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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP6.2. 1.1 -SPCV-07
I Revision: 2

Question: (Revision 0)
RAI SRP6.2.1.1-SPCV-01 through -04 requested additional information on the change to the
maximum external pressure analyses. Westinghouse referenced calculation notes
APP-MV50-ZOC-020, Rev. 0 in their response. The following issues remain regarding this
analysis and the RAI responses:

a) In response to RAI SRP 6.2.1.1-SPCV-01, Westinghouse stated that while the accident
analysis biased the heat transfer coefficients low, the external pressure analysis used
nominal heat transfer coefficients. Provide details on how the nominal heat transfer
coefficients used in the external pressure analysis differ from those described in the
accident analysis documented in WCAP-1 5846.

b) Westinghouse assumed that the heat loss at operating reactor power was equal to the
maximum capacity of the fan coolers, or 26167 Btu/s. Justify why this approach results in a
bounding value for heat loss. Clarify why Appendix B and D of the referenced calc-notes list
heat rates of 2536.33 Btu/s rather than the stated 26167 Btu/s for both the heater and
cooler. Provide the value actually used in the WGOTHIC model.

c) There is a 1Ox difference in time scale between DCD Figure 6.2.1.1-11 and the associated
data points from Appendix E of the referenced calc notes. Please resolve the discrepancy.
If the scale in the DCD Figure is correct, justify why analysis ended after 6 minutes.

d) In response to RAI-SRP6.2.1.1-SPCV-01 and -03, Westinghouse provided values calculated
by WGOTHIC for the heat transfer coefficients of the containment shell, baffle, and shield
building. Explain how these were derived (specific time point and WGOTHIC conductor)
and why they differ from the heat transfer coefficients reported in the referenced calc notes
(where at 3600 sec, h-outside containment shell =5.2 B/hr-ft2-°F and h-inside containment
shell =1.6 B/hr-ft2 -°F).

e) Although the referenced calc-notes state that the containment shell temperature was initially
set to -1 8°F for the second part of the analysis (actuation of fan coolers after steady state
operation at low temperature), the WGOTHIC model included in the Appendix has the shell
conductors set to 69°F. Please provide a plot of the containment shell temperature versus
time for this transient.

f) In response to RAI SRP 6.2.1.1-SPCV-04, Westinghouse states that the changes to the
shield building air inlets make the air velocity in the annulus less dependent on external wind
speed. In the original design, the assumed 48 mph wind speed was modeled with a 25 mph
annulus velocity. For the new shield building design, describe how annulus velocity was
modeled and how this correlates to a 48 mph wind speed.

RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Additional Question: (Revision 1)

a) The revised external pressure analysis consists of two steps - for the first step (steady state
operation at cold conditions) it is conservative to assume minimum heat transfer to the
environment while for the second step (inadvertant cooling transient) it is conservative to
assume maximum heat transfer to the environment. However, the analysis assumptions
(which were applied to both steps) were biased for maximum heat transfer to the
environment (i.e. relative humidity of 100% and maximum condensation heat transfer
coefficients). What sensitivity studies were performed on these parameters to demonstrate
they are bounding?

b) The steady state portion of this analysis is not realistic, as the resultant pressure is well
below the containment pressure Limiting Condition of Operation of -0.2 psig. When
pressure exceeds the lower bound of Tech Spec B.3.6.4, how does operator restore the
pressure and why is it conservative to neglect this action in the analysis?

c) How is it demonstrated that inadvertant actuation of active containment cooling on an
extremely cold day produces the limiting event with respect to external pressure? What
other events were evaluated and found to be less limiting?

d) Because the fan efficiency increases with temperature, it could potentially remove more heat
from containment on a hot day than the heat removed via the shell on a cold day. What is
the impact of external temperature on the calculated minimum internal pressure?

Additional Question: (Revision 2)

1) In the proposed DCD changes, the bounding external pressure event is identified as a
nonmechanistic step change in containment atmosphere from 120F with 100% relative
humidity to 50F. with an associated bounding pressure change is -2.9 psid. This is a
change from both the event certified in rev. 15 and event described in rev. 17.
a) Because minimum containment pressure is not a tech spec requirement, explain how it

was determined to be 50F and how this will be controlled.
b) What methodology (hand calcs, WGOTHIC) was used to calculate the bounding

pressure change?
c) What assumptions were made in analysis?
d) Why is loss of ac power, which was certified to be limiting event in rev. 15, no longer the

limiting event? (What changed in design or analysis to make this new event more
limiting?)

e) I would like to audit analysis.

2) Response to part a) states that best estimates are appropriate for this analysis, but the
analysis never characterized the values as best estimates. Please explain how the values
chosen for relative humidity and heat transfer options represent best estimates.

RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

3) Response to part c) states that inadvertant actuation of the fan cooler is the only
conceivable event to reduce internal pressure because inadvertantly actuation of spray
system is not feasible and inadvertant actuation of the PCS would actually heat the shell on
extremely cold day. Address why the other conditions discussed in tech spec basis B 3.6.5
are not limiting, including loss of ac power. Explain why a nonmechanistic step change to
50F was not considered to be limiting.

4) My interpretation of the response to part d) is that there are two external pressure values.
One is -.9 psid, and this only applies to extremely cold days. The other is -2.9 psid, and this
applies to every condition except for extremely cold days. I am confused as to what
determines an extremely cold day. For example, what pressure value should be used at -
30F? What about OF?

Westinghouse Response (Revision 2):

Section 6.2.1.1.4 of the DCD is being revised to return the text that was included in Revision 15
of the DCD. The questions above and the previous responses are largely obviated by the
change. The questions above are largely about sensitivity studies that support information that
is to be included in DCD Subsection 3.8.2. RAI-TR09-008, Revision 4 provides more
information about these sensitivity studies and addresses these questions.

The description of the external pressure condition described in 6.2.1.1.4 explains how the 2.9
psi desigqn external pressure is determined to be bounding. The 2.9 psi design external
pressure value is determined by structural capacity of the containment vessel and was included
in Revision 15 of the DCD that supported the AP1 000 design certification. The containment
pressure and temperature transient scenario described is a bounding, non-mechanistic set of
assumptions. The scenario is nonmechanistic because the initial 120 OF containment
temperature is inconsistent with a coincident external ambient temperature of -40TF. The
description in 6.2.1.1.4 is supported by a calculation and has been verified for the design
certification amendment. The result of the calculation is that the bounding assumptions result in
an external pressure differential less than the design external pressure.

The design external pressure (2.9 psi) is used in a design condition load combination that does
not include seismic or thermal loads. Since thermal loads are not included in this design
condition load combination the most limiting coincidence of thermal and pressure loads does not
need to be determined.

The load combinations that evaluate extreme cold weather conditions include a thermal load
and are identified in Section 3.8.2 as loads combinations evaluated for Service Level A and
Service Level D limits. The Service Level D load combination also includes seismic loads. The
development of the Service Level A and D load combinations is discussed in DCD Section
3.8.2. The loads for these combinations are based on more credible temperature and event

RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

initiation scenarios. Multiple different events at various external temperature conditions are
evaluated to determine the appropriate pressure and thermal load combinations.

The DCD mark-up shown below is based on Revision 15 of Section 6.2.1.1.4. For the changes
to DCD Section 3.8.2 please see the Revision 4 response to RAI-TR09-008.

The previous responses to the Revision 0 and 1 questions in this RAI are deleted as shown

below.

Westinghouse Response (Revision 0)-

a) The analyses describo-d in WOGA.P 15816 are peror~m~ed- to aclt the passive
containment pressure rcsponse to loss o-ef coo-lan;t aciensand main tea line- brea;ks-.
In these acidenRt sequences, there is a large mass and energy release to the
cn .tainment, the PG, water is a.tuatod, and evapo.r.ativo o•ol.,-ning is, credited on the
outside onf the P ,S shell. Lower bounded heat and mass tranSfeIr coefficients ae used
to cacuAte acner;,'•. -atively high peak prFessre for the ontaiwment design analyses.
Upper bouRndJedAhf-t ;haad- masstr;ansfer coeefficintsr, arFe usrMedn to ralurl, date.a
nserlatively oW GcotainRment back pressure for the E-CCS; evaluatioenmode

The•xna pfesur•e analysis for the passive plant is analogo)ush ton ;;nade, r,
coGnteaiing actuationR analy•is in Aa GhP avconventionall nucear plant corntainment
building. The passive containment does ne-t h-;ave An i rnlctai•nm t spray system
that can be spuiusly actuated. There•f re, the limiting sequence frF the ex•týrnal;
peressure analysis is the inadve~tent actuation of the containment GGoling systomA fan

Natu•,ra convecut";io he;at trans•fpder wiaV'th is the pFricpal mnethod of energy
exchange to the inside surface of the containment shell. For the peak pressur
containm~ent analyses described in WCGAP 15816, it is censeR'ative to calculate lower
bo"unded heat and mass transr to the externýl hell. The -nVAdiaHmstur bulen•t free.
convecion co-rrelati-o , with a loweF bounding mFultiplier value of 0.73, is used t
cacuat •v.the condensatn he-at and, mass transfer rate to the inside sufface of the
Vontainpment shell in the peak pressure analysis. F=o the eAterMal pressure analysis, it is

assumed~~~ tohv a ntalrltve humiodity of 100-%; the pressure will decrease as water
vapor in the air i codensred- on the s~hell1 and- fan; cooler cois.

The WGOT-HIC DIRECT heat transfer coefficfient o)ptfion, with the condensation option
set to MAX, is, used to calculate the heat and mnass transfer rates to the inside and
outsid-e 'surfac4res; of the cnametshell1 in bopth the steady state -and- transiwent phases
of the external pressure analysis. The DIRECT option uses the MGAdamns turbulent free
convyec-tio creltin The h.,- conG-densation option uses the maxinwmum value
between the Uc~hfida and Gido Koestel conRdensationR correlations&.

O Westinghouse
RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

b) The rerponne to RAI SRP6.2.1A.1 SP\V 01 was rFviewd along with the inpuIt values
discu-ssed in cac'u!ation APP MV50 ZOC 020, Rev. 0. The value of 26,167 Btu-sec for
the heat load at peratinR a ractofr pewer quoted in the RAI resp••nss is in error The
actual value for the containmont heat loads entered in WGOTHIC and u-sed in
cralcu d •tionA 020 war, 256-6-.332- B-TUD. As; discussod below, this valu i
appropriate and cOnsorvative.

The containment heating and cooling c-alculation APP VOS4M30 001 Rev. B3 was
reviewved to esti4m~ate th~e value of the containm~ent heat lo-ad ;and comFpare it wt h
value used in APP MV50 ZOG 020. APP V\S M3l 001 Rev. B provides an estimate of
the onanmn heat loads on a room by roomn basis to size the cotanen coing
systeFm. The cntainmen÷t cooling system is sized to p rovide 15% margin to the total
coRtainmntnn heat loads -and takes-, credit for passive heat removal through the shell on a
summer day, assuming the peak ambient temperature of 11 50F.

Thr•efre, the conainen heat load can bh tia; ted as-

Total.' h.at removal capacity of the fan • G•lers 8.82 MBtu/hr
Heat remoeved through shell +0.67 M~tuihr

15%4 margin added to fan cooler capac•t#y 42 MBtulhf
Heat load to the containment 8.07MBtJ/hr

- 2P212 Btu~sec

The maximumR initial conRtainment temnperature providesj_ the- liumiting Geonditin for the peak
external pressure. Therefore, the heat load uised in the steady rstate 1AGGOTHIG analysis
in AP 44OZO 2 ocaclt the initial containmen~t conditions is R PsRvAtIVe.

FoArD theI tFrIanGient analysis, calculation APPhMV50ZO 020 assumed a maximu -m fan,
coolr c apacity of 2536.33 uI, The maximu\m/ f7an cooleur heat removal capacity
from APP V\S M3I 001 is 2150.6 Btulse, (•.2 Mtl•u/hr). The larger faR cooler heat
removal value is limiting for the peak external pressure; therefore the value Of 2,536.33

Bu sed in cAPP MV5, ZOv 020 i•s nseRative. The fan cooler heat
removal is assumed to be a linear fnction of the cntaifnment tempratwe, with the
max imunm heat removal rFate at 1209F and 0 Rt Unser heat preoa;l rate at 3 . The
ac-tuwal minimumn temperature of the c-hilled water is400F (f9Rom APPAAA1'S4A3 001, Rev.
B), so the fanooler heaterm;oval r _at ,u• for thea cralculationen ; APP MV5l 7C 0:20 i

For theptnsient a lower containen~t heat loadIRing is x•honne•ai fAr the
external peak pressure. The heat load to the conRtainment forF the transient calcul1ation i
the containment heat load 4 of 222 Btu-/se plus the heat load from the fan coorle motors,
which is 1.02 MBtu/hr Or 283 Btu/seG. The total containmPnt heat load based on

l Westinghouse
RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

APP VC-S \ I 001 i2525 Btuiscc, wAfhirh is within 19%; of the value (2536 Btu/sc-)
... in calc-.I.ulation APP --/O ZOC 020.

Therof..e, the ho.at lo.ad. .and- fanc.olor heat capacity presentd
APP MV5 -ZO , 020, Rev. 0 are appropriate and G ..... ;;,tive for the pcak external
pressure cacu-lation.

G) The DCD figuro 6.2.1.1 -11 time scale isiprror anPd rhoulId be correctod-. See-A DCD--

d) The heat transfer coefficients provYided in the RAI responRSos' wo~gre taken fromn differen

transfer cefficiients calculated by WGQTHIC fEr one "stack" Ef shell thermal conductors
(PCS shell from. the. do.m.e to the oprating deck) f the steady state FRu arc presented

... P ... .. . .. . -... PA .. .. . A n ... .. PA ..... I-. A.. A. . .. ... . . . .. . . .V. r....R
I I il

durinl thle tFrasi•ent are rolie in --iure RI D 1 and D 2.v

Heat TrFansfer G0cfficientS fromF the Stead Stat Ru+-
IRside-HT-G Outsode H-H

LocateR Bt-hr ft2L2F Btu/h -ft2 F-
Tpe ee4-4 4-4

3-.5 4-.

3-4 7-.
14-9 74

Bottom of Sel 1

..- 1 Sh4-.6 &4

I )Westinghouse RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Shell Inside Surface Heat Transfer Coefficients
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Shell Outside Surface Heat Transfer Coefficients
Top of Dome

Bottom of Shell

B_. I.

I.H-

v2
-- - - - - - - -

- 6

-4

2

-0
4QDl3I O'O

Time (sec)

Figue D 2

3doo

el The Gt nlinrnt shell initiil tmnernatroes wora anFn•rFriathl sot to -1 IRL an thp.
. -If2-A TL-IIC' ,.n ^,f ADD RAX\/r-l 70Or' Th0 ni l 7- ;-+

.v

dctoRmnoRd fromn a conservative estfimate of the aVerage temperAturweof the shell in the
steady state run. The temperature rosponse of one PCS "rtack" duorig the transicnt is
proVided in Figuro E 1.

I ( Westinghouse
RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Containment Shell Temperature Response in Cold Conditions
Top of Dome

....... Bottom of Shell

0 0
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x The wind-ind, ned anni ill la velonlill aeec noT nave a ýlplfl-r 1 ý'T ýn Tn-
'1

With reSpect to- the- ýannulus1 Velocity idduced by the gas denSit' diffeFrenc in the PCS; 'n
the APP MV50 ZO\ 020 analysis, VVG•t-HI- caIlulates t•h•eelocty th;÷ hrugnh the
annulus, Which is 25 Wts (17- mph), based On density differences. A sensitivity analysis
was run increasing the heat transfer coefficents in the PCS annulus by 1.62 in the
transient pressure case. The N616u.t number is a funct*io of the velocity (Ry•nold's
number) rais,,ed to the 0.8 power, so the resulting heat transfer coefficenlt Gor.respnds to
ýan E1Rannulus11- velocity Of 36.8 WtS (25 mph). The 'AGO-THIC- hettasfrcefiinso
the oter she"ll surface increase as shoWn in Figure F 1. The impact on the peak
exte•ral Pres-i-u-,re is- -0024 psi (Figure F 2), which is a 3% incre Ase in the external
pFessUFe7

( IWestinghouse
RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Thermal Conductor 226 Outer Surface Heat Transfer Coefficient
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I Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Velocity Sensitivity Case Containment Pressure
Base Case
High VeIocity Case
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Westinghouse Additi;R;^l RDSPons-: (Revision 1)

The- informFation provideA in D-D Su -,bsect~ion 6-2.1.1.4 is intended to be usetd for the. ctruc-turwal
evaluatinr of the steel containmetrure vessel. It is not ;nfntended to be u-sed for

containm +hperformanac analysis. The FeSPonsesr below ard the DOD Fevisioen -are rinende

G~a~f-that,

a) The external pressure analysis i6 performed to provide for an extWrmely unlikely adverse
load comnbination consisting of a safe shutdown ea~thquake couple with an inadvetent
actuation Of the conRtainm~ent cooling system resulingin a maimm external pressure. In
addition, this is postulated to occur at the loweir boun,ý.d of. the operating temperature range Et
-4 0'F=. This extremely unlikely sequence- of events ma;kes it unecrssar' to apply the sam
type of assumptions. used in the design basis pressure analysis in Chapter 6.2. For this
analysis, beist estimnate a-ssumRptions are appropriate-.

b) As addressed above, the purppose;P of thtestead" Gtate pwtion of the Ga!culat*G i t
determine the epwrating temperature of the cRontanment fo •er•y cold extrnal tempratur-e,
and- to use thoer temperature, as the i;nim c -nditions to the tans;ient cooldown calculatIon

I IWestinghouse
RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

For) this analysis, the conRtainmen8t isolation valves arc a~ssumed to be open So) that therc i
no prossure di0fforoncoacros the otimn s~holl.1

In the secoRd part of the GalGulatioR, the pressUrc is assumred to be ifnfitially at 14.5 psia to
ccounlntf for the instrument error.

G) Cooldown.~f A.evtont from power are limiAt~d_ to thte acrtuwation of ei*the-r the passive or active
conRtaiRnment coolIfing system. As was descrFibed above, the actuation of the pass;Five
coRtainment cooling system would r-esut Oi the applicatiRo of wateFr at a temperatur in
Axr--r-Qf-40'F onto the conta•i.met fh•ell ,whirh i;s far crlde;r resultf•ing in heating of the

conptainmenptl The conAtaiRnment spray system cannot be inadvertently actuated since it is
aligned forF use only in the event of a_ seve~re accrident. The only conceivable cooldown
transient is the_ i0nadvr~itent actuationR of the active fan cooler system.

d) External pressure evaluations were done us6ing the bouinding external pressure presented i
t7Ha,- 6 ..... . . ... . . ... - ... . . I..-4s .. ... ... .. . ..-.. .....PRe -x-e s v l ..... _... _. V - .. . .. . .... -P ..

comD..i..n. xtemely . . . d conditions. , nhs analysis appiles o nly to he-

Design Control Document (DCD) Revision:

Revision 2 of the response

The mark-up shows the changes to Section 6.2.1.1.4 and Figure 6.2.1.1-11 based on Revision
15 of the DCD.

6.2.1.1.4 External Pressure Analysis

Certain design basis events and credible inadvertent systems actuation have the potential to
result in containment external pressure loads. Evaluations of these events show that a loss of
all ac power sources during extreme cold ambient conditions has the potential for creating the
worst-case external pressure load on the containment vessel. This event leads to a reduction
in the internal containment heat loads from the reactor coolant system and other active
components, thus resulting in a temperature reduction within the containment and an
accompanying pressure reduction. Evaluations are performed to determine the design external
pressure for which the containment is analyzed based on a postulated loss of all ac power
sources.

The evaluations are performed with the assumption of a -40'F ambient temperature with a
steady 48 mph wind blowing to maximize cooling of the containment vessel. The initial
internal containment temperature is conservatively assumed to be 120'F, creating the largest
possible temperature differential to maximize the heat removal rate through the containment
vessel wall. A negative 0.2 psig initial containment pressure is used for this evaluation. A

OWestinghouse
RAI-SRP6.2.1.1-SPCV-07 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

conservative maximum initial containment relative humidity of 100 percent is used to
produce the greatest reduction in containment pressure due to the loss of steam partial
pressure by condensation. It is also conservatively assumed that no air leakage occurs intc the
containment during the transient.

Evaluations are performed using WGOTHIC with conservatively low estimates of the
containment heat loads and conservatively high heat removal through the containment vessel
consistent with the limiting assumptions stated above. Results of these evaluations
demonstrate that at one hour after the event the net external pressure is within the 2.9 psid
design external pressure. This is sufficient time for operator action to prevent the containment
pressure from dropping below the design external pressure, based on the PAM's containment
pressure indications (four containment pressure instruments) and the ability to mitigate the
pressure reduction by opening either set of containment ventilation purge isolation valves,
which are powered by the lE batteries.

The bounding containment pressure transient used to validate the design external pressure is
shown in Figure 6.2.1.1-11.

See Subsection 3.8.2 for load combinations based on more credible combinations of events
and temperature conditions used to evaluate Service Level A and D limits.

O Westinghouse

RAI-SRP6.2.1.1-SPCV-07 R2
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