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Improvement in the DNBR Modeling of RETRAN
for Safety Analyses of WH Nuclear Plants
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Abstract

KEPRI is developing the in-house methodology for non-LOCA safety analyses based on the codes
and methodologies of vendors and EPRI. According to the methodology, safety analyses have been
carried out with RETRAN code. To confirm the intactness of fuels, some DNB correlations are
required to estimate the minimum DNBR. The W-3 correlation is already included in RETRAN as one
of the auxiliary DNBR models. However, the WRB-1 and WRB-2 correlations required to analyze some
WH-type fuels are not considered in RETRAN DNBR models. In this work, the RETRAN DNBR
models using the correlations are developed and validated. And the partial/complete loss of forced
reactor coolant flow events are analyzed with the models. The results of the analyses are compared
with those mentioned in FSAR.

L A&
H37)leR AAHATMNLE FH7AG Y] dFoz AHEAFAAA FPFA dH FI1H
bAP HWF Zled - A LAREAA B AGA A T AAE T A Sl 4Hd Y
A, AAA B AR AR FFA SolA A kAl AHEsE WH 3 ABB-CE = KWU9

A== 2 oS4 PPEF vF AYATLEPRDY 452 S|4 A9 AA RASP(Reactor

|

O



Analysis Support Package)E Hl® .2 HAl7|&d 7|FEE W9 3$ Non-LOCA <Hds|A8 wH
MEeEar ok o] WHESE HHAS Y wol= EPRIMA Add HHH7HE 2
20013 1€ 259 NRCEZX-E] SER(Safety Evaluation Report)S #S RETRANS A}-&3hC)

—

ARFA © & Non-LOCA FHS|AE 3T wole= AF <
AAZIES A7 Aol ds] Hristh 4] B EcA = RETRANS o] 83t A
2 A5 AR g MFHA HrHE RS 2y, A5 A™ALES Hrtete
9] 3139l DNBRS H7}38l=d 2a3k 29 DNB AF#2lo] RETRAN| X 3xo] 9= ¢t}
RETRANO| = 3 1o AAIg WHE A5 AAA —% BrlslEd o E DNB H#24 ZF W-3v
o] DNBR A2t ez %o 93, WRB-10]1} WRB-2E 0|83 4 gt B =Fox=
RETRANS ©]-&3te] WHE 57t FHE o] gt DNBRS AME 4 JAEHF WRB-1 2
WRB-2 #2415 ©]-§35 DNBR At RdS F7hetg o, old @& AFAAS Fhsdh 7l
AE ®Ye RETRAN® Auxiliary DNB Data Card(8001XX)e] &4 7(WRB-2) 2 8(WRB-1)Z A <]

2, sdre) AWA, UF YA

o

¢

U Mo
%
oz o

TR

>«
N

B oere oy =88 9% 287l0ln, t AaE =44 AREE 48 AANTE DA
T A AR WAA FF A Abdelth AR WAA 7 A Abdele ANS
Condition I Al 2 EHF3H A= YA % FE 423 Condition I A2 EFH Ax=
WA S5 &4 44, 283 Condition IV Al 2 EHE 942 YzhA Hx= = 3}do] 9t}
a2, # =82 DNBR A)4bo] FH #Aolmng AAZYWZAAYA F(RCS) H o] Agr]E<l
AARE FZ4A Fx F 3ELS At on, AR Y4 FF FEGY 2 Al A
W s S FUSRAG TP, YWHNOE Hi DNBR LU B HANAE F9T A3l
b 2/z70% FAe e, Ao 248 290y £x 2 geo] ug 2o
T E DNBR AXFA] 1183} "Improved Thermal Design Procedure"(ITDP) H}'H & Al&3le=d], &
=il M= o] o R HHNS FATH

2. DNBR 3348 o] &3 DNBR 493

] Fo]|Z(DNB)2 A5y A Ao A Frtete 4 e o4std 57 44 =
Aoz A3 8T E@C’ﬂ/‘i A 7|27 SRS WAlgoEN dAgsdA AdEHE E
o] AAsA AAHA & Aol LI DNB7} 2t qAdgE wWY 2E7F SIbeke
g, ole dAseolA BYs= d& AAse A9 SAA 8 BAglel AARF A

Fo] A= 7] W&ol DNB
o}#] A+z}3] A (Oxidation Embrlttlement), Zr-H,O dk
AT FE

o
rr
3
N
)
oo ¢
ao

<} #o] &4S Wx|Elr7] 918 DNB #&H AA 7|£L, ANS Condition T 2 11 A4 9
B9 95%9] AT FFoA] 1L AAFTHEo|A DNBr} WAEIA ¢S BEo| 95% o] AFo]o]of
gk o] AA7IES WEsY] fleiMe AAA v o] B E= DNBRY FHAg

DNBR —= q ' DNB predict

actual



2.1 W-3 DNB A %2

z7] DNBoj| tj sk /é] S # YH=2 FA7F 2= Simple Geometryo| A TE=
3
W-3 A2l J&Oﬂ*ﬂ 39 E] d) o]

w3 gRae 4% ;L%ﬂmxv—g—

:?L_’,
Y
ru
oﬂ, r-
—{o
-
>~
>
oo
jﬂ
oﬂ
2

A

%1} WHe2] Non-mixing Vane rld—E— Elﬂ s Bz AR
o} 28y, W-3 01-7_ _]—OE— Rod Bundle 91z2t2 0] tfa] &% 7Z-¢-ol= Rod Bundle ol EA3}=
Unheated SurfacesE 31#3}7] 9|3l Cold Wall Factor(CWF)E A}&-3f|ok 331, AT F 13k
we} FYEA o d& BEXE 1937] ¢35+ Nonuniform FactorZ Alg3afjoF 3ttt A, 4138
A AS AAE ALl W-3 A4#2o] Rod Bundled] td 238 dolgle} o & A=

F FAJAAE AHE-3l=d], ©]E "Rod Bundle Effects and W-3 Based Correlations"2}31 $ho}.

oAl A ZlEd W-3 Fua g o] Juao] mE DNBR Fol= v #o] xdEH

DNBR = q’ DZ’V’B , predicted q’ EU.W-3 ° CWF - Fs’

actual q" actuar * F

o] 714, CWF+ Cold Wall Factor, F/= Modified Spacer Factor, F== Tong's Nonuniform F-factor,
QUacna AA TR WA FE qruwse W-3 Ao g AAE #dd 4458 on it
Tk W-3 AEa oz Aae €592 q'euwse U 2ol 3ddE
a pow—s = 10° % [(2.022—0.0004302P) + (0.1722 — 0 .0000984P)¢ ‘18-177~ 00041295 ]

% [(0.1484—1.596 % +0.1729 x| xDG/10°+1.037] * [1.157—0.869 x ]

% [0.266440.8357Exp(—3.151D,)] * [0.8258 +0.000794(Hyy— H )]

o] 21o] H4EL2 RETRAN DNBR A=A 9 Hozx Pe ¢4H, x& A%, G W44 &
@, D= Equivalent Hydraulic Diameter, Hex 2 Hinve 22 WZA19] X3} Qs 2 A= ¢
= degaE 9unjdt}. =3, CWFE 1138 7Z-$o]= Equivalent heated hydraulic diameter(Dn)S A}
Q

[e]

el ¢ gy ® ANFE, CWF 59 AA4E AT 5 gl ASolE 109 ghe AgHTh

W-3 43212 Heated Walldl] ¢Ja] £33 == A9 243 S2)4¢ Channelo] X €] DNBE A4k
3led AR EH =, 28 AdoAL YA R 9 9o+ Thimbleo]t} Instrument Tube$} Baffle, 1
2] 31 Test Section Wall¥} 7+-& Unheated Surface7} &) 3tt}. o] Unheated Wall, = Cold Walld] =
o] Wall& uw}&} Cold Liquid Filmo] & Alx]o] Channel®] GAASHES 712471t 53 A4S
1A A9 A$, DNB €£2 1= Wallo] 7149 =& Channelo] A 2.t} Cold Wallo] ¢l Channel
A o #ow, old TS Annulus APFZAFAE & 5 Stk old FFS P Aol v
7+o] % ¥ =& Cold Wall Factorth.



7,

CWF = q” cold wall

q w-3,D,

- l.O—Ru[13.76—1.372e1'78x—4.732<

—0.0535 0.14
WG“) —0.0619(%3) —8.509D0017]

o718, R, = (D,—D,/D,E A%, Dy Equivalent Heated Hydraulic Diameter, P= A2
oA 4F, G FF WAA T, qwod was W-3 202 A4EgE Cold Wallo] A o] Q17
A<, Q'wapns W-3 @204 Dl DvE ARE-ste] A4ke Cold Wallol o) QA I8 9w

gt

DNBE Wz A9 dAsE WU ZAACdA TSt BAAE AX9 Holx DNB7} A8t
W o] AAWE Hiel dFE wA=, ol VIE 7}%% WA o3 AAFF THS W
2} 32 go] WYY wEo|th. d&o] #de A5, o] AW vAe ¥ Ads5F 2
o2 wet AL FALY, A AAF W-3 A2 o]b} Cold Wall Factoro| A o] 3FS 3123tch
o] FA3HA ¥ B¢, DNB7F WAst= Ao Aol vl 459 93-S DNB F#2
| ZFA717] 98t = & AA7E e "o old o]fF&E <Qléte] Tong T2 E&o] o

A3lA] Ee ZH9o 3 DNBE =8 & JxE &3 o] ¥ FH Nonuniform F-factorE 7l
sttt o] ¢lAbo) = Nonuniform Heat Flux Shapedl| A §E® 23457} E3HE o] ot

4 EU,W-3
Local nonuniform q" pnp n

0.15 (1= xpwe) ™™/ (G/105)™18  plows — Cllps—2)
f q (2)e dz

’r - (I
[C] local at ZDNR][]- —e DNB]

A71A, Lonse =4 SHEAM FF HlFo] BT XA AgelH, y= IF AEE v

.

WHE 949 =428 W-3 Z#2s /dsted AHEE A3 dolgE AAdgh Closed Heated
Channel2 TAE Aol ofyz} 1gl=d &) nAFE dAgH oz FAH Open LatticeZA 4
& (Subchannel) Alo]o] &7 (Crossflow) B E-3tol] thgh A &o] wl-¢ Aty Gddo] i3t a2
o]-g&3to] Al4tgt DNB @&£0 2 HE ZF F429 {4 ZulE Z2437] 9138+ Rod Bundles %
7|2 71ES Ao zHE 4L gL HoHE 43Tt Mixing Vane Grid7} = Rod Bundle

ARATHE W3 4BA0E A3 DNB 94uth 248 DNB d%o] o agE AL HoF
d, o] Aol 2= BY 9 A%, 18T 2R FAZA wF gepn.

2.2 WRB-1 DNB 4 #2]

Aotk WRB-1 #3218 2.14dA AF3F Nonuniform F-factorE AF&3}A 9k, Cold Wall Factor ¥
Spacer Factor?} 7-& Modified W-3 43213 @ E thE FactorES AME3A &t ol W-3
A2 o] Modified Factoro] th3t & &ko] WRB-1 320 Egtxo] 7] wfj&Eo|ct. WRB-1 A32]
9 o] 4§AS o]§8 DNBRY o)t Thed 2.

WRB-1 DNB #2412 WHA 19761 d o] ZA7}2]2] Rod Bundle 23 do|E]E unlgtoz s)jatst
A



’r ’r

DNBR — q DZ’V’B,Medz'cted — d WRB—1

actual q" aetuar * F

o714, FE 214804 AF3 W Tong's Nonuniform F-factoro] ™, q"actua]% AA ZH|A BAE
%, q"wrs1i= WRB-1 Zd#@2og At #d3 48 ovdig. =3, WRB-1 A#xoz Al
g EEA Q'wrsa> TG 2ol A= FHP), TF YA FF(Go), TH AE(2100),
Equivalent Hydraulic Diameter(De), Equivalent heated hydraulic diameter(Dy), Heated Length A] %o 2 X
El9] Aa|(Ly), Performance Factor(PF), DNB7} A1t XA A] 74 717k 28] Alole] Ag
(do) 2 2= Mgy = 3 ETH

q” WRB—1 = F{Pa G/OCa XZOCW D67 Dha LHy PF, dg, gsp, }

DNBR g2 o] A|ghx]:= DNB A9 dolHo gk A B4 ZAL GO, 95%°] 413
EFEolM 95%EEE DNB7F BAEA @& Ho® o 5" gholth 1717 STD, 1717 OFA,
1515 OFA, 14X 14 OFA, VANTAGE 5, IFMo] gl VANTAGE 5H¢] & ¢1go] tjs] NRCol|A
%913 WRB-1 DNBR A3 1170tk 9, 14x14 STD 2 15x15 STD A5 thsf %<
®© DNBR A& 137416, ol& 7] jAzelA $38 CHF AP vlolEle] thg Variation w)
Eolth. 1616 STD A5 o] g DNBR A|gA] = 1.170]t}

2.3 WRB-2 DNB A #2]

VANTAGE 5 2 APWR Geometryo] Al =31 E DNB A& o] o]a] WRB-1 @20l 748 8=
A gk DNB SIS B dS3dves 3o dF5EHA o AAA ?J%-‘Tﬂ DNB S35 o]
371 98k WRB-1S &394 Th 17x17 STD, 17x17 OFA, VANTAGE APWReol A4 2] DNB
13 UlolE]= o] &3] A= ATA, = WRB2Z 7)2aldrt. o] WRB-2 *wrﬂoﬂ/ﬂ WRB-1
#2137} 7zFo] Nonuniform F-factorE AF&3tth. WRB-2 AF#2] @ o] A28 o]&3 DNBRO A
= o2 Zo] @€

0(

1o ox m>~ oko
g

DNBR = d  DNB, predicted 4 WRB—2

4 actual d  actual * F

o714, FE 214804 AF3 W Tong's Nonuniform F-factoro] ™, q"actua]% AA ZH|A BAE
£ q"wrp2E= WRB-2 A#2lo g A4g #d3 %8 on|sich. =3, WRB-2 A#2o=z Ak
& E52 q'wrsee TS H Zo] A=A H(P), wF FAA FF (G, TH AE(X 100)s
Equivalent Hydraulic Diameter(De), Equivalent heated hydraulic diameter(Dy), Heated Length A] %o 2 X
B ] A2 (Ln), DNB7} @A Aol A 7Hg 77ke 2= Al Ag(dy) 3 T2= HA(gy) ol
ez =T

ql’ WRB—2 — F{Pa G/ow Xlocs Dea Dh? LHy dg’ gsﬁ}

WRB-2 “J#2]2& VANTAGE 5, IFMo] 1= VANTAGE 5H, APWRZ 32 17x17 AA A el qk A}
48 Aol AxH Utk NRCE VANTAGE 5 2 VANTAGE 5He| th3 DNBR A|FAZ 1178 %
93l o, 19x19 APWR 3j¢1g AAA] DNBR A& 1178 A}&3l= Ao ths)] =3 =
A= AT



IFMo] 9J= 2 17x17 VANTAGE 5 2 VANTAGE 5Ho|:=, o] slada® A3 o)A aA)sh=
AZo] ZHALEEE B I8=2 uthZ 90° FAHAA E=Uth Grid Spano] 10¢1x]¢1 VANTAGE
5He] DNB 3ol A Rotated Grid7} DNBe| <tg3kg w|Xths Ao| THE AL o9 e Z¢
9} VANTAGE 59] 7ol WRB-2 @202 A4Hs DNBRO| 08355 #3F e AMS3ich
DNB A& o =2 Grid Spano] 20¢1x]¢] Grid Rotation®] 7-$1} W-3¢} 22 t}2 DNB A% A
g ASolt Penalty® nesHA olE Bk Zol YEHA,

rL

Al S
=

==

DNB 238 dole2 % & Modified 17x 17 VSH/IFMo|| ts)lAE= WRB-2 A #21-8 AL

4 9)=d|, olWj DNBR A|&x]& 1.170]7, Multiplier 0.835% A}-83}% ¢F=th NRCHA %<3k

WH<] Fuel Criteria Evaluation Process (FCEP)o| w2}, NRC+ Modified V5SH/IFM 3 s A 2

WRB-2¢] 1.17 DNBR A&7} g}&3ltte AS A=A

2.4 DNBR 29 74

2.4.1 WRB-2 434} Coding

7]%¢] RETRAN 222 51=¢] WRB-2 4#4& 39d § Auedd F71817] fldtel wW-3 442

2] & Cold Wall Factore} 72 7]Eo] ## A2 MEFEAA ALE3I3 e HFE XA

o 3% 302HEH gEoly 7 dAx T Z HSELS V|EY W39 #HEE AMEFEA AL

&3 | E IdE AFEE 5 3lor, DNB7F B S A-AA 74 77k LE|E Alolo] A

(do) B 7 AMZ F7tefof sl WMFEe AS ¢ 5 AT
1=}

) 2 A7 o= 7]'7—:11(?55}3)“’]' e HEEL

agE Aol W dHelHe 1= H'] tlolH 2 7E A4et o™, DNB7F A g 24 o
q A A = Apele] A)E ASHAE. WRB2 484 Coding® @ ALEE Ho]
B 9% 257]9 VANTAGE SH 920 @alol e 28 A8sanh

2.4.2 WRB-1 234} Coding

241480 7]1&3F 7]£9 RETRAN &2 F T o] WRB-2 A3
Z+o] WRB-1 #2418 RETRAN &2 FEZo] 371817 913
WRB-2 484 MEZHX FEHOE AMLsn e HLE 2AEIAT O ,] ¥ 49 AA
il o] W-3 427 WRB2 % WRB-1 4¢3 #dd ANHFHA F5Hoz AL43
AFRE gy FH A §3 £ WSEo] glor, DNB/L 2AF AN 713 7
I = Atolo] A B A7 2= HA(ge)d & WFES WRB2 ¥ WRB-1 a2
ANMT FFHOE AEStE WSOtk ESH WRB-1 @2 A& Performance Factor(PF)7} A}
£8Ed ol A8 A wE ZAHE AFolth F Adm 9 Aol 04222022 B¢
0.40091%]Q1 7-9-¢] PF= 1282001'1] AAF 9ol 03749%2 A} 0.36020%] 2 %4
1.17530]t}. WRB-1 3848 Coding® w] A48 ©|o]El= WRB-2 CodingA] AF&-3+ % 23 ],1
VANTAGE 5H ﬁﬂoﬂiﬁi}zﬂﬂl ek Re AHEEATH

2 >
X,
FPN
Lo

€

b)
oh

ry

iy
>[.9

F7h4

Mo rlr it

AR WA KF FERE B SAZY A

31 9A2 W2 §

o
4
e
o
i

rr

A2 YA 3 FE A2 AZYAAFHZRCP)Y] VAH ey AVH 1F, =



RCPo| THH= AT 2oz 3] 24T = Ut Z4d & RCPo| a5 <= AFd
&

A2 D7 AZE HMAYVIEREH EAS F3

de 3 oW WAy FAZ wgsE 3
BAe SRAReERY FFHE WYV AFHORZ AVHDE RCPE AL 45T otk
AYAFOZRY BAY] FAZ aFHE A/1H 2Fo] 9E HMAA ol Fol, wANE FAM
Bo) ABL FAFEE RCPE AAZHA F OE BWI2 ABHA gt FANE A HE
A,

ARz W7 3 RE o] BAH 242 WA £E7} 276, 2718 WA eEE
29 &AL EAFMION] oJ3te] FWEE HYL FUsa, A4ZUTAT g 4dHE
Ao FurgEsl P HEYE BT QAR WAA FF B8 44 An 2AdE §
gol A&utt o FANA gy W, A/fe] vt F7hsa DNBe| B o fEst
Faste, &/4F us} Ak HE AGe)A SIS HONB) ARA HF 2P €
o EE G&A uE AR Aol ot ashd ©rh RCS dEe A2 YA &
o o FAF sk YA F/HHE BFS woltd, I&HF

s
= = —a
o ¥l B WA =7 BasA @ W o] FYBIE FEh

.
ANZZYY Aol Vhe] WA FxN AT AfF Az o8 Axzst FAAY. 1
21, 942 Fo] 10% o5}

ro
o
o
2
fe |
-
4
>
l-o[:
2
fo
:c)l:"
N
=
ot
ro,
_>i
fru
o
N
>
l-o[:
N
N
2%
au
it
£

>~
)

el e

)

Al F&IF

ANS Condition 11 A} 2 BEFEH A= YzA) 32 2E A2
%] FstH, AAt=2

S o3 2o AR, Hotol BeolxE AXE FAReRE AN S g F A
A F oA B4 2E9R0E HBT & ol Bk B4, AAR Sgolu AR F%A )
ol WASA @olol BTk 2, DNBRE AAARA o402, SARe] FALEE 4700°Fo]
32 fR ook sttt AMA, ) RCS =& ASME Sec. Il "Level B Service Limits" ©]3}%
Al eofof grt. WAoo g2, o] AbHo R QIg WA FETS 10CFR20¢] 7]&d AgA] o] &t
ok o

oy
o

b o o
o
1%
re
2 4

ro @

A2 YA % PR FAL AN 95t AFAATE RETRANS AHg-sto] W]
78 ASS 667)e) 2F 9871 FHoZ mUYSAT AAZHA, HNAA, G 2 F7)

=
A7) ARBE 5o AF HRAE AAF] Aste] 10549 EFT=S} 19709] AJAEE AL
getgon, 27 e o8] /1% - AAHES ZDYF 3719 RCPE BZ 54 FAL v
et EH LE Z/AVY HABE A 7 GAEA 4z BEagor, A4 2L 7

R
¢ BAG F UES 2422 VY 2Eoz RESYt wde
z
H

AT B9, A4 WAA FF R AN BAS] 98]
10 §9te] B338 F RCP #lo] AAFES WAk,

A2 YA §F P P BT AANNL FAG W AEH Zo2AL ® 20] A
om, Fo 9Y WHE ey Lok



2
r

H
)
%,
H
i
H
N
&

=
a
fo ol 1B Jy

dn N o>

[ ]
2 B B Beooy
l
!
©
i

N NN

Mo w
0_>L :>|4:, :10 HJ'N

o
e
M
oy
i
>,
o,
)
it
o
)

nle} o] Ax 2 Y44 #
F RCS AF#F A5H, o] AfZd dist o
ARt FEE A5 o3 JAZAHAAE WA

g £8% + Y=ES PP

(6 2z
N

=2
S
N ok
o
ro

82
i
S

ok
tlo |1
o Sb ax

S

ofs
o
s
o

oo bodn Huowe

o o
H o 1o [‘E,
"
N
= 2

I,
o
N
d
o

.
}e] RCS Af2F 4350
4

-

l

2SS olg Ao Bda)

=2
R
L
>4
re >
o &
b
@
o =
S
N
N e
>
—~
flo
>
b l-Oll =
2
l
o

iy

it}

N

i

12

il

D,

Jo

ol

AN
[ele]

AN

i

X

i
>

>

I8

>
o
o

o Hi oA
N
i
o i

o
fr v

% o
M

E 2

29

e o

o

N,

23

olo

b

rr

>

Y

Lo

_QL'

¥

)y 2

RN

™

>

by

Mo 2L

R

2 x

o 9,

BN o

2o

SN}

8k

=

2

> 2

o

2 9

yo, oft

iil _E [-'E

%t
ol
ox,
N
b
|
0%
2,
o
ok
2,
3
ofe
23
o{o
i
N

S=E ALge] AN

X
= Alo)E FANSE

i
-

B

f

2 1x o b
M to to B>

i)
&

>
fu
N
offt
>
"o
il
)
oo >

N
=

I o to
>
o
QL
=
i
B
e
2
x
=3
_Ql_ll
(K

[e]
3—]0

4 Ko U S
o L oo

N e
O

B 8 -
2 9 o2

ale:)

w9
(e,
o
Y
o &
hu =2
i mr > 2
=
5
QL
£ re
° B
< k
S o o
N
N
> o
9, O,
oft N
AN
i ot
> L
b o
oh Y
2
ol gy
to
29
)
ok
ny
e 2

[y

ox
N

= of & WEE HAFade disf td
ERAEE TR e ARSEHH, =& AS(DC) 2 A

o%

olN
)

ox Mo 2%
4 o
o 1
e
kY

fr Ix
<
=
O
fr
e
)
2
2

B fr)

m_il:,‘ ol
off & N

2
M
o

AR B4 FF T2 G ve FdeHe FIE Afole
LT S g3 27|z TAHZE AFRSith o]l
DNBRo|™, 24 DNBRo] #|g7]Zo] He A}

= A 714% ITDP Wy ol
wel ety ot webA, 27 =4 dEHo

= gH A0 #9, 5 Qs 90
e TAHS AFR8IEa, %7 RCS WA o5 dx287 HFLES, 27 719ty o=
o2t 33 ¢¥L A8tk 9, DNBRE RCS ¢alo] Zagol weh gastmz sy
A FEFHE HasEeR 717 A5AEC] AR zgdd AFdvn NPT S QA
9B RN olE A48 vk B, S 2 S8V £96 dF 25 DF
doll ia) o FALE ALee, So1eAY) Behe AEE AU HEed
DNBRO| tg 27] 7F8 oAf=s Hxselr] fste] 27] =4 /32 JAags A9t A%
VEEAS FUEAE FUHE AFFIAGY PINFEAS F Bool 94 2 Wz B3
o o3 AAHT AZTEZAFTL LALY ZHoZ AL 2= glon, HREANL ARAZEE
Ao 2 gty B =FoxE T 20 7)&" uiel o] %7 w4 SEEo 293,700gpm =, I
% 97,900gpmS AFRES] SFA AL ST}



DNBR A4HA] Qo

AL

W3

7

s

I 2= =

3]

ZA5 FY w9

3
“

o)

L
=9

.

=9 T
gz o=z 1.55
17, RCPe] =2H

1.446 ~ 1.590]1, PF u
5

I ETd

3k HZ 100%

o’ AATE 2&EdA
&

}

0
“

o3 ).
RTPo] o

j=

o}

L

.

JHE
st

AT EATEA
AES A9

1} P
T, UV FFEE ST Ee S0

FN

°

T

L

7}3t
AH&

Sl=a

o

=
%2~ DNBRo] W3l ==

=

FNAH,RTP{ 1+ PF 44 (1—P)}

0.3

=
7pxoka 7HA

)

L

L

o

9%
e

L

.

}

S

o] ragol uhzh
Al Z

k)

A A AEHRTP) A g
, gy meLg2AL Hugto]l

L

L

1.

12 90%°) T

s

°

r

-

T

e 1.00]t}.
t}.

s

T M
qe 84

L
L

&

Chopped Cosine #X & 71X, B =FAT o5 183

Part-Power Multiplier2 =u] 17 ol A

32 AAE YAA F3F ¢4 F4

o 7)1 A, FNAH,RTP

}

=)
=
L

5t

A

o}
AL

H
Pl

i
)

=)
~O
B

!

3

I

R4

A
R

_]

“

i

9
yul

=

3 Al

P-7 A5l oJa At AAZ FALNE7 AdETh

171 $1s

°

<

pd

oy, A,

e AFse A7)

gurrlo gz A7) RCP

o]
T«

she}.

°

o}ok

=<}

7
ok

A AT

3}

I

2 frA= ook

15

Al
DAZAZAEG FojHoz d5 By
SO
2121} 10CFR1000] 71&% A
3} =] A

PN
T

=}

A
oF
o)

A o]

=
-

pl

=

=

PAZGA T Af el <
i

s
3
R

[e)

I 2
o, A

L

.

)

g4zl o3 A FTH RCP 24 AHgte] <

27} o)ge] RCP APFUL e

L

. GRtH o=,
735l

el
A2 AL Aol A e Foh

AeE ABAA A=

}

9
yul

i

[
“

4= fith. E4), DNBR& A A A

RCS ¢t&2 ASME Sec. III "Level C Service Limits" ©]3}2 £-X

1

-3

to}. vhx]eto 2, Condition IV AFH O 2

o] 10% o©]

sheol) e

o

=
-

S22 [0CFR209] 7]

L

.

gt E=E A
WAL
wnoh @R Zojof

i

L
o]
T

vl

gioll st AAZE HAAI7]7] Hste] AlE =

THH, Az 2
RCP ®/1 A F a9
ANS Condition Il A}JAS 2 BEH

A

q

=

A X2 A A]

o



t7] fl8ke] 102 F<ke] B33 e ¥ 2E RCP7E A

AR PAA FF S Ao disl HHAS IS o AFEE 22D 2 Fa g8 He
T2 3148 dAE IAA 2 FE A dis) tAsAES R W AFES AF FAIA,
AARE Y42 g 4 FAA AZAAE Fdste 25+ RCS Af7F E RCP B4 A
[AFoa 252 RCS AfaFe] oaf Ax=E7 AAHe A2 W44 5 i 44434 o=
th. a2y, o] AEE WE AAERFA AAXE 304 AAE P4 F3F BE FAdAN 7%
g vkel LS o R AR, AAYAFoFLATA o) Alole Aol AlFEE BAA
AAZFOZ 152 ~ 1.62E AMESTH B =i A= FSAR 153204 ARESH A2 A A A5 9}
YT RCP B AXHYAIEE 502 AF3EFE Rdygsgon, o 259 #dg dA24

2 AAXNZHLS 1525 AHEE ST

Aol WEE AYE 2L WSE ABATe] dAAE 318 A4 YA FF 28 G
e A% FUT PP AReM, =4 9FY, =4 F% 223 A4 YA e 3
] Bel e 2712A 2 AR 3183 SYsA Agstack

4 34 A

41 DNBR 29 /A Ax

% 1 2 19 2% 717} 7]1E£9] RETRAN W-3 #2123 1 2 18 29] "W-3"02 ¥AE 1
HZ)S o] &3] YA YA FF FiEGA 2 bRl s A4t A DNBRY 243
DNBR &9 7/jAoA 7]1&3 WS, = RETRAN WRB-2 4#2]("WRB-2") @ RETRAN WRB-I1
G2 ("WRB-1")S o] 83 A DNBR AXMEAE vlagh Folth T3, o] adEE 7] W

55 o83t As A g S Hladty] $93ke] THINC WRB-2 ¢#2]S o] 83}
o] AA+st FSAR ZZ(“FSARME &7 AAstgth WA, RETRAN W-3 Z#}9} THINC WRB-2 2
72l FSAR AAE BB HA A2 FAgE BeS HolARE HA DNBR oA ofF &
2}o]E Holz 9t} WhH, RETRAN WRB-2 A9} FSAR ZAE vlusriy W-3A3RT HA
DNBR ol M= &gk zpolvh Qlar Ak A dAsdte= A ¢ F Atk EF, RETRAN
WRB-1 Z3= RETRAN W-3 A9} RETRAN WRB-2 Z#9} HAM8F Ade HAFAW, i
DNBR zto|lAe W-3RU= & S 7FAA Y WRB2HT = 22 #s 7Hde As BHoF3

0]
2R

42 AR YAA 7F FEGE 2 SAGL AN

NE RETRAN FEE o|&3le] #agh A2 WA4A fF F244 3 Sxdadd

314 A= FSAR 153.1 9 15329 As} A 247 3 5 &

9 ~ 139 AAEATE WA, AAZ YZ4A FF FE G g A AR =
2!

N ﬁ‘ ik r—?‘—"

_,d
for M > M2
T A A (s A O

%
= A4S & F Atk 2, Hd 7HE7] el A FSAR Z3tRth RETRANS ©| &3 7
7} 55.19psi 9tAl YERd A 3 SolA HojF3zo] RETRANS o] & AlikolA A

(A A



FSAR Astut} of 0.15% 45 B3t 1227 FSAR ZFA R 0.14% dH HAsl7] Al zs}
3 EEHo] FSAR ARHo o gAadtr] Al#etr] wielth. E3h, RETRAN A2 d 5 of o
& 7h7l dEY A2 dEHOR FSAR AdEt § 12 DNBRS dS 4 Ao Hso
= A4 5 S Fdel e sy Al & 6 17 9 ~ 127 132 AR 3
= & Srdeld Ao Aeh o]l RETRANS o] 83 A4tZ e} FSAR 2
d BEFe HAgoh a2y, Hd Jkby] 4EelM FSAR ARHG
[2bA 347} 48.73psi A dEbd A2 R 5ol A RojFE wpe} o] A9
& Akl AAZ FAZE AFHUYAR 2F 9ANAY of 4x74A 9] AbnxT] HEHA M FF
ol 711G Aoz FAHEY. oldd AEH Aol= MTCH = A5 59 WeE ARE

o

X3

AgAFddA F37)ef o “dxd F713 kA B7F e d - A3 A=A B Albd
A N FAZ =3 Non-LOCA <HAs|Ag& W 2S sjwsl= = RETRANOE WRB-1 %
WRB-2 DNB 732 ©|-&3to DNBRS A4 Bg o] WA o]o] RETRANS ©|§
DNBR A2Fe] WS IAZd F AEE 7]£9 RETRAN] WRB-1 @ WRB-2 DNB 43
F7}ste] DNBR Ed-S /jAstdth MAdE Z=o tist AFe] d3}o=z o] Z=F o] &3
2 3AA fEF PR B A dig kA A S st en, 1 A3E FSARS Z
o Hlul - AESFAT FF, o] I=F o] &3 thE o] JFA] Abarel] tig AN S Tt
71 ATE FSARS] Ao} Hlul - AEY o Fo|tf. Tk £ =FodAe H 8y

% 7]¢] VANTAGE 5H &< 273 ol 2

AA 8 ExLe b AASHFA N dsixe 488 + gldoy, FFd=
< YAsZFA M= A8 F J=E I L

Mg o Golt}.

=

o 1>
3L o ek Y

=2

il

Ho

Heprjes AAH AL SR7IHA DA F71H A BrE 1eNETe AFaA (9
AawaA g Alebds)d sfdre] dgte g B A7E FP}AFU

F a3

. "Safety Analysis Standard", Rev. 6, Apr. 1999, WH

2. L. J. Agee, et al., "The Reactor Analysis Support Package (RASP), NP-4498, Vol. 3, May 1986,
EPRI

3. #3]7], "TXU Reload Core Design and Safety Analysis Methodology", 2000. 11, 3+ F-A}

4. J. G. Shatford, et al., "RETRAN-3D User's Manual", NP-7450, Vol. 3, Oct. 1996, EPRI
G. H. Heberle, "LOFTRAN-Code Description and User's Manual", WCAP-7878, Rev. 5, Nov. 1989,
WH

6. YGN 1&2 FSAR, Apr. 1994, st=d & FA}

7. YGN 1&2 PL&S, 7§% 3%, 1993. 12, st=A & FA}

8. Kewaunee Nuclear Power Plant, "DYNODE-P RETRAN-3D Benchmark", June 2000.

9. "Hx= F ALILFEAD)", HHAFE-4, 1996. 4, T HFAL

10. "Thermal-Hydraulic Design Procedure Manual", 1990, WH

11. "Thermal-Hydraulic Engineering Services Manual", 1990, WH



3 1. WHY 2d4 A4 vl
g 1 g 2 e 3/4 933 1 933 2
AA d=2 (MWt 1724 1876 27175 2775 2775
F3x 2 2 3 3 3
8 A4 a4y ITDP STDP ITDP RTDP ITDP
ddz gY OFA Standard V5H V5H V5H
DNB &% 2] WRB-1 W-3/WRB-1 WRB-2 WRB-2 WRB-2
Fsn 1.49 1.55 1.59 1.59 1.59
Fq 2.35 2.34 2.60 2.60 2.60
%2 AR YAA 4F PFE AN ASF 27 22
L] F 3 %) #
=4 dEE (MW 2775
RCP| oJgt E= (MWt) 12
A2z &7 HE2= (F) 588.5
71471 4= (psia) 2250
FrY AAZ P4 7 (gpm) 97,900
AA A= JZ2A S (10° Ib/hr) 109.3
AA Z7) 42 (10° Ib/hr) 12.3
SG ETollX ¢ F71%t (psia) 964
SG dTolAMY FF2% (F) 440
w4 HF 9<% (Btuhr-ft) 197,200
F 3. W3 474 2 WRB2 484 #d WS uw
W-3 #d WS WRB-2 #&d W5
Pressure, P psia Pressure, P psia
Local Quality, x - Local Quality, x -
Local Mass Velocity, G Ibm/hr-ft* | Local Mass Velocity, G Ibm/hr-ft’
Inlet Enthalpy, Hi, Btu/lbm - -
Equivalent Hydraulic Diameter, D. in. Equivalent Hydraulic Diameter, D. in.
Equivalent Heated H. D., Dy in. Equivalent Heated H. D., Dy in.
Total Heated Length, L ft Distance from Beginning of
Heated Length, Ly ft
- - Distance from Last Grid, d, in.
- - Grid Spacing, g, in.
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Local Quality, x -
Local Mass Velocity, G Ibm/hr-ft°
Inlet Enthalpy, Hi, Btu/lbm
Equivalent Hydraulic Diameter, D. in.
Equivalent Heated H. D., Dy in.
Total Heated Length, L  [W-3] ft
Distance from Beginning of

Heated Length, Ly [WRB-2] ft
Distance from Last Grid, d, in.
Grid Spacing, g, in.

Pressure, P

Local Quality, x

Local Mass Velocity, G
Equivalent Hydraulic Diameter, D.
Equivalent Heated H. D., Dy

Distance from Beginning of

Heated Length, Ly
Distance from Last Grid, d,
Grid Spacing, g,

Performance Factor, PF

psia

Ibm/hr-ft*

E 5 QAR YAA FF PR 4N Aw B

3} = FSAR RETRAN 72+
RCP #1 A X 0.0 (%) 0.00 (%)
Afrgs T 1.4 1.25
AfrgFrse og dAZHA 2.4 226
ARZ G A9 o] B WA A - 2.47
MDNBR 4}2) 4.0 3.58
RIS ofst g3 2 718 ZE - 9.47
FEFS BZ #1, #2, #3 AR - 9.48
ALE S 10.0 10.0

£ 6 AAE IAA FF A FA Ao A

g = FSAR RETRAN A Ak
BE RCP AA & RCP 24 AAG A5 WAl 0.0 (%) 0.00 (%)
RCP 24 A At 215 o3 A=z A A 1.5 1.51
AfFgas Ay - 1.58
AAZA A gk HRIAA - 1.72
MDNBR 4}2) 3.9 3.75
HulgA e ofg g4 2 S| 4 - 8.72
FES HIT #1, #2, #3 AR . 373
ALE S 10.0 10.0
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