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OverviewOverview

• PLUS7 Developed for APR1
- April 1999 ~ March 2002 (CApril 1999  March 2002 (C

• CHF Test for PLUS7 (~ July 
- Two (2) Test Section Configu
 6 6 B dl ( i h/ i h 6x6 Bundle (with/without

- HTRF (Columbia Univ., Close
 Procedure & Criteria, QA

• KCE-1 CHF Correlation (~ N
- PLUS7 CHF Data 
- Same Functional Formula w
- Specific Considerations/Assu
- WEC Criteria & Technical Su

• RAI 3-7443RAI 3 7443
- 18  Topics
- 3 Questions in 30 days of re
- 15 Questions in 60/90 days 

* OPR1000 : Optimized Power Reactor

5 Quest o s 60/90 days

Non-Proprietary

400 & OPR1000*
Collaboration with WEC)Collaboration with WEC)

2001)
uration
GT Si l ) 1 5 C i APDt GT Simulator), 1.5 Cosine APD

ed @ 2003) 
A System : WEC Requirements

November 2001)

with CE-1
umptions to Guarantee Conservatisms 
upport

esponse cycle
of response cycle
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r with 1000MWe

o espo se cyc e



Background of Assumptio
KCE 1 CHF Correlation 1/KCE-1 CHF Correlation -1/

• Proven Test Facility
HTRF- HTRF

- Procedure & Acceptanc
- Quality Assurance 

• Proven Functional Fo
- CE-1 Correlation Formu

Energy Balance + Macb- Energy Balance + Macb
+ Local Fluid Condition

• Proven/Approved Co
- TORC Subchannel Code 
- Design Constitutive Rela
* PLUS7 Specific Input PLUS7 Specific Input 
 Loss Coefficient of Spac
 Mixing Factor

S ifi C id ti• Specific Consideratio
- Conservatism

Non-Proprietaryons applied to 
/15/15

e Criteria 

ormula
la
eth/Barnett Assumptioneth/Barnett Assumption 

omputer Code
(CENPD-161-P-A, 1986) 

ations of TORC

cer Grids

/A ti

2 APR1400APR1400-F-C-RA-14001-NP

on/Assumptions



Background of Assumpti
KCE 1 CHF Correlation 2KCE-1 CHF Correlation -2

• Specific Consideration-

- .

- .

-

- Conservatism in 95

- Relaxation leads Mild M/P Tr

TS

- Relaxation leads Mild M/P Tr

Non-Proprietaryions applied to 
2/152/15

1 : 
TS

TS

TS

TS

TS

5/95 Limit

rendsrends
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Background of Assumpti
KCE 1 CHF Correlation 3KCE-1 CHF Correlation -3

• Specific Consideration-

Non-Proprietaryions applied to 
3/153/15

1 : 

TS
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Background of Assumptio
KCE-1 CHF Correlation -4KCE-1 CHF Correlation -4

• Specific Consideration-2

– Development Stage (CHF D
• DNBR = q″CHF, Pred / q″C

• q″CHF, Meas =

• q″CHF, Pred (development) = 

– Application Stage (Reactor 
• DNBR = q″CHF, Pred / q″

T F• Tong Fc =                
Non-Uniform Ax

• q″CHF Pred (application) = qq CHF, Pred (application) q

– Note that q″CHF, NU ≤ q″CHF

CTS– Conserv

Non-Proprietaryons applied to 
4/154/15

 : Application of Tong Fc (FTong)

Data)

CHF, Meas

q″CHF, KCE-1 ~ 

TS
TS

Thermal Design)

local, Actual

C t th ff t f
TS            : Correct the effects of  

xial Power Distribution (NU APD) on CHF

q″CHF KCE-1 / FTong ≤ 
TS

q CHF, KCE-1 / Tong

F, U

ti i DNBR (i f M/P)
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Background of Assumptio
KCE 1 CHF Correlation 5/

• Specific Consideration-2

KCE-1 CHF Correlation -5/

– Comparison of M/P for CHF

Non-Proprietaryons applied to 
/15

2 

/15

F Data : w/ FTong vs. as Developed
TS
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Background of Assumptio
KCE 1 CHF Correlation 6/

• Specific Consideration-2

KCE-1 CHF Correlation -6/

– M/P Parametric Trend vs. as

Non-Proprietaryons applied to 
/15

2 

/15

 Developed

TS

7 APR1400APR1400-F-C-RA-14001-NP



Background of Assumpti
KCE-1 CHF Correlation -7KCE 1 CHF Correlation 7

• FTong : Correction Factor for

- FTong = q″CHF, U / q″CHF, NU

- Relevant References : Appl

 Tong L.S., et. al., “Influenc
DNB,” AIChE Preprint 17, 8
LA California, 1965.

 Tong, L.S., “Prediction of 
Axially Non-Uniform Heat
Energy 21, 1967.Energy 21, 1967.

 Tong, L.S., “Boiling Crisis 
USAEC, 1972.

 Rosal, E.R., et. al., Nuclear

 WCAP-8762-P-A (1978), W

 CENPD-207-P-A (1984)

Non-Proprietaryions applied to 
7/157/15

r the effects of NU APD on CHF

icability & Experiences

ce of Axially Non-Uniform Heat Flux on 
8th National Heat Transfer Conference, 

Departure from Nucleate Boiling for an 
t Flux Distribution,” Journal of Nuclear 

and Critical Heat Flux,” TID-25887, 

r Engineering and Design 31 (1974)

WCAP-10444-P-A (1985) 
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Background of Assumpti
KCE 1 CHF Correlation 8KCE-1 CHF Correlation -8

• FTong : Correction Factor for

- Energy Eq. for the Bubble 

( )HzHd )(

[H(z) – HB]CHF,U = [H(z) – HB]

( ) ( )HzHC
dz

HzHd
B

B −+− )()(

- FTong = q″CHFU / q″CHFNUTong q CHF,U q CHF,NU






=


C

uniformfor
l

0.1

where
d1 = 1.50E-01

( )[ ]

 ⋅
⋅−−⋅′′

= lCq ZS
l exp0.1

d1   1.50E 01
d2 =  4.31E+00 
d3 =  4.78E-01

Non-Proprietaryions applied to 
8/158/15

r the effects of NU APD on CHF

Layer 

qc ′′

CHF,NU

)
h
qc

C p=

( ) ( )[ ]′′ uniformnonfordlCq exp( ) ( )[ ] −−⋅−⋅ uniformnonfordzzlCzq
S

exp
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Background of Assumpti
KCE 1 CHF Correlation 9KCE-1 CHF Correlation -9

• FTong : Correction Factor for

- First Proposal

 Tong1965
 5 Non-Uniform Axial pow
• Hot Patch
• Interrupted UniformInterrupted Uniform
• Decreasing Ramp
• Increasing Ramp

S t i C i• Symmetric Cosine

 Good Agreement with Da

1

Non-Proprietaryions applied to 
9/159/15

r the effects of NU APD on CHF

wer Distribution

ata
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Background of Assumpti
KCE 1 CHF Correlation 1KCE-1 CHF Correlation -1

• FTong : Correction Factor fo

- First Proposal

1

Non-Proprietaryions applied to 
10/1510/15

r the effects of NU APD on CHF
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Background of Assumpti
KCE 1 CHF Correlation 1KCE-1 CHF Correlation -1

• FTong : Correction Factor for 

l l- Proposal to Nuclear Reacto

 Tong1967
 3 Non-Uniform Axial pow 3 Non Uniform Axial pow
• Skewed toward Inlet (Bo
• Symmetric Cosine

k d d l• Skewed toward Outlet (T

 Good Agreement with Da

1

Non-Proprietaryions applied to 
11/1511/15

the effects of NU APD on CHF

i li i i hor Design Application with W-3

wer Distributionwer Distribution
ottom Skewed)

k dTop Skewed)

ata
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Background of Assumpti
KCE 1 CHF Correlation 1KCE-1 CHF Correlation -1

• FTong : Correction Factor for

- To Rod Bundle Data

 Rosal1974, NED 31
f l 2 (4) Non-Uniform Axial 

• Symmetric Cosine : 8 ft
• Skewed toward Outlet (

 4 Types of Spacer Grids /

 Good Agreement with Da

 Standard Tong Fc in Slide
 Applied with KCE-1 CHF Applied with KCE 1 CHF 

1

Non-Proprietaryions applied to 
12/1512/15

r the effects of NU APD on CHF

bpower Distribution
t/14ft Heated Length
(Top Skewed) : 8 ft/14ft Heated Lengthp g
/ 3 Different Grid Spacing

ata (12 Test Sections)

e 9
Correlation to Design AnalysesCorrelation to Design Analyses
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Background of Assumpti
KCE 1 CHF Correlation 1KCE-1 CHF Correlation -1

• FTong : Correction Factor for t

- To Rod Bundle Data

S 14C 14

1

Non-Proprietaryions applied to 
13/1513/15

the effects of NU APD on CHF

S 8
C 8
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Background of Assumpti
KCE 1 CHF Correlation 1KCE-1 CHF Correlation -1

• FTong : Correction Factor for

- To Rod Bundle Data

1

Non-Proprietaryions applied to 
14/1514/15

r the effects of NU APD on CHF
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Background of Assumpti
KCE 1 CHF Correlation 1KCE-1 CHF Correlation -1

• KCE-1 CHF Correlation 

- q”base,u : f (P, G, X, hfg)

 Effects of Fluid Condition
 PLUS7 Geomet (Mat i PLUS7 Geometry (Matrix 
 Test Data : Non-uniform 

- CWF : f (DH/DHM)- CWF : f (DH/DHM)

 Effects of Guide Tube on 
 PLUS7 Geometry (Guide 

- FTong : f (G, X, z)

 Effects of Axial Power Dis

- Conservatisms

 Specific Consideration-1

1

Spec c Co s de a o
 Specific Consideration-2 

Non-Proprietaryions applied to 
15/1515/15

: q”CHF = q”base,u * CWF / FTong

ns on CHF 
S bchannels)Subchannels)
Axial Power Distribution

CHF 
Tube Subchannels)

stribution on CHF 
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Key of Draft Response toKey of Draft Response to

• Classification of RAI (3-74
– 7443-1 ~ 7443-18

• Class 30 : Response Due ~
– 7443-2 : Testing Technique &
– 7443-3 : Test Section Design
– 7443-5 : Test Measurement7443 5 : Test Measurement

• Class 60 : Response Due ~
– Draft Responses would be pDraft Responses would be p

• Class 90 : Response Due ~
– Draft of Assessment & Strat– Draft of Assessment & Strat

• Some of Key of Draft Resp
on “Background of Assum

1

g

Non-Proprietary

o RAI and Strategy – 1/14o RAI and Strategy 1/14

43) given in following slides 

~ April 24, 2014
& Criteria (was Class 60)
n

~ May 24, 2014
preparedprepared 

~ June 23, 2014
tegy to Response would be preparedtegy to Response would be prepared 

ponse and Strategy addressed 
mptions …”

17 APR1400APR1400-F-C-RA-14001-NP

p



Key of Draft Response toKey of Draft Response to

• Class 60 : 7443-1 (Test Acce
H t B l M t– Heat Balance Measurements
 Acceptance criterion 
 Effectiveness to overall test

– Acceptance Criteria : [        ]
– Effectiveness 

 Addressed based on the m Addressed based on the m
 Heat loss did not mean los

• Class 60 : 7443-4 (Test Facil• Class 60 : 7443-4 (Test Facil
– Flow Measurements

 Logic / Calibration to ensur

– Post-test Inspection / Info
 additional Request during C
 would not be addressed on

1

 would be addressed upon 

Non-Proprietary

o RAI and Strategy – 2/14o RAI and Strategy 2/14

eptance Criterion)

t range 

]TS

ain purpose of heat balance measurementain purpose of heat balance measurement
ss in electrical power 

ity)ity)

re accurate flow measurements

rmation to Test Facility 
Clarification Meeting on March 20, 2014
n the response to 7443-4

18 APR1400APR1400-F-C-RA-14001-NP
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Key of Draft Response toKey of Draft Response to

• Class 60 : 7443-10 (Test D
T h i l b i t li b– Technical basis to applicab
 local quality & envisions 

& restriction to design an
R t t dditi l l t– Request to additional plot 
 measured CHF vs. local q
 terminology : CHF elevati

1

Non-Proprietary

o RAI and Strategy – 3/14o RAI and Strategy 3/14

ata & Applicable Range)
lle range
to exceeding range : design methodology 
alysis out of range (DNB limiting cases)
i t i l tin topical report

quality
on and MDNBR elevation

TSTS
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Key of Draft Response toKey of Draft Response to

• Class 60 : 7443-11 (Test D
Request to additional plot– Request to additional plot 
 measured CHF vs. correla

(pressure, mass velocity, d

D i ti t k t– Description to key paramet
 upgrade as-was descriptio
 examples would be includ

– Request to include the out
 [               ]TS correspon

2

Non-Proprietary

o RAI and Strategy – 4/14o RAI and Strategy 4/14

ata)
in topical reportin topical report

ation variables
d/dm)

t i T bl A 1/A 3ters in Tables A-1/A-3
on on page A-1
ded in response to 7443-11 
tlet temperature test data
ding pressure

TS
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Key of Draft Response toKey of Draft Response to

• Class 60 : 7443-12 (Applic
No term to heated length– No term to heated length 
 Local Condition Hypothes
 Same CHF where same fl
 Eff t f t dj Effects of geometry : adju
 Effects of power shape : T

Developed with PLUS7 CHF– Developed with PLUS7 CHF
– Reasonable M/P per MDNB
– No impact on PLUS7 desigp g

2

Non-Proprietary

o RAI and Strategy – 5/14o RAI and Strategy 5/14

ation of KCE-1 Correlation)
& grid spacing in KCE 1 Correlation& grid spacing in KCE-1 Correlation
sis 
uid condition 

t t f t (d/d )ustment factor (d/dm)
Tong Fc

F Data Applied to PLUS7 GeometryF Data, Applied to PLUS7 Geometry 
BR elevation 
gn analyses

TS
g y

TS
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Key of Draft Response toKey of Draft Response to

• Class 60 : 7443-18 (Test D
Applicable Range of KCE 1– Applicable Range of KCE-1
 Pressure : 2415 psia (Data
 Mass Velocity : 3.15 Mlbm
 i i t di envisions to exceeding ra

to design analysis out of r

2

Non-Proprietary

o RAI and Strategy – 6/14o RAI and Strategy 6/14

ata & Applicable Range)
Correlation Correlation

a : ~ 2490 psia)
m/hr-ft2 (Data : ~ 3.7 Mlbm/hr-ft2)

d i th d l & t i tiange : design methodology & restriction 
range (DNB limiting cases)
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Key of Draft Response toKey of Draft Response to

• Class 90 : 7443-6 (Test Pla
Appropriateness of test pla– Appropriateness of test pla
 Specific assumption of KC
 Tong Fc to adjust the effe

– Representative of tested po
experiences
 I t T N l E i Intro. To Nuclear Enginee
 Technical basis of Tong Fc

2

Non-Proprietary

o RAI and Strategy – 7/14o RAI and Strategy 7/14

an)
an (1 47 Cosine no Uniform/STT/STB)an (1.47 Cosine, no Uniform/STT/STB)
CE-1 CHF Correlation
ects of power shape 

ower distribution to actual operational 

i 3 /d JR L h & AJ B ttering 3 e/d, JR Larmarsh & AJ Baratta
c (See slides 8~15 & response to 7443-7)
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Key of Draft Response toKey of Draft Response to 

• Class 90 : 7443-7 (Tong Fc
Standard Tong Fc rather th– Standard Tong Fc rather th
 1.47 Cosine shape only, n

– Technical basis to Tong Fc– Technical basis to Tong Fc 
– Reasonable M/P per MDNB
– Apply Standard Tong Fc [  

2

Non-Proprietary

RAI and Strategy – 8/14RAI and Strategy 8/14

c)
han Optimized Fc for PLUS7han Optimized Fc for PLUS7
no Uniform/STT/STB 

: See slides 8 to 15: See slides 8 to 15.
BR elevation 
      ]TS to Design Analyses

TS
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Key of Draft Response toKey of Draft Response to 

• Class 90 : 7443-8 & 9 (95/
Subgroup for Pressure / M– Subgroup for Pressure / M
 Unfavorable M/P Paramet
 Region between grouped

– Validity of single 95/95 lim
 Assessment to Subgroup 
 St ti ti l 95/95 li iti Statistical 95/95 vs. limitin
 Original DB vs. Data with 

Assessment to Region betw– Assessment to Region betw
 On going 

Current 95/95 limit expecte– Current 95/95 limit expecte

2

Non-Proprietary

RAI and Strategy – 9/14RAI and Strategy 9/14

/95 Limit)
ass Velocityass Velocity
tric Trends :  NRC Staffs

d data by Pressure

it
for Pressure / Mass Velocity

95/95ng 95/95 
Relaxed Assumption

ween Pressure Subgroupween Pressure Subgroup

ed to be valided to be valid
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Key of Draft Response toKey of Draft Response to 

• Class 90 : 7443-13 (Design

– not a Technical but a Strate

– Relevant Requests
 Applicable Range : 7443-
 Design Computer Codes 

– Strategic decision & Updat
 On going 

– Keep the reference to AOO

2

Non-Proprietary

RAI and Strategy – 10/14RAI and Strategy 10/14

n Methodology to support AOO)

egic

10 & 7443-18
& Methodology : 7443-14 ~ 7443-16

te to corresponding document(s)

Os
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Key of Draft Response to RKey of Draft Response to R

• Class 90 : 7443-14 (Source
M t U t i t– Measurement Uncertainty
 Instrumentation
 Fabrication tolerances

– Prediction Uncertainty
 … 

– Information will be include
 requested information fo
 evaluation of repeated da
 design methodology inclu

2

Non-Proprietary

RAI and Strategy – 11/14RAI and Strategy 11/14

es of Uncertainty)

ed in topical report Uncertainty
r uncertainties 
ata (replication) 
uding computer code uncertainty
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Key of Draft Response to RKey of Draft Response to R

• Class 90 : 7443-15 (Source
C tit ti R l ti– Constitutive Relations
 sources/references of the
 applicable range of them

– Information will be include
 update corresponding ref
 justification to the input s

– Assessment results 
 effect of out-of-range for

2

Non-Proprietary

RAI and Strategy – 12/14RAI and Strategy 12/14

es of Computer Code Input)

em applied to CHF data analysis

ed in topical report Uncertainty
ferences  
selections

r constitutive relations, if any
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Key of Draft Response to RKey of Draft Response to R

• Class 90 : 7443-16 (CETOP

– not a Technical but a Strate

– Topical Report for the CETOp p
 would be submitted to N
 updates to corresponding

– Keep the reference to AOO

2

Non-Proprietary

RAI and Strategy – 13/14RAI and Strategy 13/14

P-D Computer Code)

egic

OP-D code & Methodologygy
NRC
g document : on-going

Os
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Key of Draft Response toKey of Draft Response to 

• Class 90 : 7443-17 (Overfit

– Concept/Concern of Overfi
 Definition/Clarification : d
 Assessment : on going Assessment : on-going

– Number of Test Data vs. N
 Corresponding informatio Corresponding informatio

prevent confusing

3

Non-Proprietary

RAI and Strategy – 14/14RAI and Strategy 14/14

tting & Number of Test Data)

itting (no validation data)
done

umber of Data in DB
on would be provided with clarification toon would be provided with clarification to 
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DiscussionsDiscussions

• May 1, 2014.

3

Non-Proprietary

31 APR1400APR1400-F-C-RA-14001-NP


