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AW-97-1083

February 28, 1997
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555

ATTENTION: MR. T. R. QUAY

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: WESTINGHOUSE RESPONSES TO NRC REQUESTS FOR ADDITIONAL
INFORMATION ON THE AP600

Dear Mr. Quay:

The application for withholding is submitted by Westinghouse Electric Corporation ("Westinghouse")
pursuant to the provisions of paragraph (b)(1) of Section 2.790 of the Coinmission's regulations. It
contains commercial strategic information proprietary to Westinghouse and customarily held in
confidence.

The proprietary material for which withholding is being requested is identified in the proprietary
version of the subject report. In conformance with 10CFR Section 2.790, Affidavit AW-97-1083
accompanies this application for withholding setting forth the basis on which the identified proprietary
information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to
Westinghouse be withheld from public disclosure in accordance with 10CFR Section 2.790 of the
Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should
refercnce AW-97-1083 and should be addressed to the undersigned.

Very truly yours,

4 1kt
Brian A. Mcintyré, Manager

Advanced Plant Safety and Licensing
jml

c¢:  Kevin Bohrer NRC OWEN - MS 12E20

2 970228
PhR CADOCK 05000003
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COMMONWEALTH OF PENNSYLVANIA:
8§
COUNTY OF ALLEGHENY:
Before me, the undersigned authority, personally appeared Brian A. Mcintyre, who, being by
me duly sworn according to law, deposes and says that he is authorized to execute this Affidavit on

behalf of Westinghouse Electric Corporation ("Westinghouse") and that the averments of fact set fori!,
in this Affidavit are true and correct to the best of his knowledge, information, and belief:

. /I/

Brian A. Mclntyre, Manager
Advanced Plant Safety and Licensing

Sworn to and subscribed

before this éL_ day

of M—‘ ——

7~ Janet A Schwab, Notary Pubic

1997
Monroeville Boro, Alieghan
ﬂm Lo Comsion e hay 2 228

Notary Public
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I am Manager, Advanced Plant Safety And Licensing, in the Advanced Technology Business
Area, of the Westinghouse Electric Corporation and as such, I have been specifically
delegated the function of reviewing the proprietary information sought to be withheld from
public disclosure in connection with nuclear power plant licensing and rulemaking
proceedings, and am authorized to apply for its withholding on behalf of the Westinghouse
Energy Systems Business Unit.

I am making this Affidavit in conformance with the provisions of 10CFR Section 2.790 of the
Commission's regulations and in conjunction with the Westinghouse application for

withholding accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized by the Westinghouse Energy
Systems Business Unit in designating information as a trade secret, privileged or as

confidential commercial or financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission's
regulations, the following is furnished for consideration by the Commission in determining

whether the information sought to be withheld from public disclosure should be withheld.

(1) The information sought to be withheld from public disclosure is owned and has been
held in confidence by Westinghouse.

(i1) The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information customarily held in confidence by it and, in that connection,
utilizes a system o determine when and whether to hold certain types of information
in confidence. The application of that system and the substance of that system

constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of
several types, the release of which might result in the loss of an existing or potential

competitive advantage, as follows:
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(a)

(b)

(c)

(d)

(e)

(f)
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The information reveals the distinguishing aspects of a process (or component,
structure, tool, method, etc.) where prevention of its use by any of
Westinghouse's competitors without license from Westinghouse constitutes a
competitive economic advantage over other companies.

It consists of supporting data, including test data, relative to a process (or
component, structure, tool, method, efc.), the application of which data
secures a competiuve economic advantage, e.g., by optimization or improved

marketability .

Its use by a competitor would reduce his expenditure of resources or improve
his competitive position in the design, manufacture, shipment, installat.on,

assurance of quality, or licensing a similar product.

It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.
It reveals aspects of past, present, or future Westinghouse or customer funded
development plans and programs of potential commercial value to

Westinghouse.

It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the

following:

(a)

(b)

The use of such information by Westinghouse gives Westinghouse a
competitive advantage over its competitors. It is, therefore, withheld from
disclosure to protect the Westinghouse competitive position.

It is information which is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.
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Use by our competitor would put Westinghouse at a competitive disadvantage by reducing his

expenditure of resources at our expense.

(i)

(iv)

v)

(d) Each component of proprietary information pertinent to a particular
competitive advantage is potentially as valuable as the total competitive
advantage. If competitors acquire components of proprietary information, any
one component may be the key to the entire puzzle, thereby depriving
Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the
competition of those countries.

(N The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a

competitive advantage.

The information is being transmitted to the Commission in confidence and, under the
provisions of 10CFR Section 2.790, it is to be received in confidence by the

Commission.

The information sought to be protected is not available ir public sources or available
information has not been previously employed in the same original manner or method
to the best of our knowledge and belief.

Enclosed iz Letter NSD-NRC-97-5006, February 28, 1997 being transmitted by
Westinghouse Electric Corporation (W) letter and Application for Withholding
Proprietary Information from Public Disclosure, Brian A. Mcintyre (W), to

Mr. T. R. Quay, Office of NRR. The proprietary information as submitted for use by
Westinghouse Electric Corporation is in response to questions concerning the AP600
plant and the associated design certification application and is expected to be

applicable in other licensee submittals in response to certain NRC requirements for
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justification of licensing advanced nuclear power plant designs.

This information is part of that which will enable Westinghouse to:

(a)

(b)

(c)

(d)

(e)

Demonstrate the design and safety of the AP600 Passive Safety Systems.

Establish applicable verification testing methods.

Design Advanced Nuclear Power Plants that meet NRC requirements.

Establish technical and licensing approaches for the AP600 that will ultimately

result in a certified design.

Assist customers in obtaining NRC approval for future plants.

Further this information has substantial commercial value as follows:

(a)

(b)

Westinghouse plans to sell the use of similar information to its customers for

purposes of meeting NRC requirements for advanced plant licenses.

Westinghouse can sell support and defense of the technology to its customers

in the licensing process.

Public disclosure of this proprietary information is likely to cause substantial harm to

the competitive position of Westinghouse because it would enhance the ability of

competitors to provide similar advanced nuclear power designs and licensing defense

services for commercial power reactors without commensurate expenses. Also, public

disclosure of the information would enable others to use the information to meet NRC

requirements for licensing documentation without purchasing the right to use the

information.
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The development of the technology described in part by the information is the result of
applying the results of many years of experience in an intensive Westinghouse effort

and the expenditure of a considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar
technical programs would have to be performed and a significant manpower effort,
having the requisite talent and experience, would have to be expended for developing
analytical methods and receiving NRC approval for those methods.

Further the deponent sayeth not.
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87 . 24,199 @792

|
ltems for Discussion During 7728/98 ¥ canonr
on

During Deaign Besls Accidents® e

Weatinghouse hes prepared. Enclosurs 1 1o NSD-NRC-98.-4782, “Scaling Analysis for APSOO
Containment Presaure Design Basis Acciderts®. |t s stoted that thig preliminery report
Superesdee WCAP-14199, Sceling Analysls for the APE0O Passive Conteinment Cooiing
Bystem® and Incorporeted NAC staff comments on the superseded repont. Following we itamg
for dsoussion on the ¢ report.

1. The superseded report, P-14190, contained information comparing the dimensioniees
proupe for APSOO with porresponding dimensicniess roupe for the LBY. The
dimensioniess groups In the revised report o not relate the APSOO to any scaled Integred
feor Jota. 't will be Sary 1o provide & discussion of the significence of the magnitude

the reletes to soaling.

2. Fom the vehues oiven I Appendix B, it le not clesr whet velus wes used for the breek
enthaipy. Plesse specity the velues used for hork.0, Dhbrk, o, mbrk.o, mbrk,g,o.
Describe the basie for gelection of each valus. What, If any, is the differsnce between
Dhork, o sng Dhbrig,0

3 When equation 48 of M!mmzhmbodvﬂmwhapubd.mm
llnpheodwmmt.u 9. Equation 82). Also, Zmlnmbumubﬂmnuuw
ZR. Plesse sxplain.

4. Onpege A1 it ig etat
reduced temperature
PlPe < 0.08 which g
Justity thig sssurmption

thet air can be spproximated ss an ideal gee due to high

low reduced pressure. The pressure condition given ls Pr »
27.3 pela (Pe for el s 37.2 stm, or 847 psinl. Planse
light of the containmaent design preseure of 80 pala.

5. Plecse explain the folle ing Items regarding equetion 18 on page 24. Why is the
tempersture Toe,0 urad In the $8CONd tarm on the right? The conductences ers given
&8 he end hex In the .bucuho.hmdho.ohm.om“ following the
squation. If he,o Is the uctance on the outsids of the baffle, why are there film
canductance ang stion contributions? Table 4-1 showe thet these

8. On page 26 in the first » tence of 3.3.8. do you mesn downcomer snd not riger?

7. Setton 3.3.9 stetes radiation to the concrete chimney s conservatvely neglacted,
but Teble 4-1 ehows & radlation contribution for the chimney. Which is correct?

8. In bbtaining squations (30) and (31) from equations (28) and (24), respectively, d has
been repleced by L. Pleage Sxplain and state the value used for L

. In equetions (29), (309 hd (31) please expisin how DPstm snd Pim, sir are evalusted,
Inciuding el pressures Used 1o obtain the differences.

| 301 5242279 PRGE
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10.

11.|

1.

13

14,

17.

18.

JUL 24

87 24.:199% 3793

Insection 6.2,1, 1he Mom liquid mess fiow rate i given as 20,000 ibm/he,
Should this e 20,000 ibm/gec?

1
In Table 8.1 1or the dsl.l, th) saturetion tempersture is Piven es 23480F, the bulk
$LO8m density as 0,841 and the bulk air density as 0.932 Ploass correct these values
OF expisin the basie for the vaiues given,

In Table 6.2, the dry ghell and sveporating shell erees shouid odd 10 & total ares of

62,800 2. Thiy conpLreint Is not satsfied during the post-reficod #nd pesk-Dressure

periods.

|

In section 8.2.3.1 ¢ aracteristic length of the liquid drops is caloulated o8 0.97 foot.

Wsing » contsinment vblume of 1.64 x 108 #3 and tore drop eurface ares of § x 107
2 gives & chaumr”‘o longth of 0.0103 fest. In Appendix 8, pege B-3, »
Sractarietic length of 0.000869 feet s given, besed upon ¢ arop swfece wes of 2 x

1OP 2. Which valus s coract? Plesse #xplain the physical significence of this

Quantity,

|

‘kno explain how tho‘ conservetion of mass for the arops is handled. The squation g
Qiven in Section 3.3.1, but deesn't ADpesr aguin. Equation (7) shows & drop removal

twem and It is steted th the drops have & settling rete, mmmuun'npmh
equetion (88),

Also, how is the surfs uottmmnwm.mwvmmu
Appendix B it sppears the total drop surface ares I8 being hidd constant. Appendix
8 shows that during b mmwwumoumhuhmmo (dT/at) ot
30F per second. How | this possible when the drops enter et saturetion tempersture?

&8 having difficulty relating the parameters in the “scaling
of parameters in Appendix 8, For exampie, the source drop
88) Vit six pl groups, pd, Psource, pe, pm, ph and pr.

ULs phr, pl-o, pl-m and pi-e.

Groups es drop reisted, pradistion, pconvection, penthalpy,
- An sdditionsl P! group, Pmass appeacs In Appendix 8.

In general, the review
equetions” Jo the v
sceling equstions (87
Appendix B liets four pi

Teble 7-7 liets five RPC
PUsE work, and pliquis

On page 63 it is stated
Qiven in Appendix § do

ot Teu is equs! to the inverse of Omega-s, but the valuss
meet this constraint,

On page 36 it is stated * at C le chosen to @/ve Po squai to 60 pela. s this true for ol
PhBses of the DECI™ .OCA? What valus s used for Dhbrk.o?

Equations 84 end u{mn storm ri*. Sinoe the fiuld density is constant, why I
thib term neaded !

There is & need for inore od clerity In the nomencisture. Al dimsnsioniess numbers
shouid be defined on Pogp 36. The report must to be revised to use only one term for
the seme quantity ang o /evold use of the same term for differant quantities. As
exampies of problems MT the present ciaft,

|
l
u

‘S8 6:48
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the quantities cv,¢,0
" squation 87, the
of liquid droplets,
two differant de

it is not clggr

19. The pi-group designatdd pp In squation 71

87,264,199 #7983

ov.1.0 appewr 10 be the same:;
84,0 haan't been detined; it appesrs 10 be the volume fraction
ON page 35, a0 Is defined 8 the Initiel gas volume fraction,
8 478 given for steam deneity on pege 35;
rork.g.o ls the same &% rotm,o;

should heve Mbrk.g.0in the numeretor,

20,
(Bection 8.8),
B. Different factore
Bhimney/shisid bullgy
preciude any comparis

21. The denominator of the left side of squation (]
by md.o * ev.t0

hork,g.0 should be rep

t
22. What (s the normalzetipn used to gefing Teg
for temperature ditferences is defined on page 38,

ditference are functiong of time
normailzed.

Plotee explain the significance of the p| Groupe in the heat gink SN0y equetiong

ond ppool In equation T2 dimensional; It

® has an error, The term mbrk.g.0 *

23. Section 9.3 refers 10 forced convection heet vansfer, while Figure 11 which Is cited in

this section, is titieg M{l.d convection heat trensfer.

JUL 24 '98 8:47

Which is coirect?

snsfNDeons
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Follow Up Items for Discussion During 8/1/96 Telecon on
*Scaling Analysis for APE00 Containment Pressure Durning DBAs”

Following are further questions and comments related to the 23 items discussed during the
7/2%/96 telecon. Numbering corresponds 1o the onginal set of discussion items.

2

13

14,

18.

24

25.

26.

27.

28.

AUG 21

Shouldn't the last line of your response reac 10,300 Ibm/sec and not 20,0007 The
value 20.000 is for liquid flow.

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

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

it is important to establish the effect of the acsumption that the drop surface 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 response for both cases.

In your response 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 6.57 Have these values all been
re-normalized relative to the shell conductance? Piéase give the equations used to
calculate each of the numbers in Table 7-1. Can these values be directly
compared?

While there ere indications that the set of scaling equations were integrated to
determine @ pressure response. ¢.g. top of page 48 describes integration approach
for heat sinks. no resJits are presented. 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 51 gives to (is this the same as tsys?) in terms of Vo. How is Vo
calculated? and where are numerical values given in Appendix B? Why is there no
value of tsys calculsted for the reflood period (Table 7-7) 7

Since sil of the Pi groups in Tadble 7-7 are related t» the RPC wauation, for any given
period the magnitude of the Pi group value should be directly comparable. |f so,
this means that the drops are contributing about 1/10 the pressure reduction of the
stee! heat sinks and about as much as the concrete heat sinks during the blowdown
period. |s this interpretation correct? Can the numerical values of Pi groups be
directly compared betwesn different geriods?

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

‘96 14:021 301 415 2968 PAGE . 21



differences. It s difficuit to tell from Figure B, just how M1, M2, M3 and M4 are
defined. However, the densities, rdc, rri, rch and renv are calculated based upo~
axit temperatures. If M2 - M3 ig the riser height. then using a density based ,pon
exat temperature will overestimate the buoyancy force by about 3 factor of au~ut 2,
since the average density snouid be used. P'ease expigin 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 equations (equatons 81 ang 92,
respectively). Is this what 's meant by "selecting a parametric value that is known
1o D8 consistent with gvaporation himits”?

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

31, Insecticn 4.2.3, would reference to the Eckert and Diaguila flow regirme map be
appropnate 1o support or validate the use of forced convection for this buoyancy
driven flow?

32.  nsection 9.3, quantify "significantly greater scatter.” Factor of twe, order of
magnitude? Can a specific reference be made? A similar plot of forced convection
datas only?

Items Needed to Complete Scaling Report

Item 1

The information developed nesds to be used to identify the important phenomena in 8
quantitative way. Calculated values for the rate of pressure change equation pi groups
should be listed for sach phase of the accident and the importance of the phenomena they
represent categorized based upor the magritude of the pi group values. For all of the hign
or medium importance phenomena, the report should address how the phenomena is
bounded ‘or the range of parameters applicable to APE00. This could be done by
reference 1o more detailed reports. A table similar to 2-1 but with the "how" instead of
the "effect.”

Resuits of integrating the scaling equations for the APE00 should be presented in the form
of a plot of calculated pressure versus tme. This is an essental zero-th order check which
shows that the model is giving reasonable results. Both LOCA and MSLB should be
presented. This should help validate the “magnitude” and "timing” of the AP6Q0 pressure
reSponss.

Item 2
The scaling methodology should be applied to the LST to show that the approach correctly

dentifies important phenomena and yieids a reasonable prediction of the steady-state
pressure when compared to measured data. Representative tests should be selected 0

G 21 "9 e 381 415 2968 PRGE . 22



demonstrate sach of the important phenomena for both LOCA and MSLE conditions.

item 3
Rate of pressure change equation pi group values should be caiculated and presented for

the LST. This would sh~w the non prototypicality ¢f the LST as a scaled test for APE0O
but 't would also show areas where test data are applicable.

ARG 21 96 1R 321 415 2968 PRGE



Additional Discussion Items on *Scaling Analysis for APS00 Containment
Pressure During Design Basis Accidents®

33 In Table 3-1 the pi-groups p.. and Pevsp 8Fe defined How do =hese pi-
groups re.ate to the pi-groups defined earl.er in :“he repor:?
?POflf‘;;é~¥- what 1is “he relationship of p,_, and P, =0 *he pi-groups
in the and/or energy eguations for -he neat sinks’

- i ¢ - 1 . 1
14 =quations Ior p..., and P, are given .n Taple 9-' and also .n equatisn

Blf. However, the definitions do not appear %o be compatible. P.ease
explain the relaticnship between these pi-groups.

Also., %he term RT, appears in the definitions in Table 9-1 without =he
compressiii.ity term, Z, implying that air only was assumed. Please
explain.

38. Please explain how the Sherwood number .s extracted from -he definit:on
of k, , for condensation and evaporation mass transfer given in Table 3-
1. That is, how 1s k,, related to the data shcwn in Figure 9> How :s
the value ¢f the length scale, L, introduced to obtain the Sherwood
number ?

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

37. On the evaporacing 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:

o wWhat 18 the source of the data shown plotted in Figure 117 1Is any
of the data for a wetted surface. How do you separate out the
evaporative and convective components in the data comparison?

° Does the scaling model account for water coverage fraction? How
18 the amount of coverage determinad? Is the fraction allowed =0
change during the event? In what manner dces 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"* .

39 At the bottom of page 65, the dependence of friction on the Reynolds
number 18 stated to be -0.20 (the usual Blasius formula is -0.25)
presumably for pipe friction but not form losses. Why is the loss
coefficient expected to be of the form C Re“*? Is this being used
because the form losses (1/2 of the total) are assumed 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 a dimensioned variable. What guantity is being used to
non-dimensionalize the roughness?

41. In Table 3-2, what does the designation WDT represent?

42. Petersen gave eqguation (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- dimensiocnal, for
enclosures the breakdown of stratification will be modified somewhat.®
How does this fact impact the applicability to 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
Zires/d. What is the relationship between z,,,/d and equation (121)7

August 8, 1996 2-1 Scaling
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45

46.

37

48,

45.

August 8, 1996 2-2

In Tap.e .l-. why i1s H 80 low for zhe MSLB” How .s H celeczed .n =nhis
~ase’ At & Minimum isn’% thir thne height acove -“he opreak? DJces .- make
sense =2 ApPly these relationships for such large values of H/4.°

How are the source diameters listed in Table 10-1 defined? In sect.on
10.3 Lt'Ll stated -hat for the MSLB, the steam source is a 2 inch I2

pipe. This is not consistent with the 3.2l feet given for 4, in Table
i

P R’

In section 10.2.1 it is stated that the et and volumetric Froude
numbers d}ff!t by a factor of 1000 for the DECLG, yet Figure 12 shows a
much smaller difference. Please explain.

Please explain the lapels in Figures 12 and .3, i1.e. Unstable, Mixed,
9CH Buocyant. etc.

Please explain how the percentage of jet height that is buoyant :s
calc.laced.

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

Scaling



Attachment B
Responses to 49 Discussion Items and 3 Additional Items
R _ Inf | NRC Discussion |
. WCAP-14845, Section 10.2 presents a scaled comparison of AP600 and the LST.

2. The mass flow rate, m ., = and enthalpy difference, A,  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 ¢“ch time phase.

3. Appendix A of the August Scaling Analysis was largely replaced by WCAP-14845 Section 5.
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 5.

The relationship between ZR. 7
WCAP-14845.

R and Z_ R, is developed for Equation 55 in Section 5 of

4. The basis for the low air reduced pressure that justifies treating air as an ideal gas is provided in
WCAP-14845 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 deviation from ideal gas behavior for air is
acceptably smail.

5 The baffle temperature and conductance discrepancies were corrected and the revisions presented in
WCAP-14845 Section 7.7,

6. The inadvertent reference to the riser should have been to the "downcomer”. The corrected text is
presented in WCAP-14845 Section 7.8,

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

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

9. AP, is defined in WCAP-14845 following Equation 8, 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 are not presented. They are, however, defined by the saturatinn pressure of each heat sink
surface, 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 liquid flow rate was determined from Figure 3-2, and is the sum of the drop and pool flow rates
presented in Table 6-3.

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

B-1



12, The evaporating, subcooled, and dry shell areas are presented in WCAP-14845, Table 8-1 and all
add to 52,662 for each time phase.

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

14. Tle drop conservation of mass Equation 97 of WCAP-14845, includes terms for the source rate,
the flashing rate, and the evaporation rate. The source is assumed to occur only during blowdown at
the rate given in Table 6-2. The flasking 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 to maximize the effect
of the drops on containment pressure.

The discussion and calculations in Section 7.1, and the pi group values in Section 8 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 by
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 v ere eliminated in
WCAP- 14845,

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 Table
6-3.

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

|8, The scaling analysis presented in WCAP-14845 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 ¢nergy 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
7.1.

22. Each temperature difference is normalized to the temperature difference between the bulk fluid
and the surface at the initial conditions of each time phase.
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23, WCAP-14845, Section 10.1.3 contains a revised discussion of forced convection heat transfer.
The ambiguous reference to mixed convection data was eliminated.

24. The incorrect section reference was corrected in WCAP-14845. The conductances are normalized
to the shell plus coating conductance. The conductance pi groups are clearly defined for cach heat
sink in Section 7 under a " ... Conductance” subheading. Since the normalizing value is always shell

conductance, the conductance pi values can be compared horizontally as well as vertically in Table 8-
.

25. It is necessary to integrate the heat input to heat sinks over time to predict surface temperatures
that are used to evaluate the heat transfer rates, and hence the pi values, for each time phase. This
integration 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 equations 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- 14845, Equation 59. V_ = 1.741x10° ft' is the total gas volume inside containment, both above
and below deck. During refill the break source flow stops, so the time constant, with flow rate in the
denominator is undefined. However, Table 8-3 presents a time constant calculated using a reference
break steam flow rate of 200 Ibm/sec.

27. The reviewer's interpretation of the pi groups is correct. WCAP-14845, Table 8-5 shows the
drops affect pressure the same as the steel heat sinks during blowdown and less than 1/10 as much
after blowdown. Pi groups are normalized to different steam mass flow rates in each time phase, so
cannot be compared between different time phases.

28, 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 to calculate the
buoyancy. The example calculation in WCAP-14845 is repeated below.

Figure | shows an example of a simplified PCS buoyancy calculation using density values calculated
for the beginning of the long term time phase of the LOCA. The density variations over each leg of
the air flow path are assumed to be linear. The net buoyancy is represented by the enclosed area.
The buoyancy calculated using the thermal center approach is shown for comparison. For this case
both the distributed density and thermal center approaches give the same result. Note that for this
assumed case, the net buoyancy is not affected by tne 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 downcomer buoyancy to
positive riser buoyancy. Moving the thermal centers of the downcomer and riser up to the 84 ft
elevation, as was done for the AP600 scaling calculation, significantly reduces the net buoyancy.

29 The text in WCAP-14845, Section 9.3.1 was revised to be consistent with what was done:
condensation on the chimney was part 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 time 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 than at any other time, so the buoyancy induced volumetric air flow rate is highest.
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Figure 1 Buoyancy Calculation for the AP600 PCS Air Flow Path Comparing Distributed and
Thermal Center Approaches

Consequently, the time constar is at its lowest value during the transient, and since the riser Reynolds
number is proportional to the - 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 boundaries between free, mixed, and forced
convection flow is presented in WCAP-14845, Figure 4-1. The location of the downcomer, riser. and
chimney operating points from the scaling analysis are shown on the map to help establish that the
riser flow is forced 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 to
mixed convection test date.

33. 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 to test data are in terms of Sherwood number,
defined in Section 4.3.1. Sherwood number comparisons to test data are presented in Section 10.1.1
and 10.1.2. The inconsistent definitions for the pi groups in the August Scaling Analysis was
eliminaied in WCAP-14845.
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34 The definitions are clarified as noted in the response to discussion item (33).

The compressibility range in AP600 is 097 < Z__ < 1.0, where the minimum value corresponds to 40
psia of saturated steam. The assumption that Z__ = 1.0 introduces an error of less than 3% in the
equation of state, and permits steam to be modeled as an ideal gas. This is a significant simplification
over the necessary steam table look-up required to quantify Z_ . for only a small error in the equation
of state. Although compressibility is neglected in this application of the equation of state,
compressibility has been considered where it 1s more significant: the evaluation of the enthalpy rate of
change with pressure in the development of the rate of pressure change equation presented in WCAP-
14845, Sections 5 and 6.

35. Section 4.3.1 of WCAP-14845 presents the derivation of the Sherwood number relationships for
free and forced convection that are compared to test data in Figures 10-1 and 10-2. The development
follows.

The expression for the mass transfer coefficient for free convection condensation mass transfer:

0.13D P i
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can be rearranged in the dimensionless form:
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The term (v¥/g)' " represents length, so the right side of the equation is the Sherwood number plotted
in Figure 10-1. Note that multiplying both sides of the equation by L, and dividing both sides by the
term (vi/g)"" produces the more familiar form:

- i1

k RTLP ) |

go” o mwe g3 _L__ APl gV o sh =0.13Gr Sc"
T, (v/g)? p

The evaporation mass transfer relationships are developed similarly.

36. The evaporation test data points in Figure 10-2 are from the STC Flat Plate Test. The figure title
was revised in WCAP-14845.

37. Figure 11 of the August § * Analysis was mixed convection, not free convection or forced
convection. The mixed com correlation figure was replaced with discussions of the free
convecticn and the forced . tion correlations in WCAP-14845, Section 10.1.3

The scaling model accounts for the water coverage fraction. The area of the evaporating, subcooled,
and dry shell regions change during the transient The determination of area is defined by Equation
135 and the discussion in Section 7.6.6. The resulting areas for the three shell regions are presented in
Table 8-1 for each time phase. A maximum evaporation rate of 40 lbm/sec. consistent with WCAP-
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14407, Section 7, is used.

38. What is meant is the slope, or exponent on the Reynolds number. is 1/2 that for friction at the
riser Reynolds number corresponding 1o the peak containment pressure. This was clarified in Section
10.1 4, third paragraph of WCAP-14845,

39 The Blassius friction factor correlation is a reasonable approximation for low turbulent Reynoids
numbers. However, at the riser Reynolds number corresponding to the peak containment pressure (Re
= 163,000), the tangent to the £/d = 0.000! curve on the Moody friction factor chart has a slope of -
0.29, hence the value used in the calculations.

Since form losses are known to be independent of Reynolds number at high Reynolds numbers (K =

C Re"), and since the frictional losses are known to have only a weak dependence on Reynolds number
at high Reynolds numbers (fl/d = C Re", where n = -0.20), it is reasonable to expect the sum of the
form and friction losses can also be approximated by a function of the form K, = C,Re™ An
approximating function can be defined as the tangent to the approximated function at some Reynolds
number, R,. The values of C, and m in the approximating function can be determined as follows with
the assumption:

1. The form, K, and friction losses, fL/d, are equal in magnitude at Re = R, so C, = C,Re",
and with the definition of the tangent:

2. The magnitudes of the approximated function, (K+fL./d), and the approximating function,
K, are equal at Re = R, so K, = K + fL/d, and

3. The slope of the approximating function dK , dRe is equal to the slope of the approximated
function d(K+fl./d)/dRe, at Re = R,

From assumption (1) : C, = C /R,"; from assumption (1) and definition (2): C, = 2C /R,"; and from
definition (3) - nC.R,"' = mC,R,™'. Substituting the first and second expiessions into the third to
eliminate C, and C, results in the equation m = n/2. Since n = -0.20 at Re = 163.0€0, m = -0.10.

This discussion was included in Section 10.1.4 of WCAP-14845,

40. The roughness should have been stated as micro inches, not micro inches per inch, and was
corrected in Section 10.1.4 of WCAP-14845.

41. WDT, an acronym for Water Distribution Test, is spelled out in Table 10-7 of WCAP-14845.

42. The stability criteria shows the containment atmosphere is stably stratified during most of the
transient (after approximately 5 sec during a DECLG and 80 sec for the MSLB). It is considered
unlikely that a more rigorously applicable stability criteria would permit the conclusion that the
atmosphere is unstable during the majority of the transient time. Therefore it is nucessary to address
the consequences of stratified gas volumes in the AP600 evaluation model. The consequences ot
stratification are addressed in WCAP-14407, Section 9.

43. Equation 121 of the August Scaling Analysis is Equation 89 of WCAP-14845. The sentence was
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rephrased in WCAP-14845 to state "Equation (89) is equally valid for AP600 and the LST with jets
that are forced over most of the containment height.”

E., sation 89 was derived from Peterson’s equations for entrainment into a forced jet, so for Equation
89 to be applicable, it is necessary that the jet be predominantly forced, or Z, = H.  Peterson also
examined a stability criterion for buoyant jets, and concluded that buoyant jets aimost never break up
stably stratified fluid volumes. Thas, the criteria for instability are a predominantly forced jet, and
violation of Equation 89, This paragraph was added to Section 6.5.2 of WCAP-14845.

44. The MSLB valies in Table 10-1 of the August Scaling Analysis are juxtaposed. They were
corrected in WCAP-14845, Table 6-4 to read, first line: 74.8, 9.01, 1/8.3, and the second line: 2.46,
0.256, 1/9.61

Figure 3 of Peterson, I J of H & M T. Vol 37, shows stability data for 2 < H/d < 40, which includes
the range for both the LOCA and MSLB in both AP600 and the LST. Thus, we believe the
relationships are valid for our values of H/d.

45. The values in Table 10-1 of the August Scaling Analysis are incorrectly listed and are corrected
as noted in the response to Question 44,

46. Figure 12 of the August Scaling Analysis is Figure 6-2 of WCAP-14845. Both figures show the
ratio of jet Froude number to volumetric Froude number is consistently 1000. Note the left and right
scales on the figure.

47. Figures 12 and 13 are Figures 6-2 and 6-3 of WCAP-14845. The following paragraphs of
clarification were added to WCAP-14845.

Stable/unstable regions are distinguished by the AP600 values of Fr, presented in Table 6-4, calculated
from Equation 89 Figures 6-2 and 6-3 show the AP600 transients are expected to operate
predominantly in the stably stratified regime.

For entrainment calculations it is important to know whether the jet is buoyant or forced, since
buoyant and forced jets entrain the surrounding fluid at different rates. A forced jet transitions to a
buoyant plume after traveling some distance and dissipating some of its kinetic energy. Thus, the first
criterion to examine is whether the jet remains forced over the full height ot containment, that is, what
is the jet Froude number for Z,,, = H? The values were calculated for AP600 with Equation 86 and
presented in Table 6-4. Comparison to the transient Froude numbers in Figures 6-2 and 6-3 show this
criteria is never satisfied. So the jet always transitions to a plume before reaching the top of
containment.

The second criterion to consider is, since the jets cannot always be modeled as forced, can the jets be
modeled as always buoyant? The strict answer is no, since Equation 86 always gives a finite value of
Z.w However, if the jet is predominantly buoyant, say over 90% of the containment height, then it is
reasonable to model the jet as buoyant over its full height. The value for Z  then is 10% of the
height, and the correspondirg jet Froude numbers are presented in Table 6-4. When compared to the
AP600 jet Froude numbers, Figure 6-2 shows the DECLG jet height is 90% buoyant for the entire
post-blowdown time. Figure 6-3 shows the MSLB jet height does not become 90% buoyant until the
end of the transient. Prior to the end of the MSLB the jet transition height must be calculated as a
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function of the jet Froude number and modeled as mixed (that 1s, part forced and the remainder
buoyant) to accurately calculate entrainment..

48. The part of the jet height that 1s buoyant is H - Z,_ . where H is the containment height above the
source, and Z, . is the height of the forced jet calculated from Equation 86 of WCAP-14845.

49. The phrase "weakly stratified” is used as a qualitative measure of the vertical density gradient
observed in the LST data for the LOCA configurations. Strongly stratified would be nearly pure air at
the deck elevation and nearly pure steam at the dome, which was never observed in the LST. [f the
Jet entrainment is high enough, the resulting fluid circulation can nearly eliminate vertical
concentration gradients, resulting in a weakly stratified atmosphere.

“Stably stratified” is not related to whether the gradient is weak or strong, only that it is stable.
tition |

ITEM |. Caiculated values for the rate of pressure change equation pi groups are presented in Table
8-5 for each phase of the LOCA and for the MSLB. The magnitude of the pi group, relative to 1.0
represents the importance of the phenomena. The phenomena represented by the pi groups are
identified by the subscripts on the pi groups and the definitions of the pi groups. How the high and
medium ranked phenomena are bounded is presented in WCAP-14407, Section 2.

The mass, energy, and pressure rate of change equations were validated by comparison to LST data as
described in Section 10.2. The comparisons show the rate of change calculations agree with the test
measurements.

ITEM 2. The scaling methodology was applied to the LST in Section 10.2. The predictions and
measurements presented in Table 10-10 showed good agreement for the dominant phenomena
(condensation and evaporation) The steady-state scaling model predicts the total steady state LST
energy transfer for 21 tests with an average deviation between predictions and measurements of less
than 1% and a standard deviation of 13%. The scaling analysis shows the dominant phenomena inside
containment during a MSLB are also dominant during a LOCA. Therefore test results are valid for
both transients.

ITEM 3. Transient rate of pressure change equation prediction are presented and compared for the
LST and scaling equations. Pi group values were also calculated and compared to LST measurements
to validate the mass and energy rate of change equations at steady state. Since the pressure rate of
change equation is a combination of the mass and energy equations with the equation of state,
validatic= of the mass and energy equations also validates the pressure equation.

The scaled comparisons show the dominant phenomena in the LST represent those in AP600. and the
test data validate the scaling equations
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Attachment C

Discussion of Open Items 425 and 3202

OITS 425. Stalling/restart of PCS air flow under high ambient conditions.

The shield building walls are 3 ft thick concrete.  This thickness strongly damps the effect on the
inside of the shield building of solar radiation, that cycles from day to night. Calculations
(Schlichting, Boundary Laver Theory, 6th Edition, pp 85-86) thow the wave length of a 24 hour
thermal cycle propagating through concrete is 3.05 ft. Thus the peak temperature on the inside of the
structure occurs in-phase with the peak in the outside surface temperature. However, the damping
reduces the amplitude on the inside to less than 0.2% of the outside amplitude.

A much more immediate effect on the inside of the shield building is due to the ambient air that is
drawn into the downcomer by the natural circulation induced by the warmer containment shell, and by
the wind-positive PCS air fiow path. The wind-positive behavior is such that the external wind
induces a positive (down the downcomer and up the riser) air flow. Thus, the ambient air will always
be in thermal communication with the inside of the shield. Consequently, the downcomer side of the
shield will respond directly to the outside air, but not to the solar heat load.

OITS 3202 Use of correlations outside their range.

The range of correlations for the dominant phenomena, condensation, evaporation, and heat transfer
are all used within the range of the data as shown in WCAP-14845, Sections 10.1.1, 10.1.2, and
1G." 3 All correlations used to represent significant AP600 phenomena have been validated over a
range appropriate for AP600 operation.



