128 wa
Cli N % o s o8 f
o \ 8t e L F B\
MSIE| W e € | P epan’ ¥
b &N . o b \
£l > ;
¥ 18 o §: = —
> r -
. A2

Input model: 157 hydraulic components and 57 heat structures

B 20 TRACE 1D 3+ & #-3)

-
=:. JoZef Stefan Institute 1—\)4 Reactor Engineering Division

4.2 Calculated results (4 of 4)

TFO12A: core inlet temperature  TS0228L: rod temperature at top

600 1200 T I .
= 950 1000 A —ep ||
= = ——RELAPS

500 S B0 i !ﬂﬂ ——TRACE ||
E 450 E 800 |
L 400 1+ 3 400 i
@ 350 §- & 200

300 : ] 0 i

o 2000 4000 6000 8000 0 2000 4000 600D BOOO
Time (s) Time {s)
Accuracy — improved FFTM Accuracy — improved FFTBM
04 . T T T
i ---u--- RELAFS || 1
03 —+—TRACE [ 0.8
' u 2 .- — T
o _ T
i ‘maim f'"‘wﬂ“u
04 i -=-m--- RELAFS
' | —+—TRACE |
0 _M i I I
0 2000 4000 6000 5000 4000 BO00 8000
Time (s) Time (s) o
Fall 2020 Virtual CAMP Meeting rd.ijs.si 16
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®_® JoZef Stefan Institule ].—\) Reactor Engineering Division

4.3 Accuracy results of BETHSY 9.1b

calculatlons for interval 0-8200 s

" ID|{PARAMETER [ RELAP | TRACE ]

') i AA Ady AA Adw

] - 1 | Dowiecoin er to upper head diff. pressare

I S W 2 [Loop seal | downflow d#f. pressure
3 o s | 3 |Loop seal | npflow dif, pressure
o2 ‘-lz( - 4|8G1 U-mube mlet to outlet diff. pressase
o1 £ i -a---RELAFS | 5[8G-1 mlet plenvm diff. pressurs
—— TRACE 6|5G=1 U tube wpflow diff, pressure
! ° 2000 4000 5000 B0 7 |Pressucizer diff. pressure .2 :
§ [Integmted break mass flow 016 | 021 | 000 | 0.20
Tims (3
P 9 |Intzgrated ECCS component mass flow 031 | 032 | 032 | 0.3

Total AA = original FFTBM 10 |Secondary pressure 011 | 0.28 | 006 | 0.4

as 11 |Pressurizer pressure 0.0 | 024 0.07 0. 16
12 | Accemnlator pressune 011 [ 021 | 007 | 013
13 [Break flow
14 |Corz inlef temperatire 008 | 015 | 018 | 0.22
15 |Core outlet tempernture 036 | 047 | 0.36 | 0.45
16 |Upper head top tem peranre 023 | 031 | 0.21 0,30
17|5G] downcemer bottom temperaturs
18 |Cladding tew peratnre (maddle)

19 |Cladding tew peramre (top)

Tima {51

Total AA — mirroring FFTBM

E000

Fall 2020 Virtual CAMP Meeting

20| Core power

21 |Core collapsed lajual kvel

TOTAL

B 22 TRACE - RELAPS 3+ & & 7 %

®_® JoZef Stefan Institule ].—\)4 Reactor Engineering Division

5 Results discussion

very good zood [N pocr [ very poot 1t

rdjs.si

VU I

* |t can be seen that for the first 7000 s, the

TRACE calculation is better, however at the

end of transient the RELAPS is comparable to
TRACE.

* The main reason is oscillatory behavior of
some differential pressures and core inlet
temperature overprediction by TRACE.

Fall 2020 Virtual CAMP Meeting

Bl 23 Bethsy % % 5 7 TRACE - RELAPS 2
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UNCERTAINTY QUANTIFICATION APPLICATION:

DAKOTA TOOL IN THE SNAP ENVIRONMENT

SNAP environment/architecture | = In particular, DAKOTA plugin allows to:
Jrace DAKOTA Uncertainty Stream o Enter the uncerain input
Tupt parameters (with range and PDF);
o Selectthe sampling methad;
o Enter the desired FOMs;
o Setthe final report.

» DAKOTA is used both at the beginning
of the analysis to sample the uncertain
input parameter values and fo
generate the set of code inputs

#» Then, after the solution of the set of
code inputs and the extraction of the
desired data, DAKOTA performs the
uncertainty  analysis and apply
regression techniques to evaluate the
correlation between input and output
parameters selected as a FOM.

B 24 2 BRrAFTREY AL

CODE APPLICATION: TRACE NODALIZATION

DESCRIPTION

Containment

Celi=
' b
a
Loop & (broken) Leop B [intact) | ] Loap C (intact)
h—4

1 o 1 = r:
I PFRZ | = | “
f 3 L
t | _— 1, oy
Loop Seal & ! 3 Loop PWR v Loap Jaal @ L = -_“ N
== ] wa CLLBLOCA jus . 9 we L B
(= = 2 g # e Lrm——— LTI
1 l : t
| N F—
Il L
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