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B RELAPS (rev. 3.3) #EfT IPC #E » HIEFEEET GOTHIC/GOTHIC [ IPC 3% E#H5FE
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(3) Fukushima suppression pool behavior
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(4) Water/Pressure surge (annulus pressurization)

B P A B R N AR A RRE K G4 %L - 40 SRV ~ HPCI B¢ RCIC JA##YHE
RERS - BRSO 5HE - BT EIHBTE - BRI IRE/KARE & A
Eigh o IEROKEE(water hammer)ER G2 » AIREIEEEFE4EHE - GOTHIC JRA] F i REEFE RS
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i o

JtE4h» GOTHIC 7R A] A BWR [E[H B2 38R & /111 B2 & {27 (Annulus Pressurization Load,
AP Load) 2 515 > B{R1& (% BWR BN BLA= YR iG> FIRYZEfE  lHRERIRIE N A =iRE
EREEE - FIAEEKE S FEIRERS - RS > TR REANRERIEE -
S ARV Bl 2 S RE AR 2 L& TH o NAT [2/R Mark 1T [EFHAS AP Load 53721 » BRI
N3 By 20x20 ([ —4EEREL - SEEME RS RN ERINVETIAFZ R » #EILETE S A Er
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(1) PWR Long-term M&E release

FeEZ = — 5% Er & Westinghouse /X E]HY 3-loop PWR » HEERGEHHZ 20
H(FSAR)ZS 6.2 i1t » [BEFHAS AT (58 Z #1460 O B3 Fy 102%3HE IR A6 EThES - H Al
=T MBS RIE R WREFE R A DR BEHE S =
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HINVAERE - HRBARFTET &1 - 5155 INE TS ARTZ THSF -

{4 Stan Claybrook 5/EERHH » PWR [EIRHAS /Ay R UE BE (R ((FH blowdown
% reflood HAREDI R AR, - DUEFR R EEIERE oA UE TR - B1E
reflood 2 1% Al B #H GOTHIC 17— fll(primary side)E1 —Zt{f|(secondary side)
I ZSE » EHEETRE R o Folt R IR B RAR PR A > — B
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ENERG AT BRI AT LB B A T B HA -

(2) Neutron Kinetic

Tom George {#+:7/x GOTHIC /Zf¢ COBRA #2222 54 fE2 171 2K HY » B[] PH g 7 H7 fik
BRRIDIREIE AR T 2 fee A2 T RS BR L 2R AT 244 NAL #E7T NuScale [ 25 MHRH 2 Bl
9% » NuScale A F] A REHE H] B — T2 AR BHHBIRVEVR RS - HIHE NAT SRR A
38 &= 58y point kinetic f22( > F 3L Donald Todd 18+ (E.EFH NAI)EL Nate Carstens
WL EFHHRATAR » SZUIRETHE RFIIA GOTHIC 8.1 fH -

(3) Spent Fuel Pool

TR B =ML i NAT M B2 P9PE S Centrales Nucleares Almaraz-Trillo /3 5](CNAT)
ZerCHE( T RIS (spent fuel pool, SFP)AJRE » &% % Donald Todd f-&% - &
7% CNAT 1Y B2 25l 2 S Refbs ey et - AR AN ZER - A ERE
S - BUTAR T (A (R R PRE B e 4

NAL 1y SFP F3#friszUn 3 B =g K © ()&M)t Az LUk (3) 58—
PRI o ot =R R (8 SFP o3 & R B8 = 4 ARG - "IN H 2 ERE - [
sTEMAIDRE ~ /KALELRS AL - ZIARHIERIZE 4x4 PARIRIY AT - AR
TEZKSET7 10 R — (I E1RG - 12 B 7 (A A ER S E RITE 20 (@R E - A ASE 7K R HERY
TR (E s NAT R Rk d T SFP M AT 1L 2 DIRE » ARIIAREA Z GOTHIC 12
A - ATt EREUREE (L - WG T 2SR o B AR R
R ELE = ALY - HEETHEAIEE -

FHI 368 R R BT S O 1 - RS2 AR A = U5 P 3 o — {18 5 48 S 75 (lumped
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3D-connector % 2 PRI a7 7 HVEES - WAE 3D-connector IUE —IENE » KA
FIBERRRI B J7HYR & 2B RO - SREBEERIVRUR -

Mark Lanza 55 A4E7REoR SFP B FHEERY /K (i B LRSS . 4£ GOTHIC = - %
SFP —{HIIBGHE A HIFLIS & (porosity )& fy— (R 2 e 8 - /KRS 22 [ =2 FIHRER - (Hid
FOKIAUR ) > FEILRO TR B R AR B - i HS SFP 2248 -

(4) Fukushima Reactor Building hydrogen distribution and venting

BEER S —RRRHNEFEAN—5 - AR RIESMKFHE SR  RIXERAE
REHR - FIAE GBS TR A RESENRISRRE 2 - NAL $HHEES
— BB SRR I FE BS R 22 M 1T GOTHIC =4t » EiE s E eSS S A
FHE - WFER(E)RFTR -

FERE AT > SN B — R B FHAG IR MAAP F2=U00AT - Dle it &srE
A= B AF Ry GOTHIC Sy SR - Mgt B VU EBORARTEA B RO THEST © (DFEZH
TEES flange JAUR © (2)FZHTHES flange AR H. Wetwell venting HRHRL + (3)FZHETEIS flange
MR HLA A R AR IE M 2.4 (Stnadby Gas Treatment System, SGTS)AYZELE[(tie valve)’&
s (4) R H eSS R — R o e Ay - BRI RS K EEENERE
PR —REHAS T - FRR R B FZER] o oTéERETR » REHZHTHES flange
R > S LS 55 THED Y G SRR S wl &8 18 nT WAMRME > HoAE BRI EAR S e s 5 (RE
DRIERFZE NGRS A o BLESY NAT Qi (7 FE RSG5 25 i S RS Sy A1 1Y
e - MDA RGN ESE T - MEAN B T AN SEHEEGEs » 71
FEA %S PAR » ] AR SRR B S I LR 5EE

(5) Gas transport in ECCS piping

WIS ECCS BRETAZEREM - E/RRENE - B2 R A KR ARG EHE
837 > BEJRETEE NRC #fi GL 08-01 2 HiY - NAL JRBEEMHRAZS] A REBEE
& R IR S22 S Y EE B » R TT GOTHIC f8=CRs - RS A Al &L flow path
U (A GOTHIC 15 flow path FVE E~FIAL) - > B Riekliers - Ha/ D=
HEENRAE BEE RS EL ) - BEsIEI N IR 2 IRERRY KR P&ID Ef » FIRERHY
KT E Ay A E R R TR AR E Y T L -
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Stan Claybrook St 71 » MHEE G A et A S R IR AR E & 8 oA Bl
A > £ Wolf Creek BN REAREL Z F BNV E R - RiFRiATA ECCS B
25 A GOTHIC &0 - NAT # AT 3 fir TA2AN » 16 T4 8 {8 H R A L% M s
MR - BN TR R E RS A R ZEh A st - 3 mgy ECCS BRIt
BE TRSHZERREN - A Ec2HmE R — GOTHIC At > NI S B A&7
BETLEFTEEHY GOTHIC Z A1 iz ECCS B A&t L 7 5 (il GOTHIC Z4fE>
A IPC hpe TR - RS FEOIZERVE R - BiE Blae BT HEAs
5. BINAI R FEZ &EHHH
AR NG E A5 Zachry 235 NALE[FT #EFTHHRHREER SO Y NALZ GOTHIC
Env#Es - HARE ZHIREMLEE  IWT2mB% - it GOTHIC iR=UEHF 55
AR - A B BN R TR B LAF - RACARFTZ Z4H GOTHIC T{EAEH 15
MHEE LAFEHEST - mJRE ARG B NAT FETOR & 1F
(1) PAR : B B 5 R HL BT AG P 205 PAR - & 752 GOTHIC s EHHIFHI SR
IRPE ST ©
(2) ECCS Eltsmfa 25 + GOTHIC A IR EHd ECCS B RADIRIHY R AR -
G)FAEPAREAL © A AP EER S A A K IR BVER AT -
(4)EHIRE I BE S 5[ (AP load) =t/ BWR [BI[HAS KR (subcompartment) 734 1Y
HIHH -
#E— B NAL N BElEmtk > A alRe G {F 2 TIFHH & PAR B2 AP load fiH » A
At A 2L NAL 53w ie tt 2 & E S EN A ER(T)FTR -

(=) AREVA A H] RLA ##& TfF
2 R T TIEEDPRIE R, > SRR AR 23 B (Middle of cycle, MOC)#1T 1]
o % —RERT TR S By AREVA NP A& > PARHEIEA 7 1fr(Reload Licensing Analysis,
RLA) TAEHRZ A EIEEHTT > Rev.0 iyt /00 7 A 31 HAISEH  FEHIR 54 8 HilkF bz
JFREGHE -
ARRAZEFEEEY > HIZ#E AREVA AFEJ([FEIE AL E A B i) #1729 ]
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23 RLA FELAF > DICERAIFRREEHE A 2 E © 11 > 8L AREVA Sfamix —BE OffifE
s HMEER - DU EA R R lraE

AREVA #2fit 858 1 865 Wiftfift/ 2 - iRt 4 2 £\ S &RV EISEART A&
{EFH > AT A B RS S AR A BT AKX RLA AHREE R B1fG AREVA A ESMNAFIRT I »
STEEEFEER > ARZAFHNERRERECK > A taRACHE - (ErEf i A TRt
A BIRES FHVE TE -

L 55—HQ2013/07/15)MHEH-EAT T

Bl AREVA X =IHHEA A BB & a5t 2 KS2C23 g ETRiE A RLA FHAENVETT = -
AREVA /\&]Eigr A\ &5 Kris Mitchell (manager), Robert Follette (manager), Sean Mellinger
(superviser), Dang Patchana (superviser) 5z Stone Luo (engineer)Z A - @& EE5[EZEL 7 H 23
HEM T —EA G - B H N 2:30 Bl Sean Mellinger im0 T HAVEERER - 1
53T 77 TN [ RE R RS 7T DAFK Dang Patchana 513 o 588/ A FE TR HAVEE = REH AREVA
AN EEIE - BN ST EROS)

I AREVA 2 (it EdHY KS2C23 SPU AHBHET R F A M 3%

Notebook Description

FS1-0009995, Rev 1 Kuosheng Unit 2 Cycle 23 Fuel Cycle Design for Stretch Power Uprate
(SPU) Program

FS1-0010187, Rev 1 Kuosheng Multicycle Step-Through to Support SPU Generic Licensing
Analyses

FS1-0010617, Rev 1 Kuosheng Cycle Independent Loss of Feedwater Heating Analysis for
SPU

FS1-0010619, Rev 1 Kuosheng Unit 2 Cycle 23 Control Rod Drop Accident Analysis for
SPU

FS1-0010620, Rev 1 Kuosheng Unit 2 Cycle 23 Stability Analysis for SPU

FS1-0010921, Rev 1 Kuosheng Cycle Independent Mislocation Analysis for SPU

FS1-0010975, Rev 1 Kuosheng Cycle Independent Flow Runup and LHGRFAC¢ Analysis

for SPU
32-9197028-000 KS2C23 SPU Disposition of Events
32-9197029-000 KS2C23 SPU Heat Balance Analysis
32-9197030-000 KS2C23 SPU Pellet to Cladding Heat Transfer Coefficient
32-9197031-000 KS2C23 SPU Transient Inputs
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32-9197032-000 KS2C23 SPU Turbine Trip Without Bypass Analysis
32-9197033-000 KS2C23 SPU Load Reject Without Bypass Analysis
32-9197034-000 KS2C23 SPU Feed Water Controller Failure Without Bypass
32-9197035-000 KS2C23 SPU ASME Over-Pressurization

32-9197036-000 KS2C23 SPU LOCA Limiting Power History Analysis
32-9197037-000 KS2C23 SPU MCPR¢ Analysis

32-9197038-000 KS2C23 SPU MCPR Safety Limit Analysis

32-9197039-000 KS2C23 SPU Thermal Limits

32-9197190-000 KS2C23 SPU Thermal Data for Mechanical Design

2. B H(2013/07/16)fHBASEEA T ¢

(1)AREVA HRij£2E 1y ACE correlation » & T K-factor (Y51 & T AH X EE4] > additive
constants J& > 1 8 H) ?

Sean Fo » FhAFTA] » additive constants #1612 EE) - Nt th A EREEE - KM
ACE correlation Y% » FHZLHEENEZ -

(Q)ENZAER ACE correlation B35 111y ACE correlation {£ K-factor & 773E FHRE
¥§77> operability assessment H1fEHE MCPR GRS RAYZES » BEFEMLEREH ?

Sean s » [ERHEM K2 ACE correlation HYEEGR » A A AR EERY (B - K5 CHE
ACE correlation JTIHIIYESR » FFRHI /MR -

(3)HATEZEHHY ACE correlation B H 2 » NRC FFEAVHERE A ? FHETA(E 7] DAHS
SER ?

Sean o » M A FEEFSAERKK AT LAES: NRC fJ SER HiZE » S4EE a] A8 5] LIS NRC
TEAYEFAT

(4) AREVA A E|HKAZEHESSFEL INER ] RETRAN STREIVEERAHIA » B a2
M2 &Rl ?

Sean & » [ JTE VIR E - &5 NE A R [E - AT$E{E COTRANSA?2 User’s Manual
D% -

3. E=HQO13/07/1T)MHERE—EL T
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()EEFAHE H BT RT ACE correlation 7265 H iR A additive constants & 755 S &)1 [ > Sean
Mellinger %7 &8 EH L ACE correlation 77 THIHYEE 5 ffgad 1535 H11Y ACE correlation H: additive
constants FEE A FTEE) - 540 » BIK F4H2eHE ACE correlation J5THIHY B52 5+ 5 BLE 7 AH R
FRERE -

(2)Operability assessment ¥ H A HHE DR EEG FEHE DI ASIRAE MY MCPR 73 Hll{# I E.
fX B ] ACE correlation RiA 3 BINIPAGTRL - Withir s b H AR - 558 - Ak
RERERT HARAET A R A RA K - (HA LR R RTRER A RS R4S A R A - HHEF
Fofa] ?

Dang F7% » FZEAYE RIS RERR A K-factor 5[ B0 75 R EIFTERL » 72 FAHe e Bl
[FI TR AT AR ~ SEREBE (boiling transition) & 4= (Y fir B K il =] % Bii BL AV EBE K-factor (nodal
K-factor)iy A/ NATRH o BFIARER » 00 E2FERHTEEL K-factor #0A (R4 1.7) » TEARET
EECAVETES K-factor BN (%K 1.2) » (EBAAITZE 347 Ko 5] JEE £ (bottom-skewed) Y FETE
N B A SRR Y i e 0 B RO A AR T RS - FEEMEE R T - FIF TR ERY ACE
correlation J57AFTSEIHYEE FE TR /N - CPR &/ » Mi{HE A3 $1#Y ACE correlation ki
RS EIREE B ZECK » CPR K » (At - EHEVAFER TR A I 4s R A
FRTE » 72 RN A/ NEEZE T E -

(3) PEMIFE RIS TS RN - CACERCARRY ACE correlation BiLi%AEE R A
ACPR STHGERAZER » HIFEHR B ?

Dang 7577 > [ifd ACE correlation BiiATE K-factor (V5T EA ARG FYZER > 2 FhIRRA
R FHE 38 A SERE IR Al (A1 (L B T IPEEEAY K-factor Bri% - (RIBIHACE, » & EAEBIEE
ol 1) 3 R AU B R (AR T 2R E0E - R s RS T R4S R R -

(4) TR M SREEIA =Y RLA 5 BTiPARE A10-4046B-14G V75 (¥ &y 59
W > A10-4041B-15GV75 HYEE Ry 111 < B EHTARIHVELE R B8 Ry s (EEHAR TR
THE Ry R B 2

Dang o1 » BRI RAVITIAMEHE AR 2 BT i A 3530 25 — AR spacer
BRI > BUEIE WAL AR B R B T B -
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FVUH (2013/07/18)MH R |

5. Dang Patchana ZfJk AREVA AEHERRIIHT T HIRIE 2 Ali Zbib ¥ > M55 Zr-4 4
T 5 Hh 77 T FHBAAY R RE -

(1)AREVA HAIIEAEZEE Zr-4 HUREHE S I FUAEEC - H piERr @t — s dE iR
% Zr-4 PRRHE SV EDE - SURTRERNY Ze-4 PARES BB RE - Zr-4 1y iz e
VR Zr-2 HYES /)N -

(2)AREVA H FijZfee Ty EAEHE S dh iy ORI - [FRF55E T f 7@ B0 (flux gradient)
P2 A A IRHE B8 ifi 52 shadow corrosion i ERAVIARHE S » =] F DUEUA B AT A FHAY
SIL320 AR F 28 Hil(fuel management guideline) 2L % Eil shadow corrosion FH R8I A HH 222 H]
(7141 EFID) -

Q)LAHAIEHFIHY Zr-4 PERHE S HrVBIgACE - HE MR SN Sz hiEm A
A R T RAVIBTE -

T4 Sean Mellinger Z#HE ACE correlation J7 HIFVEE 52 $1 #7435 o BL A2 B RRCR Y 72 245

— B YRR A 2 A FH R R

(D)2 G#AEEREHEZ Entrainment ~ Deposition J Evaporation —{EXZHY# 2 - Hrp
Evaporation & —JHEA K-factor A/ » K-factor #A - /KAVZEEE L » A Z 8 A SR - 11
AR e Z FTbE R YA — KRR E - KRRy RSB e LR A SIS A
B > e A L ERAHY K-factor FRE - _LIFERLAY K-factor R AT ZRAVETRLE
GRS RGARE > M NFERHIZERIEP B K-factor IR ES R ATRZEETRLE &
B BRI F AT A

Q) AERAEY ACE correlation A F 5 HFT FHHY K-factor {458 FH i (A1 8 FE-F9 1S -
BEAE SRR S A B N IFERRLAY K-factor €52 B 57 )2 (critical power)HYETHELATR -

(3)AREVA 7£ %2 1115 ACE correlation F7 A2 4 Fif K-factor (Y218 520 » —F& rod-by-rod
K-factor » 55—7di/2& max-rod K-factor « Z5{#H rod-by-rod K-factor » HI¥ARE S HR iy —FR AR}
AT R SR - ME AU f R~ - 58 A max-rod K-factor » AIfEETHEE )%
g A U — (R SR HY K-factor « SETHEIFRHIME » %M rod-by-rod K-factor » CPR #Y
s G EREET - BFOE O BN 214 (core monitoring system)/&— Al - HAT AREVA 24 H]
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E$1# rod-by-rod K-factor CPR HYETHE &R I HRRIVETETTIA » T n] ks et O Bl 24 Bl &
B MCPR &K  gEETEAERSFIEM = » (#/ max-rod K-factor 1] CPR EHE4E R & AR T »
HAriEtE 774 A A Brunswick EREEA -

5. S HQ013/07/19)FHEASEEN T ¢

(1) % R PR TR A AIRHRA 3T 7oK » AREVA S8R T 1 —R— SR I B — 5k %
2 AR T DUBUR T8 B R FH 1 53 1T (generic analysis) & 5 R 28 A R TAN Y

Fbf > JRiFy ACE correlation K-factor F15J7/AMEET 1% Hil T2 52 HHY v B @ MRV A

(operability assessment)iyESERE o 767K DN 38 I PR 534S Sy T A el s T S o
AREVA #1125 (SRR EIATIR B R EIPAFERG(E A MICROBURN-B2 H#E7T G /K e
FRSIHTHY FMCPR SHEL > SR 554 SR B A M 3 T BRI U TEDRISS SRELES - AR
M 4E BRBE AT TEDHIEY FMCPR 2558 By st o 1F KS1C25 Y M4t SLas R » TEUAFESS
7.92 GWA/MTU W - 38R TRA U FORIGE SRR S (RSF < o T S8 B8 A MR Ao (T
PRETLUESH » AREVA FH%E T ELPAFERL RIS - (EH IMCPR S#3F OLMCPR » 241% 1L
L R AR R o) BT A /K B e e SRR 12 Y FMCPR » 45 R I FMCPR o] Fy i
Pt AR U

R H B[ IMCPR 23T OLMCPR A9l [ /2 &5 7R o] DS EJE BV 5 - Dang
Patchana 71 1F KS1C16 B8 /KN e SR AT IMBGESE T 7387 > &5 R & IMCPR
4T OLMCPR I » X2 FriSaY FMCPR o] Ry i@ FH M iR G prid s

6. F7NH(2013/07/22)tHRASEEL T
() B R KS2C23 (i 0 TGS Ze-2 BIBRIEHE - [H1E RLA S350 4.2.5 iR E
TR Zr-2 JERRRL R i A AR 2 B 22 T (fuel management guideline) > B Dang Patchana 5:f{%

Dang Patchana ZoriHEIEE A S #E—20RiE

7. FEHHQO013/07/23)HEHE-EA T -
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() EHATi%ZE 1) ACE correlation fifi4s » ¥ K-factor fYETE 7= UAWTE » 245 NRC %
It RATE K-factor HYEHE ARG EIE ? HI H AL — - —MfY operability assessment {5 fIfY/2
rod-by-rod fJ K-factor 51755 > #5 NRC H [E] % max-rod K-factor (U5TE = > B — -~ —
WY 5288 Ry fel 2
Sean Mellinger 1% > HATA/E4 NRC 24 FifE K-factor (T E T H G HEE - E{HEH
max-rod K-factor » fti{E A\ THEN GG Bt O i e aat LAYRIEE - OLMCPR Y H Al AE &/
» ME OB AR R KB 2 2 A R R T A

8. 55 /\H(2013/07/24)fHAsRAAT T -

(1) RIEFER e a8 A R o A 45 SR AY 8 P PR P ASET5E - £ 100%ZHE DR T HY
AMCPRosjos KI5 I HTHVAE SR » AREVA Ry 758 BH 8 M &S SRAT PR e DUB Y » 3% T
FEEPARERAAZERIE M - (EE IMCPR B 24T OLMCPR - £l fEEREE - UM ER
TORE B ERY %S - (HHARME B4R OO B AE 80%LA I o T AE A /K HIZAEE A 8 A P S AT ds SR
Ay RE A MR R RE T Ry 7RSI PR A RE (R 2R AT LUB AT AREVA 3% T KS1C25
£ 7.92 GWd/MTU BRI > (553 IMCPR BT OLMCPR - [fii By T WECRRIAGIRREHY
EEE > SO EFRYERAE 88%LIE - BIHVERIE T EE om BV ER _EA—2EVER -
Dang Patchana 585 > R &/ O EAE flow window sEINHIESH > 5028 —ZMERIHRE -

QPBRERFEE SRR I T e 2 8] MCPR S RHIINEL » ZA& R =SB RER AR 3

B RN AT A B LA HTAMCPR - i g DRI A RIS B o st R & %
> KS2C25 fy 28] MCPR Fe K {EHIRAE 10.56 GWA/MTU - {HRZIFAFERII AR MEESE M R A
TR S E I THIPAEES -

T ILTERTRE - Dang Patchana 227 > (Y 10.12 GWd/MTU £ 10.56 GWd/MTU 1) MCPR
HERAE[E—PRER > T 10.12 GWA/MTU E SRR AR RS B I ATHIPMER 2 — - B
PR E 2 REE(EE D T R S B 2EIR B TR — K AT ARk
IR RKHIAMCPR » [N R RS TR EEIE 10.56 GWA/MTU HYPMRL R SEE ST -

9. % 9 F(2013/07/25)MHRIHREL T
%519 H



(DIEETREZE R T > S H2EhiIEfaE AR IENE (scram reactivity) & 52 BT REAY AT 45 5 -
AREVA HJEREZ2 57T H] COTRANSA2 125 » HFTiRay—4E s Pemiliats A S e E
afl 2 B it MICROBURN-B2 f£ &= #% tff (all rods out) £] 4= 4% A (all rods in)HyEHHE - {H
MICROBURN-B2 fi¢- 2 b ABYETE - (R 48 FtRfr 24 5% 2 Eifl—IGTHE - 82
MR E BHEEREL 0 BETE - (EHRAL 24 FEAL 0 Y RINEARBUETHETE - ek 24
FIEAr 0 dr RS HY =P FERE Il COTRANSAL NS » AT RE 22 20l > By
TAFRICRRFAV S ATAESE > (A — 0 R O TSR Al I DR o fff > b s A e
FETT S R 24 F A SR 0 G2 AtR Y & B » KM A AL & ] MICROBURN-B2
TR FARTE T3 A BERR (H COTRANS A2 1F [t e iy [ el S A TE R S P2 i e AR S

BRI HLIESER - Sean Mellinger %7 » F4HHY MICROBURN-B 12 AEHEITHEMRAL 24 12087
$EAFIEAL 0 ST AU a Y IR - i R B RE S BT e RHYAMCPR 3 HERAE A3 et
AFIRfL 24 Z A RIEA&A HATRERERTRI720 - 828 5 AiHY MICROBURN-B2 #22( 7] 55
REH USRI EE R 24 IR 0 BRI ZER e A TR T B ATHE 84T
AL - RIS AT R B AiAEt E =

10. SPU RLA J Operability {8 {53 RH93 H T3

(1) #% R BRI 23 SPU RIREIRIT 2943 MWt 252 300IMWt > #f RLA
IS FEEAY S Ry (o8 P BT 1% SRR e R 4R - sZ &R 2 A i A HA R A R4 b
ffi % SPU ML » [ AR HIEIRY WIHGRI A8 15 » Hh52 %22 Load Rejection with No Bypass 2
AR TSE SR  BEZRILETEELE RLA 1R 2 Limiting case » {HAE {53 & L AEDL e -

(2) K-factor modification ¥} AOO OLMCPR £ ZiE22E & MCPR safety limit FY[&{{H 15
OLMCPR [#1E » MIE ACPR HY[F(E » BFZ | K-factor modification Hiji%2> AOO ACPR i fi:HH
BEAE - FE B K-factor modification {#15“ratio of predicted to actual rods in boiling transition”
= (E S AR I LE, MCPR safety limit BFEH(E o [H7F Operability #3450 a3t » (E15T

it

e

(3) Pressure Regulator Downscale Failure 7 SPU RLA & 5347 » 56805 & Infrequent
Event Fl &2 4R » fE3HH5]| AT AOO 2 MCPR safety limit {2 > RARIESAE
B T % /D BRRHEEAE - 1T MCPR Safety Limit 25t SAFLIM2 ATH2{E7EEEE MACPR
Safety Limit | » J& /(2 7E 2/ DIEARHZEZ F] Boiling transition [f83% » RIS Pressure
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Regulator Downscale Failure {7 Bl & #5252 AERIHY 75725 Ry S0a T e Bl & FRAE ¥ HE 2 R IeH L e
¥~ MCPR Safety Limit(MCPRprpr) * A2 (RELAE AOO 2 MCPRp ## [~ » 315 Pressure
Regulator Downscale Failure -2 ACPR - {SZI[E7HE  f7//N MCPR i 82 MCPRprpr FHER © AR
MCPRpror HIFFEHEZHEA -

%R SRR R 23 SPU RLA &R R K b1t ~ BUKTIoMT ~ 24 B
IyATEEREIE - M Operability Report 7 54l » 4855502 BIEBIETEm % - RiBA8EAH 33 THH

H AREVA AE[IEFEE > FAE R AREVA A ZEFEEE(TGEAH -
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=L '

()L NAT #ETTEIFHAS S A e AF -

AP TAHAT RS [#E GOTHIC #25 > ALFHAAME AR A I SR I PH A 22 22 o3 A A -
SHHNAL IEFUETTEF - NAL Ky GOTHIC f2 (3 & » $H e UAe D R BIF 2RI &R -

55— 31 NAL [NERZ REE A ERE T - i E R B S<E e B Z 2 & (NRC)

O

BIHREZ 2 A > VA S B EZS(Nu Scale) 22 731 TE » BB SHEULNY
SIMTLAE > NAL VA SRR PR AR RRAH A% & (R 4EEs -

AFTAHE A BB NAL ST > WIEEL S, - BR 78 #E GOTHIC £ figHIB RSN » ATATIE S A
RIS
LAZRES LR Z R AT HATE A 2 ATHERY 1SO 9001 dnfREDK - MRS IIRELHIR
RHA IR BUE HTHURBESLORGIRE - DIRFE 10CFRS0 Appendix B #ZBE&R imbrEE
Ko Pz TAHEWZ FAHF DR - MR BB A B Lt AT 25t E - IR EKA
izRESmm R © NAL FRIZEA > B2 PAWTFesdf B s i EEV A= - B EARTZ T
SHE R PET > H NALFE # NUPEC @I AEETIE S - HabfrHlE R A5 HE -
2800 R RE L et | NAL & BB SR EE ) A 5] KRB B B - 2 BT
REL B GEGS - B4 PAR B¢ GL 08-01 kil - /B HYIX BRI M SR sk B A

ETHELT FEHB NAL Y EFER > n[ SRS AR R A B T 2 HINE— U -

()b AREVA #{T RLA F&ETIF :

LIEZGEN AREVA 1R » BT #E7T RLA BYZEE LIESN » IRFE LI e iR R S A 18 ey
RESIITHL T3 2 » LR KA AT 3 AERA /34T 77750925 - IhZGEHRIE8E - AREVA HI#ARE
S EE T AT AP - 3% A S DAY R ER e T T A AR CASMO-4
I Es4H (colorset) AT LU BERAICHEAR A SR e % water gap VS E) » STEATEEIR YA,
TR TR LR Bl DRI E - HET o3 B R TEE 2 /Y MCPR - Hj% CPR HYSTRELH 1 DR 704
ARE - DA R PR DAY RERUE - M LR R R B S R L &
o2 > DL CASMO-4 1y — 4S8 E TR 7 200 IERE B S Lo - SRS
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LU > BT TR R SR R A = e T

208 R S S B B R R i /B e et B BB RV I — B2 — TR B E R BT 7238
w > AP A AE R A (genetic algorithm) ZENT M CoFATRHI st H AR LRI R Pz
FaETHIE LR - HRIE AP HIECR - (BRI B IR W [ T R AR A g
FEEARTEERERETROFZERIEMREET - &5t AREVA BRSO
ffiiJE s s T4 ERrY _LAZAT Dang Patchana 513w 1% @ B 15H —LLiA%E 7 m AT DAI—a -

(DFEBBSR ([ e P I PARE B AE S B e R M o I B Tl R 2 s el
FPATEVEARER R B P DR s H AR AR & 1P MCPR &316 A 2 HIBTE - (RIF
FLNE AR EE e # (fitness function)i% st - FERF(EFE P HVREARAFER B R (EFIR R (AT
PEHIRT 5 & BRI R IR P 1 AR5 - 1T BREFRR St Bzl /5
ATREA 2R B I T s DR PP PR A PR RE IS BB VPR [E Bk - (EAERET 8]
K > HHEBRIS RERE N IEAYIRER - AR DU O A FF iR SRR 2 (B
% > [RICHHNHI SRR S SE rTAEiE R MCPR BYRT#E - (AL - fERRUE B ARV BBk
P ] DA I A — SRR (R TR S i BRI ER 53 LU o8 45 28 P HIAIEY i DR AR R AE
R AR T g R MCPR YRR - 57A R oA &R HIE LT BRI TPRE S Y — 224
IR > (ERNEEAI Y — SR Gata T EORM SR BT - A5 il s R
R R AN DR A R AR IR AR E - B0 © BARAT S iy B B AE Ee bR R AT 2
th KA iR 5 THIDIRER - SRR R EHIHIEE B R - R A E el il AE
A MCPR HYFSE - R B3 A ) -

(2)_EHLTT AR P AL AR AR B A S R e i R 2R > RS DRI R AP R
A A RETE MR A AT AR A ) N B IR B A Ay B E AR 1] AE R R L
EMARERSPIIME - JCEUEHTARER > RAZ PSRRI A Gd > A Kinf I {ERARERD

Z A E G R E AR 0 R AL - 7R SE AT HE O o T W sk S e o (5
dominate zone HYPAFE(E AN Kinf I {EFAFERS - DU S £ A R DN e 17 5 e B PR (B ]
e o AL > ERE SR SRR Ot R A AR ROARE AR E NI HVIBTE » A RAE B
LA SRS R TR IS & - (ERTBE Rzt i o AE (Rl SR AR (E R 18 BELET 1A
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THYS PR

GYAREPRIHV B B R /D - BRI A 5 MCPR 2 LHGR &R
HETY - SRR LR - R R R M 5 fY axial tilt » (eSS #) 2 48 B o et 2 e
B [ DR T3 A Ry e (R R BEDEVIZE R M 5 » A > (REREAERYEEER > IO ey
BRI TR i fm R EED - AR E A MCPR gRt6-~ eV - [NIE > FE7E0E
ERETHY axial tilt (2K axial offset) H AR {EL LM S (R FEED > A RERE L (i JECHD - DU
AR AR BT i T R ARG 5 -
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-2 & ¥ H

()RR ZERE BB TAE > WIRIEF AT ORIERZ - ZRMT AT A R an PR EDK
HrEE > AMEAZATYERY IS0 9001 Safr - AR ERILIREH - Bl THME SRV RE
PomfrAIRE - DIFFE 10 CFR 50 Appendix B HURZBEARMMIREEK » A7 H A2 —1) NAT
BB TR R - HNBUAR#ET TIEEYY - i &R EmERFEFEENES
- HEAFTGRA B ARG ETSOMSREE LIF - LB EIMZREER RS EE—S 2
B AT AT S ORI K ZE -

(DARFTZ TG EAFEB G EEN GOTHIC 2T RIIHAZE VKR AT I T
E > HATEIP R — Rt g RS o 2 B s B R RE &% - NAL Jy GOTHIC Ji
tnieE - HAMEEATEIAFGFEZEE 8 - BN FREX A R E B AL 2 o
Bl BORE » TVEBIRZ AR o SHARENF » AFrHBE A BWER S - IHEERRES
RS - AR R AR HRE R o sE

(S FEFFEUETTIR DA M R B LR B3R - i LIbEH Rt H B LRI AE M /2 555
HEMEREIE— B2 — AR ERVBTFEaRiE > AF{E R B s R0 A (genetic algorithm) 170
RIS R e T B LR T S iR sSea t VB L HG - BRTE A VP RIRCR - i E
SERR LT > AR B A b R TRE

(V) FERF SRR MR 2 18 R AR S AT 7 VARS8 e » R RIS BT RE S A 5 7RG IR — Bl
2 ARSI TEAVEED AR - 80k T RiE L@ SIRTFREMARTCE > E&
FERTERR SR AR - ERF R HAR B R A T A 38 I - DABUR BIP S8 FeAHRE 017 U574
S
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Responses to Example Problem Questions

Prepared for INER

1) Basic Training Material

Comment: Exercise- High Temperature Spray: Please explain the results of plots 1, 2 and 3.
Response: Each of the curves is described below.

1 Temperatures
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GOTHIC B.0{QA) Apr/04/2012 11:43:24

Figure 1: Phase Temperatures

Question 1) What happens to the atmosphere temperature from 0 - 10 seconds? 10 - 1000 seconds?
The vapor temperature decreases from 0-10 seconds because a large amount of liquid drops are
evaporating. This cooling effect occurs because the droplets are at a temperature lower than the
vapor and have a relatively large surface area.

Between 10 and 1,000 seconds the vapor temperature rises because relatively little phase change is
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occurring. The vapor nears saturation around 10 seconds. Beyond this time more and more fluid is

being added to the system leading to compression heating of the vapor phase.

Question 2) Why is the drop temperature much less than the injected drop temperature?

Recall that the drops are injected into a 10 ft high lumped volume. The drop temperature is the
volume averaged drop temperature which includes droplets just injected near at top and droplets
that have had significant time for evaporation before falling to the bottom. Heat from the drops and

vapor contribute to the drop to vapor phase change. This reduces drop and vapor temperature.

2 Phase Change
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Figure 2: Phase Change Rates

The saturation temperature rises as drops are evaporated and steam is added to the vapor phase.
When the vapor becomes close to saturated the evaporation rate of drops becomes small and drops
begin to fall to the bottom and form a liquid pool. This begins near 10 seconds as shown in Figure
2.

Figure 3 shows the liquid and drop volume fractions. The sudden change in drop volume fraction

near 1 second is due to excess evaporation of drops beyond equilibrium.
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3 Liquid and Drop Volume Fractions
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Figure 3: Drop and Liquid Volume Fractions

2) Cond./Hyd. Step Ratio

Comment: Conductor Parameters menu: For the parameter “Initial Temperature”, please give an
example to demonstrate how to use Cond./Hyd. Step Ratio to get the steady state temperature
within a conductor.

Response: Using the Pipe heating problem: Make the pipe 0.5 thick to provide additional thermal
mass to the problem. Change the conductor initial temperature to 5 F. Run the problem and examine
both the pressure transient result and the conductor temperature profile at .1 seconds. Now run the
case again with the following change: Create a new time domain for the first second of the transient.
Change the DT ratio to 1e6 for this time domain. Run the new case and examine the pressure
transient result and the conductor temperature profile.

The difference is that the DT ratio has reduced the amount of needed transient time to establish the
conductor steady state temperature profile. The initial temperature specified by the user for
conductor is uniform throughout the conductor. When the transient begins the conductor
temperature profile responds to surface conditions. Using a high DT ratio effectively reduces the
need to supply a precise initial temperature if steady state is desired because a high DT ratio

accelerates the conduction solution.

From the User Manual

“This is the ratio of the time step for the conduction solution to the time step for the hydraulics solution. This
parameter should be set to unity for simulation of a transient. With a sufficiently large value of this
parameter, perhaps 10E6, a steady state temperature solution for the conductors can be obtained

in one time step. This can be used to alter the initial temperature distribution in all conductors prior to the

effective initiation of the thermal-hydraulic transient.”
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3) Boundary and Initial Conditions

Comment: For Boundary and Initial Conditions the gas volume fraction is defined relative to the
gas volume. However, for the variable in RESULTS chapter, the gas volume fraction is defined
relative to vapor volume. Please clarify it.

Response: The sum of liquid, drop, vapor, and ice volume fractions equals unity.

g tagtayta=1

The vapor volume fraction @ is defined as;

Gy = g +Zﬁ3'f

A gas fraction can be defined as a total volume fraction or the fraction of vapor.
&+ ag + o +ZCE3'5 +a = 1

These relationships are valid in general. However upon insertion into boundary conditions and
initial conditions the following guidelines apply.

F Y Iy Iy L

. Vo | | Gas 2
g“ ‘: Gas 1
V‘F F 3
V.
Vr :
L

* Liquid and Drop Fractions are relative to total volume (o= Vi/V7), (ag= V4/V1)

* Steam Volume Fraction is relative to vapor volume (as= Vy/Vy)
* Gas Volume Fractions are relative to the gas volume (01 = V1/Vg, 052 = Vg2/ V)

» Steam and gas are well mixed in the vapor phase

Therefore if there is no steam present then the gas volume is equal to the vapor volume. The

wording in the results chapter should be clarified.

4) Pipe Heating

Comment: Difference in pressure response.

Response: I found one difference. The containment volume is increased to 200 ft. height from 100
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ft. height. This detail is not specified in the problem directions. Increasing the height in the

containment volume increases the heat transfer rate to the pipe volume.

The height sensitivity stems from using the film roughening effect shown in equation 9.78 of the
technical manual. If the condensation option is changed to DLM-M and rerun, a different time will
be achieved. However, using the DLM-M model and changing the height from 100 to 200 makes

very little difference in the time of reaching 3,000 psia.

200 ft !

Figure 4: Response Difference due to Volume 2 height
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Figure 5: Heat Transfer Rate

Comment: Why is modeling of elasticity not able to be done for a lumped volume?
Response: It could be done but this is not intended as a lumped volume does not have a defined
geometry. In very simple one-dimensional cases this may not matter. In general however it is better

to subdivide the volume and define the volume boundaries.

Comment: Please explain the option of Position Cond. Marker.

Response: Use this option to position thermal conductors in subdivided volumes. A conductor
location can be changed after being set, so this option also serves as a conductor replacement option
in the sub volumes diagram. Use this option to replace a spanned conductor and the spanned

designation is removed.

Comment: How to let the calculation continue when fluid pressure exceeds 3000 psia?
Response: 3000 psia approaches the critical pressure. Fluid properties in GOTHIC are not accurate
in this region. To date there is no critical pressure modeling in GOTHIC. This feature may be added

in the future for critical H,O modeling.

Comment: Where is the thermal expansion coefficient for water specified?
Response: Thermal expansion for water is handled in GOTHIC by the density dependency on
pressure and temperature. These fluid properties are built into GOTHIC, negating the need to

specify a thermal expansion coefficient.
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5) Tank Condensation 3D

Comment: The vapor temperature response result at cell 30 is different from that provided in gothic
file.

Response: The liquid volume fraction initial conditions in the supplied model contained a global
entry for volume two of 100% liquid volume fraction, followed by cell specific initial conditions. If
the model is changed by removing this entry the results agree. I realized the difference by
comparing (line graph) the liquid height in each volume. This highlights an important technique for
troubleshooting problems in GOTHIC. The analyst will find it very helpful to plot variables related

to the issue which may lead to a solution as to why the model results are different than expected.

Table 1: Initial Conditions

Volume Initial Conditions
Total Vapor Liquid Relative Liquid
Vol Pressure Temp. Temp. Humidity Volume
¥ (psia) (F) F (%) Fract. Unused Unused
def 14.7 80. 80. 60. 0. 0. 0.
1 15 A0 A0 100 0 _cSg25
2s 15. 80. 80. 100. 1.
Z51 TS, B0. B0. T00. T.
282 15. 80. 80. 100. 1.
283 15. 80. 80. 100. 1.
254 15. 80. 80. 100. 1.
285 15. 80. 80. 100. 1.
256 15. 80. 80. 100. 1.
287 15. 80. 80. 100. 1.
2s8 15. 80. 80. 100. 1.
2589 15. 80. 80. 100. 1.
2s10 15. 80. 80. 100. 1.
2s11 15. 80. 80. 100. 1.
2812 15. 80. 80. 100. 1.
2813 15. 80. 80. 100. 1.
2514 15. 80. 80. 100. 1.
2815 15. 80. 80. 100. 1.
2slé6 15. 80. 80. 100. 1.
2817 15. 80. 80. 100. 0.5
2s18 15. 80. 80. 100. 0.5
2519 15. 80. 80. 100. 0.5
2520 15. 80. 80. 100. 0.5
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6) Boiler/Feedwater Exercise

Comment: In Case A, B, and C, can’t get the same liquid-to-vapor change rate as that from gothic
file.

Response: Case A, B, and C are appropriate. The Liquid to Vapor change rate is very noisy and
expected to look a bit different in each case. The time average change rate calculated using a control
variable shows similar results.

The results for phase change in this problem are sensitive to the vent pipe inertia length. In addition,
the specified graphics interval of 20 seconds does not produce precise results. This is a situation in
which a time averaged result, as shown in the problem, is preferable.

Comment: In Exercise 3-Case 3cs, a 3D connector is used between a lumped volume (diffuser )
and a subdivided volume (boiler). In the manual, it is said that only the elevations are required to be
compatible. How to match the grid line of the subdivide volume with the lumped volume?
Response: The bottom elevation of the boiler must equal the top elevation of the diffuser. The
boiler elevation is specified in the control volumes table. For the diffuser, the top elevation is the
elevation plus the height (both are specified in the control volume table).The XY gridlines would
need to match up if both volumes were subdivided. However, the diffuser volume is lumped and the

exterior dimensions (XY) match for both volumes.

Vi i

Figure 6: Example of Matching Volume Boundaries for 3D Connector

The use of a 3D connector between a lumped and subdivided volume (a diffuser) is an important

technique available to create a uniform entering velocity profile.

7) Control Variables

Comment: When using the control variables, please clarify the difference between the variable:
junction vapor flow and the variable: junction vapor continuity flow.
Response: The junction flow is calculated as rho*alpha*velocity*area. For single phase flow, the

only difference is that the upstream density is used for continuity and average density is used for
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momentum. In addition, for two-phase flow, alpha is the upstream volume fraction, accounting for
the pool height relative to the end elevation and height for the continuity flow. For the momentum
flow, the volume fraction is calculated as indicated in the TM. It basically accounts for the time that

it takes to fill the flow path with the upstream conditions.

8) Flow Path Losses

Comment: In the handout, it is stated:

Ktotal = [Kforward or Kreversed ] + K + K

exit valve

+K

friction

Is K the upstream or downstream friction loss?

friction
Response: In general, a frictional pressure loss is defined in the following way:

AP, = lﬁ_p T
- 2D,

P . : : : .
Where U =U FR For consistency with the mass flow rate used in the mass balance equations, #

is the upstream fluid density. # is the average of the upstream and downstream fluid densities.

Attachment A to this document contains guidelines and methodology on the use of loss coefficients.

Comment: What is the significance of K_,and K (or K qyersed )? Which pressure drop is

exit forward reverse

calculated? Is it the pressure drop between center of upstream volume and center of downstream
volume?

In the user manual for Flow Path Parameters-3, it is described as:

AP =[K + Kem]gv2

Where K the is forward or reverse loss coefficient. Why is K not included here?

friction

Response: Friction loss is accounted for by the following equation:

/ pv’
o A1
YD, 2

The friction length is specified along with a friction factor as a flow path parameter. K, .4

and K describe the directional loss to account for forward and reverse flow through a flow

reversed

path. K, ...« 15 applied to flow moving from side A to side B of a flow path. K, .., 1 applied
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to flow moving from side B to side A of a flow path. These coefficients need not be the same. For
example a series of flow contractions in one direction is a series of flow expansions in the other
direction.

K

coefficient for a flow path to obtain the stagnation pressure upstream of the choke plane and a

it Das important application to critical flow modeling. The critical flow model uses the loss
discharge coefficient to use as a multiplier on the calculated choked flow from a flow path. If the
flow is choked, the discharge coefficient is calculated from the exit loss coefficient. If the flow is
not choked, the exit loss coefficient is added to the flow path loss coefficient to obtain the total loss
for the flow path.

The user manual is therefore separating losses applied before the choke plane with losses applied

after the choke plane. The K value may be thought of as total loss in this equation.

9) Choked Flow
Comment: In the handout for choked flow loss coefficient, it is described:

F F o X Min (1K)

choke — " m exit

What is the significance of this equation?

Response: Another way to express the same relationship is:

Where the discharge coefficient Ca is calculated by:

Cp = Min(1,1/,/k,_.,)

The critical flow model gives the maximum discharge rate assuming an isentropic process. In real
flow situations, the flow may not be isentropic and the discharge rate will be less than the maximum
rate. To account for this, the user may supply an exit loss coefficient which is used to calculate a

discharge coefficient.
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10) Critical Flow (HELB Model)

Comment: For the following model for main steam line break, steady state has been run for 1000
seconds, then a break occurs through quick opening of valve 2. Valve 4 is tripped to close at 1000
second. We have specified critical flow model at flow path 6, do we still specify the critical flow

model at other flow paths?

Response: If you want to know if the critical flow model is actually limiting flow, check the critical
flow flag written to the .SOT file as the last column of output under Junction Data. If the value is
zero, a critical flow calculation was not requested. If the value is 1, the TABLES option was
invoked but did not limit the flow. If the value is 2, either the HEM or SEM option was invoked but
did not limit the flow. If these values are negative, then critical flow did limit flow. This information
is only available for each output edit. To get more information, capture the variable “icrtfm” in a
control variable. Then you will have the value of this flag at each graphics interval.

It is recommended to use the choking model only on the flow paths where choking might be
expected. Keep in mind that it generally takes up to downstream pressure ratio greater than 1.8 for

choking in the vapor phase. The HEM and SEM models can significantly slow the run speed.

11) Positive Pressure Period

Comment: Error for running PPP (positive pressure period) file in GOTHIC 8.0 using an input file
from GOTHIC 7.1.2013

Response: On upgrading this file to 8.0 the following error was found in the SER file:

Nan error in control variable 3

The value of the radicand is -0.000717 which results in an imaginary number. This error may be
avoided by setting a minimum limit on CV 2 to something like 1e-8 so CV 3 never receives a zero

or negative number. The model then runs to completion.
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12) Component Volume Fractions Example

Create a lumped control volume with the following initial conditions:
e Liquid volume fraction =0.5
eLiquid/Vapor Temperature = 212F
eRelative Humidity = 50 % (equivalent to 50% steam volume fraction at Tsat=212)
eGas # 1 (air) fraction =0 (fraction of vapor)
eGas # 2 (02) fraction =0.5 (fraction of vapor)
eGas # 1 (N2) fraction =0.5 (fraction of vapor)

The initial condition menu should like Figure 7.

GOTHIC will not allow the user to specify nonphysical conditions. If the temperature is below Tsat,
say 80 F, specifying relative humidity of 100% will not provide a steam volume fraction of 50%
because the partial pressure is much too low.

Run the model and plot liquid, vapor, steam, O2, and N2 volume fractions. Notice that the gas
volume fractions are decreasing. This is because of pool evaporation (T=Tsat). See Figure 8. To
remove phase change effect set the Liquid/vapor interface area (L/V IA) to zero. Now run the model
again. Now you should see constant volume fractions that were specified in the initial conditions
menu. See Figure 9.

Make a new graph and plot the Dry volume fractions of O2 and N2. The results are different
because the volume fractions are not total volume fractions but rather the fraction of
non-condensable gases. See Figure 10.

The example demonstrates the guidelines for entering volume fractions. Steam and gases are
volume fractions of the Vapor volume. The results show the volume fractions on a total volume

basis.
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Initial Conditions
sr|pr|pp|ET |RS|RM|RT RE|

Pressure 14.70
Vapor Temperature 212
Liquid Temperature 212
Relative Humidity, % 50

Liquid Volume Fraction

Noncondensing Gases...

Gas #1 0

Gas #2 o

Gas #3 .5
0.000
0.000
0.000
0.000
0.000

Rpply to Default Values
Rpply to Selected Volumes
Delete Table Entries
Display Gas Volume Fractions
Display Volume Parameters
Done

Figure 7: Initial conditions

Figure 8: Volume fractions
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Figure 9: Volume fractions

Figure 10: Dry volume fractions
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Objective
=PRI | FESEARCH I T - Investigate event phenomena details
. — Drywell temperature and gas concentration distnbution
PENGIEHIR Wi Il perfi tratificati ixing, b I
—Wetwell performance (stratification, mixing, ass, efc.
GOTHIC Analyses f 9, bypass, etc.)
— Reacior Building hydrogen distribution
EPRI Safety Technology Joint Session « Wetwell venting
June §, 2013 — Tsunami building flooding
Tom George

Zachry Muclear Engineering
Mumerical Applications Division

N — =PRIl
. 1F3 Event Scenario
Wetwell Performance — Unit 3 BASF Project - OECD-NEA Benchmark
L —-— » 3/11-14:47 (0s) Earthquake
N T T T ] Dw * 3M1-15:06 (1,080s) RCIC manual start — 4.1 kg/s exhaust
g o - flow
. — e * 3/11-15:25 (2,280s) RCIC trip
g # : o —th - 3/11-15:38 (3,060s) SBO
i s & [ * 3/11-16:03 (4,560s) RCIC manual start
il — \ - * 3/12-11:36 (74,790s) RCIC trip
g Exﬁeﬂed Typical Lumoed » 3112-12:06 (76,740s) Wetwell spray start — 13.8 kg/s
S O T Ehavior Containment * 3/12-12:35 (78,480) HPCI activated
T - 3/13-02:42 (129,300) HPCI stopped
e mm— + 3/13-05:08 (138,680) Wetwell spray stopped
[ — : ErRI|i =TT

D T T i

possible Cause for Pressurization Pool Stratification Validation for GOTHIC
Suppression Pool Stratification

I ) «POOLEX Test
= Pool stratification has been considered as a

possible cause for the containment pressure rise —Low steam release through single vertical vent
—Localized steam release —0Open Tank
via REIC exhaust or SRV (3 —Lappeenrenta University (Finland)
- e Sk ", .,
— Thermal plume rises to : . - .
surface a?]d spreads =Monticello SRV Test
— High surface temperature Evaparation and —Mark 1 Containment
results in high gas space Heat Transfer — Continuous steam release from a single SRY
temperature and steam
concentration
[ —— s ErFrR | [ —— . ErPRI |l
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POOLEX Test
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POOLEX Test POOLEX Test
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Possible Cause for Pressurization
Incomplete Condensation

+ At high steam injection rates some of the steam may
escape the pool.

+ Increased temperature and steam content in the gas
space »increase containment pressure.

=rRl|

2D Model for Incomplete Steam Condensation

2D Model for Incomplete Steam Condensation

2D Model for Incomplete Steam Condensation

= ~3% incomplete
condensation predicted

= Near sparger void and velocity distribution A
// = Steam eventually begins
Iy condensing on the pool
-
Wy surface.
| — \
p - 1
= gt I',
' 4
8f
= 15% incomplete al
condensation needed to_ | °F -
get observed pressure BF L e §
rise rate Fo—
» S — " (=== . R . (==

Possible Cause for Pressurization
Steam or High Temperature Water
Leak to the Drywell

- Steam carries drywell gas to the wetwell.

- Additicnal heating of the pool leading to
gas space heating, pool evaporation and
pressure rise.

==

Possible Cause for Pressurization

Leak to Drywell — Flow to Drywell Vent
ot Porvos *RCIC Flow is 4.1 kg/s

- =04 kg's Steam Leak
' - 6 kais Liguid Leak

= Al DW gas transferred to WAL
Higher steam leak does not
Imorove companson.

= Large water leak gets
pressurization but pool is
owerneated. Heat transfer to
torus rcom pocol may help.

=FR21

e e T =

Leak to Drywell and Drywell to Wetwell Leak

- Simplified Scoping Model
—0.28 kg/s steam leak to DW
—Restricted pool surface heat and mass

Leak to Drywell and Drywell to Wetwell Leak

+ 30 Madel
—0.28 kg/s DW leak
— Mo restriction on pool surface heat and mass transfer.
* Built in GOTHIC models

transfer. F—— Initial 0.02 kais leak
- Simulates =~ Initial .U kg's leak, s
- - ramped 1o 0.28 kg's 3 et

stratification . from 20,000 to ZC%DDCS

of the gas e —Includes 1D DW model.

space. 1

: i Gas/Steam J
Lesig Steam Fich Layer | o
M Rich Layer I
. S s =@ . e . =r=|
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ell to Wetwell Leak Leak to Drywell and Drywell to Wetwell Leak

+ Best agreement with measured containment
pressurization

= Torus surface temperature reaches 120C, high
enough to melt polymer shoe sole material

= Requires a DW to WW leak area of 22 cm?. This
is larger than NRC allowed Mark | limits (5.1 cm?,

Steam Concentration NUREG-0800).
— One vacuum breaker open !
to 1 degree swing would allow — =
mare than 55 cm? leak area. j
. S — (==l
PCV pressure
P Comments
i, V tb WA Ibak -Predicted cooling rate induced by the WW spray
g is much higher than measured.
3., —Uncertainty in spray rate?
3 « Analysis neglects steam from SRVs.
3 V! q
5 —Most of the decay heat is accounted for in the
i assumed RCIC exhaust flow.
T —Additional steam from the SRYs may reduce
E size of steam leak and WW leak area nesded
N to match observed pressurization.
.;_.?l ) 3007 The Tobeo Discsric Possar Copronry  HIC 01 8ighiy Essarys s k! hl o - - » Er:lrEIl
Conclusion
- Good agreement with data for Monticello and
POOLEX tests.
- Treatment of steam bubbles may need
additional work . .
- ) ) ) Fukushima Unit 1
« Pool stratification not likely responsible for 1F3 R tor Buildi
pressurization T:'c I_for uliding
- Gas space stratification important if there is a erformance
leak to the gas space.
. T =re| [ , ErPR
Objective . Estimated Time Line — MAAP Analysis
* Use3dimensional S 3 = March 11 — 14:46 — Earthquake
GOTIH'?_lTO‘jE' to predict - ~+55 minutes — Station Blackout
combustive gas . = ~+3hr 45 minutes — SRY steam/hydrogen
concentration in the Unit 1
Reactor Building. =t e leakage to DW
+ Investigate possible gas =4 4 - ~+5 hours — core relocation
cont_ri!:ution from the _ : ] T = ~+9 hours — RPV lower head failure
venting of the suppression f i = ~+12 — 235 hours — leak through DW head
. g;ﬂértivity cases for . =i flange
location of the leak to the * ~+23.5 hours . Wetwell venting -
Reactor Building. = March 12 — 15:36 — Explosion in Reactor Building
u S — =PRI | [ .-; =rEl
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Drywell Pressure Response — MAAP Simulation
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Drywell Release Rate — MAAP Simulation
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Drywell Gas Concentration — MAAP Simulation

Tinpwell Congentration
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Wetwell Release Rate — MAAP Simulation

Wetwel Rektaie

[respey

L

e e I 43

Wetwell Gas Concentrations — MAAP Simulation

Wiebwrll Concentration

Combustible Gases
+ Hydrogen from corefwater reaction

B L. « Carbon Monaxide from concrete core/reaction
- I Steam + Addition of CO lowers the detonation limit for hydrogen
» 9T A ;1
JI‘E - Lr) 8 ?I_l.!‘_!. -é
* aom 0K 1A ::
..... E |
; CO nw - wl ] 1 a o
- re % HYDRDGEN : L
r::' - o o aove Fpdrgma (v
T — - =PRI e e e W =Ee|
1F1 GOTHIC Medel Ty el
r..1
Pt L] I. I -
Reactor Building —— = '"'_ .
Overview w0, Pl
= Exhaust HVAC : i
+ Exhaust Stack R -r"'. ¥
+ Wetwell Vent Line ol R
+ SGTS e EETT TR
= Patential flow paths Jarg i
between floors Y et
= Conductors . v " el |
o
|l el RN
s
- L] l:p-...-.-
ot
[ — EPRI| i i e o g " =PRI |
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1F1 RR GOTHIC Madal Individual Floors
| |
EBEEEEE
PP O S I
T — e R —— Py =re|
Leak Scenarios o Building Ventilation and SGTS
. : i
Analysis looked at 4 e ———
sCcenarios: 1 - —q—
*Case 1 - Leak from drywell === — -y
head flangs only -
*Case 2 - Leak from drywell =Tt Ml — = B —
head flange, back flow from ey 8 My | z ~.
stack release from wetwell P iy | " Pk 1] i N
*Case 3 - Leak from drywell LA Y .
head flange, failed SGTS fie — 2 —=elff] Model includes:
ling valve VB i = 10D Building Ventilation Ducting
*Case 4 - Leak on first floor only « 1D Wetwell Vent
+ 1D Stack
[ . =PRI S . =PRI
Results Results
Case 1: Drywell only leak Case 2: Wetwell Venting
::T:::'::: e P T .*':-‘x o HVAC Exhaust Damper
H, B CO . .
1| £ 171 [ 1A b 4 |2 P — |
; // ; A !; i SGTSE Tie Line Valve
’ / / 8
- W - :
- Gases are well mixed on 5" Floor _ -Fast opening wetwell vent valve assumed.
» Combined H, and CO give detonable gas mixture
E— . e | . erei

Results

Case 2: Drywell leak with Wetwell venting

e e e e R
e )

i H, — | =G "
i f . i f Fal
| e 1 Wy
i s b i iE
] / 1 ,./
- £

* Small change relative to Case 1.
Ductwork filled with detonable gas mixture due
backflow from stack.

=P

e e e

) =

Results

Case 3. Drywell leak with postulated SGTS tie failure

s e e P e N —

A AR e
i iy i -
\ ~Th
T A, T Y
J \ J -
i ! i’
H -)_/’ 5 /
" R . o

= Very high combustible concentrations on fifth floor.

- Ductwork filled with detonable gas mixture due
backflow from stack.

=PRI |l

e e I
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Results

Case 4: First floor leak only

3 _am @

b ok Prarien

7 :
7 g

b e w 1Y . i L
S— —_—

Combustible (not detonable) gas mixtures
throughout the building

Conclusions

+ Case 1 provides enough Hz and CO for detonation.

+ Case 2 shows backflow has a minimal effect on 50 floor
concentrations but supplies detonable mixture in HYVAC.

+ Case 3 is unlikely as the entire building contained a highly
reaciive mixture throughout the building.

+ Case 4 shows a release on lower floors gives thoroughly
mixed combustible gas throughout the building.

Comments — Questions ?

[ ——— = EFEl| [ ——— " ErF@l|
Drywell Mixing — 1F1 Simulation . )
Significant Observations
Drywell Performance
Welurs 1
Vokme 2 | o = Based on Unit 1 Simulation
Outar ) A I . B i
Sichare f + Modse! based on — Significani vertical temperature variation
. I'h il i = limited information for actual — Temperature at flanges location supports flangs lzakags
oL plant.
) | | > - on i ifr
i" n . Conductors included for: Hydrogen concentration is nearly wniform
—7 | vEa - RPY - Sensitivity studies indicate that wetwell performance could
- | — Steam and recirculation poing significantly affect containment pressure and thersfore scenario
£ — DWW Fnerfgap/concrete assumptions
i - Went Ring Header « Vent heat transfer
| - Vents -
» Pool stratification
» Ongoing mvestigations to quantify these effects
[ ——— B EFEl| [ —— o ErF@l|
1 F-‘”-‘l F2 FIOOdlng Floodlng Simulation
Fubusivrea Dabchi Fioad ing Simeaatan »
pe— Turbae luideg s £ & 3 jeapaaded sl
S 142 CUP 118018 1887 iDe e . =
m Uity RGO #1305 W08 Ty — et} S — k,_,..-
e s 208 _=- Buling sntrancs it o E -t
| g _..| matcn - .
ﬁ 2 w;;mz | ™ - e
£ e B 1. e Lo T b
B B s :
ey - - E
1 Graund height af Unis § and § 18 OUP +50m - ;
i
* Model includes basement and ground floor level of I : i i
Units 1 and 2 and surrounding water basin to w
simulate the tsunami surge and fall. I H B [
* Model based on limited information on door and 8 e o
penetration leakage. ffem el E] USRI
=PRI bl St e tN L TF

11 ot s e e =

Significant Observations
Tsunami Flooding
«Based on Units 1/2 Simulation

—Minimal data available for predictive performance and
henchmarking.

—Flooding path for torus room is not clear but can be
simulated under various assumptions.

—This analysis is largely a demonstration of GOTHIC
capabilities for flooding analysis.

ErFR|

118 e i e e #
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(7H) NAT £t Z /KHEEL AP load 732 flf /1

Hydraulic Transients Pressure Waves
Fricfionless Pipe

=  Equipment induced Ly

- Condensation induced

- Support failure 2 Pipe break
Gas Effi
- Dissolved Gas Release

Mowing Control Vilume
Mass Balance

Alc+Ug) o = Aoy IR (c+ U)o = cpy
Momenium Balance
Ale+U (e +U,)p, |+ AP = dclep, |+ A(P+ AP)
Combine
(e +Uu)[(f +U, },03]+ P= '5[('5 +U)0 ]"‘ (P+AP)
e+ L—'.;.)[{c +U) Py ] = C[(C +Ua)P ]+ AP

Generalized Joukowsky
VY AYINeN  Independent of pipe length
For Wat

e+U e +U)p, |=cllc+T,)p, |+ AP c=4.800 /5 =1500m/s
AP(AU, =1ft/5)=685psi WAPAU, =1m/5)=1.5MPa

2o, +2eU 0, +Ulp, =clp, +cU, oy + AP
. = To reduce water hammer pulse in a finite length pipe
cUpoy + Uy = AP
For Uy==c

m. AP = C-Uup: Joukowsky Formula m—

Loads on Pipe Supporis GOTHIC Example

ynamic load on pipe (ne
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Water Hammer Modeling — GOTHIC 8.0

+ Effect sonic
- Water compressibility
- Bubbles in water
- Pipe properties and support
+ Testing
- [Effects of pipe elasficity on wave speed
- Pressure Pulse from valve dosure
- Water hammer in a simulated fan cooler

- Water hammer due to column separation with surge
tank mitigation

- [Effects of noncondensing gases on wave speed

Water Hammer Testing - Wave Speed

Theorstical Wars
Spead (i)

Water Hammer Testing - Delft Hydraulics
Laboratory Test 180

+ 40 m he a B,

e=1.1m"

Water Hammer Testing - Delft Hydraulics
Laboratory Test 180

Water Hammer Modeling

lid in - Pipe

Fips Parsmatars < =
| BT PF ET AR N ET )

System Stiffness — depends on
il of s:t vy | y F'?Bisﬂl‘l's R?ﬁD
BtilEmm Tactor o + Pipe anchoring
e = Thin vs. Thick wall
« Maienial Response Time

Water Hammer Testing - Pressure Pulse

Water Hammer Testing - Delft Hydraulics
Laboratory Test 180

Water Hammer Testing - EPRI Benchmark
Problems 3a and 3b
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Water Hammer Testing - EPRI Benchmark
Problems 3a and 3b

Water Hammer Testing - EPRI Benchmark
Problems 3b (with air tank)

+  Pressures

Near upstream valve ear upstream end of short pipe:

Effect of Air on Speed of Sound

Pipe Depressurization and Repressurization

Vapor Fracfion

Water Hammer Testing - EPRI Benchmark
Problems 3a

+ Pressures (bias rem from data)

+  Mear upsiream valwe

+  Mear upsiream end of short

,’-‘-g..-.s-...;.m"\..-.mw\. #\Wf‘

Water Hammer Testing - EPRI Benchmark
Problems 3b

+ Tank pressure change and liguid level

Tamk Pressure Change Tank Liguid Level

Valve Closure on Bubbly Flow

Experiment by Akagawa and Fupi e
Pipe — 10.4m x 20.4mm |D, U,=2mis, 2.8% void

;,.l Drmcpraws Floe o, wlm s, 0l
a3 - .

P ""l\ e

=1 LY e 2

 E A

Pressure rise in single phase water would be ~2.8 MPa

Pipe Depressurization and Repressurization

Saturated Liquid Mo Dissolved Gas

Gas release is not always beneficial

N
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Air vs Steam Filled Voids Examples

Fire Suppression System
BWR Turbine Exhaust
Check Valve Slam

il 10 psia Adr

Waterhammer in Fire Protection Piping

FA— Typical Installation
+ NRC Information Notice 98-31
= Waterhammer Event at Columbia Generating Station
- Opening of a FPS "Pre-action” valve
= Voiding in tall system risers
= Waterhammer after startup of main fire pumps
- Pipe or valve rupture and flooding

Operation Void Formation

Jockey pump maintains system pressure (~100 psia) Pressure at Hose Reel angle valve
Quick Open Deluge Valve opens on fire detection

Deluge System fills P=PFP —I,-')_E-H

Pressure drops in main piping e -

Main fire pump start on low pressure signal If P<PsadT) steam pocket forms at top of riser
» Electric fire pumps At T=B0OF and Pmain=1atm

- Diesel fire pumps void forms if H=33"

Void Formation Void Collapse and Waterhammer

. Yoid collapses as main pressure is restored
. Size of void depends on + Waterhammer pressure pulse is given by Joukowsky
- formula
» Fluid inertia and drag in the riser —
= Time that low pressure persists in the main piping ) :I_s n:f':rmd = —tllis
- Expansion wawe may take 055 or more to reach the pressure - e ),_ _
sensor . At U=10 fifs, AP = 655 psi
- Delay in pump start up, especially diesel diven pumps + U depends on
aon wawe may take 055 or more to refumn io the bottom of = Size of void
= Pressure restoration rate
= Inertia and drag in the riser

" the riser
- Fill time: for the spray system




GOTHIC
Model for
Simple
System

Liquid Level in Riser

Pressure at Top of Riser

Pressure Surge
BWR RCIC and HPCI
Turbine Exhaust Isolation

Vinemam.

Ereaker

Pressure Transient in Main Piping

Velocity in Riser

Possible Remedies
+ Check valves in risers
+ Pressurized accumulator tank near risers

vacuum breakers at top of risers and inverted
I ated piping

rolled start of flow from the fire pump

Transient Conditions

sing isolation valve on turbine trip on low RPV
ur al

W um Line isolation valve begins to just after the
turbine trip.

= Stroke time = 10 seconds

Pressure quickly drops in the exhaust pipe when the
steam c

Water fills the exhaust pipe from the suppression pool
Air enters the exhaust pipe via the vacuum line.
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Concerns

Pressure pulse w aust pipe fills 1
Dynamic loads on st pipe supports.
Pressure pulse at the vacuum breaker.
Dynamic loads on vacuum ines.

Piping Loads

d to capture dynarr
each pipe including
= End stafic pressure loads

= End momentum loads

= Wall drag (approamate)
= Deduct fluid weight (verfical runs) (accounted for in piping
support loads analysis).

HPCI Turbine Exhanst Pressure Transient

Exhauwst Duct Pipe
. Segment Loads
(example)

Pressure at
Vacuum Breaker

FAIl Test Setup / GOTHIC Model

Modeling
Approach

10 noding

Force thermodynamic equilibrium
Bounding suppression chamber
pressure from DBA fransient.

HPCI Turbine Exhanst Pressure Transient

+ Pressure at
Check Valve

Air Through -
Vacuum Breaker

Pressure Surge and Check Valve Slam

- FAl Tests for
Pressure surge in pump discharge line due to trapped air
= Wiater hammer due to check valve slam upsiream of the pump
+ Analytic i
Check valve location relative to the pump
= Check valve distance from pipe end

Important Assumptions

One dimensional
THIC pump cun
ter tank
; started 0
/ nodeled as opening instantaneo
d of 100ms)
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First Runs Vacuum Breaker

+ Found that some of the test physics were missing in the

anged water tank size
nged pump start time

Modified subdivided volume noding. - Esti from closure time
- Smaller noding = more refined data Es:-ilm tl-”:;l‘-'izma_t':‘
« 1 ft mostly, 0.5 ft near void 2 Bt
L e T R T O = X Opening angle
Switched from quick close valve t uum breaker. . Estimated from drewing
= acuum breakers solve angular momentumn equafion.

Investigations Observations

Two pressure Waves
= Hig roling waves from void compression
= [Fast shock waves from valve slam
ds calculated from pressure differential in pipe
v
equipment not fast enough to pick up all events
- ) d load ;

and valve

Pressure Results with No CV Pressure Results with CV

Ties
g PP T

Axial Loads for End Pipe Segment FAl Axial Loads
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i Multidimensional
Conclusions Hydrodynamic Transients  Tube

Variable Porosity Tube Collapse

Annulus Pressure Transient
For Recirculation Water Line Break

Annulus Geometry

Drywell/Annulus Model 2D Annulus Model
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Break
First Assumption

Haight {ft)
1]
o

3
I

Observation
de and modeling difference
= Finer noding use for GOTHIC analysis
= 20 Momentumn fransport in GOTHIC
= RELAP model used large loss coefficients for obstructing pipes
= Mo air modeling capability in RELAP at that fime
- Static versus stagnation pressure?

- Doubling the number of nodes in each direction mereased peak load
by ~1%
- Up to 2% increase with noding double in one direciion only
Base case noding is maximum allowed for GEH loads analysis.
| Temperature
- Low initial temperature (base case) give higher peak load

W

Break
Revised Model

Only 5.7% of
Break Flow
Goes o the
Annulus

Vessel Loads

[ —

w1
M
1
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From: George, Thomas L. [mailto:tom.george@numerical.com]
Sent: Saturday, July 27,2013 12:18 AM

To: 365

Cc: Carstens, Nathan A.

Subject: FW: GOTHIC Budgetary Estimates for INER

Dear Dr. Yuann,

We are pleased to provide a rough budgetary estimate for the tasks we recently discussed. This will
give you some idea of the level of effort required for these tasks. The actual cost would depend on

the details of the scope to meet your requirements.

We look forward to any feedback and would be happy to provide more detail or even a formal

proposal when you are ready.

Year 1:

Task 1: PAR Modeling:

a) Build a 3D containment model of a PWR. This model should account for the major
thermal hydraulic phenomena that will be present during a station blackout (SBO)
condition. This includes a three dimensional model (individual rooms may be modeled as
lumped volumes) capturing room layout including significant free versus obstructed spaces
and significant thermal conductors that may exchange heat with the atmosphere over a
several hour time frame. Provide quality assured documentation of the containment model.
INER would provide drawings and other documents sufficient to build the 3D GOTHIC
model for the containment (the HVAC will not be modeled as it will not be active during an
SB).

b)  Build a simple primary system model and simulate the blowdown of the primary system
through the pressurizer PORV. Infinite reactor operation and standard ANS decay curves
will be used to model the decay heat. Starting at the time of core uncover, hydrogen will be
released to the containment. The amount and duration of the hydrogen released will be
based on an assumed 100% oxidation of the fuel cladding and an estimated time for the core
to completely uncover.

c) Build and calibrate a PAR model with a quality assured documentation. INER would
provide performance specification or test data for a selected recombiner.

d) Use the containment, primary release, and PAR models to perform a single sensitivity

study on appropriate location of the PAR’s with quality assured documentation.
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Task 2: Annulus Pressure:

a)

b)

Construct and run and document a GOTHIC model to estimate the mass and energy
release into the annulus for either a feedwater or recirculation line break (INER’s option).
INER would provide the conditions of the primary system, break location, geometry details
of the pipe penetration through the shield wall, including details on any flow diverter that
would affect the break flow into the annulus. Estimated cost $20k.

Construct and run a 2D GOTHIC model for annulus using the break conditions from a).
INER would provide detailed drawings for the annulus region, including installed insulation,
obstructions due to vessel piping, and support structure and openings into the annulus

region.

Task 3: Technology Transfer with either item a or b:

a)

b)

Year 2:

Host INER guests in the NAI office in Richland, WA and provide a presentation, question
and answer, and demonstration runs with the PAR and AP models. This is estimated to take
3 days of NAI engineer time.

Have INER host an NAI engineer in Longtan.

Task 4: Gas Transport:

a)

b)

Build a multidimensional GOTHIC piping model of a single water transport system (e.g.
RWST tanks to spray system) and provide a quality assured documentation of the model.
This model would include the pumps and valves as required to simulate the gas transport.
INER would provide isometric drawings for the piping system and performance date for
pumps and valves. For this estimate it is assumed that the modeled piping system has no
more than 40 piping segments.

Execute model for a specified transient (e.g., pump startup) and document the resulting

void fraction in the pump.

Task 5: Spent Fuel Pool Model:

a)

Build a 3D model for a complete PWR spent fuel pool. The plan grid for the model would
combine approximately 40 fuel assembly channels into a single cell. The model will include
heat structures for the fuel assemblies, assembly channels, walls and floors of the pool. The
pool cooling system will be modeled. The region above the pool will be model to a level

sufficient to capture the performance of the building ventilation system. INER will provide
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b)

d)

the operating history and location of each bundle in the fuel pool. The model will the
documented under NAI QA requirements.

Run and document simulations using the 3D model for local heating effects. Possible
scenarios may include checkerboard patterns and hot core offloading. These models will
not consider severe accident scenarios but will estimate local heating and cooling effects for
normal operation.

Build a detailed version of a small, selected region of the fuel pool to investigate time to
run away fuel oxidation. This effort would include a DLL program to simulate the hydrogen
generation using the Arrhenius reaction model with local conditions, accounting for the
buildup of an oxidized layer on the cladding. Document the model to NAI QA standards.

Run and document simulations using the detailed model for selected scenarios (e.g., pool

level at various elevations, air only cooling, and sprays).

Task 6: Technology Transfer with either item a or b:

a)

b)

Host INER guests in the NAI office in Richland, WA and provide a presentation, question
and answer, and demonstration runs with the gas transport and spent fuel pool models. This
is estimated to take 3 days of NAI engineer time.

Have INER host an NAI engineer in Longtan..

These items would be completed as part of the NAI quality assurance program which conforms
to 10CFR Appendix B and ASME NQA-1.
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Comments on the KS2C23 SPU

Preliminary Licensing Reports

RLA(ANP-3190(P) Preliminary Rev.0) -

1.1 Section 1.1 (Pagel-2) :
Because one KS2R22 A10-4041B-15GV75 new fuel is replaced by KS1R23
A10-4040B-15GV65 new fuel, please add some descriptions about the
replacement and the relative impacts.

Response:

The following will be added to Section 1.1:

“Kuosheng Unit 2 Cycle 23 core loading was revised from the original core
loading pattern documented in Reference 58 to replace a fresh fuel assembly
that was discovered to be damaged during the new fuel inspection. The fuel
replacement is given below.

Assembly Name Replaced By Cycle 23 Core
(Fabrication Batch) (Fabrication Batch) Location
K2H537 K1K541 15.44
(KS2R22) (KS1R23)

The revised core loading pattern was used in the licensing of Kuosheng Unit
2 Cycle 23 at MUR and SPU conditions therefore there is no impact on the
results reported.”

1.2 Section 1.3.5 (Pagel-5) describes the Region Z for Cycle 23 under SPU
conditions increased primarily as a result of the higher SPU power level.
Please provide more descriptions about it.

Response:

The slight change in the stability region is primarily due to the more
bottom-peaked power shape under SPU conditions. The channel is
hydraulically least stable when the power is bottom-peaked and most stable
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when it 1s top-peaked.

1.3 Section 1.3.5 (Pagel-5) :
Please add the data of power/flow for two decay ratio as before.

Response:
The data will be added to the end of Section 1.3.5:

Compared to MUR conditions, both the lower and upper boundaries of
Region Z have increased.

1.4 The core power listed in Table3.1 (Page3-4) is much lower than the value of
KS2C23 MUR. Please explain it.

Response:

The safety limit is analyzed for each exposure in the core cycle design
step-through. The exposure which calculates the largest number of rods in
boiling transition will be used to set the safety limit.

The core power used in each safety limit analysis is raised until the core
MCPR value is equal to the safety limit. Because the MUR analyses were
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performed for the whole of KSH2-23 (i.e. BOC — EOC+500) the limiting
exposure for the whole cycle was determined. This limiting exposure was
440 MWdA/MTU. However, SPU did not analyze KSH2-23 from BOC. SPU
only analyzed cycle exposures of 8,000 MWd/MTU to EOC+500; therefore,
a different limiting exposure is determined. This limiting exposure is 10.120
MWdA/MTU. Since the core power distribution is different between MUR
and SPU and the most limiting exposure is different, their corresponding
raised core power is also different.

1.5 The R-value listed in Section 4.2.2 (Page4-2) is lower than the value of

KS2C23 MUR, but the loading patterns are the same. Please explain it.

Response:

R is defined as the difference between the BOC calculated shutdown margin
and the minimum calculated shutdown margin in the cycle. For SPU
conditions, the BOC shutdown margin was calculated at 8,000 MWd/MTU
where SPU implementation is expected.

1.6 Because the transient of load rejection with no bypass is analyzed, please
add a new section to describe the analysis results.

Response:
Section 1.3.4 of the RLA indicates the LRNB transient has been added for
SPU. A detailed description of the LRNB transient and results is provided in
in Section 5.1.2.3.

1.7 The fuel/clad gap conductance lasted in page5-12 are much lower than the
values of KS2C23 MUR, please provide descriptions about it.

Response:

The fuel/clad gap conductance is a function of power history and core power
level. For the SPU analyses, the core follow data has been updated to
include the whole of KSH2-22 and part of KSH2-23 compared to the
KSH2-23 MUR HGAP analyses which used core follow for only part of
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1.8

KSH2-22 and then a project for the remainder of KSH2-22 and all of
KSH2-23. This difference in restart files means the power history data used
in the HGAP calculations is different between the MUR and SPU
calculations. The core power level is also different between MUR and SPU
conditions. The difference in the HGAP values is only on the order of 2-3%
and is an expected and reasonable difference based upon the differences in
the power histories.

Page5-14 : The FWCFNB transients at 40% power and below without RPT

have not been analyzed from KS1C20. Why are these transients analyzed for
KS2C23 SPU?

Response:

1.9

The additional FWCFNB events are used to verify that the TTNB events
remain to be the limiting cases for 40% power and below under the SPU
conditions. Based on the results shown in the RLA, the FWCFNB event will
not be analyzed below 40% power in future cycles.

Page5-15 © The steam lines pressure for MSIV closure transient is much

lower than the value of KS2C23 MUR, and the steam lines pressure for TCV
closure transient is much higher than the value of KS2C23 MUR. Please
provide descriptions about the results.

Response:

The calculated pressure results for the MSIV closure are very similar
between MUR and SPU and the same is true for TSV closure. There are big
differences in the calculated pressure between MUR and SPU for the TCV
closure. The big differences in calculated pressure for TCV closure is a result
of changes SPU cause in the TCV characteristics. For SPU, the TCV valves
are much more open than in the MUR analyses resulting in a longer stroke
time to close the valves. This longer stroke time results in lower peak
pressures being calculated. Therefore, because of the initial TCV position is
different between MUR and SPU conditions, the maximum pressure for both
ASME events are changed accordingly.
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1.10 Page 6-2 : The maximum dropped control rod worth compared with the value

of KS2C23 MUR is increased, but the maximum deposited fuel rod enthalpy
is decreased. Why are the changes reversed?

Response:

Using the higher SPU maximum dropped control rod worth would likely
result in the maximum deposited fuel rod enthalpy very close or exceeding
the 280 cal/gm limit. Therefore, the conservatism in the calculation of the
maximum local peaking factor was reduced. For MUR conditions, the
limiting CRDA case was analyzed using the maximum local peaking factor
(LPF) from all enriched zones which is very conservative. For SPU
conditions, the limiting CRDA case was narrowed to +/- 5 nodes within the
maximum power node. The result of this is a lower LPF being used to
calculate MED and therefore a lower MED. This was done to not report an
overly conservative result that is close to the limit.

2 Operability Assessment : (12-9196633-000)

2.1

In section 2.0, the MICROBURN-B2 version is changed from ufeb12 to
usep12. What are the significant changes?

Response:

2.2

During the MUR licensing campaign an error (CR2012-8772) was found in
the ufeb12 version that the limiting rod method does not always select the
most limiting rod for the MCPR calculation. This was corrected in the
usep12 version. There are no other significant changes that affect the
operability assessment calculations.

In Page 7, the value of available margin to MCPR¢ limits for cycle exposure
between 8.0 and 8.8 is changed from 0.046 to 0.070. Please provide
description about the change.

Response:

In the MUR analysis, the minimum MCPRf margin occurs at
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exposure=4400.0 MWd/MTU. Since SPU exposure started at 8000
MWd/MTU which already pass the limiting exposure, the MCPR{f margin is
significantly increased.
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