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AFFIDAVIT

COMMONWEALTH OF VIRGINIA )
) ss.
COUNTY OF CAMPBELL )
1. My name is Gayle Elliott. | am Licensing Manager for AREVA NP Inc. and as

such | am authorized to execute this Affidavit.

2. I am familiar with the criteria applied by AREVA NP to determine whether
certain AREVA NP information is proprietary. | am familiar with the policies established by
AREVA NP to ensure the proper application of these criteria.

3. | am familiar with the AREVA NP information contained in the presentation to
the NRC on July 15, 2010 regarding the responses to U.S. EPR Design Certification Review
RAI 403 and referred to herein as “Document.” Information contained in this Document has
been classified by AREVA NP as proprietary in accordance with the policies established by
AREVA NP for the control and protection of proprietary and confidential information.

4. This Document contains information of a proprietary and confidential nature
and is of the type customarily held in confidence by AREVA NP and not made available to the
public. Based on my experience, | am aware that other companies regard information of the
kind contained in this Document as proprietary and confidential.

5. This Document has been made available to the U.S. Nuclear Regulatory
Commission in confidence with the request that the information contained in this Document be
withheld from public disclosure. The request for withholding of proprietary information is made in

accordance with 10 CFR 2.390. The information for which withholding from disclosure is

t



requested qualifies under 10 CFR 2.390(a)(4) “Trade secrets and commercial or financial

information”.

6.

The following criteria are customarily applied by AREVA NP to determine

whether information should be classified as proprietary:

(a)

(b)

(c)

(d)

(e)

The information reveals details of AREVA NP’s research and development
plans and programs or their results.

Use of the information by a\.competitor would permit the competitor to
significantly reduce its expenditures, in time or resources, to design, produce,
or market a similar product or service.

The information includes test data or analytical techniques concerning a
process, methodology, or component, the application of which results in a
competitive advantage for AREVA NP.

The information reveals certain distinguishing aspects of a process,
methodology, or component, the exclusive use of which provides a
compefitive advantage for AREVA NP in product optimization or marketability.
The information is vital to a competitive advantage held by AREVA NP, would
be helpful to competitors to AREVA NP, and would likely causé substantial

harm to the competitive position of AREVA NP.

The information in the Document is considered proprietary for the reasons set forth in paragraph

6(b) and 6(c) above.

7.

In accordance with AREVA NP’s policies governing the protection and control

of information, proprietary information contained in this Document has been made available, on

a limited basis, to others outside AREVA NP only as required and under suitable agreement

providing for nondisclosure and limited use of the information.



8. AREVA NP policy requires that proprietary information be kept in a secured
file or area and distributed on a need-to-know basis.

9. The foregoing statements are true and correct to the best of my knowledge,

)

information, and belief.

e

7

SUBSCRIBED before me this /.7

day of July, 2010.

Kathleen A. Bennett
NOTARY PUBLIC, COMMONWEALTH OF VIRGINIA
MY COMMISSION EXPIRES: 8/31/2011
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Agenda @
RA[ 403 Proposed Response

> Boron Dilution - Questions 61 to 63 | Lisa Gerken
> Boron Precipitation — Questions 64 to 68‘\ {\\/‘\ Lisa Gerken &
</\ \ \\j}Don Rowe

> Long Term Cooling — Questions 69 te 77 h N ~ Don Rowe

é;EPR A\

Li- by -AREVA. .
> U.S. EPR RAI 403 Proposed Response - AREVA NP Proprietary - July 15, 2010 2 AREVA



RAI 403, Question 15.06.05-61

CONDENSATE AMOUNT AND LOCATION:

EPR A

by AREVAL. ]
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RAI 403, Question 15.06.05-61
Proposead Response

CONDENSATE AMOUNT AND LOCATION - SUMMARY OF PROPOSED RESPONSE:

> Plots of condensatlon generated in varleeusf\llocatlons

<{ Break flow rates/ integrated flow rates

> Stratification Description

EPR’ A

7= by AREVA.. - :
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RAI 403, Question 15.06.05-61
Proposed Response
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RAI 403, Question 15.06.05-61
Proposed Response
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RAI 403, Question 15.06.05-61
Proposed Response

Flow through RCP
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RAI 403, Question 15.06.05-61
Proposed Response

(A
i

Numerical values are ‘Ibm x 10-%
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1 403, Question 15.06.05-61
Proposed Response

P M
A

CONDENSATE AMOUNT AND LOCATION - SUMMARY OF PROPOSED RESPONSE:

B> Upside Condensate:

¢ The steam produced in the core flows through the SG&mIet\ple‘num and upwards into the rising SG tubing. The

rising steam voids cause rapid mixing of the condensate W|th borated water inside the rising SG tubing and in
the SG inlet plenum. Consequently there is no accumulatngn of lows= boron water in hot legs, SG inlet plena and
rlsmg SG tublng : :

> Downside Condensate: < /\"

&  The size of the cold side low-boron water élug volu egper loop at restart of natural circulation is by system
geometry. Surplus low-boron‘wa wateNs ﬂowmg back into the RPV and mixed with the ECC water plume in the
downcomer. /.'»../ \ N

L : X
¢ A head balance calculatlgn shows. thatxa\[mxture level in the upside of the steam generator tubes must be

present before we get water into the SG outlet plenum. Therefore before the erratic circulation will be present
before filling the down3|de\of the generator

R i

> U.S. EPR RAI 403 Proposed Response - AREVA NP Proprietary - July 15, 2010 9 AREVA




RA] 403, Question 15.06.05-61
Proposed Response

> The RAIl response will discuss the locations of condensates and potential
stratification. The stratification and m|X|ngswh|ch occurs in the cold leg and
downcomer regions will be supported by\be/foIIOW|ng technical resources:
<& “Potential for Boron Dilution During Small-Break A OCAs\m~PWRs” Brookhaven National

Laboratory, BNL-NUREG-62261: Examines h‘e mixing processes associated with a slow
moving stream of diluted water through the"’lo”" ,\seaI\tE\)\the core

<& Jacobsen, Sven Some Local Dilution, Trans:ents /n a. Pressurlzed Water Reactor Institute of
Technology, Dept. of Mech Eng, S—581 83 L’/nkoplng, Sweden

< Kiger, K.T. and F. Gavelli“Boron Mf ng in Complex Geometries: Flow Structure Details”
Nuclear Engineering and Desigh 208»’;&(2(281) 67-85

& UPTF TRAM Series:te
& ROCOM tests N

by AREVA:.
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RAI 403, Question 15.06.05-62

T by AREVA:
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RAI 403, Question 15.06.05-62
Proposed Response

SUMMARY OF PROPOSED RESPONSE:

‘|os\/>

=N

<& Discuss the industry test setups whic /Brrelate to the various scenarios

& Discuss the phenomena which are | ependent of SI/EFW availability
and how they successfully prevq..j' “rec icali

» Discussion of various Sl and EFW scen;

<& Discuss the process of_ reb ratlon \u,
< Discuss the conflrmatory\tests and analyses

& DISCUSS probabulltues for Imglted reboratlon from intermittent circulation

EPR A

by AREVA.
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RAl 403, Question 15.06.05-62
Proposead Response

> Sl Scenarios

<  Configurations leading to limiting scenarios:

o When 1 train is out for maintenance the LHSI crossico
- Loop 1 and loop 2 are connected
- Loop 3 and loop 4 are connected

o One EBS pump supplies two loops.

- EBS train 1 supplies loop 1 and loop 2

- EBS train 2 supplies Ioop 3 and loop 4

EDG 2

> EFW Scenarios

< One EFW train per EDG

< Most limiting EFW scenano Jper loop : No SF or PM
o An unfed SG could reducéthe am{gunt ‘of condensate generated in that loop
< Total condensate = System Energy ~Energy out the break

o Prescribed cooldown rate is mdependent of the number of generators
o Total condensate remains unchanged

> Most limiting combined scenario: PM on EDG 1, SF on loop 2 S| pump

< Note: RELAP analyses were not used to define slug size

PR A

~by AREVA -
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RAI 403, Question 15.06.05-62
Proposed Response

> Phenomena Independent of ECCS conflguratlon and EFW
availability: g Q/@:

< One loop starts natural circulation first ¢ "\
¢ Restart of NC is significantly delay?/dfm @ther\loops
< The boron concentrat|on of the‘slug mcreases due to water entrainment from

System mventory reflll i\%a ne amount of ECCS delivered

< Backflow to the crossover/plpe
< Downcomer mixing

EPH A

by AREVA '
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RA[ 403, Question 15.06.05-63

CONDENSATE AMOUNT AND LOCATION

PR A

by AREVA. .
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RAI 403, Question 15.06.05-63
Proposed Response

SUMMARY OF PROPOSED RESPONSE:

> Descrlptlon of tests, analyses, and their resu!/ts’\*

< Ete.
> PKL justification

and F1 1 PKL tests 7. . ._
< Applicability — Answer to Q 36 was for\the E series and F1.1 PKL tests

o Geometry '\‘.;_\ R
o Systems \\ :
< F1.1 test was only specnfled t“"show that similar conditions in the F1.1 test and our

S-RELAPS analysis showe'”g;; he same phenomena
> Star-CD CFD Justification and NC Restart Rate Comparison

<& Applicability: Analysis specific to a representative EPR |
¢ S-RELAPS dilution parameter comparison

PR

by AREVA -
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RAI 403, Question 15.06.05-63
Proposed Response

» Star-CD CFD analyses were performed for a representative EPR to assess the
mixing between the deborated water of the moving slug, the hlghly borated water of
the S| and EBS, and the borated water in thz, ’_

plenum.
Concentrations ;;;{f. O \\’>
Slug Size p Restart\Bate . “Pressure Temperature
ft* Si o Ibrm/s i °F
(ft%) EBS (5] ( \_3; A(pSla) (°F)
388
Star-C Dd(iase 3 290 392
an Two slugs: |-
639, 480,71,
U.S.EPR - 200-450 200-500 400

» U.S. EPR Volumes:
Crossover Pipe: 157 ft3

Pump: 138 ft3

Cold Leg: 156 ft3

Crossover Pipe/Pump Constrained Volume: 171 ft3
Xover + RCP + CL Total: 493 ft3

R A

‘by AREVA'
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RA[ 403, Question 15.06.05-64

LIMITING MIXTURE VOLUME WITH TIME

R e kG
alysiszof:bori
K:loca

EPR _ A

... by AREVA
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RAI 403, Question 15,06.05-64
Proposed Response

LIMITING MIXTURE VOLUME WITH TIME — SUMMARY OF PROPOSED RESPONSE:

> Discuss the use of a fixed volume equal to the volume of liquid in the
concentrating region following refloo Vol

> Provide S-RELAP5 volume versus time, resﬁlts justlfymg the
conservatism of the fixed volume appreach D

/
. -f:» \i‘ / Vi \\ \\,
nrt \\ Vo / o S

> Provide quaS|-steady, static- baﬁance model volume versus time results
justifying the conservatnsm\of the fixed-volume approach

/"‘\

EPr A
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RAI 403, Question 15.06.05-64
Proposed Response

» Fixed Value Concentrating Volume

?ﬂ
¢ Liquid volume within the mixing region is extracted kat the end of reflood

2 “\ /f\{\ \ ’:
& Reflood is defined as the period of time from the. end\of\reflll until the fuel cladding
temperature transient is terminated % \\:\

/\

< Sensitivity studies shomﬁa\tﬁéfeffects:of decay heat, locked rotor, axial power shape on
the core mixing volume confirm that the-constant concentratmg volume used is consistent
with a conservative’ boron prempltatlon calculation

The fixed volume value
volumes

EPR | ’ A

by AREVA -
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RA[ 403, Question 15.06.05-64
Proposed Response

End of Reflood Concentrating Regions Liquid Volumes*
Includes Lower Plenum, Core Regions, Bypass Regions, and Upper Plenum Up To Hot Legs

AN

EPR

by AREVA.
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RAI 403, Question 15.06.05-64
Proposed Response

5-Region Concentrating Volume vs. Time: Locked Rotor Comparision
Equilibrium Cycle, Case 24

— A

by /AREVA:
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RAI 403, Question 15.06.05-64.
Proposec Response

> Quasi-Steady Static Balance Volume Versus Time

™ o
< Estimate the core collapsed level as a functlon éf tlme using quasi-steady, static-balance

model. \\ \/\,
o Model can be applied only during a quaSI-steady’"the pexloaf_i}
o System analysis can be used to evaluate vt@ﬁgm\iquld volumes prior to that period
< Apply locked rotor resistance to the*cﬁléq/l?/ti’;\\;;‘g\i}”
f A

<\ S/

& Apply logic to define the‘number of Ioops venting steam.

\.,

s s that producexresults consistent with S-RELAPS5 during this early
ut to 2 hours

& Select model param
post-reflood period =

<& Compute the boron concentratlo/p«éersus time
S \/
< Estimate the time to reach the ‘precipitation limit.

Eor - | A

by AREVA h
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RA[ 403, Question 15.06.05-64
Proposed Response

> COLLAPSED CORE LEVEL USING LTCC MODEL

S

" >U.S. EPR RAI 403 Proposed Response - AREVA NP Proprietary - July 15, 2010 | 24 AREVA




RAI 403, Question 15.06.05-65

AXIAL POWER SHAPE SENSITIVITY:

AXIAL POWER SHAPE SENSITIVITY(\‘ SUMMARY’ OF PROPOSED RESPONSE:

PR * A

- by-AREVA'.
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RA[ 403, Question 15.06.05-65
- Proposed Response

End of PCT Transient Concentrating Volume vs. Axial Shape Index

— 5

by AREVA'
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RAI 403, Question 15.06.05-65
Proposed Response

5-Region Concentrating Volume vs. Time: Axial Shape Comparision
Cycle 1 Case 36

EPR —

: by AREVA
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RA[ 403, Question 15.06.05-66

- HOT LEG INJECTION ENTRAINMENT:

EPn Ay

by AREVA
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RA[ 403, Question 15.06.05-66
| Proposed Response

HOT LEG INJECTION ENTRAINMENT - SUMMARY OF PROPOSED RESPONSE:

> Describe standard entrainment modgeé;s ﬁtﬁi§,§d in S-RELAPS5 analyses

> Describe MPR correlation

¢ Test applicability
< Comparison to other correlations

> Perform S-RELAP5 RLBLOCA anali S

<& Compare results f\k '5“-‘*-}

> Summarize hot leg mfecpg 'ﬁresentation from March audit

‘«y/

< Induced mixing flows =~

¢ Test data showing penetration
<& CFD showing penetration

EPR . ~ .

N Tby-AREVAL
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RAI 403, Question 15.06.05-66 |
Proposed Response s

> S-RELAP5 Entrainment Model —_—

EPR . A
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RA] 403, Question 15.06.05-66
Proposead Response

Section A-A

“Hutze” Area = 0.04438 m?
Open flow area = 0.3974 m?

8 15 Bar data
® 3 Bardata

a
, .

e
1,* + 0865 /i v - 0688

Least squares to fit CCFL data

Complete water
penetration; |
Not necessatﬂy
) o /| cer
. . ‘ / ' Simutated reflux condensation 8 ¢
Steam vented S ' % . 0.3 ——
from :
Primary System WIS
L. 0.2
' Hot leg ECC . / Water 4. 4
["’m"";v"'” “Hutze® "" Broken loop 00
(not activated) hot leg "~ 00 008 a.10 0.15 020 025
v O
by AREVA
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Mg=97.3 kg/s at Mf=0 kg/s

RAI 403, Question 15.06.05-66
Proposed Response

\

Legend:

8 UPTF Data
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RAI 403, Question 15.06.05-66
Proposed Response

Integrated Upper Head to Hot Leg Flow
(Slope = Flow Rate)
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by AREVA
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RAI 403, Question 15.06.05-66
Proposed Response

Integrated Upper Head to Hot Leg Flow
(Slope = Flow Rate)
5
o
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RAI 403, Question 15.06.05-66
Proposed Response

Integrated Upper Head to Hot Leg Flow
(Slope = Flow Rate)
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RAI 403, Question 15.06.05-66
Proposed Response

» Hot Leg Injection:

Efficient mixing occurs in the reactor vessel

Recirculation takes place along entire Iength
of core "

+ Because of efficient mixing in core, steam
production is suppressed

» Tests and CFD confirm core mlxmg and
steam suppression .

4 SCTF CORE-llI Combmed Injectlon Reﬂood Tests

& CCTF Core-ll Test _ - "
UPTF-TRAM / oo

+ STAR-CD CFD Upper Plenum Mlxmg :

«  Simulation of UPTF Test6a
o U.S. EPRcase
- U.S. EPR upper plenum fluid temperature

distribution /
- U.S. EPR core fluid temperature distribution -

> U.S. EPR RAI 403 Proposed Response - AREVA NP Proprietary - July 15, 2010 36 AREVA
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RAI 403, Question 15.06.05-67

S-RELAP5 LEVEL SWELL VALIDATON:

’/\

"\ f\'

we re:‘%

AN
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RA| 403, Question 15.06.05-67
Proposec Response

S-RELAPS5 LEVEL SWELL VALIDATON - SUMMARY PROPOSED RESPONSE

B \\’\/\P
S>Tgst A1L066

Develop S-RELAP5 model of the ACHI

< Compute collapsed liquid and mixture_| Ieveis\for comparlson to reported
results. NS

Test features:

o

69-rod electrically heatedrod

o Low pressure (1

Constant power (80 kW)~
N

Water levels are measured during boil-off

[e]

O

Used standard LOCA analysis S-RELAPS5 code options.

" by AREVA.
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RAI 403, Question 15.06.05-67
Proposed Response

» ACHILLES PRELIMINARY NODAL MODEL FOR S-RELAP5

0 260
y X
245 2
TWODEE
S CORE
20t
GQs2)
e
]
7Y Y
120
BRANCH
F §
115
Ty, ,
EPR A
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RAI 403, Question 15.06.05-67
Proposed Response

> ACHILLES LEVEL SWELL COMPUTED BY S-RELAPS5 (Preliminary)

AN

AREVA.
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RAI 403, Question 15.06.05-67
Proposed Response

» PRELIMINARY VALIDATION CONCLUSION

AN

L
& Further optimization of the S-RELAPS computatlgﬁ is expected to produce collapsed
and two-phase mixture levels consistent wrth\r/\e ACHILLES A1L066 test data at low
pressure. 2,

EPR ' - A

by AREVA:
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RA[ 403, Question 15.06.05-67
Proposed Response

> PRELIMINARY VALIDATION CONCLUSION

P,
oY :

¢ Collapsed and two-phase mixture levels compu%
data at low pressure.

A

oy S-RELAPS are consistent with test

2 AREVA



RAIl 403, Question 15.06.05-68

MAXIMUM INJECTION CONCENTRATION:

uidsfromsth
‘individual:

githe:concentratio

PR

by AREVA "
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RAIl 403, Question 15.06.05-68
Proposed Response

MAXIMUM INJECTION CONCENTRATION-SUMMARY OF PROPOSED RESPONSE:
> Calculation of Flow Rate Weighted Co?ceﬁtrations

< Boron precipitation results with these co(ncehtratlons

/ / ::\;% T,

© Boron precnpltatlon results W|th«th|s\concentrat|on and assuming:

.'~'a'~i f 7

o One train of EBS, m«f‘“‘ n Kgl'iiloopsﬁ,‘goes directly to core and boils at
212°F AN

s L
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EPR

RAI 403, Question 15.06.05-68
Proposed Response

» Flow Rate Welghted Concentrations

& 0 EBS + 2 (MHSI+LHSI): 1900 ppm
& 1 EBS + 2 (MHSI+LHSI): 1949 ppm
& 2 (EBS + MHSI + LHSI): 1998 ppm

» Maximum EBS, Minimum Sl <“‘M

o

< Diagrams provided for/conﬂguratlon\s\wnh possnble SF/PM scenarios

N

<o ng legs of EBS onlyf'ls not a pbss\lblegonflguratlon
\E
/)

.EBS  si+EBS
C=73006pm C=7300 ppm C=1942 ppm

FR= FR= Make FR=55 gpm FR= Makeup - 55 gpm

A

by AREVA ..
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RA[ 403
LONG TERM CORE T-H BEHAVIOR

> PURPOSE

//\ {\/\
< Review LTCC Modeling Changes Needed for\RAI Responses

o Modeling Enhancements

o Nodal solution for two-phase flow

* * NETy
/ _ .;‘4‘ o
)_,,4’”‘,‘ \,) / 5 ",}‘f
L Ny
s ] Dy

EPR A

T by AREVA'"
> U.S. EPR RAI 403 Proposed Response - AREVA NP Proprietary - July 15, 2010 46 AREVA




LONG TERM CORE T-H BEHAVIOR
RAI 403

» MODELING ENHANCMENTS FOR RAI RESPONSE

A

EPR A
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LONG TERM CORE T-H BEHAVIOR
RAI 403

[ e )

ﬁ

=8

by AREVA
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LONG TERM CORE T-H BERHAVIOR
RAI 403

l> TWO-PHASE MIXTURE LEVEL NODAL SOLUTION

e < L

by -AREVA.
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RA[ 403, Question 15.06.05=77
- Proposec Response

TYPICAL RESULT -- FINAL CASE

PR B

by AREVA.’
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LONG TERM CORE T-H BEHAVIOR
' RA[ 403

> SELECT NUMBER OF VENTED LOOPS AT EACH DECAY POWER

) A
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LONG TERM CORE T-H BEHAVIOR
RAI 403

¢ Pressure Balance 1, Vented Loop m
e Z21>2ZLS =

@\

e Wioop >0

 Void fraction in vertical pipe

=
8

A
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LONG TERM CORE T-H BEHAVIOR
RAI 403

¢ Pressure Balance 2, Non-Vented Loop
e Wioop=10 @

e No void fraction in vertical pipe

e Same Z1 as Pressure Balance 1

e Thus, two solutions for Z1

Steam
Generator

[———

A
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LONG TERM CORE T-=H BEHAVIOR
- RAI 403

> VENTED LOOP SELECTION EXAMPLE

AREVA. g
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L@N@ TERM CORE T-F BERAVIOR
- RAI403

> OVERALL SUMMARY RESPONSE (Questlons 69-77)

EPR Ay
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RAl 403, Question 15.06.05-69

SELECT AND VALIDATE TWO-PHASE CORRELATION

< Follow-up to 241, Question 15.06.05-51 A

A
< The response to Question 15.06.05-51 include reference to three two-phase correlations:
Zuber-Findlay, Cunningham-Yeh, and Wilso plam thelr applicability and accuracy
under post LOCA low pressure conditions. If: ese correlations are not based on low
pressure test data consider validation of these correlatlons under low pressure

RS
atmospheric conditions, or use of alternatesmethods for level swell.
\,,

< The chosen model for the evaluation \of Ievel/ well should be selected based on
comparisons of the proposed model’to Iowgpressure test data. As such, show the
predictions of the model used m“the analysrs fo'low pressure level swell data; for example,
the Achilles and Thetis: Iow pressure data. The model in FLASH-6 (see eqgs. C. 2-8 through
C.2-11)for level swell,/for example, proVrdes an alternate method for predicting two-phase
level well that can be’ compared to‘W|lson (see Beyer, J. et al, "FLASH-6; A Fortran IV
Computer Program for\Reactor Plant Loss-of Coolant Accident AnaIyS|s " WAPD-TM-1249,
July 1976) . The drift veloclty correlation, eq. 5.189, pg 248 from Lahey and Moody, "The
Thermal Hydraulics of a“Borllng,Water Nuclear Reactor American Nuclear Society,
Second edition, 1993, provides:an additional model for Tevel swell. These models can be
compared to low pressure IeveI swell data to choose the appropriate method and validate
the approach and its particular use in the application. Sensitivity studies on the key model
parameters should also be provided.

by AREVA-
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RAI 403, Question 15.06.05-69
Proposed Response

TWO-PHASE CORRELATION - SUMMARY PROPOSED RESPONSE

& Following plot shbw,ﬂ good ag eement between data and computation using
Cunningham-Yeh.

ZByAREVA: -
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403, Question 15.06.05-69
Proposed Response

Hitachi Level Swell Experiment, Preliminary Validation Comparison

ﬁ? — A
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RA[ 403, Question 15.06.05-70

BYPASS FLOW RESISTANCE

< Follow-up to 241, Question 15.06.05-51 /\/

¢ The calculations in the response to Questlonv15 06 05-51t: ke credit for bypass identified
as Path 1 in Figure 15.06-51-1. Since it |s,d|ff|cult to predlct the gap sizes and the
dimensional changes as the vessel and core‘7 barrel ‘cool down, explain why credit for
bypass is appropriate and conservat{ve ;Justlfy the minimum gap resistance value used in

the analysis. o > (\///’

by AREVA . .
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RAI 403, Question 15.06.05-70
Proposed Response

BYPASS FLOW RESISTANCE — SUMMARY PROPOSED RESPONSE

,f\
< Upper plenum to cold leg bypass is an EPRT"’| desu"l\

feature

< The resistance is approprlate to include. Q\\\

< Not a question of conservative or non-conservat{ve NS >
LR &y
3‘ ‘L‘v;} .7/ ’ \ Ll
& Resistance is a model input para{ngeter within g?ﬁ/ expected design range.

EPR A

*T by AREVA:
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RA[ 403, Question 15.06.05-=70
Proposed Response

> BYPASS RESISTANCE

¢ Resistance range defined from vessel hydraulic ane/!ysis.

&

& apsed level (Z1) at higher power, more level swell.

¢ Infinite resistance does not produce a transition.

)

Following plot shows change in timing of minimum but core remains covered.

R
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RAI 403, Question 15.06.05-70

> BYPASS RESISTANCE

EPR"

Proposed Response

S

by AREVA"
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RAI 403 Question 15.06.05-71

AXIAL POWER DISTRIBUTION

<& The axial power distribution is taken as fumform The staff believes that a top
skewed power distribution will result in‘adower.two-phase mixture level due to
less void swell. Quantitatively show the sensmwtyfof the two-phase mixture
level to a top skewed axial power dlstrlbutuon under most limiting physically
realizable top peak profile. \;

5} ' A

by AREVA.
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RA] 403 Question 15.06.09=71
Proposed Response

AXIAL POWER DISTRIBUTION — SUMMARY PROPOSED RESPONSE

AN
& Perform the analysis with bottom, sme top and uniform axial power shapes

N
< Show that top peaked produces Iowest\swell l%ﬁ uﬁpact is small.
////:\ \\\
< Core is always covered by a two- ﬂ?ése mlxture regardless of axial power
shape //
(
/

AN
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RAI 403 Question 15.06.05-71
Proposed Response

AXIAL POWER SHAPES

Axial Power Shapes

—8— TOp

—e—Sine
Bot

Local/Average Linear Power Factor

0.6
Relative Distance, Z/L

5

by AREVA

A
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RA[ 403 Question 15.06.05-71
| Proposed Response

EFFECT OF AXIAL POWER DISTRIBUTION

EPi— | —I A
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RAI 403, Question 19.06.05=72

LOOP SEAL WATER TEMPERATURE

<& Explain the sensitivity of the two-phasé mixture level in the core to loop seal
water temperature. What would happe‘ng‘f-/tai:th‘é\-two-phase mixture level in the

core if the water temperature in the Iooég;;gexal reaches safety injection (Sl)
temperature with saturated conditigfns\remé}\ming\iﬁ the downcomer?

= ‘ £y

_'by AREVA-
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RAI 403, Question 15.06.05-72
Proposed Response

LOOP SEAL WATER TEMPERATURE - SUMMARY PROPOSED RESPONSE

\
& The loop seal (cold leg) water temperature affects graV|ty head and the resulting core
collapsed level (Z1). ‘ PG

EeR A
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RAI 403, Question 15.06.05-72
Proposed Response

LOOP SEAL WATER TEMPERATURE

— I\

By AREVA.
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RAlI 403, Question 15.06.05-73

DEPRESSION OF WATER IN LOOP SEAL

< Follow-up to 241, Question 15.06.05-51 Q 2
/\

¢ What degree of depression of liquid Ievei below the ‘top of the loop seal
horizontal piping (elevation ZLS in Eigure 15\06 05-51-1 in response to
Question 15.06.05-51) is needed to’ vent steam ‘through the loop seal to prevent
further pressure buildup and correspondmg level suppression in the core?
Provide a conservative estimate:o f’the degree of depression of the liquid level
in the horizontal section of the:{loop 'seal’] ‘pipe to provide a steam relief path.
What is the two-phase-mixture level in-the core if the water level in the loop
seal (Z3 in Figure 15 06. 05-51- lfn‘* response to Question 15.06.05-51) is

- I\

assumed at the mlddle or bot lom “of the horizontal portion of the loop seal?

EPR ‘ |

by AREVA-
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RA[ 403, Question 15.06.09-73
| Proposed Response

DEPRESSION OF WATER IN LOOP SEAL - SUMMARY PROPOSED
RESPONSE

/\ Q\/ >

< There are three modeled water levels (Z3)frela\?eQ£o the loop seal.
o Pre-Transition: Z3 is an input parameter rangln\from top | to bottom of loop seal
o At Transition: Z3 is at the top of the Ioopwseal by defmltlon no loop flow

Va4
o Post-Transition: Z3 is above the loop: %ea}on\the steam generator side
7 i } r\«&/'

¢ There is not a one-to-one rela /‘ nshnpxbetween the collapsed level (Z1) and Z3
fractlon in vertical leg.

< Following plot shows: smallxlﬁi’bact of ranging Z3 from top to bottom of loop

seal (Pre-Transition).

éor A
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RAI 403, Question 15.06.05-73
Proposed Response

WATER LEVEL IN LOOP SEAL

1 A
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RAI 403, Question 15.06.05-74

[Question intentionally deleted]

A
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RAl 403, Question 15.06.09-r5

WATER ELEVATION IN COLD LEG PIPE

i

[N
< The analysis assumed the liquid at the’ center ‘line of the cold leg at the
discharge. As this is not limiting, provndefthe results with the break and liquid
level located at the top elevation of the/dnschargexpnpmg Provide the highest
elevation of the Sl lines downstream of the\check&valve connected to the
discharge legs. If this elevation is abeve\ghe {op of the discharge leg, provide
an evaluation of the two-phase mfxtu Hevel in'the core with the break at this

highest eievation.

E?’%
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RAI 403, Question 15.06.05-75
Proposed Response

WATER ELEVATION IN COLD LEG PIPE - SUMMARY PROPOSED

RESPONSE B
Y OV

(0 5<
< Review how the liquid elevation in the celd Ieg enters the static balance model.

ér A

T by AREVA’-
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RAJ 403, Question 15.06.05-75
Proposecd Response

WATER ELEVATION IN COLD LEG PIPE

5

Eon
< Cold Leg water elevation (ZCL) is used in the statlc balance and in equation that defines
the transition steaming rate (power). AN

w

ng,M]N

o ZCL range over pipé‘d'ié‘meter has n §ignifcant impact on water levels

e
o ZCL at bottom of pipe is mostxconservatlve because of reduced head in downcomer.

< ZCL at top of pipe is used for fmal case per NRC request (Question 75).

EPR

T By-AREVA!
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RA] 403, Question 15.06.05=75
Proposed Response

WATER ELEVATION IN COLD LEG PIPE

éé%%@

—

" by AREVA
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RAI 403, Question 15.06.05-76

VOID FRACTION IN LOOP SEAL VERTICAL SECTION

' [({:4; o
<& Describe how the void fraction in the I(@pﬁ'\s_/g;fl vertical section was calculated
and justify the model. \V’f‘ NN

EPR . A
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RAI 403, Question 15.06.05-76
Proposed Response

VOID FRACTION IN LOOP SEAL VERTICAL SECTION SUMMARY
PROPOSED RESPONSE

< Void fraction is computed with drift qux model I

\><’

< Computations now use C, =1.05 and V congtant \:'2.9 from Lahey and Moody book.

\
P SN
< Produces lower void fraction (more coﬁ/)serfyatlve) tﬁan the Zuber-Findlay parameters.
/\ 3 {-// \\ \;
> Well known and widely used metho&\i to cémpute void fraction.

5

\-.M

_ N
'§4>an‘|mportant~¢part of the static balance model, variation of typical

<& While the void fractio

A

drift flux parameters 1as mmlmal |mpact>on the computation of collapsed level (21).

Er A
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RAI 403, Question 15.06.05-77

REQUESTED INFORMATION AND PLOTS

fa\
¢ For the worst case, show the following' plé“‘ts (1) axial void distribution in the
vessel at the minimum two-phase mlxture;!evel (2) core steaming rate as a
function of time; (3) vapor mass flow rates.in the loops as a function of time;
([4]) I|qU|dIbor|c acid density in the mggr vessel region when the level is at a
minimum in the core; ([5]) liquid densatyx\andwvmd fraction in the vertical
section of the loop seal as a functnon of«tnme ([6]) mass flow rate through the
bypass as a function of time. I?rovude an analytlcal description/write-up of the
model used to compute the system n'esponse for these evaluations. Provide a

copy of the compute&progra‘ ’Hsed ‘to:produce these results.

E?% | AN
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RAI 403, Question 15.06.05-77
Proposed R@gc@mg@

REQUESTED INFORMATION AND PLOTS — SUMMARY PROPOSED
RESPONSE N
K

< Present the parameters for the worst case,
&

\/\

< Present requested plots or comment-on:

x /"’“‘\

o (4) liquid/boric aCIdj,_ 2nsity in th inner vessel region when the level is at a minimum in the
core SO

o (5) liquid density and v0|d r’gctlon in the vertical section of the loop seal as a function of time

K\f

o (6) mass flow rate through the bypass as a function of time.

< Provide an analytical description/write-up of the model used to compute the
system response for these evaluations. Provide a copy of the computer
L~ program used to produce these results.
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RAI 403, Question 15.06.05-77
Proposed Response

> SELECTED FINAL (WORST) CASE

e

ZCL at top of cold leg pipe (as requested by, NR

(s

Z3 prior to transition is at bottom of loop sealap‘lpe (sm\a\ll decrease in Z1)
N 'x N

Bypass flow resistance is the minimum, (crea;teiearly> inimum Z1)
Top peaked axnal power shape (Ieastxklevel S/;V/e\il }2)

x’\‘» ( { N
Subcooled water in cold/leglloop\seal (sm{all de’crease in Z1)

e SN
/_/""\_ ,\

m r (Ieast grawty head reduces Z1)

r Question 75)

o ¢

¢ ©

® <0
2}
o
-
c
-
1)
-+
1]
Q.
Q.
°]
3
-
o
o

&

nsistent with saturated downcomer)

EPR | AN

+: w5 by AREVA:
> U.S. EPR RAI 403 Proposed Response - AREVA NP Proprietary - July 15, 2010 822 AREVA




RA[ 403, Question 19.06.05-77
Proposed Response

FINAL CASE

A\
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RAI 403, Question 15.06.05-77
Proposed Response

Item 1 -- Core Void Fraction

A

by AnE'\"IA;"'
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RAI 403, Question 15.06.05-77
Proposead Response

Items 2, 3, and 6 -- Steam Flow Rates

EPR
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RAI 403, Question 15.06.05-77
Proposed Response

Item 4)

<& Liquid/boric acid density will peak W|th|n the flrst couple of hours.
OV

<& Hot leg injection and other boron controI\;‘neasure§/W|ll not allow high boron
concentration late in the post-refloodﬁperlod\when a minimum collapsed level

could occur.

& Deep suppression of the corefwater Ievels from the concentration of boron is
not credible in the Iater_post reflood‘perlod

< The collapsed and’ two pha;e\hxture levels are high in the early post reflood
period and the COI’Q\IS well covered by a two phase mixture.

N \ / g
\‘\;(\\4\\ “\-"‘»v:"
A “}/
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RAI 403, Question 15.06.05-77
Proposec Response

ltem 5 — Void Fraction in Vertical Leg, rhol=62.11 Ibm/ft3

EPr
© 3 Rrby AREVA

A\
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RAI Set 403, 15.06.05-78

[Question intentionally deleted]

EPR ‘ A

“TT by AREVA
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RAI 403, Question 15.06.05-77
Proposed Response
ADDED INFORMATION AND PLOTS | |

> Documentatlon and computer source code for this analysis wili be
provided to the NRC as requested. |

PR

by AREVA_;
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LONG TERM CORE T-FH BERAVIOR
RAl 403

> OVERALL SUMMARY RESPONSE (Questions 69-77)

I}

\

< The loop seal elevation in the US EPR™ "is only 30 mm below the top of
active fuel. % NI
<"/ \‘ \\

\

N :
< The minimum core collapsed level (r;emalns\xne the elevation of the loop

seal with loop seal venting criteria;” 5™ <
(‘3€:;§ LN ’

< Severe depression of core Ievelfnot possibl‘é with ample safety injection

\,'.’,X /
P S \,,w’

< Boiling in the core assures co\\\/s\rage of the fuel by a two-phase mixture.

\\\\\\ N \>

< The fuel rods are well cooled! n}l the post-reflood period.
@ //

Em A
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Summary
RAl 403 PW@E@@S@@ R@SE@@WS@

> Responses have been proposed togall questlons

> Future Actions

EPR ‘

"By AREVA.
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