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Abstract

Since the Fukushima Daiichi nuclear disaster, which was happened on
11th March 2011, the worldwide people start considering the risk of
nuclear power plants once more. Meanwhile, the nuclear power plants
operated in Taiwan are of the same type as Japan’s, though the design
criteria for severe accidents are much more conservative, that the natural
disasters beyond design basis could still be a potential threat as is for
Japan’s. Therefore it is necessary to keep updating the information of
international regulations and technical improvements related to nuclear
power plants, especially the regulatory requirements developed in Japan
after the Fukushima disaster. Besides, promoting the capability of
regulation to guarantee the nuclear safety is also needed in Taiwan.

Fukushima Daiichi nuclear disaster was caused by the tsunami induced
by an extremely large scale earthquake, which consequently led to the
core meltdown. Like Japan, Taiwan is an island country, where
earthquakes occur frequently, and is under threat from volcanos as well.
Through evaluating the related regulations and the underlying
technologies, this project will give an insight into the regulation in Japan

and provide useful information to domestic regulatory agency.
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BAF)EAFAL L (2 X RESBFSA)ZF 0 A A 5T R
ER1 (¢ § &g 2 #)32 #ﬁ‘%—%\ER2(T L R ) o A
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4001 AAEAT A ML LA P B R R (5 2 1)

Fa | AR | Pk | R R R o R L P
1 | T(PP) TPP TPP (GTPPO112) |TPP=AAA-TPP B3 EAE S
LOOP(AAA-TPP=4.69E-03) -
T(PS) TPS TPS (GTPSO0112) |TPS=AAA-TPS - ARE N
LOOP(AAA-TPS=4.58E-03) -
T(PG) TPG |TPG (GTPGO112) |TPG=AAA-TPG BEheE A%
LOOP(AAA-TPG=1.75E-02) °
T(PW)| TPW |TPW (GTWO00112) |TPW=AAA-TPW B EAg S
LOOP(AAA-TPW=8.85E-03) °
2 EM | EM003X |[EMO00 (GEMO00112) [EM00=DGA-E*DGB-E Wew * 2 3WEDG 328 2 & LOOP
(X=P,5, o ik le @@ HAC TR
G, W) (EDG-A % EDG-B p #= 428 I = 74 i&

W24 LR AR -
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2000 BN G AL AT 5 i A P R R (5 2 2)

| AL | PR R | PR A S e e PN S

3 K |RPS03X (X|RPSO (GRPS0112) |[RPSO=CNT-ROD-FAILDROP+ [RPS # #% -

=P,S,G, RPS0O (GRPS0122)
W)
4 Q Q3  |Q3(GQ300112)  |Q3=AAB-Q3 HFRAE % I RCS i R 4 »2(AAB-Q3=
1.17E-04) -

5 | L(T) | AFWP3X |AFWP (GAFP0112) AFWP=AFWP (GAFP0122)* |TDAFWP > SBO ™ & ;* p fodzd 1

(X=P,S8, AFWL (GAFL2312) 7iE 24 ] B > * DDAFWP 7 14 ¢
G, W) R

6 | X(E) | ECDP3X [ECDP (GECP0112) [ECDP=HR-ECDP+SGPORV  |HR-ECDP : + # # £z SGPORV # {7 ﬂf

(X=P,S, ERREERA T o

G, W)
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2021 AR E L BAT2 B KRR R TP (5 2 3)

B | AL | B R | A A R T SN S
7 | ER1 |ERIX10HX [ER1 (GER10112) [ERIX10HX =ERI b ¥ &% 2 PF(Y = 10H, 4H, 1H)® 42
(X=P,S,G, (OSP-RECOV/10H-X, CE+ b GIT) (¥ 7 #
W) HR-GT-RECOV/10H) (X =P, S, |OSP-RECOV/1H-X ~ %
G, W) HR-GT-RECOV/IH » %] { % %
ER1X4HX ER1X4HX = ER1 OSP-RECOV/Y-X ~ %
(X=P,S,G, (OSP-RECOV/4H-X, HR-GT-RECOV/Y)(3i: 2 ER1 2
W) HR-GT-RECOV/4H) (X =P, S, #3251 % 1H 5 w4 PF R 2 2 i sx
G, W) L)
ERIX1HX ER1X1HX =ERI
(X=P,S,G, (OSP-RECOV/1H-X,
W) HR-GT-RECOV/IH) (X =P, S,

G, W)
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| AL | BRI e OS2 S
8 | ER2 | ER2X10H [ER2 (GER20112) |ER2X10HX = EDG_10H T s g T &2 2 pR(Y = 10H,

X (X=P, (DG-RECOV/10H, 4H, 1H)tx#+(DGS) 2 # 48 (DGB) (¥ 4
S, G, W) HR-DG5/10H) (X =P, S, G, W) |#¥DG-RECOV/IH %2 HR-DG5/1H 4 %]
ER2X4HX ER2X4HX = EDG_4H { % % DG-RECOV/Y 2 HR-DG5/Y)
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Frh 5k su¥ed g o
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= ~ WOG ##£3%(WOG Case Model)
*# 3 WOG #5:% (% g WOG 2 £ g URG)2 LOOP % i
B d 4= Bz RCP > @ :x* High-Temperature O-rings (High-T
Qualified) » & WCAP-156031¢ & 2 RCP z_ 34 Frff v & 2 4+
2 B8 > H LOOP % 2 H#H ¢ T(PP)-W.EVT i & » 4] 2-2 #7577 o
B 2-1 (AT A RSN 2 LOOP % 2 D& Bl 2-2 (247 %
WOG #-58 2. LOOP ¥ 2 2. 2 & £ B p 4o
(-)WOG #58 % £ &k 1T an (¥~ 2 ~ (- )&% 232 %
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24 o m gy TWE AR ~BRIAE T €7 k. 2.
= =X #h3t(Secondary Seal): O-Ring 2. 4} 2 »x(Extrusion
Failure)#-58 (7 O £ »cfic;t) » w v € 3 RCP#1,2,3 #4352+
® £ »Z(Binding and Popping-open Failure » ¥ BP % »x)#io5¢ o
X RCP3 3%kt # @8 B » & RCP2 345k 4 »2ps » 7
e pE% s o | F]pt > 2 RCP#1,2 13k 2. v 67 I 43R 30 3%
e s om ¢ e a7t k2 Seal LOCA 52 g o F|pt o
B X(E) (= R B A EEE FRIH)EAEER] (H T

A7)z R4 ER2 (R A &0 3 7 ks 27 )2 B> WOG #i-
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1.#£48 BP1 (RCP #1 -k 3 % B 4(BP 4 »cfi54)) ~
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§
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2454 O1 (RCP #1 -k 3% B1(0 % »chisb)) ~
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Ju
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B(SQRA): A~B ¢ Tjg %54 (A-PB ~ B-PB)27 * )2t ;
Z 38 BRIl 4 72~ R4 BR2 2 # 2 £ & /5] A bl 1
| #t T LOCAS(2) Case B ¥ i+ #(S(2B) : % B ¢ Tﬁ; Ty
(B-PB)¥ * )it °S(2A)~S(2B)2 ¥ i > H B4EE H R P ¥ >
744 ke LOCASQQ)Z T 24t L B itk 2.2 H {52 %
¥ > A % F g2 Bounding Condition 2. # F : T Case A ¥
 HH(S(A)) - 3 ERl 27 * A-Ba ¢ TJ& i (A-PB -
B-PB)#2+ * ; Case B %  #(S(2B)) : ER1 % »z ~ iz £48 ER2
X 7 BE Tﬁ;%,,. “3(B-PB)¥ * o
(E)WALL(= T RIBA L > 2 )0 A (2~ (2 )&% 9 A it
FA &Rk Sz wARALEE(R 4] R ) sodefR AT ERT 2 R

WER2 A # 2 F A7 HEWR T % 2 |30 4 phy o

5 ¢t > SORV/ATWS %% iR i3 4R 4 (%3 ERI = {£.38 ER2 = #
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2B A2 RE A d H @S K] 3 2.0B-8) 0 ¥ AT

e x X 2L SBO 2. £ & B 7 TR0 B 33K 5 TNG (Negligible) »

d SRR o

et 0 AFE T WOG #2558 (F g WOG %2 4 4 g URG)z LOOP
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¥4 gtk ABES 2 LOOP ¥ 455 7 11 i Seal LOCA 2 %
LB (R S12 %% S04~ & S23 2c 5 S40~ & S34 e i S43 -~ R
S37 ¢ & S46~ J S40 x5 S49 ~ #7# SO7 ~ S10~S13~S16~S19 ~
S22~ $25 528 ~ S31 ~ S34~ % S37) -
(- ) WOG #ic3% = # &7
WOG 5% 2. LOOP ¥ © #f5 2 3 A 554 22 LOOP ¥ 2 #i4p
i 4R o %7 HRAE(EM ~ K~ Q » L(T) » X(E) ~ ERI ~ ER2)
L AR A RGEF AT AR Z MR SG
Z)o et F 5 o) 0 ATH 2 $RAE BP1 (RCP#1 -k 3t % £ 1+(BP
% 2efi50)) » fRAT O (RCP #1 -k 32 FIE(0 2 %eiEsd)) » 4T
BP2 (RCP #2 -k 4+ % &1 (BP 4 »c#05%)) ~ % 4848 02 (RCP #2 -k

2 BP0 £ »THizl))) 0 A B 4T
1.1%4% BP1 : RCP#1 -k 4t = £+ (BP 4 »zHic3')

& SBO z i # T » 4% = B2 RCP z High-Temperature

O-ring » 2 RCP#1 -k 4t BP 4 »chist 2 4 s 5 5 0.0125 -
2454 O1 : RCP#1 -k # % B (0 2 »2fi70)

% SBO -~ 1548 X(E)4 »x~ ¥ & BP £ 222 i 27 » #1 2 ik
RCP 2. High-Temperature O-ring > # RCP #1 -k 3t O % »cfi;¢

2% F 5 050
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3.1%42 BP2 : RCP#2 -k 3t = B4 (BP % »cHi3')
& SBO z i # T » 4% = B2 RCP 2z High-Temperature

O-ring » 2 RCP#2 -k 4H(BP % »cf8)2 4 »cds % 5 0.2
44547 02 1 RCP#2 'k # % B {H(0 4 »2fiE70)

& SBO ~ fE4L X(E)4 %2~ ¥ & BP 4 »c2 52T 5 P12 g
RCP z_ High-Temperature O-ring > 2 RCP #2 -k 3+ O % »f ;¢
2 % AL 05

Fp 0 4 SBO 4T X(E)% 3 2 i & T » % = f RCP
High-Temperature O-ring 2= Seal LOCA » £ 3 4 &% :
(1)RCP#1,2 k413524 © B Seal LOCA 2. % ~ ;2§ ~ {41
ER1 % $4% ER2 2 e3¢ pERF » B A B 3 0.7900 ~ 63 gpm ~ %
10 ] (#4785 5 17T B P B33 10 pF) e
(2)RCP#1 k4t %4 + & RCP#2 -k 4 BP 474 : ¥ Seal LOCA
2 5%~ JvE -~ HR48 ER1 % 4548 ER2 2. 23R > A4 9]
5 0.1975~546 gpm~ 2 4 | pE(FEin 7% % 5 433 ) pF) o
(3) RCP#1 -k 4+ BP 475 ~ it RCP#2 -k 4t%4 : ¥ Seal LOCA
2 5%~ JvE -~ 48 ER1 % 4548 ER2 2. 23R > A4 9]
5 0.0100~228 gpm~ 2 10 /] Fr(#Fia A 455 % 5 10.5 ] pF) -

(4) RCP#1,23 "k #{35 BP 453 : # Scal LOCA 2 5% ~in £
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L3 ERI1 % 241 ER2 2. 35 pERF » B]A 5] 5 0.0025 ~ 1440

gpm =~ % | | EE(BEmAPEE L 1.65 ) )

m & SBO &% X(E)4 »cz2 £ T » % = & RCP
High-Temperature O-ring 2. Seal LOCA > = 7 9 f& /% :

(1) RCP#1,2 -k #1352 45 1 H Seal LOCA 2 #5 ~ ;i & « 4%
ER1 % {£4%8 ER2 2. w35 R » P4 B 5 0.1975-63 gpm ~ %
10 ] P& o

(2) RCP #1 -k 424 ~ i2 RCP #2 -k 4+ O 34 : ¥ Seal LOCA
2 5 ~ it > 38 BRI % 448 ER2 2. n3# B > P4 %)
5 0.1975~546 gpm ~ 2 1/ PE(F A1 % 5 1.6 | BF) o

(3)RCP#1 -k #t% 45 ~ = RCP#2 -k 4+ BP 474 : # Seal LOCA
2 5 ~ it > 38 BRI % 448 ER2 2. n3# B/ > P4 95
5 0.09875~546 gpm~ & 1| Fr(RiaA 52 % L 1.6 | BF) o

(4) RCP #1 -k 4+ O 478 ~ e RCP #2 -k 4t %4 © ¥ Seal LOCA
2 5 ~ it > 38 BRI % 448 ER2 2. n3# e > P4 9
501975 183 gpm ~ & 4 | (A5 % 5 4.9 | FF) o

(S)RCP#1,2 -k #1350 455 : 2 Seal LOCA 2 #% ~ 2 8 «

37 ER1 2 42 ER2 2 3% pE > B A % 5 0.1975~900 gpm ~
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Ol EEURA PSR S 1S5 ) o
(6) RCP#1 -k 4+ O 34 * RCP#2 -k 4+ BP 4f#: ' # Seal LOCA
245~ g~ AT ERIL 2 4742 ER2 2 w4 o
5 0.09875~900 gpm~ % 1 /] pE(HIE A 4T % 5 1.5 ) PF) o
(7) RCP#1 BP 353 ~ = RCP#2 k4t %4+ : # Seal LOCA 2 %
o~ g > fRAE ER1 2 {R4% ER2 2 Rgspd i > RIA %5
0.0050 ~ 228 gpm ~ % 2] FE(F i A 478 % 5 2.9 /) FF) o
(8) RCP#1 -k 4+ BP 4f#: ¥ RCP#2 'k 4+ O 4f#: : # Seal LOCA
245~ g~ AT ERIL 2 4742 ER2 2 nzrp /> A o
% 0.0050 ~ 900 gpm ~ % 1 -] pFr(FinA 7% % 5 1.5 ) pF) o
(9) RCP #1, 2 "k 4+35 BP 453 © 2 Seal LOCA 2. 4% ~ i & ~
4% ER1 2 4% ER2 2. o3 pd ¥ > B4 %] 5 0.0025 ~ 1440
gpm~ 2 1] PF(EIEAFTES S 13 ) ) o
1AL ERL 2 ARAL ER2 2 RiFpr30e doip R 248 &

HER 4R TIETATE 2 PFR(X 20 A 48)

24



ERAE ARG RPS RS TR/ RCP #1L7CEE RCP #1L/KCHE RCP 027K RCP #27KEF IMEBT BB I
{LOOP} M’% it g B L e i SEFAE SN o = ) B s 3
o By BCTEERS | F EPRBEBLD | KBS0 | BPARESY | (03BN E SEQUENCE DESCRIPTOR D FREQUENCY
a s
T(PP) EM K Q [15]) X(E) BP1 o1 BP2 02 ERL ER2 L] #
So1 | TPP) R 4.69E-003
s02 | TPP)EM A 4.026-005
ERIP1OHP 503 | T(PP)EMERL 8 6.66E-008
1 66E. ER2P10HP 04 1 SCD 1.37€-009
2386003
B2 505 | T(PP) A 8.05E-006
2.00E-001 ERIPAHP ‘ 506 | T(PP)EMBP2ERL 8 1.64E-008
2.06E-003 ER2PAHP so7 | T(ep) scD 3.76E-010
3.01E-003
s08 | T(PP) A 5.03E-007
ERIP10HP 509 | T(eP) 8 7.82E-010
Le] 166E-003 ER2P1OHP 510 | TIPP)EMBP1ERIERZ scD 2376012
1.25€-002 2.386-003
s11 | Tier) A 1.016-007
s12 | T(ep) 8 2.03£-008
s13 | TPP)EMBP1BP2ERIER2 s 9.74E-010
(PPEMX(E) A 1.326-005
s1s | T 8 2.186-008
s16 PJEMX(E)ERIER2 s 3.826-010
2.38E. T(PP)EMX(E)
o2 s17 | T A 6.62E-006
5.00E-001 ERIPIHP s18 | T 8 1.34E-006
2036001 ERPIHP s | sco 6.86E-008
4.80E-003
BP2 S0 | T A 2.65E-006
- 2.00E-001 ERIPIHP $21 | T(PP)EMX(E}BP2ERL 8 5.37E-007
2.69E-003 2.03E-001 ER2PIHP 2 | scD 2736008
4.80E-003
23 | T A 6.62E-006
ER1PAHP s24 | W 8 1.35E-008
2066 ER2PAHP o5 | sco 2916010
=26 | T A 3.31E-006
o 27 | T 8 6.72E-007
5.006-001
o8 | scD 3.426-008
ECOP3P 29 | A 1.326-006
329E-001
s30 | T 8 2.69E-007
31 | T(PP)EMX(E}O1BP2ERIER2 scD 1.36E-008
32 | TPP)EMX(E) A 1.656-007
33 | TPP)EMX(E) 8 3.50E-009
534 | T(PP)EMX(E)BPIERIER2 D 1036010
535 | T(PPJEMX(E) A 8.276-008
L 36 | TIPP)EMX(E) 78 1.67E-008
1.256-002
537 | T(PP)EMX(E) scD 7.956-010
538 | T(PP)EMX(E) A 3316008
539 | TIPPJEMX(E) ™8 6.66E-009
2.036-001 40 | T(PP)EMX(E)BP1BP2ERIER2 scD 2956010
4.80E-003
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Abstract
At present in Taiwan, several cases on Nuclear Reactor Safety (NRS)
have not proposed strict and conservative methodology and Best Practice
Guidelines (BPGs), due to lack of related review knowledge around CFD
analysis. CFD methodology used for NRS generally has to propose
detailed and completed analysis process with the BPGs to verify the
accuracy of results, which are compared with other high reliable system
codes. Therefore, the CFD projects or reports submitted to Atomic
Energy Council (AEC) can adhere to the BPGs in the future. CFD
methodology for NRS according to BPGs not only can improve the
research capability in Taiwan, but also link up with the world. The main
purpose in this study is to widely collect the latest research progress
from the international nuclear industry and the literature about CFD with
different turbulence models for NRS. In addition, the applicability of the
different turbulence models would be evaluated on the sub-channel of
rod bundles and validated with experimental data from literature. Except
for establishing the BPGs, it can be expected that the efforts of this study
can be accurately applied to the operations of nuclear power plants,

maintenance and safety analysis.
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i

He G FindbFds B e 77 7B RAFEE
Men ¥ R B ° R (Turbulent velocity scale) » 12 2 7 B %f
i AR R R ITITRE R B R AL o d R ko
FOAREA SRS v R R E i e A f
PSRRI f— e 050 5 AAAL TR B A B G e
Reynolds stress $-#c k % 77 ¥ inid B © R > T AT
¥ inAkF : #ct Reynolds stress k $% ik F iR ARAF 4T
S A e B iR Ap o 2 RANSHO B 2 R B3t
T AR R Rk TR R R e e A v f
BN AR P fREE e B £ 3 2 ApN o F et R
PRHB BN TR RE S o
LESEinfiss > G »37& kfraw v ¥gie * LES K in -
N[30,31]3& 17 45 i A 17 - LES ¥ i o chgh & L % fE5 2
RANSz Fiifics 2 o 2 £ 0 e e i~ jpres ¥
VIR |- BRI B R S SPTCRAE i- U AR N o - 4
(Subgrid scale model) % 2+ & o F]pt » LES ¥ /i fi 5% 91 %
PR BEREF R BE > P Y
Hb Tt & kiF R
(EERCD N AR By R 1 - s R 2 = 7]
RIPEFLAERAD Y B o MTAlF 2 355 5 6 0 BI1-5
» MLESF iR HE:N $TA § i 7808 £ 2 gl [31]
AR S s T R AN A HE R LESE

o

B
N
e LES % infi-3s o2t B o

it
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 1-5 1%

i P RANSHCS ¢ 5 P A ehZ £ 2 LES T itst

R I b BRI P A R TR B cndF o B2 AR T
HEid o R LESTARAE R Ay £ o

WERS - HBATRHRPRZEF AP TRMER
FEEE P T ORNEEAY o DEE YT o

Fo hiE R - R T R AP PRt
FHAERERFEREY G OF AR Ay LR
SRT T AL o T o JIF CFDR* P TR E 2 A1 0 &
3 A S IS s VAR LS ATl o A e s R R P AR
SR RO B Rl B L SRR L W
CFD#:5% 82 2 47 ehBPG2 & & ¥ R| 2. — o AFE g Fu g
BhFxdyg TRF - BEARGHMEGEIFL L LI E 447
22k b] > BRI R I 2 B TR B KR
ME PR TR ECFDITL R A%k T o

Velocity distribution for
RANS turbulence model

Temperature distribution for
RANS turbulence model

1
Temperature distribution for Velocity distribution for LES
LES turbulence model turbulence model
— — —
s B e N "'!-‘

Normalized Temperature

0.00e+00  1.50e-01  3.00e-01  4.50e-01 6.00e-01 7.50e-01 9.00e-01 1.00e+00

0.00e+00  3.00e-01 6.00e-01  9.00e-01  1.20e+00  1.50e+00  1.80e+00 2.00e+00

Velocity Magnitude (mn/s)

RANS £ LES #3295 T # P 2 it 328 B 2 & % [31]
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R EER

C RIEAR B )f’c s

CH)iijv¥?€\ﬁ+%ﬁﬁ§?Wi%ﬁﬁ
(Conservation Equations) ! %2 if & % it Hioss & Kt b 304
K e iT o L 5 & K> CFD M= s 38% A2y 2 4
o oe 7B ¥~ sy ¥ 042 F %1% 8 (Turbo-Machinery) % o
%ﬁ’ﬁ?&iiﬁﬁﬁﬁi%$ﬁ%ﬂm@’%jﬁﬁﬁ
ok B AR AR R LB RS K ~ AR
g A g g . i & 9 (Chemical Combustion) ~ 4+ 4818 #
(Specie Transport)¥ % /i3 # (Turbulent Mixing) ¥ 4§ fe 2. 4~ 72
Whe 2 R PR OO E o IS CFD o3 B S
HApmn > 6 o @ F S RAmLmit g S s g Rl 2 i o
W PR R e g #2okimm g o G2 % 4 (Rod
Bundle) ~ ¥ % /i 2 (Vane/Grid) & S e ® ~ i &
PR RERG > PFEFAFEET DS PREAG S
Bgyihte WHCHRHCGY o @ A AR B AR B R
%0 L A AZEIR G CFD 25" i Frofisicni 4 47 -

B ete 5 1% CFD #25% 34 7 523" p7 15 (Dry Storage)4p B
A Fr 0 BPR TG iz BFE > 7R B ¥ (Suppression Pool)
2% 3 7l (Spent Fuel Pool)z_ #4 -k 2 47+ » ¢ * CFD 4%
N EA I FoRM 5 CFD 3P| % % 229 s & ple> &
2 AR FREEGENTREFLIANERNE BERLEST R

4 %3

-\

i AR FEc > o] 2-1 #6m o F]t 0 CED A 478 % o

pu)

Lok TR RITEEE S RRIEL S A R R
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PlarT A B B & Tt (k) E 4B 2-2 17 0 4 R E
CFD % & ¥t 2 m gt o gt b > Reb 8 1 H g3t )
* CFD A AT RE 2ATTE02Z% 4 "‘ﬁ? 7 ohe— AR %
MRS E T AMA SR B RN o
7 CFD 4 7 (Independent Simulations)!” s < * Z 3#E(Cross-
Check)®_¢ Z &[13] »

i 2o bR * CFD A4reni e 7§ &
Sl S ﬁafgﬁflﬁ = CFD & * " PR % 24
AP T3 ¥ CFD 4 4oy » (R gEyr duad
£ o Ep g 1 H =8 CFD M ot i 3 4 &
Bl > B2 B e AP Ut o 324 P v a & CFD f
FRPTRARM E 24T ER P A L X
#H itz PR o

H3rfa X 24 47m % > CFD st sc L i3 Aa 474258 2
PEAAS AR R S R BE 2 AT R
g AT 2-1 2 ¢ [8,11] F] o & B & CFD
AATEIE C BALF RN R AN R %5 CFD 5% 3 B
Wk (5 08 A A and-% o CFD 42548 it 4 e B 50 % s
FAE R G TR E R M s R AR

TR BB e E > T AP RRUR M A 52

- = R 251 S & sL S A

‘—\\1-

bo E‘}‘

IL
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—
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Bl2-1 i R ffee £a P4 ZRAUEALEH Pk [11]

-1+ oy 3.5
2 : *  Experiment
3 -
-0.8 1 — BSL Reynolds Stress
2:57 = = SSG Reynolds Stress
= -0.6 4 ‘e o — SST
|; - = = k-epsilon
.0.4- * Experiment 1:57
— BSL Reynolds Stress
027 SSG Reynolds Siress L S A
| =—ssT 05 -
= = k-cpsilon .
0 T T T T 1 0 T T T T 1
0 02 0.4 0.6 08 1 0 0.2 04 0.6 0.8 1
y* y*

W22 B A NTET RS & F b i s i 4 [12]
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£2-1 P1F % 22 W2 H 2k [6]

NRS problem System classification Incident Single- or multi-phase
classification
Erosion, corrosion and deposition Core, primary and secondary | Operational Single/Multi
circuits
Core instability in BWRs Core Operational Multi
Transition boiling in BWR/determination of MCPR | Core Operational Multi
Recriticality in BWRs Core BDBA Multi
Reflooding Core DBA Multi
Lower plenum debris coolability/melt distribution Core BDBA Multi
Boron dilution Primary circuit DBA Single
Mixing: stratification/hot-leg heterogeneities Primary circuit Operational Single/Multi
Heterogeneous flow distribution (e.g. in SG inlet Primary circuit Operational Single
plenum causing vibrations, HDR expts., etc.)
BWR/ABWR lower plenum flow Primary circuit Operational Single/Multi
Water hammer condensation Primary circuit Operational Multi
PTS (pressurised thermal shock) Primary circuit DBA Single/Multi
Pipe break — in-vessel mechanical load Primary circuit DBA Multi

20




Induced break Primary circuit DBA Single
Thermal fatigue (e.g. T-junction) Primary circuit Operational Single
Hydrogen distribution Containment BDBA Single/Multi
Chemical reactions/combustion/detonation Containment BDBA Single/Multi
Aerosol deposition/atmospheric transport (source Containment BDBA Multi

term)

Direct-contact condensation Containment/ Primary circuit | DBA Multi
Bubble dynamics in suppression pools Containment DBA Multi
Behaviour of gas/liquid surfaces Containment/ Primary circuit | Operational Multi
Special considerations for advanced reactors Containment/ Primary circuit | DBA/BDBA Single/Multi
Sump strainer clogging Containment DBA Single/Multi

DBA — Design Basis Accident; BDBA — Beyond Design Basis (or Severe) Accident; MCPR — Minimum Critical

Power Ratio

21




~

R TR0 B B (B 5N
(-) #&F =2 HHS

L fRM AR Y SR TR G 0 2 Y S
FAEN e o T o Y- LA R R AR R IR % o ¥ A
* Navier-Stokes & £2;% kgt o A3 2 T 5 g Eorfa i )
ke fe e F O ETES AN (T el
DET R FTEINEE P R

i' % 752 5258 (Conservation of Mass)

P ¥-(pU)=0
ot (2-1)
Ao op st o Usimad ie o
t: time
p: density
ui: velocity in 1 direction
# & 3 f2£5% (Conservation of Momentum)
a(ﬁt )+v.(pvv)=—vp+v-(?)+pg+ﬁ (2-2)
= - 2 -
rz,u[(Vv-i-Vv )—EV'V]:| (2-3)

B o PLntRA ~g a4 e R s it HARR -

P: static pressure

it B 53 #2355 (Conservation of Energy)

%(pE)+V-[;(pE+p)} _ v-[ ef/VT+(;-;)}-Sh (2-4)
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Ho
ke effective conductivity

2
E=h—%+% (2-5)

(=) FinBs8 T NRS 2 g #

o a3 R < S CFDAR N ¢ 3
ANASYS-CFX » FLUENT ¥ STAR-CD (STAR-CCM) % - i&
i ;2 % ] (General Purpose)CFDAZ ;¢ i & § 4% = 52 2 &
REDTE FEE R ETES RN R T E R
WERZ 2 B I L R o d A T R
(Time Varying)eiid4F 4 > 1 £ 1 k471 17— 354
* Reynolds- Averaged Navier-Stokes % 7 -3¢ (RANS-based
Turbulence Models) & f& it ¥ T 35 1 #F & (Mean
Characteristics) » 1 > e = &3+ 8 » ¥ 3 CFDat § "% R *
31 ¥ 447+ o RANS-based ¥ 7 #_® 4% f2 47 i gz p¥ h
Navier-Stokes equation > @ ¥_FKfZpEF @ T 553 #7342
RO ERS CERPrUVALETLTERE@ T D)
FHEE(Pd -2 EEFHLTHETHES £
(Reynolds-Averaged Navier-Stokes,Rans) > 2 H i¢ = ¥ 5 =
B3 AR o B ¥ KRR B 2 B A RN i

WP 5 R 2 gt hd N5 FFenE R
VA @ FURTE R R T30 E 3R IRk o 124
Fef# 3 (Solution Domain)2. A @A)k B i H-4F 44 > § % ih
RANS ¥ /it #2358 3 Spalart-Allmaras # 5 [32] ~ k-¢ #- 5"
[33] ~ RNG (ReNormalization Group) k-e& fi= ;% [34] ~
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Realizable k — & #-5%[35] ~ k-o$ic3% [36] ~ SST(Shear Stress
Transport) k-o#-3%[37]14 2 RSM(Reynolds Stress Model) i
FB8]F o AL KK LG R R DB A
Pz FinBESA T g R e enI Rl E o o B2
oo fRdm o KU E R - TR R F oo
F1* CFDJE* " iR fu ¥ 24 17> "f i & 3 CFDeE& it
RS 2 R G AR AT Y R e
£ o 73§ > 30— L2 CFDR * & » v - L AT (F3

o

\\\?{r
e

V O BEE ke N E - I ERET T DR EG o Hag
% Renumber ¥ % & w {4 (Isotropic) s 48 -
v RNG k-g Ho3Uif # 2055 i enin A 4s o 2w % a0 i
Re number 7w %8 -
v’ Realizable k-¢ =5\ ¥4 % 4& ;= (Swirling Flow) ~ 3 7 /& -
% (Reverse Pressure Gradient) ~ 7~ # 4 #t(Flow Separation)
21 = =t i (Secondary Flow) & IR % 5 {24 ehfidstas 4 o
v k-0 #3ViE * 3 p d 3 i (Free Shear Flow) ~ R4 36/
(Flow around a Cylinder) £ #§ &4 75t (Jet Flow) % /i 48 o
v SSTk-o #53% 5 -8 k-o B 2 B 1 5S> Hig * §F {
R2Br-
v' RSM #;% & 4% &% Reynolds Stress 2. 4 # » H 2L 4§ *
R 2L E v 2 A o
3 A K B O RANS 2 LES dut kg * = 4o
i it -
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RANS and U- or T-RANS turbulence model
vV R Lkt o
v B ¥ 0E_k-¢ Model 3 k-w Model >

V' k-eModel 2 HAp B PN * h3 wZ R e e E ok
RERL A B Er o 123k @ * Reynolds stress models & LES
approach (4 : impinging jets, secondary flows & %) >

v 1 ¥+ @ % RANS Model * #a3*t ¥ edodf se 7] 4
Second Moment Closure (SMC) Models °

Vg HE

U-RANS or T-RANS: Buoyancy boron dilution transients
(BDT) and pressurized thermal shock (PTS)

k-¢ or SST k- : Turbulent mixing inside pressurized water
reactor (PWRs)
LES -~ DES 1 2 SAS % { i&F#n CFD ¥ inHost o
v
Large Eddy Simulations (LES)
Vi orE- T RPEFMEFER A PR ANGER R
VA S S n 2l S o R g S
VB ¥ LR AL MR e S rapk R aip A

e

L
v Fi«

PER R AR O S RERY 3R B E
N

>R R A B AP FE s

PREFEFES ) F IR RRERER
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v J&* @ High cycle thermal loading in T-junctions

T R AR g AR S > B & Barenlg i d e LES
5

o?\r_ﬁ ’;,HT;‘LEMT :F‘{\.]}?I}%‘(’

Standard k-¢ model
Boff Henz TR S B feenicd) 0 B i2A B
¥ @RI B YR o & FLUENT ¢ » {238 ke #3) p
74 Launder and Spalding 3% 1! 2_ {5 » )]'J’ A R R e N
FILEOH R SR
A AV L EREoRIEERY Aot Rl
T THABLEERDON R FHRRLLY BE Ko
Tl ke BN E - R ER Y F DTG A

% Reynolds number ¥ % % » {4+ (Isotropic)criid8 o v H 4

[

PARI B o BRI S

BEm b g2ty o 1% EEg O fic(Wall Function, WF)

K {70 30 4 gl (separated flow) R 482 384 B v~ o

Turbulence Kinetic Equation :

@ a 8 aic
= (k) +a—m(pkuf) = a_x}[(‘u_l' %)3—%] + Gy + Gy —pe =Yy + 5,

(2-6)
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Dissipation Rate Equation :

L a =2 ) ¢ £ _
206 + = (peu) = o | (1 + ) 2] + €1 £(6i + Csc6)

62
Cz,._:p ? + Se
(2-7)
Gk wrd R R¥ARM A2 aFindan
Goad %4 24 enFiida o
NOVERR N S ST IR D £ 113 A1V S
Cla ’ CZ& ) CSE ’ "g!\#ﬁi;@_ )
okfroe 4 k> 2 fre™ 420 % /i Prandtliic >
Skfr’SE T\El‘"\? £ 3;5& Eﬁ o
Yo Buw oo gtV kg
k2
lut :pC,u? (2-8)

SRR T

Cie=144 C:=192,C,=0.09,06k=1.0,0:=1.3

Standard k- model

EE o 7] A Wilcox ko #3] » v 2.5 4 g %

T~ fiﬁ’ﬁb‘_'fr@’ 7o @ 13 rc e o Wilcox k-o -
AFER T pd T BRRE o kSR E RS~ TR
ein s PSR e bk eg 0 Fl@m T LR LR R S
Ao p d B R ds o
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0 0 0 ok

—(pk)+— =—|T,— |+G,-Y, +S 2-9

at (p ) axi (pK'Z/ll) axj kale k k k ( )

0 0 0 ow | ~

— +— =—|T +G, -Y +S 2-10
HP v ki TP m ol 3 4ex 5 G 5 Find

RHR G AR RE ALk Re BT

v

et R AR S S, AR L kT AN e 2 ARt

Iy :ﬂ"'&
Oy
r, =,u+i
Ga)

(2-11)

(2-12)

Hoe ooy A AEF Gl o B0, 2 Fond FE T i

(turbulent Prandtl number)a > u4 B] 5 :

. pk
=o' +£2
@

. * . ¥ v
He H» TIUNER o F TE G

gt o, +Re,/R,
1+Re,/R,

Ret—p_k
y2/4)
B
CXO:?
2o
R, =6
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(2-13)

(2-14)

(2-15)

(2-16)



B =0.072

RSM ‘%— - *3—5\‘

RSM #- 4 CFD ¥ /nifcst P A G men T i i

A HE 2 0 E S PR R R LR > RSM 83 2%
TIaN-S = fe 3B o 247 M ARY g R4 R
M=

EACEF o P AT s MmN E Y 4o r T B AR
F¢ der TS B AR

d 3t RSM * ¥ = fefoft = 2403 1 4 Befechd B0
AR SR~ PR rddosk 4 P R T AR SR
w3 LB RIRRIES o B AR RE NG
FRA G MO fR R4 R4 frdlaad FAL s At RSM
ek

o
rn

TR R K1 & FlF o RSM #5328 4 F %
BN TR LS R AT R LR BT R
3 o B & JE T RSM R3] o GI4oBBh jads ~ b

bl

BERd s FE Y - A
BRI R AR ONE D RPE T ER
o 0 KA HP R R S fele > B BB A R
CARR KB EeRE 2 AR B H 22 A AR E AR
ESEE TR S IS S LR EC SRR
o ARY B B R R R B BERR 0 D A
B oo

7 J— il

—|;..] |
r’Ilr I

(preig e n' |
.fj I

- -
T

Local Time Derivative ¢ ;; = Convection
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o <. T..r ) s} -T-
- [ 'ilj & Fp (ﬂlif.} | ﬁ'ak”) f r',i'_:'k Ii!(}'!k ..'|‘

iy,
Dip i = Turbulent Diffusion Dy, :; = Molecular Diffusion
— T M N N
Pl J G i ¢ T T
— | Uy, — I Ty, — 0 fllr 'H-f} | i '|'|'.I!I.;|I|
: ( ik t'h',:; 7k r'}.!',rf) PrAg it ,
= 'I-. — I . . ) _.. . . . .
Py = 5H1MH]]HM1HLHLM] (+;; = Buoyvancy Production
(2-17)
Su! o oul o',
I pl| — 4 —2 - opu—r
l")l..f'j r’.;l..!'z' (},['k r’)‘,,}'k
- - N— o —
¢ij = Pressure Strain 6y = Dissipation
—2p) ( e ) Siser
Hask m €ikm 1 mEikm | user,

.

Fij EE[ﬁﬂmhuihulln'H}%tﬂll[Lnenhn1 User-Defined Source Term

(2-18)
é’—é{t’i‘;ﬁd CljaDLljapa 1]2 %’-ﬁﬁtﬂ‘]’m szﬂDTy’ y’gyl'_ﬁ]'ﬁldz
SO AR R S AR .
Dily-Harlow#& = 7 40 et & 3 573
S kg
! T.ij Cs .r'.i'..!'k. ('Ir} E r'j.i"p )
(2-19)
vip B AREE T A 4F 0 AFLUENT? @ 5407 2 42 ¢
9 i’
D i ..f_ L —
drp \ 7 g (2_20)
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% ~

ABRFRERS
AREFHAREOCRE T UFHRASF BERA )
& SRl B s SIS B SR DA SH° s

- ~ & & T 3] ¢ (Mixing Tee)

MR R E AP E A g 0T 3l # Ay Bk S(Piping
system)¥ ZEE € * chd B AR H Y BApE B R LB A o
R oo ”E‘P\ SR R~ ik s B A '43{?@?‘%’}”&7‘ P iviriz™
2 HREFREL fﬁﬂ%ﬂ*?‘ﬁ’ﬁ@*’? T AR & R HIT R R A
foig B A GAERFR % 7o B H AL £k ¥ (Thermal
fatigue)hIh f A 4 o JLPFEid 3T AN M i 4 Pid B 0 2R E A
§8 4 & (Computational Fluid Dynamics, CFD)& & * + % 5 * <
i #-#t(Large Eddy Simulation, LES)> 7% i& {7 587 R B P 200
TR o R H AT TG E A AE R > - 1R &
BRRF O FERFFOI AR o ARRZL T > FrRE 2
% 3%-T 32 Navier-Stokes (Reynolds-Averaged Navier-Stokes, RANS)

AR A AHZ TSN F ok PRI ERRE AT
B A BT R E A A S g B NER 2
T R TR 2 A 47 e

hid ¢ & CFD 6 @ * 2 b Find3 ki T 31§
(Mixing tee) ¥ 98 & % -Hu fr Kazimi[39]# * < /& #4(LES)
ZFa A RFET TR Y REFTERRT B % F R AR
Pk A ERVRIER RSB - Wang fr Mujumdar [40]75
standard k-¢ #-A| B8 0 - A= MR RIPRIT I HAE I E FIEL
B R R SR e A L0 RHEBZ SRR B IREES L Le
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4r Hassan [41]# * E 4&#-4% % 45+ /& (direct simulation Monte
Carlo)(DSMC) 5 & k2475 $8R £ 2 I % &
HAgAFE A [42]@ * chstandard k-s KR A £ W A x F ¢ B e
BEE Rl £ 305 0 F[43]% 4 ® % LES T3l Hke g L aip
22 TAHF? FREFARBERARTR IR oA $ F 5%
PnTIaE R A RRRT Y T AR 00

Frank % % [44]8_ % - & PR BPGs 2 4 7 TAl ¢ » ¥ o
LA G oo Pt B B AY CFD b 2 3b 5 3 5V 2t @
S RANS / URANS = j£ @ % 5+ Ji 4 @ﬁs?] (SST) 4= BSL 7 #
B4 A (RSM) & Fn#3] ¢ o Walker % 4 [45] %R G £ T
A ¥ 7 %2 By 0 k%% ke~ SSTk-o ~ BSL~ RSM % inHid
* 485 2 #C#E © Naik-Nimbalkar % £ [46]i¢ * -kig {3 T3¢ ¢ 4
BR L2 G EY CFD > ELY A7 F R 2 %% @
TR RF - R
Aulery % A [47]F & & * RANS e LES = ;% 3 #kg 261 7

@ 5]

%

27F BT 3¢ ¢ ch#-RIE R 4L o Ayhan - S6kmen 3 4 [48]
% * LES i 45 fie eddy-viscosity type SGS #-3] k i3 T 24 & 2. /4
#i2 & - Sakowiz [49] % 4 i * LES %% T 33 chinds & &
PR E RS DX ‘)ﬁ.%f?.ﬂfr?ﬁé%ﬁ:;‘ HHAFAEALAEG AR
st RTAL 0 Smith # A [S0]3 410 - B RE AL E 0 IR
CFD #fcri 4 KR EFD T Al b R & hE & S8
MRS S 2 d Vattenfall 2 PR EBRBFRITAFTHR R
Sakowitz & A [51] @& * LESHAF T 7 £ #dd it g ¢ 7
5 T 3§ SRR L el B L) R (I0)-
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Gritskevich % 4 [S2]1# 7 7 &* > T Al ¢ 2 b X inHcd] P o
Beld > 2 ¢ # 0 R P BHER(SAS ) £ B 4 g ikt (DDES )
Fodgk » 7o~ e (ELES) -

Ryt gdpd > 2TA g Bifcid B R ZEHPFEZ
RS S GEPE ER > P o CFD e + + 4
# * =k fifi(Large Eddy Simulation, LES)~ TR LA R 2 HE
AT A7 o de Hu % A [39]# 1 T 3] ¢ ¢ ¢ thermal striping 2
* LES = 3% K8 (T HH o 2RV (B S Hmandicdy o 2R @ o LES
BT DRTIRETE A AE R F P EA R R
it z_ & 3% -T 33 Navier-Stokes (Reynolds-Averaged Navier-Stokes,
RANS) = #25% 3 A2 Tt & 7 ry 5 ooy Rl b 4
ER A I e = ST R Gl NS EIEE SNV - X 2 e
REREEE 2 PSR TAE 2 44 e

AR A EGIT Y R R F AN 2 H T REAST RS
HTAFENREREATI R EFERE R R RA 17
B EE e MFF Y A A K S Ho;Y ¢ Standard k-emodel £ Realizable
k-e model ; % = 81T B0 &% B 6 O #c(Standard Wall
Function, SWF) ~ 4t 3 £2% 22 (Enhanced Wall Treatment, EWT) >

T .L_n ,}%,Tbta]_g]m]w}ﬁggkl_\;t‘a P"ﬁio

(-) T 3] Bk % bl -
1.3 it
Nobuyuki[53]% 4 *+ 2010 & #73 4 ek = @ > jo )]
iﬁ@T@ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ’%m&_%%“%?m

TAEHEHFRIAP NI g7 REFOETL - Ay
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VLR AR FRE AT ME A& Ay A 0 i
PR FHROERfERFRIEE > EFA BTG 2
BRI R 0 REAPL NP L B ERE

AeBl 3-1 7T AT FRAE SALR KT A g
PR E B % 150mm (D)o T Al - KT A FE LG
S50mm(Dy) ~ 3 Bl frdt @ WM. $F frd Fox g Nk - KT

AL AR PR Rle o F R LGP R
M 8800 3 TAASIERE S 2Dne 22 FF %7 0 L

Do BT A R PEESE ST 18 D s @ %4 ¢ 7

M PlgtE RS 10 D o

4oB] 3-2 from o R P AT BATKRRIE L E P PR
oo lS BEAT®BIEA F P B4 0 Smm : FREE KX AR
- LEA e o B2 BAT BT PR o PG R
Z 5 1mm v 3mm f o 4ol fi 3 035k > RN ET B AR
ERAFPELIET PR RA G o BBHT BT e
WHEhG e RS HE 0 BET LERD T kel B

B o & 2L12 100Hz (0.01 #))iR] & » B £ PEF £ 360 ) o
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Straight geometry in main pipe Downstream buffer

Ui Elb Test section : e
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U.S. NRC is developing an advanced thermal hydraulic code named
TRACE for nuclear power plant safety analysis. The development of
TRACE is based on TRAC and combines the capability of RELAPS.
U.S. NRC has declared that TRACE is the main code for thermal
hydraulic safety analysis, without any further development for other
thermal hydraulic codes like RELAP5 and TRAC. A graphic user
interface program, SNAP, which serves as input and output processors
for TRACE is also under development. One of the features of TRACE is
the capability to model the reactor vessel with 3-D geometry. It could
perform more powerful and detailed safety analysis of nuclear power
plants. The authorities of Taiwan and USA have signed an agreement on
CAMP which includes the development and maintenance of TRACE.
INER is the responsible organization for Taiwan to apply TRACE for
thermal hydraulic safety analysis in order to provide user experiences
and development suggestions. Based on the above goals, this project
modified the TRACE safety analysis models of Taiwan nuclear power
plants according to the revision of TRACE and SNAP. The results of
TRACE were presented in the NUREG/IA reports. These NUREG/IA

reports will be sent to U.S. NRC as the references.

Keywords: TRACE, CAMP, Safety analysis.
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rs{/US NRC

Pratecting Pea »pﬁr q-mhh l‘ meiranment

TRACE Development - A Peek Under the Hood
+ New Correlations for Research and Test Reactors (TRIGA and plate fuel)

» Spacer Grid Heat Transfer Enhancement Models (Droplets and Breakup of Droplets)

+ Improved Stratified Flow Interfacial Drag Model

TRACE - Recently Added Features Available for Testing

* Implicit Coupling of Wall Heat Transfer to the Fluid

+ Making Water Density and Viscosity a Function of Boron Concentration.

+ Enthalpy-based and Fully Conservative Energy Equation for TRACE
(semi-implicit only)

« Interfacial Area Transport Implementation into TRACE

(Low Void Fraction, Subcooled Boiling Flows) 5

B 1-2 TRACE #25% % B & (1)

@ USNRC

Prad. u..gn. ,:.....d A. r.r R

More on TRACE Development

- TRACE Patch 5
- Target release for Fall 2016
- Status of CANDU modeling update
- Upgrade existing CANCHAN update from 2005
+ ~50% complete
- Should be in an official code version by late summer
- Filing bug reports
Use Bugzilla to file a trouble report at www.nrccodes.com

Send email to trace . bugs@nrc.gov

TRACE training
- Taking feedback on the desire for training

B 1-3 TRACE #2;% % E # & (2)
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@ USNRC

Protecting People « il £ha Bttt

TRACE Use at NRC

TRACE is used in licensing support and
design certification activities:

- APR-1400

- SMR

- ESBWR

- US-EPR

- US-APWR

- AP1000

- ABWR

- Power & research/test reactor licensing actions

- Generic Safety Issue (GSI) and Rulemaking support

10

B 1-4 NRC % TRACE #4235 2_ Ji& *

@ USNRC

n-.,.rm. che Ko

Power [w]

PARCS / PATHS / GENPMAXS
Development

 Current PARCS Official Standalone version is v32r‘;11'7co
Current version of PARCS in TRACE-V5P4 is v32m11co

« PATHS development to provide thermal-hydraulic (TH)
feedback during depletion for modern fuel and reactor designs

« PARCS multi-cycle capability has been tested successfully
+ PARCS/PATHS SNAP Plug-in
« TRITON-GENPMAXS Test Suite

B 1-5 PARCS #2552 B # 4
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ENTTED: STATES NUCLEAR REGELATORY COMMISNIHS
' ecting People and the £

SNAP Development — Enhanced User Productivity

« Current SNAP Version is SNAP 2.4.3

- Supports all TRACE versions through patch 4

- Automated PARCS CR Search.

+ PARCS Multi-Cycle Depletion.

- Improved Uncertainty Quantification Plug-in

- Droplet Field input added to TRACE Plug-in

« See htips://www.snaphome.com/snap/ for more information.

B 1-6 SNAP #7 ;% % E # ik

@ USNRC

Pru. ;n-_ur .H. iR

RELAPS5 Status and Use at NRC

Maintenance Mode:
- RELAPS Patch 5
- Release planned for May/June 2016
- Korean Reflood Model
- Support for Uncertainty Quantification
- Bug fixes are prioritized by the user community.

NRC use:
- Used in a supporting role in licensing

B 1-7 RELAPS #2538 B # it

20



2. TRACE #2;' % B # 1 (TRACE Code Development Status)

TRACE V5 patch4(¥r % V5.840)2 *+ 2014 & 4 * $# 1 » TRACE V5
patch5 3f %3+ 2016 & # % 11 (2016 & CAMP # % ¢ % 57 NRC fj
F¢ oo pHpei 2017 E 7 VD) o pwABEA S V51013 - A
TRACE &7 V5.840~V5.1013 s= & ¢ » & & 0 { #7 5 fuel rod
model ~ TRACE ¥ PARCS 2_:# % - CONTAN % > m NRC p w #-1
# »* TRACE ¢ fuel rod ~ uncertainty ~ robustness % e g #7 o

R USNRC

United Stares Nuclear Regulat

Protecting People and the Em vironment

TRACE Roadmap

V/5.0 Patch 4

V5.0 Patch 5
Release Release
April 2014 Fall 2016

V5.0p5-stable
branch

Main
Development
trunk
V5.840 V5.1013
4/11/2014 04/15/2016
We are here

B 1-8 TRACE #2;\ % E pF 42
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RUSNRG  puture Plans

Protecting People and the Environment

Short Term Goals

« Additional fuel rod model improvements
— More 50.46c¢ specific features

Component-specific uncertainty parameters

CHF model improvements
— Test reactor correlations
— Update to 2006 Groeneveld look-up tables

CANDU modifications
Grid spacer model improvements

B 19 #258 % kwEE (D)

(“QTUS NRC V5.970 & V5.980 — Fuel Rod

United States Nuclear Regulate

Protec lmg]eﬂpfz and the Environment M o d e I U pd ates

6 new features added

— Axially varying creepdown, fuel swelling, & fuel densification

— Let user define an ECRP threshold to be a function of the
hydrogen concentration in the clad

— Place a limit on the maximum allowed cladding strain
consistent with FRAPTRAN

— FRAPCON 3.5 Zr/ZrO2 emissivity model
— New XTV plot variables & improved output formatting
— Account for crud impact on clad thermal conductivity

* Introduces a new namelist option called “detailedFRM”
— Use either legacyFRM or detailedFRM, but not both

B 1-10 4258 &2 k3 EH(Q)
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@ USNR Fuel Rod Model Updates

Unirted States Nuclear Regulatory Commission

Protecting People and the Environment

« Maximum allowed cladding strain is now
calculated and imposed on expansion of the

cladding

— Uses FRAPTRAN approach A [~
| '\ |" "|

(5= rond !
5 ~ Temid | P"'z"';._ma | |

€emazr — T Al
, ' Ile f
— Will not prevent clad rupture ‘, or2 I | ;
—— : | | || CenterLine||
+ Burst strain is a function of T4 [ | f

» Not a function of gap width
B 111 25 % k8 B2 403)
3. PARCS #&3;% { #7# & (PARCS Updates and Status)
PARCS P # & i1 ¢ #4752 4542 % (4o TRACE)Z it 5 B /2 e
FEpIE o & 7 4p M+ B - debug ~ model { #7% > @ PARCS

V32ml18 5% & T8 ) o
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L ]

@ US.NRC PARCS Development (1)

United States Nuclear Regulatory Commission

Protecting People and the Environment

* PARCS has been restructured in coordination with
interface to other thermal-hydraulic (TH) codes
(TRACE/PARCS, PATHS)

* PARCS v32m18 close to release

« Being beta tested against an expanded test suite (many test
problems developed with CAMP member input)

« Irregular detector response calculationsin v32m17

« Coupled failure (PBTT2) with V5.880 (+ v32m17) in debug mode
that has been resolved with changes to GenEdit module (with
respect to how the nodal power was being normalized)

« Reworking REFL_TH card implementation within PARCS — manner
of branching on TH states in reflector

« All history, state, Xe/Sm, and exposures will be writtent to dep file
for fuel and reflector nodes

B 1-12 PARCS #2;% & k2 B2+ 4 (1)

@ US.NRC PARCS Development (2)

United States Nuclear Regulatory Commission

Protecting People and the Environment

« Array indexing bounds (kth, Ith) when PARCS is coupled with PATHS
and internal TH (mass energy balance) is being upgraded and
improved to allow more transparent branching of state variables
across fuel and reflector

*  Will allow radial mesh refinement with NEUTMESH_X, Y
* Relevance to future assessment for high leakage cores
¢ Will mimic the TRACE/PARCS interface

« When Vessel and Heat Structure coupled to PARCS, only axial plane
thickness of vessel is passed to PARCS (cell length(s) of Heat
Structures assumed)

* Fixing with re-write of coupling initialization
Improvements to PARCS Doppler Model
+ Currently - LINC (linear) & AVG (volume) average of Tclad, Tsurface
+ GDTL option (conservative) — T(r) volume weighed with 1/ VT(r)
« Update will go in after v32m18 is patched to TRACE

24



B 1-13 PARCS #25% & k2 E 2+ % (2)

@ US.NRC PARCS Development (3)

United States Nuclear Regulatory Commission

Protecting People and the Environment

* Research on PARCS control rod history (HCR) and other state
variable history weighting techniques

* Nonlinear history model implemented into test version
* Weighting parameters for most recent state (2.0 to 2.5) input

* Exponential treatment as ratios of controlled to uncontrolled history,
as a function of control rod fraction in node

* TMI1-C2 keff bias goes down several hundred pcm with these
changes
* Fractional BPRA approach being tested specifically to model =
BPRA-controlled nodes (interpolating on fraction of exposure
time that BPRA is present within cycle) .

* Also aligned BPRA nodes with mesh boundaries to avoid .
accumulation of HCR in rod-cusped nodes (partially inserted BPRAs)

* Accumulated changes drives down C2A keff bias by ~200 pcm

B 1-14 A RFEITFH
4. SNAP #2;% % & # i (SNAP Development Overview)
SNAP P # % ;3> TRACE ~ PARCS ~ SCALE /& % 4p i &
s R AT 243 %2 %5 2016 £ 4 * # 4 > DOCX 2 ODT

v EH NS e 4o SNAP ¥ o
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' USNR

Unired States Nuclear Regularary Commission S NAP Devel 0 pme nt Ove rview

Protecting People and the Environment

 SNAP updates and status
— Job-stream Improvements
« SNAP Plug-in Updates

— UQ Analysis
— TRACE
— PARCS

— SCALE
* On-going development Work

Bl 1-15 SNAP A% & k3 B3+ F (1)
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L USNRC

United States Nuclear Regulatery Commission

Protecting People and the Environment

SNAP “core” updates and status

« Current Version: 2.4.3 Released 4/11/2016

. DOCX File format for model notebook export

. Advanced Job Stream Development

. Job Stream Templates

» Uncertainty Quantification at Multiple Time Values

B 1-16 SNAP #2:% A x % B3 (2)

FUSNRC

Unired States Nuclear Regulatory Commission

Protecting People and the Environment

Ongoing Development Work

. TRACE Updates
« Vessel vent valve FRIC/K-Factor conversion.
« TPR Import logic of Fill types 10 and 13 when INPVEL is set to Velocity
» Address MAPTAB parsing and creation issue reported by Raimon Pericas
« Update TRACE Job Step to distinguish XTV from Demuxed XTV
« Implement Validation Display Framework from SCALE
« Update FRAPCON & FRAPTRAN Plug-ins to support version 4.0.
« SCALE Plug-in Development.
« Multi-Channel Component Updates
« Import FRAPCON Data.
« Mapping ¥4 & %2 core PARCS data to full core TRACE.
« Generate MAPTAB coupling data.
. Dakota Job Step — Optimization Job Streams
. Job Stream Improvements
« Post-Execution Task Evaluation Logic
« Task Failure Handling

B 1-17 SNAP #2;% & k% E 4 (3)
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C) LRAPLERB RO BESL
1. Presentation of Advanced Code Development Activities in

TRACE:
BB BIFEEP TRACE i & L #7N % » ¢ 7 matrix solver &g
~ ~ droplet field s &7 ~ vessel FVR*FF T & o

2. Member country status report on CAMP activities in the Czech

Republic:

PR AR SR CAMP AP M 1 (TR L HL f F 217 CAMP 3
$24pME =L SUIB~UJV-CVR TES+UAM - VUT % > 1 &
i¢ * TRACE ~ RELAP ~ PARCS 22 = 1 VVER ¢ i % 40 b F %K &
(4m:BC V-213)ea 455058 0 14 % 32 (7 4p B BT AL i 22 & 47 o

3. CAMP-related activities in Belgium:

PR MR EVJIFHCAMP AP 1 F3R L > 2 & @ * RELAP:E {7
licensing 4p B 3+ & 2 ATLAS(§ 2% % %) - PKL(F % % %) ~
PREMIUM(# # B F)E 4 ¢ chiirl = 2 2 FAp B AL A 47 o

4. Status of CAMP Activities in Canada:

B AE L AL CAMP ApB 1 iF4F2 > 2 & § ¢ * TRACE
i = CANDUG6 T B A 750 » 12 % 32 (7 LOCA sha 45857 7 o

5. PARCS/Subchanflow/Transuranus Internal Coupling:
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S E 4R 5 KIT (7 CAMP Ap b 1 1748 2 » 1 & & 3 PARCS({ %
P E)e SCR(f F#mst 3)8 6 - Ao & AERE YL L
¥7#2 % 5 4o: LOCA ~ RIA % -

6. Internal Coupling of TRACE with DYN3D-MG (TRADYN):

Current Status :

M E AR L KIThCAMP g b 1 (73R4 > 1 & £ 88 B - Bih 40
7* TRADYN > j\l TRACE(? * 7"11!‘ ,;,L)b"i PARCS & DYN?)D(E‘
P EARM AT .

7. On the Development of Multi-Dimensional RELAPS with

Conservative Convective Terms:

B B3R & § 44 RELAPS ehés £ equation( © if # >Y 1D) » & 47
ARRE AT Y s a4 s {70 H {3718 ehds £ equation ¥ @ RELAPS
JH3ID LT T o
8. Activity of NRC codes for LVR-15 Research reactor:

BB E NRCEHCAMP 4phf 1 17482 > £ % LVR-152 % * &
B®E > i#* TRACE k= H#3\ » F:E(7 7}% ke 0 KekmH
B AR o oh o PR A AR BT R AL N A ki

(74P B iR 22 & 4T o
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9. Natural Circulation Benchmark:

2 % f 4% 5 TRACTEBEL 7 CAMP 4p B 1 i¥4f 2 » & * REALPS
Z 40 B 7§ S F AL (4r: PWR PACTEL 4 %3k - ROSA 3% - PKL
3+ 3%) v i {7 reactor coolant pump %t 87 f& R 0 KA E B AR AR

$roneip I g 0 B % % B RELAPS w5 »xehiicip R Bk

N
in-

o

10. Comparison between TRACE and RELAPS calculation of SB
LOCA in PWR:

s

M B 3R 5 Joef Stefan Institute( >t #17% R 17 ) CAMP 4p i 1

T34 » & * RELAPS 22 TRACE > £ {7 PWR SBLOCA it » #

A=

FRLT Al aFACR A 4T o H A7 % BT 0 TRACE &2 RELAPS &
R R BRI G R AL R FRE- R E B

)\"F“J]”“}Fi'.o

11. New AP1000 studies with TRACES patch2 and ATLAS test AS.1
SBLOCA benchmark:

Mt % f 47 5 Technical University of Madrid (3t @ 279 )érs CAMP
A B 1 iF4R 4 > @ * TRACE i& 7 AP1000 2 ATLAS 9§ %% % 2 #i-
7 iz * 22 LOCA 7 fi hHCHR -

12. Validation and application of Almaraz NPP model. Power uprate

and TRACES Patchl to Patch4 transition:
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P B 8 #F 5 Technical University of Madrid (i3t & 317 ) CAMP
AR L TE3R 4 > 444 Almaraz ® Bih# 2 0 @ { 277 TRACE #
17 H3% 0 ¥ 38 {7 load rejection ~ LOCA ~ ATWS % % jt 2 g &2 &

7 °
13. BWR-4 ATWS modeling with RELAP-S3K coupled code:

P B3R 5 BKW Engineering (3t 33 L) CAMP 4p R 1 i74F
2 5 44 Kernkraftwerk T fx(BWR/4) > i@ * RELAPS5(§ # #in)&
SIK(f ¢ +)> &2 H a3t > Fieim ATWS 39k 2 B
BT o

14. Validation of Bubble Condenser Model in
RELAPS/MELCOR:

$fe B4R 5 TES(i»v#50)h CAMP 4p i 1 iFsf 2 > £-4+ VVER
% B2 BC V-213 ¥ %% # » ¢ * RELAP5 - MELCOR ~ TRACE i
20 H A4 H0Y 0 T2 17 LOCA F AR Tk 2 0 ~ 47 0 B & 47
FEEFRFTFAP -

15. Preliminary Post-Test Analysis of Cold Leg Small Break 4.1 %
at PSB VVER Facility Using TRACE VS5.0:

PR ERE S TES(i=*t#_ s ) CAMP 4p B 1 183F 2 > 44
PSB-VVER @ 2% # » #* TRACE #* 7 # A48 » ¥ (7

LOCA #f fi 2 okt r 2 47 » #4475 %« REF R T 49 0«
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16. Coupling of RELAPS and Darlington NGS controllers in

MOOSE:
M E B3R 5 Amec foster wheeler -7 CAMP ApBE 1 T4 2 » 4-%¢

Darlington 7 A 2. -4 B 42 ;% MOOSE - ¥ :#2 RELAPS & {7:i#
o A KRB FANM PRS-

17. TRACE Analysis Activities at STARS:

M 4R % PSIéhCAMP 4p B 1 148 2 > 4% ROSA/LSTF ~ PKL
£9 %%t 27 TRACE A 745 » &7 LOCA ~ SBO #p M %7

2o W HRS 45 o pLeb 4 F 229 TRACE ¥ S3K ~ ADS ~ CAD %

&
(;‘_P

IE%E 0 &FATWS » R ~ SBO ¥ & 47 &2 RI3# o

18. Code Validation against Boiling Two-Phase Flow Experiments in
Rod Bundle:

B B 3F 5 CRIEPI en CAMP 4p B 1 iv3F 2 > 444 SIRIUS-F 7 %

XHEZE P AL Tk E2 T TRACE A 474550 v s (A TM ~ B
W ATRL E 2 478 3 0 ¢ 7 flashing model -~ friction factor & $-#c2.

FLy o
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~ AP ¥ 2 B TRACE [ fe g 3%
(- ) TRACE FIfef 38 1P

% SNAP #2;% ¢ > CONTAN ‘e i+ § % k5T R Fresd > o 4] eh
BWR FIFe 48 244 @) 2-1 9757 « B¢ 27 5c ~ gz @ m g
FrRE ARE o BZPERARNCY I F 2 AR Y e
AMBPHFE X %tf%%;%f@%%",éf AR TR 2R ER > T RIEG
AAPRE A AR SIAET R g g A o ¥
EHE T g A A d RIFERE L ek SR iR o
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Junction
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(z) 2 FFH %k (Sequenced Data Sources)
B H S h TR Rk e d 3F 5 o Source Run URLs 4p T 5 /&
7o & 7 Fxds gt # i 0 3% 2 Number of Source Runs(GE # X h#k &

B A4B) RUEERAFY DEBRIHLES - 52 ~F=feve

=k Master qnteractive- 2
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Humber of Source FEuns |Twu Source Runs |v| &
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8] 3-6 Data Source Properties
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(Z ) The Python Data Source
Python #cdy kimAd - Bt 5 Bdcdhy kiRt B 1o * g ivds
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Initialization Source 55

File Ediv Insern Example
W User Defimed Data Channels

Virtwel Channsl Hame
TermeT- L GE0I 000G gy ... N—-—
- 1 08040 g || Remoye
in-Tine _"5—
:ns—tlme -| on
i' '-"a-ur"1s', an alias to the F"_-:-'I:i'-u'n-ﬂa-ta'u tource. =

# For other data sources, use the sourcelfase) sethod to retriewe
# a reTersnce TO THRLC SOUPCE.

S0 = zourcel"Master™]

E
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] 3-10 Playback Control No Data Source Connection
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|
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| —Stop Animation I
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] 3-11 Playback Controls, Connected to a Data Source
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Available Channels £

Showing 166 of 5764 possible.
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] 3-14 Channel Selection Dialog
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