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NUCLEAR REGULATORY COMMISSION

WASHINGTON, U.C. 20866-0001
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APPLICANT. Westinghouse Electric Corporation
FACILITY: AP600

SUBJECT: SUMMARY OF APG00 DESIGN REVIEW MEETING REGARDING THE PASSIVE CON-
TAINMENT COOLING SYSTEM (PCS) AND WGOTHIC COMPUTER CODE

On March 6, 1997, representatives of the U.S. Nuc)ear Regulatory Commission
(NRC), Scientech, Inc. (NRC consultant), and Westinghouse Electric Corpora-
tion (Westinghouse) met in Rockville, Maryland, to discuss (1) the recently
revised WCAP-14845 (Scaling Report), (2) WCAP-14812 (Phenomena and ldentifica-
tion Ranking Table (PIRT) report) and (3) the WGOTHIC computer code and PCS
design issue closure process. Attachment 1 is a list of meeting participants.

Mr. D. Spencer of Westinghouse presented the revised Scaling Report
(WCAP-14845, "Scaling Analysis for AP600 Containment Pressure During

Design Basis Accidents,” February 1997). The presentation included an
overview of the contents, the differences from previcus reports, and the
cuestions and discussion items addressed in the report. Mr. M. Loftus of
Westinghouse presented information regarding the phenomena identification and
ranking table (now in WCAP-14812, "Accident Specification and Phenomena
Evaluation for APGOO Passive Containment Cooling System," December 1996).
This presentation addressed key changes to the PIRT, the expert review
process, and a proposal for closure. Westinghouse is in the process of
resolving the comments from expert review, which was performed in Janu-

ary 1997. Attachment 2 is the Westinghouse hardouts. The staff noted the
PIRT report did not reflect the design changes due to post 72-hour actions,
such as the PCS flow rate. Westinghouse stated that the analysis was still in
progress and that, when the design was final, the report would be updated to
reflect the design. The staff and Westinghouse discussed closure paths for
resolving open items and discussion questions. The staff stated that they
will work with Westinghouse to address the open issues in an expeditious
manner, however, Westinghouse must propose its resoiution or its approach for
re:olution. The staff and Westinghouse agreed on several actions (listed
below).

Action items from the March 6, 1997, meeting: oN

1) Westinghouse and the staff will discuss additional staff comments on '
WCAP-14812 in a telephone conference on March 13, 1997. \\

2) Westinghouse and the staff will met in Tate-March to discuss Chapters 7
and 9 of WCAP-14407.

3) Westinghouse will investigate how to include the expert review comments
and Westirghouse’s resolution of the comments in WCAP-14812 (PIRT).
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4) Westinghouse will provide additional information for the PIRT rankings in
WCAP-14812, including references to specific scaling Pi groups, a
description (where relied upor) of the engineering judgement bases, and
the references (where relied upon) to specific tests and types of data
that were used to determine the rankings.

5) Westinghouse and the staff will met in April to discuss revisions to
WCAP-14812. In preparation for the meeting, Westinghouse will provide
proposed revisions to address the staff’'s questions and comments,

including Actions (3) and (4) above, and the March 4, 1997, letter, for
review,

6) Westinghouse informed the staff that they will submit a request to
withdraw Chapter 13 (WGOTHIC Noding Studies in Support of the AP600
Evaluation Model) of WCAP-14407 from the design application. Included in
this request, Westinghouse will provide an explanation for the reguest
and identify any discussion items or questions that pertain to this
chapter only.

If you have any questions, please contact me at (301) 415-8548.

original signed by:

Diane T. Jackson, Project Manager
Standardization Project Directorate
Division of Reactor Program Management
Office of Nuclear Reactor Regulation
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Scaling Analysis for AP600 Containment Pressure
during Design Basis Accidents
WCAP-14845

A Presentation to the U.S. Nuclear Regulatory Commisssion
Containment Systems Branch

By D. R Spencer
Westinghouse Electric Corporation
Nuclear Service Division
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Purpose of Presentation

WCAP-14845 was issued to resolve NRC comments/questions on the August 1996
Scaling Analysis.

*  Describe Relationship of WCAP-14845 to Avgust 1996 Scaling Analysis

*  Discuss Resolution of Discussion Items, Additionai Items, Open ltems, RAI's
and Where Addressed in WCAP-14845

ro
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Relationsh’n of WCAP-14845 to August 1996 Scaling Analysis

The NRC review of WCAP-14845 can be facilitated by understanding the relationship of WCAP-14845 to the
August 1996 Scaling Analysis. WCAP-14845 1s a significantly revised Scaling Analysis that includes new,
reorganized, revised, and some largely unchanged information relative to the Avgust Scaling Analysis.

New Material

Mass and energy transfer scaling, rate of change equation validation, and LST scaling was added for
completeness.

Reorganized/Revised/Unchanged

For completeness and clanty:
Much of the material was significantly augmented, rearranged, or revised
Appendix A of the August Scaling Analysis was integrated into the body of WCAP-14845
The need for Appendix B was eliminated by clearly defining ail parameters and p1 groups.

The labels for the LOCA tume phases were changed to: Blowdown, Refill, Peak Pressure, and Long Term
for consistency with the PIRT (WCAP-14811).

Status and Cross Reference

Presented on the following WCAP-14845 Table of Contents
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WCAP-14845 Table of Contents

Revised = Substantially revised from August Scaling
New = Not included in August Scaling
Renormalized = Different normalization plus revision from August Scaling
(blank) = Only minor changes from August Scaling
WCAP-14845  August Scaling
Status Reference
EXECUTIVE SUMMARY New
PREFACE Revised PREFACE
1.0 Introduction rRevised 1.0
2.0 Dominant Phenomena Revised 2.0
3.0 Design. Boundary. and Initial Condition Input Data New
4.0 Constitutive Equations for Heat. Mass, and Radiation
Transter Revised 4.0
4.1 Radiation Heat Transter 4.1
4.2 Convection Heat Transfer Revised 42
421 Turbulent Free Convection Heat Transfer 421
4.2.2 Laminar Free Convection Heat Transfer 42.2
4.2.3 Turbulent Forced Convection Heat Transfer 423
4.2.4 Turbulent Opposed Mixed Convection New
4.3 Condensation and Evaporation Mass Transter Revised 4.7
4.3.1 Dimensionless Relationships for Data Evaluation Revised Table 9-1
4.3.2 Gas Mixture Propenty Correlations Revised 43
4.4 Condensation and Evaporation Energy Transfer 44
4.5 Ligud Film Conductance 45
4.6 Heat Sink Conductances 4.6
4.7 Constant Properties 5.1
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5.0 General Relationships for Scaling Equations
5.1 Assumptions
5.2 Gas Mixture Relationships
5.2.1 Mass
5.2.2 Molecular Weight
5.2.3 Gas Constant
5.2.4 Enthalpy
5.2.5 Specific Heat
5.2.6 Gas Compressibility
5.3 Equation of State
5.4 Rate of Change of Internal Energy

6.0 Containment Gas Analysis and Equations for Scaling

6.1 Mass Conservation Equations Inside Containment
6.1.1 Containment Gas Conservation of Mass
6.1.2 Containment Liquid Conservation of Mass
6.1.3 Inner Film Liquid Conservation of Mass

6.2 Energy Conservation Equation Inside Containment

6.3 Pressure Equation Inside Containment
6.3.1 Rate of Pressure Change Equation
6.3.2 Normalized, Dimensionless Rate of Pressure

Change Equation

6.3.2.1 Pressure Term

6.3.2.2 Break Source Gas Term

6.3.2.3 Net Liquid Work Term

6.3.2.5 Condensation/Evaporation Phase
Change Terms

6.3.2.6 Convection and Radiation Heat
Transfer Terms

6.4 Initial and Boundary Conditions for Containment
Mass. Energy. and Pressure

6.5 Momentum Equations Inside Containment
6.5.1 Froude Number Relationships
6.5.1.1 Forced/Buoyant Jet
6.5.1.2 Containment Stability
6.5.2 Froude Numbers in AP600
6.5.2.1 Loss of Coolant Accident
6.5.2.2 Main Steam Line Break
6.5.3 Froude Numbers in the Large Scale Tests
6.5.3.1 LOCA Configuration
6.5.3.2 MSLB Configuration

Revised
New
Revised
Revised
New

Revised

New
Revised

Renommalized
Renormalized
Renormalized
Renormalized

Renormalized

Renormalized

Revised

Revised

Revised

App A
App A
App A
App A
App A
App A
App A
App A
App A
App A
App A

6.0, App A

App A
App A

31, App A

31. App A

6.0
6.1
6.2
6.3

6.5.65.1

6.5.2

5.2.1

10.0
10.1
10.1.1
10.1.2
10.2
10.2.1
10.2.2
10.3
<10.3.1
10.3.2
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7.0 Heat Sink Analysis and Equations for Scaling

7.1 Drop Analysis and Scaling Equations
7.1.1 Drop Conductance
7.1.2 Drop Mass Transfer
7.1.3 Drop Energy Transter
7.1.4 Drop Eftect on Pressure

7.2 Break Pool Analysis and Scaling Equations
7.2.1 Pool Conductance
7.2.2 Pool Mass Transter
7.2.3 Pool Energy Transfer
7.2.4 Pool Effect on Pressure

7.3 IRWST Analysis
7.4 Liquid Film Analysis

7.5 Internal Solid Heat Sinks Analysis and Scaling Equations
7.5.1 Heat Sink Conductance
7.5.2 Heat Sink Mass Transfer
7.5.3 Heat Sink Energy Transter
7.54 Heat Sink Eftect on Pressure
7.5.5 Steel Thermal Model
7.56 Concrete Thermal Model
7.5.7 Steel Jacketed Concrete Thermal Model

7.6 Shell Analysis and Scaling Equations
7.6.1 Shell Conductance
7.6.2 Shell Mass Transfer
7.6.3 Shell Energy Transter
7.6.4 Shell Effect on Pressure
7.6.5 Shell Energy Equation Solution
7.6.6 Weir and Water Coverage Timing

7.7 Baffle Analysis and Scaling Equations
7.7.1 Batfle Conductance
7.7.3 Baffle Energy Transfer
7.7.4 Baffle Energy Equation Solution

7.8 Shield Building Analysis and Scaling Equations
7.9 Chimney Analysis and Scaling Equations

7.9.1 Chimney Conductance

7.9.2 Chimney Mass Transter

79.3 Chininey Energy Transfer

7.94 Chimney Energy Equation Solution

Revised

Revised
Revised
New
Renormalized
New

Revised
Revised
New
Renormalized
New

Revised

Revised
Revised
New
Renormalized
New
Revised
Revised
Revised

Revised
Revised
New
Renormalized
New
Revised
New

Revised
New
Renormalized
New

Revised
Revised
New
Renormaiized
New

333.523

3331
6.6.1

6.6.1

333
334

335
6.6.3

6.6.3
5233
5233
5233

336
664

h64

5234

33X

339
6.6.6

6.6.6
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K0 Evaluation of Containment and Heat Sink Pi Groups
K.1 Heat Sink Surface Areas During Transients
%.2 Conductance Pi Group Values
X.3 Mass Transfer Pi Group Values
K4 Energy Transfer Pi Group Values
K.5 Pressure Pi Group Values

9.0 PCS Air Flow Fath Scaling
9.1 PCS Air Flow Path Mass Transfer
9.2 PCS Air Flow Path Energy Transfer
9.3 PCS Air Flow Path Momentum Equation
9.3.1 Dimensionless PCS Momentum Equations
9.3.2 Normalized PCS Momentum Equations
9.4 Values tor PCS Air Flow Path Momentum Pi Groups

10.0 Evaluation ot Scaled Tests

10.1 Separate Eftects Tests and Constitutive Relationship
Scaling
10.1.1 Condensation Mass Transfer
10.1.2 Evaporation Mass Transfer
10.1.3 Convection Heat Transfer
10.1.4 PCS Aur Flow Path Flow Resistance
10.1.5 Wind Effects
10.1.6 Wetting Stability
10.1.7 Liguid Film Maodel Validation

10.2 Integral Ettects Tests and AP600 Scaling
10.2.1 Governing Scaling Equations

10.2.1.1 Vahdation of Steady State Mass and Energy

Transter Equations
10.2.1.2 Transient Validation of dP/dt Equation
10.2.2 Steady State Validation of the LST

11.0 Ditferences and Distortions between the Tests and AP600

12.00 Conclusions

13.0 Nomenclature

14.00 Reterences

Revised

New
Revised
Revised
Revised

New

New
Revised
Revised
Revised

New

Revised

Revised
Revised
New

New
New

New
New
New
New
Revised
Revised

Revised

o

K.0
.1
K.2
X.3

9.0
9.1
9.2
9.3
94
vs
9.6
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Discussion Items, Additional Items, Open Items, RAI's

The transmittal of WCAP-14845 (NSD-NRC-97-5006, 2/28/97) included the following items:

Responses to 49 discussion items raised by the NRC on the August Scaling Analysis are presented and
incorporated into WCAP-14845.

Responses to 3 additional items raised by the NRC on the August Scaling Analysis are presented and
incorporated into WCAP-14845.

Responses are provided to Open Items 425 and 3202

RAI's 480.330. 480.379, and 480.380 were revised consistent with the latest PIRT (WCAP-14811) and
scaling analysis (WCAP-14845).
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Hems for Dlscussion Ouring 7/28/98 Yetscon

“Soaling Anstyals for APSOO Containment Pressurs
Ouwring Design Basls Accidenty®

Westinghouse hes nrepared Enclosurs 1 to NSD-NRC-98.4782, *Scaling Analyals for APEOO
Conteinment Pressure Design Basls Accldents®, it g btated that this preliminary report
Supersedes WCAP-14190, Scafing Analysis for the APEOO Passive Containment Cooling
Gystem® ang incorporeted NRC staff comments on the superssded report. Following we itemg

for dsoussion on t.e repor..
1. The supsrseded report, P-14180, contained Information Sompaing the dimensioniess
roups for APSOO with naing dimensioniess groups for the 8T, ™e

Ineiloniess groups in the revised report do not relate the APSOO to ey scaled Integred
tect cats. It will be hecpssary to provide & discussion of the significence of the magnitude
e i groups and ho thie reletes to soaling.

2. From the valuss given mxl.nlomduwhnvmwuuumwmn
nthaipy. Plesss specity the vElies used for hirk.o, Dhbrk.o, mbrk o, mbrk.g,e.
Descride the basls for gelection of sach valus. What, if any, is the difference between
Ohbrk,o and Dhrk,g,0}

3 onmmud?omulmzhmhwumhwu.mbn
uo:::bvmu 9. Equation 82), Alu.lnmlnmhutmubwnww
. @ explain,

& Cnpege A1 nie
reduced tempereturs
PlPe < 0.08 which is

ju'nm this sssumption Ih light of the containment design pressure of 80 pais.

B, Plsase explain the f mm.mmmummon Why s the
tamperature Tbf, 0 used the second term on the right? mmumncumolvm
88 he and hex In the .muu.mum.ohmmufmmw

[ Ofr Page 28 in the first & of 3.3.8, de you mesn downcomer and not riser?

7. Settion 3.3.9 states

redlation to the concrete chimney s Gonservatvely negiscted,
bu? Table 4.1 shows 8

ation contribution for the chimney. Which is correct?

|
8. In pbtaining aquations (3 and (31) from equations (28) end (24), respectively, d has
been replacad by L. Pea sxplain and state the veiue used for L

0. In equations (29), (30 (31) please explain how DPetm end Pim, air we evalusted,
including ali pressures used 10 obtain the differences.
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10.J n section 6.2.1,

1",

12.

14,

1e.

17.

i8.

JUL 24

07.24¢..9% 87:33

Shouid this pe 20, ibrmv/sec?

in Table 8.1 1o, the
steam dengity g4 0,

. the saturstion tempersture iy given as 23480F, the bulk
1 and the bulk sl density as 0.732. Pleese correct these values

In Table 6-2, the ary ¢hell ang svaporating shell arsas should 8dd 10 & total ares of

2. This conptraint 18 not satistied during the postefiood sng pPeak-precsure

n section 6.2.3.1 ¢ cHarscteristic length of the liquid drops is calculated as 0.97 feet.

oth
09 #2. Which value
uantity,

858 explain how the  conservation of mass for the arops is handlad. The squation g
given in Section 3.3.1, |but doesn’t appear again. Equation (7) shows a drop removal
Mnmnhmtuthnm&opohovoummum.Mwounndoun'uppurh

tquation (88).

In general, the reviewers are having difficulty relating the parameters in the “scaiing

scaling equations (87
Appendix B llsts four pi

Toble 7-7 lists five RPC
Pe8s work, and pliquig

Oh page 63 it Is state
Piven in Appendix B do

od pege I8 n is gtared
phases of the DECLA L

'l'hmhunoumm

..’ “ﬂ .‘. " MO “O Mc ’.0 ’mu » “ p"

pH, pl-e, plm and pi-s.

roups as drop releted, pradistion, peonvection, penthaipy,

A Mmuﬂmu.mo»»mhuomhl.

Ctammuﬂnhmﬂnmw‘. Is this true for a8

Al What value is used for Ohork,0?

sterm r1*, Since the fiuid denshty is constant, why is

clarity in the nomencisture. All dimensioniess numbers

for
wwudoﬂmdmpn 36. mrmmnuumhmonwmtm
mumoqummvanﬂdmofhomtmmdﬂmtqm As

exampies of problems w

‘96 6:486

0 the pressnt drafe,

202
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e quantitiey ev.d.0
In squation 87, the
of liquig droplets,
two ditferant de
it is not clegr w

e

18. T™he Pl-group designat

should have mbrk.g,0 in the

20. Pwese explain the

07,24, 199¢ #7133

given for steam density on pege 38;

rork.g.o Is the Mo &8 retm,g;

“toeﬂon 8.8). Valuss for these Proups (e.g. in squation 67) &% not given in Appendix

. Different factory Used 10 normalize the Source drop, bresk pool, shell, baffle,
Bhimney/shigid + hoat sinks, sto. foveming eguations. This would appesr to
sinks.

21. The deneminater of the left side of squation é
L ]

hork,g.0 should be rep
i

22. What is the norm
for tamperature differs

used to define Tog, T, T*he, Tosn, #te. The normalization
cos (s defined on Page 35. However, both tsmperatures in the

ditference ere funcong of Ume. 80 Rt ie not ciser how the individual tsmperatures ars

nermalized.

23. Section 9.3 refers 1o forceg

this section, is titied miked convection hest transfer. Whioh ls comect?

mmnhmtrmfmmmn which Is cited In

-.'(“o...

-----

onne 204



- - -

- reid R P : -/ o’ - J
S . JIANE SEEXLN

- *d

Follow Up hems for Discussion During 8/1/96 Telecon on
*Scaling Analysis for AP600 Comainment Pressure During DBAs”

Following are further questions and comments related to the 23 items discussed during the
7/2%5/96 telecon. Numbering corresponds to the onginal set of discussion items.

2.

13.

4,

18.

24.

25.

26.

27.

28.

A 21

Shouldn't the lest lira of your response read 10.300 Ibm/sec and not 20.000? The
value 20.000 is for liquid flow.

Plesse explain how Pstm srf is calculated. Page B-3 gives Pstm srf equal 1o Ptot for
drops. Please explan.

The value calculated for Atot in your response appears to be incorrect. Atotr s
1.67x108 using your input values. This affects the caiculated vaiue for
characteristic length, by a factor of 2.

It is important to establish the effect of the assumption that the drop suface area
remains constant throughout the transient. The best way to show this would be to
integrate the scaling squations with and without the drop contribution and plot the
pressure recponse for both cases.

In your responss you mention 7 upper case Pi groups. but list six? Is there another?
Additional Discussion ltems

Section 7.1 makes reference to conductance pi vaues defined in Section 6.5,
Should this refer to Section 6.6 and not 6.597 Have these values all been
re-normalized relative to the shell conductance? Plésse give the eguations used to
calculate sach of the numbers in Table 7-1. Can these values be directly
compared’?

While there are indications that the set of scaling equations were integrated to
determine & pressure responss. 8.¢. top of page 48 describes integration approach
for heat sinks. no results are presanted. Will a plot similar to Figure 6-1 of
WCAP-14190 be included in the final version of the report? Including this plot will
permit evaluation of the reasonableness of the scaling model.

Equation §1 gives to (is this the samae as tsys?) in terms of Vo. How is Vo
calculsted? and where are numerical values given in Appendix B? Why is there no
value of tsys calculsted for the reflood poriod (Table 7-7) 7

Since sll of the P groups in Table 7-7 are related to the APC squation. for any given
period the magnitude of the P group velue should be directly comparable. |f so,
this means that the drops are contributing about 1/10 the pressure reduction of the
steel heat sinks and about as much as the concrete heat sinks during the blowdown
period. Is this interpretation correct? Tan the numerical values of P groups be
directly compared between different geriods?

The buoyancy term (equation 102) is stated to be in terms of “thermal center”

‘9§ 14:21 301 415 2968 PaGE . 21



differences. It is difficuit to tell from Figure 8, just how M1, M2, M3 and M4 are
defined. However, the densities, rdc, rri, rch and renv are calculated based upon
Qat tamperatures. |f M2 - H3 is the riser height. then using a density based upon
et temperature will overestimate the buoyancy force by about a factor of about 2.
since the average density should be used. Please explain how your approach
accounts for the vanation in density along sach segment of the flowpath.

29. It would seem that mevap and mcond should be consistent with the shell and
chimney/shield building energy terms in the RPC esquations (equations 81 ang 92,
respactively). Is this what is meant by “selecting a paramaetric value that is known
1o be consistent with evagoraton limits”?

30.  What is the physical explanation for the numaerical value of the time constant t for
the peak pressure being less than one-third the value of any of the other LOCA
phases? Also, why is the riser Reynolds number s much larger during this phase?

31.  Insection 4.2.3, would reference to the Eckert and Diaguila flow regime map be
appropriate to support or validate the use of forced convection for thus buoyancy
driven flow?

32. Insection 9.3, quantify “significantly greater scatter.” Factor of two, order of
magnitude? Can a specific reference be made? A similar plot of forced convection
data only?
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AMditional Discussion Items om *Scaling ABalysis for APE00 CoOntainment
Pressure During Deeign Basis Accidents®

3. In Table 9-1 the pi-groups p.., and Pa.., &re defined. How do these pi-
gr°“’:ir'i:“ to the pi-groups defined earlier in the report’
peciiically, what is the relationship of p and p to the pi-grous
in the RPC and/or energy equations for the heat sinks® i s o3

4. Equations for p.., and p,,,, are given in Table 9-1 and also in equat:
' - - ll-ﬁﬂ
cazg. However, the definitions do not appear to be compa:;blo.qkpxg...
explain the relationship between these pi-groups.

Alsc. the term RT, appears in the definitions in Table 9-1 without =he
compressibility term, I, implying that air only was assumed. lease
explain.

3§. Please explain how the Sherwood number is extracted from the definit.ons
of k,, for condensation and evaporation mass transfer given in Table 9-
ks at is, how is Kk, , related to the data shown in Figure 97 How .s
the value of the length scale, L, introduced to cbtain the Sherwood
number?

36. Presumably the data points shown plotted in Figure 10 are from the LST
This should be stated explicitly (as is done in Figure 9).

an. On the evaporating shell, three parallel energy transfer mechanisms are
being modeled, evaporation, forced convection and radiation to the
baffle (Figure on page 23 and Section 9.3). The following items relate
to the forced convection and evaporation terms:

° What is the source of the data shown plotted in Figure 117 Is any
of the data for a wetted surface. How do you separate out the
evaporative and convective components in the data comparison?

e Does the scaling model account for water coverage fraction? How
is the amount of coverage determined? Is the fraction allowed %o
change during the event? In what manner does it change?

38. Please explain what is meant by the statement in section 9.4, ‘*with
approximately 1/2 the Reynolds number dependence at the same Reynolds
number ‘.

9. At the bottom of page 65, the dependence of fricticn on the Reynolds
number is stated to be -0.20 (the usual Blasius formula is -0.25)
presumably for pipe friction but not form losses. Why is the loss
cosfficient expected to be of the form C Re***? 1Is this being used
because the form losses (1/2 of the total) are sssumed to be independent
of Reynolds number? Please justify the Reynolds number dependence of
the :otal loss coefficien:.

40. The shell coating roughness is given in microinches per inch? usually
roughness is & dimensicned variable. What guantity is being used to
non-dimensionalize the roughness?

41. In Table 9-2, what does the designation WDT represent?

42. Petersen gave eguation (119) for a stably stratified volume. He states
(p. 102 of your Ref. 27) that *Because the recirculation patterns which
result after breakdown of stratification are three- dimensional, for
enclosures the breakdown of stratification will be modified somewhat.®
How does this fact impact the applicability te an enclosed containment?

43. Please explain the statement on the top of page 70 which states that

equation (121) is equally valid for AP600 and the LST jets with similar
Zerene/@. What is the relationship between z,.,/d and equation (121)°?
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45.

46.

47.
48.

49.

August 8, 1996 2-2

in Tap.e l0-1 why 183 H 50 low for the MSLE? How is 4 seleczed .n =-is
case’® At a minimum isn‘t this the height above the break? Does .t maxe
sense O apply these relationships for such large values of H/4.”

How are the source diameters listed in Table 10-1 defined? In section
10.3 it is stated that for the MSLB, the steam source is & ) inch D
pire. This is not consistent with the 9.0l feet given for d, in Table
avVTai.

in section 10.2.1 it is stated that the jet and volumetric Froude
nunbers differ by a factor of 1000 for the DECLG, yet Figure 12 shows a
much smaller difference. Please explain.

Please explain the labels in Figures 12 and 13, i.e. Unstable. Mixed,
90% Buoyant, etc.

Please explain how the percentage of jet height that is bucyant is
calculated.

On page 76 it is stated that during the DECLG LOCA the above deck
atmosphere remains weakly stratified. The earlier analysis and
discussion in Section 10.3.1 suggests that the atmosphere is stably
strat.fied in this case. Please explain.

Scaling
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Responses to 49 Discussion ltems

I. WCAP-14545. Section 10.2 presents a scaled comparison of AP6(00 and the LST
2. The mass flow rate, m,,, . and enthalpy difference, Ah, . used to normalize the mass, energy. and
pressure equations are defined in WCAP-14845 Section 6.2 and values are specified in Table 6-3 for
each time phase.

3. Appendix A of the August Scaling Analysis was largely replaced by WCAP- 14545 Section S,
Relationships for individual gasses and for gas mixtures were developed in both. Since only gas was
considered, the subscript g that is used in other sections where both gas and liquid are present, was
omitted. Consequently, in WCAP-14845, m_,, is the same parameter as m,,, in Section §

The relationship between ZR, Z R, and Z R is developed for Equation 55 in Section § of
WCAP- 14545,

4. The basis for the low air reduced pressure that justifies treating air as an ideal gas is provided in
WCAP-14%45 Section 5.1. Since the maximum partial pressure of air is 19.7 psia, the reduced
pressure is Pr = 19.7/547 = 0.036. Consequently, the deviaton from ideal gas behavior for air is
acceptahly small.

5. The baffle temperature and conductance discrepancies were corrected and the revisions presented in
WCAP-14K845 Section 7.7. 3

6. The inadvenent reference to the riser should have been to the "downcomer”. The corrected text is
presented in WCAP- 14845 Section 7.%,

7. Radiation was not included in the chimney calculation as noted in WCAP- 14845 Section 7.9,

X. The parameter L has been replaced in WCAP- 14845, Equation 13 by the channel hydraulic
diameter, J, and in Equation 14 by the drop diameter, d.

9. AP, is defined in WCAP- 14845 following Equation %, and P, is defined following Equation 9.
The bulk steam and air partial pressures used in these parameters are presented in Table 6-3. The
surface values of air and steam partial pressure differ for each heat sink, depending upon the time
phase, and we not presented. They are, however, defined by the saturation pressure of each heat sink
surtace, the temperature of which is tracked as explained in Section 7.

10. WCAP- 14845 shows the (average) LOCA blowdown liquid mass flow rate is 7,777 Ibm/sec. The
break liguid flow rate was determined from Figure 3-2, and is the sum of the drop and pool flow rates
presented in Table 6-3.

I1. The MSLB saturation temperature, bulk sieam density, and bulk air density were revised and are
shown correctly in WCAP-14845, Table 6-3.

12. The evaporating, subcooled, and dry shell areas are presented in WCAP-14845, Table X-1 and all
add 10 52,662 for each time phase.

13, The drop characteristic length was calculated in Section 7.1 to be 0.0242 fi, or 0.29 in. The
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charactenstic length is the ratio of containment volume 10 drop surface area. The characteristic length
is a measure of the coupling distance hetween the liquid surface and the surrounding gas. It can also
he visualized more simply in this case as a smooth liquid surface with an overlying gas layer (1,29
inches thick. The very small length value indicates strongly coupled components (gas and drops).

14. The drop conservation of mass Equation 97 of WCAP- 14545, includes terms for the source rate.
the flashing rate, and the evaporation rate. The source is assumed to occur only during hlowdown ut
the rate given in Table 6-2. The flashing and evaporation rates are calculated and discussed in Section
7.1. A drop removal term is not included in the equation since it was desired 10 maximize the effect
of the drops on containment pres;ure.

The discussion and calculations in Section 7.1, and the pi group values in Section X for the drops
shows that even with no fall-out, the drop effect on containment pressure is small. Since the drop
surface area will reduce over time due to evaporation, fall-out, and agglomeration, even the “small”
effect is overestimated.

15, Each pi group and time constant is clearly defined in WCAP-14845 and given a unique name hy
the use of subscripts. That name is used consistently when evaluating and referring to the pi group.
The errors in the August Scaling Analysis were corrected and inconsistencies were eliminated in
WCAP- 14545,

16. The complicated reference value for pressure was eliminated in WCAP- 14845, Pressure is simply
referenced 1o the initial value during each time phase. The definition of the dimensionless total and
steam partial pressures are presented in Section 6.3.2 and the reference values are presented in Tuble
6-3.

17. Since liquid density, p, is effectively constant, p,* is always 1.0 and was eliminated from the
equations in WCAP- 14845,

IX. The scaling analysis presented in WCAP- 14545 has been clarified and inconsistencies removed.
Nomenclature was clarified as much as possible, although the extensive number of parameters works
against simplification.

19. The comment is correct. The dimensional pi-pool group was not useful and was eliminated.

20. The terms representing energy transfer between the heat sinks and containment gas were redefined
and consistently normalized in WCAP-14845.

21. The comment is correct. The redefined drop pi groups are presented in WCAP-14845, Section
71
22, Each iemperature difference is normalized to the temperature difference between the bulk fluid

and the surface at the initial conditions of each time phase.

23, WCAP-14845, Section 10.1.3 coniains a revised discussion of forced convection heat transfer
The ambiguous reference 10 mixed convection data was eliminated.

24 The incorrect section reference was corrected in WCAP-14845 The conductances are normalized
' .he shell plus coating conductance. The conductance pi groups are ciearly defined for cach heat
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sink in Section 7 under a * ... Conductance” subheading. Since the normalizing value is always shell
conductance. the conductance pi values can he compared horizontally as well as vertically in Table X-
o

-

25. It is necessary 1o integrate the heat input o heat sinks over time 1o predict surface temperatures
that are used 10 evaluate the heat transfer rates, and hence the pi values, for each time phase. This
int=gration process is described under the subheading “ ... Thermal Model” in WCAP- 14845 The
reasonableness of the scaling equations is verified by comparing predictions of the steady state and
transient 2quations to LST measurements in Section 10.2,

26. The single time constant used in the containment mass, energy, and pressure scaling is defined in
WCAP-14545, Equation 59. V_= 1.741x10" ft’ is the total gas volume inside containment, hoth ahove
and helow deck. During refill the hreak source flow stops, so the time constant, with flow rate in the
denominator is undefined. However, Table X-3 presents a time constant calculated using a reterence
hreak steam flow rate of 200 Ibm/sec.

27. The reviewer's interpretation of the pi groups is correct. WCAP- 14545, Table %-5 shows the
drops atfect pressure the same as the sieel heat sinks during blowdown and less than 1710 as much
after blowdown. Pi groups are normalized (o different steam mass flow rates in each time phase, so
vannot be compared hetween different time phases.

2% Figure 9-1 of WCAP- 14845 clarifies the location of thermal centers. The discussion in Section
9.3.1 and Figure 9-2 show how the thermal centers are used with the density o calculate the
buoyancy. The example calculation in WCAP- 14845 is reneated helow.

Figure 1 shows an example of a simplified PCS buoyancy calculation using density values calculated
for the hbeginning of the long term time phase of the LOCA. The density variations over each leg ot
the wir flow path are assumed to be linear. The net buoyancy is represented by the enclosed area. The
huoyancy calculated using the thermal center approach is shown for comparison. For this case both
the distnbuted density and thermal center approaches give the same result. Note that for this assumea
case. the net huoyancy is not affected by the amount of heat transferred from the riser to the
downcomer. (Moving point 2 along the horizontal axis does not change the area within triangle 1-2-3
). However, moving point 2 does change the relative ratio of negative dowrcomer buoyancy 1o
positive riser huoyancy. Moving the thermal centers of the downcomer and riser up to the X4 f1
clevation, as was done for the AP600 scaling calculation, significantly reduces the net buovancy

29, The text in WCAP- 14845, Section 9.3.1 was revised 1o be consistent with what was done:
condensation on the chimney was pan of a simultaneous solution for the PCS air flow path air and
steam mass, energy, and momentum (including buoyancy).

30. The PCS air flow path ime constant is the ratio of the air flow path volume to the volumetric
flow rate. At the time when the peak pressure occurs, the shell temperature and evaporation rate are
higher thun at any other time, so the buoyancy induced volumetric air flow rate is highest.
Consequently, the time constant is at its lowest value during the transient, and since the riser Reynolds
number is proportional 1o the riser volumetric flow rate, the riser Reynolds number is at a maximum.
The PCS air flow path time constants are presented in WCAP-14845, Section 9.1

31, An Eckert and Metais flow regime map showing the hboundaries between free, mixed. and forced
convection flow is presented in WCAP-14845, Figure 4-1. The location of the downcomer, riser, and
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Figure 1 Buoyancy Calculation for the AP6(X) PCS Air Flow Path Compar,ng Distributed and
Thermal Center Approaches

chimney operating points from the scaling analysis are shown on the map to help establish that the
riser flow is torced convection.

32, A revised discussion of free and forced convection heat transfer and uncertainties are presented in
WCAP-14845, Section 10.1.3. The forced convection data are no longer justified by comparison 10
mixed convection test date.

32, The mass transfer pi groups are defined in WCAP- 14845, Section 7 for each heat sink: for
example, Equation 122 for condensation and Equation 123 for evaporation. The relationships for
condensation and evaporation mass transfer comparisons (o test data are in terms of Sherwood number,
defined in Section 4.3.1. Sherwood number comparisons 1o test data are presented in Section<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>