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RAI 06.02.01.01.C-1:

QUESTION:

Section 6.2.1.1.3: The staff found the containment analyses in support of the certified ABWR
design to be acceptable based on the use of the GESSAR methodology and confirmatory
calculations by the staff. It is the staff s understanding that the applicant plans to replace
GESSAR with the GOTHIC computer program. It is also the staff s understanding that
the GOTHIC code was adapted to employ models and assumptions outlined in the NEDO-
20533 reports. Please, provide:

- GOTHIC input deck/description for the STP ABWR DBA containment analyses,

- detailed description of how the models and assumptions presented in the NEDO-20533
reports were incorporated into the GOTHIC model, and

- reference for qualification and/or benchmarking of GOTHIC to be used as an acceptable tool
for performing the STP ABWR DBA containment analysis.

RESPONSE:

1 st Bullet Item:

In response to the request of the first bullet in this RAI, the input parameters for the GOTHIC
pressure/temperature containment model are provided in RAI 06.02IO1.01 .C-1 Table 1, which
was previously transmitted to NRC in STPNOC Letter U7-C-STP-NRC-090014 dated February
19, 2009. The non-proprietary version of this response was transmitted to the NRC in STPNOC
Letter U7-C-STP-NRC-090010 also dated February 19, 2009.

2 nd Bullet Item':
Westinghouse (WEC) is preparing a containment Pre'ssure/Temperature (P/T) report that will be
submitted to NRC by June 30, 2009. This report, WCAP-17058, will describe the WEC approach
for adapting the GOTHIC code to employ models and assumptions outlined in the ABWR DCD
and NEDO-20533. The WCAP will provide a detailed comparison of the DCD approach using
NEDO-20533 and the WEC method, and evaluate the impact on the analysis results of the few
unavoidable modeling differences due to certain features in the GOTHIC code. The WEC
method of analysis will be benchmarked against the DCD analysis results for both the short term
and long term P/T analysis. The report will also address the modeling updates as described in
Part 7 STD DEP 6.2-2 of Rev 2 of the STP 3 & 4 COLA.
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The analysis for calculation of pool swell, including pool swell height, velocity, bubble pressure
and wetwell airspace pressure which is also affected by the modeling updates described above,
will be addressed in a separate departure and will be removed from the STD DEP 6.2-2 scope.
Details of this departure and analysis are described in the response to RAI 06.02.01.01.C-6 in
Attachment 2.

Consistent with this approach, COLA Rev 2 will be revised as follows: (1) Part 7 STD DEP 6.2-
2 will be revised to describe the updated containment analysis, reference WCAP-17058, and
refer pool swell changes to a new departure for Appendix 3B. Part 7 tables will also be updated
to reflect this change; (2) Technical Specification 3.6.1.1, 3.6.1.2 and 3.6.1.4 Bases will be
revised in both Part 2 Chapter 16 and in Part 4 to reflect the revised peak containment pressure,
and (3) Part 2 Tier 2 Section 6.2 text, Table 6.2-1 and Figures 6.2-3, 6.2-4, 6.2-6, 6.2-7, 6.2-12,
and 6.2-13, will be revised to reflect updated containment temperatures and pressures. The
updates to the figures will be provided in a supplemental RAI response upon completion of the
containment analysis by June 30, 2009 and will be provided in COLA Rev. 3. The supplemental
RAI response will be provided by July 15, 2009.

COLA changes described above are provided in the markups in this attachment. Please note that
portions of the markups where data is not currently available are shown as blank [ ]. This data
will be available upon completion of the containment analysis and will be provided in COLA
Rev 3. It will also be provided as part of the supplemental RAI response by July 15, 2009.
Changed portions of the COLA Rev 2 are shown with gray highlighting.

3 rd Bullet Item:

The qualification and benchmarking of GOTHIC for the ABWR containment P/T analysis will
be provided in WCAP-17058, as described above. The benchmarking performed to date shows
close agreement between the WEC results and the DCD results for the short term analysis. In
addition, the GOTHIC program was used to calculate short-term pressure and temperature in the
containment for the Feedwater Line Break (FWLB) and Main Steam Line Break (MSLB) using
the DCD modeling assumptions with the updates identified in STD DEP 6.2-2. These results for
the short term analysis are in close agreement with the results from NEDO-33372 which
incorporated the analysis methodology and assumptions from the DCD with the updates
incorporated.
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6.2.1.1.2.1 Drywell

STD DEP 6.2-2

The maximum drywell temperature occurs in the case of a steamline break
(4 69.72C64 [ ]LC) and is below the design value (171 .1 C).

The maximum drywell pressure occurs in the case of afeedwater line break (26&.7240 I
kPaG). The design pressure for the drywell (309.9 kPaG) includes 4-6%-approximately 22

['°/% margin.

No v~acuum breaker system is rquirdtorte prmar cntaimnt-to-Reator Building

negative pressure, which is predictedtobe maximum 44[ kPaG, beNveenthe wetwell and
the Reactor Building, compared to the desig f3gat.deGpressu.e oj'1,.7 k•aG.

6.2.1.1.2.2 Wetwell

STD DEP 6.2-2

The wetwell chamber design pressure is 309.9 kPaG and design temperature is
403.90G1040C. ,

tindehr norml plo the mziniýl~i ~ypiesopool water and
e~tve nt ois"I/L'111IC,1Il-'N is5 3>COr es. UAIerb11iT wdiM/Wn conditiions follwn ano

isolatio ent o LCA th tniti aloo1 water temperature may rise to a ma:rY ium of
7-6-7 [ ]'C. iThe •contiiued ecasc c heatafter etinitial blowdown may result in
suppre.ssion Poon' f rdz'ýs highJ as 9Z.2[ If(', Thed Resididil Hea Remval (RHR)
System is' av inab i~hcSziq3,,,.iOnPool Co'oliq-ig mode: t(,cowrol the ool
temperature. eat is remoed m vithe RIv heat exchniger(s) to the Reactor Building

olingWater W )Systie in finalll to ' the RcirService Water (PSV)9System.
The RHR Systemz is described in Subsection 5.#.

6.2.1.1.3.3 Accident Response Analysis

STD DEP 6.2-2

The containment design pressure and temperature were established based on
enveloping the results of this range of analyses povidbig rRqvidienrg

For the ABWR pressure suppression containment system, the peak containment
pressure following a LOCA is very relatively insensitive to variations in the size of the
assumed primary system rupture. This, is because the peak occurs late in the
blowdown and is determined in very large part by the transfer of the noncondensible
gases from the drywell to the wetwell airspace. This prceess is not signcant!y
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influeneed by the size oft•he break. In addition, there is a-15% an approximately
22 r I % margin between the peak calculated value and the containment design pressure that
will easily accomodate small variations in the calculated maximum value.

Tolerances associated with fabrication and installation may result in the as built size of the
postulated break areas being 5% gbeater than thevalues presented ih this ehafter Based on
the above, these as built variaionswould not invalidate the plant safetyaayi rsne in
this ehapter and Chapter 15 of the RPV nozzles have been taken into account in this analysis.

6.2.1.1.3.3.1.1 Assumptions for Short-Term Response Analysis

STD DEP 6.2-2

The response of the Reactor Coolant System and the Containment System during the short-
term blowdown period of the accident has been analyzed using the following assumptions:

(1) The initial conditions for the FWLB accident are such that system energ.yis
maximized and the sywtem Mass is minimized maximize the containment
pressure response. That is:

(a) The reactor is operating at 102% of the rated thermal power, which
maximizes the post-accident decay heat.

(b) The initial suppression pool mass is at the !o aowi water level.

(c) The initial wetwell air space volume is at the high water level.

(d) The suppression pool temperature is the operating maximum
t value.

(4) The main steam iso•lation valves 6A.. -SJr start eloesig at 0.5s aft
..ee..n.. The 1?11insteIamn isolation valvaes (MSI Vs start closingat0. 5s afterthe
accident. They arc fully elosed in the shortest possible time (at 3.:5 5) follwing eloýure
ini;ation The turbine stop valves are closed in 0.2 seconds after reactor
trip/turbine trip (RT/TT). By assuming rapid. closure of these valves, the RPVis
maintained at a high pressure, which maximizes the calculated discharge of high energy
water into the drywell.

(5) T h ves tes are ealeulated us"ing Moody r s
homogeneous. equilibriuimf model 6WEAP fer the eritieal break 9,ow 6Refcrenee
62.2 k The vessel depress urization flow rates are calculated using Moody's

homgeeou euiibruminoel(HM~forthecrtialbreak flow ('Referec
6.-) The breake area en the RPVside~fir this study is shown in Figure 6.2
2. During the inventory, depletion periodb, subeooled blowdown oeeurs- and th-e
effeetive break area at saturated eonditionsy is mueh les4 than the aetual area.
The detailed ealeulational mehdi rvided in Referenee 6.2 1.
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Reaetor vessel internal heat trnfris modeled by dividing the vessel and
internals into six metal nodes. A sevenhM node depends on the flui
(saturated or subeooled liquid, saturated steam) covering the noede at the
time. The aigsumptioets inelude:-

(a The center of gr-aviOy of each node is speeified as the elevation o-f that

09) Mass of water in syswtem pýipig (kexept/or.W.PC-Fand feed-water is
included in initial vesselý inventor)'.

(e) Initial thermal power is 102% of rated power at steady state conditio.nsy
with cor-responding heat balance pgarameter-s which cor-respon t
turbine eon frol valve constant p9ressure of 6. 7-5 AIL%1.

d)Punmn heat- -fwl~ rel~fation angea ae ecinha r d edt

the AWS14AW 5.1 decay heat ve plu 207%

(e Iitial vessellpressure is 7-.31 MPTffi.N+)+ d

(6) There are two HPCF Systems, one RCIC System, and three RHR Systems
in the ABWR. One HPCF System, One RC(C System and Atwo PR Systems
ar.e assumed to be available. O_ _ RCIC tem andtwo7 - W-K.

jay~pje.avifW ~ low cannot bein until 36 second-s after a brea~k and

then the flows rate is afntoofhevessel to wetwell d+fcrentialpqressure. Rated HPGcP
flow i~s 182 m3/h per syswtem at 8.12 WLaD an~d 7-27 m3/h, pger system at 09.6 M-- 1ARD.
Rated PAR flow is 954 m3/h at 0.28 AIPa-D with shutoff-head of 1.55 MPaD. Rated Rc
flew is 182 m3,/ with reacter pressure betveen 8. 12 MPaG and 1.04 MPaG, and system
shuts down at 0.31 MPaG. Influence of these systems is minimal since the time
interval analyzed for short-term is approximately the same time as the
resnonse time of associated systems injections into the RPV.

(8) The wctwe azrnaectcmvrature is allowed to exceed the suppreNlyi On P491,

temperaturwe as determined by a mass and enetT~ balance on th

(9)Wetel and dretwell allowed to terccrr tsuiaelb pool'exc

(9) Wetwell and drywell w aLanl structure heat transfer ar-eis are ignored.

(10) Actuation of SRVs is modeled.

(11) Wetwell-to-drywell vacuum breakers ar.e-* .... d... n, ...

(12) Drywell and wetwell sprays and RHR cooling mode are not modeled.

(13) The dynamic bac!pressure model is used.Not Used
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(14) Initial drywell conditions are 0. 407 - ^ , 57-tad165 k1a, 1•* O lPM ý 'and 20%
relative humidity.

(15) Initial wetwell airspace conditions are 0.107 A4;6 I (k. -:a 35Jc and

100% relative humidity.

11 ° 1 1 1 - 7 7 J77 7 1 P/ " • •1 7
111" e~v 1t.'A" XQ flQ14""'g 40y 14 ;*Q4-ri 'I"1A"y' MXPQ p U ' vi"t grv''-" rWA

I 77"

, xge,• eogusty mzXfea wuin ' nc aref invenf IIy LTV' d;-,. VVIl F I,,y I IlllUolt;AqS~

(17) Because of the unique .. ntainment geome f. . of the ABWR, the inert
atmosphere in the lowver dr-ywfell would not transYfer, to the wetfvell until the
peak pressure in the dry),%ell is achieved. Fiýgure 5.2 5 shows the actual eas
and the model assumption. Because the lower drywell is connected to the
drywell connecting venit, no gas can escape from the lomver dr-y;iell until the
peak pressure occur-s. This situation can be compared to a bottle whose

pnigis exKposed to an amserwihan increasinglpressure. The
content-s of the lowver dry'-4vell will st"art tranfVerring to the weP~vell as soon as
the upper drvl rsuestarts decreasing. .4 conservative credit fo
transfer ,50? o f the lower ry.. ell . cotents into the wet"ell was taken) 1ause ofjc

atmosphere in theel(o LI would nt I taf to tewtw el/ until t he

peak presure in he r~l ist,110 achied FIgur 62C I/( Ihw th( atulas

'scas

d conectng ent lnsta s frýo t 1he lowerdrywl untilth

contents ofL telwrdyel wi~vll str rnfringl to11 theN wee1 1 s s1on L as4,ped reain A coneratve.reitfo
tranfer f 50 of he lwer~~el cotnsito thg•ewtelws ae o

6.2.1.1.3.3.1.2 Assumptions for Long-Term Cooling Analysis

STD DEP 6.2-2

Following the blowdown period, the ECCS discussed in Section 6. 3 provides water for
core flooding, containment spray, and long-term decay heat removal. The containment
pressure and temperature response during this period was analyzed using the following
assumptions:

( ) T h e .. . . . .. , Q a. ....... ....... ... 3. .........

two 'J HPCF Syt1ns ý6~ CC Systemý, and three RH R System;h~iiithe ABWVR. Aill
motor onerated nutimpnsiters (HPCF and RJJR)ar-e a~Umled to e~viabe iG
flow canlilot b in~til 47 seconds after a break.,aid theii the foW'i-,,te Is, a1 fitihdOn Of
!thle prsue Rated H1PCF flow''is 182.i- ~h- per systcm

at~8~12 w,-7fTd't: mn/h, pei swstw at 0.69 MPaD. 'RatedrHRfo i 5
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iat 0::!2 MiPaD with sfiutof head of 1.5 Ma. %1 inealu ooRHR heat
exchanger ICOVashsuý o conlseratsm

(2)TheANI/ANS~5.h'00 decay hea plti2s i~m miceitrthit%' i zscie Fis.i.ion n

(3) The suppression poo.i. I....d ii:&l-k-.dt',i•. -illible 'iii 1he

eon-W yteimcn,4nd.Utlmat hel cor~esponsw, tosthem. Iwae eehwvr hw U

aiirssmtaceovoluame'umse*cmzrespon tothe suppression pooit thehih

ree i . dat* "k~ eoo'zngft'e szp ino' Nzi h~ C~~~

eI I. .......... m... ....... - i. a4.. o s ;Pat aimi lot ,

on", '43.2.2-
Iorder toasessig~ rmhe adetuati o f th ontainment syte olo wing thbe intal

blwowrase ntis w 30-termtesprone ad RHRheat uexhnge
ilýýit a~tefd to remnoveenergv Iyvia rc &~irltloii cooliii6f otheL suppressIon[ pool alnd
onec RUIRheat xchane~r is aclate'd46'o emove eiie~r~ d1LN r s~ I iiWith- the
kcwV Systeni and ultimately to the RSW 'Syste~fii

ep eolaximum service water temperaturem is as sumar ths discusse is a
cone~atveassumn~in that maxim-izes the su~ppress.ion pool tempecrature.

(0) lc ,mv ýrvel flodn ~k g 1 ., -f0oi Wiprbal

saurtikfWd 'Liltp> ltrh~tsn~s r oee inte conlt~ihfinmciit system.

6.2.1.1.3.3.1.4 Long-Term Accident Responses

STD DEP 6.2-2

In order to assess the adequacy of the containment system following the initial
blowdown transient, an analysis was made of the long-term temperature and pressure
response following the accident. The analysis assumptions are those discussed in Subsection
6.2.1.1.3.3.1.2.

The short term pressure pea. (258.7 . aG) of Figure 6.2 6 is the peak pressure for
the whole transient. Figure 6.2-8 shows temperature time histories for the suppression pool,
wetwell, and drywell temperatures. The peak pool temperature '[ ) is reached at

55 seconds (4-.2-64 hours) and remains below the 97.20C limit.
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6.2.8 References

Design

Parameter

Table 6.2-1 Containment Parameters

Design

Value

Calculated

Value1

1. Drywell pressure

2. Drywell temperature

3. Wetwell pressure

4. Wetwell temperature
" Gas Space
" Suppression pool

309.9 kPaG

171.1 0C

309.9 kPaG

101-9-0-0040C
97.20C

268.7 kPaG240 [kPaG

179. 240. kPaG

9"8-[ 10C

' Calculated values from Ref 6.2-5
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B 3.6 CONTAINMENT SYSTEMS

B 3.6.1.1 Primary Containment

APPLICABLE
SAFETY ANALYSES

STD DEP 6.2-2

SURVEILLANCE
REQUIREMENTS

STD DEP 16.3-44

The safety design basis for the primary containment is that it must
withstand the pressures and temperatures of the limiting DBA without
exceeding the design leakage rate.

The DBA that postulates the maximum release of radioactive material
within primary containment is a LOCA. In the analysis of this accident, it
is assumed that primary containment is OPERABLE such that release of
fission products to the environment is controlled by the rate ofprimary
containment leakage.

Analytical methods and assumptions involving the primary containment
are presented in References 1 and 2. The safety analyses assume a
nonmechanistic fission product release following a DBA, which forms the
basis for determination of offsite doses. The fission product release is, in
turn, based on an assumed leakage rate from the primary containment.
OPERABILITY of the primary containment ensures that the leakage rate
assumed in the safety analyses is not exceeded.

The maximum allowable leakage rate for the primary containment (La) is
0.5% by weight of the containment air per 24 hours at the maxim,,,m
calculated peak containment pressure (Pa) of 0.-9 M2eaG279.6240
[I kPaG or 'E-"_G 2 ],Q % by weight of the containment air per 24
hours at the reduced pressure of Pt of4 [ •. ] aGkPaG (Ref
1).

SR 3.6.1.1.1

Maintaining the primary containment OPERABLE requires compliance
with the visual examinations and leakage rate test requirements of 10
CFR 50, Appendix J (Ref 3), as modified by approved exemptions.
Failure to meet air lock leakage testing (SR 3.6.1.2.1), resilient seal
primary containment purge valve leakage testing (SR 3.6.1.3.76),l 3 'n- a

,steam isolation valve leakage (SR 3.6.1.3. 13), or hydrostatically
tested valve leakage (SR 3.6.1.3.-1-21.) does not necessarily result in a
failure of this SR. The impact of the failure to meet these SRs must be
evaluated against the Type A, B, and C acceptance criteria of 10 CFR 50,
Appendix J The Frequency is required by 10 CFR 50, Appendix J (Ref
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3), as modified by approved exemptions. Thus, SR 3.0.2 (which allows
Frequency extensions) does not apply.

STD DEP 16.3-45

REFERENCES jf DCD Tir 2,S rn6-.2: j

2. DCD Tier 2, Section 4-5-.15.6.

3. 10 CFR 50, Appendix J.1

B 3.6 CONTAINMENT SYSTEMS

B 3.6.1.2 Primary Containment Air Locks

STD DEP 6.2-2

APPLICABLE
SAFETY ANALYSES

The DBA that postulates the maximum release of radioactive
material within primary containment is a LOCA. In the analysis of
this accident, it is assumed that primary containment is OPERABLE, such
that release offission products to the environment is controlled by the rate
ofprimary containment leakage. The primary containment is designed with
a maximum allowable leakage rate (La) of 0. 5% (excluding MSIV leakage)
by weight of the containment air per 24 hours at the calculated maximum
peak containment pressure (Pa) of 0.269-M44a G 2 [j, kPaG (Ref 3).
This allowable leakage rate forms the basis for the acceptance criteria
imposed on the SRs associated with the air lock.

B 3.6 CONTAINMENT SYSTEMS

B 3.6.1.4 Drywell Pressure

BASES

The information in this section of the reference ABWR DCD, including all subsections, is
incorporated by reference with the following departure.

STD DEP 6.2-2
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Primary containment performance is evaluated for the entire
spectrum of break sizes for postulated LOCAs (Ref 1). Among
the inputs to the DBA is the initial primary containment internal pressure
(Ref 1). Analyses assume an initial drywell pressure of 5.20x]O-' MPaG.
This limitation ensures that the safety analysis remains valid'by
maintaining the expected initial conditions and ensures that the peak
LOCA drywell internal pressure does not exceed the maximum allowable*
of 0.310 MPaG.

The maximum calculated drywell pressure occurs during he r-eaete
bl.wdeo.n phase of the DB,4, whi.h is deter••ied t b afeedwater
line break. The calculated peak drywell pressure for this limiting event is
0. 269 .. .aG 240[ 1 kPaG (Ref 1).

Part 7, Section 2.2 Departures from the Generic Technical Specifications

STD DEP 6.2-2, Containment Analysis

Description

This departure updates the containment analysis for the ABWR DCD in two three
areas: (1) the modeling of flow and enthalpy into the drywell for the feedwater
following a FWLB, a ,d (2) the modeling of the drywell connecting vents for the
FWLB and MSLB1and 3 themodel•Id o fdecay heat. A more detailed description is
shown below.

In the ABWR DCD for the FWLB, the maximum possible feedwater flow rate was
calculated to be 164% of nuclear boiler rated (NBR) flow, based on the response of
the feedwater pumps to an instantaneous loss of discharge pressure. Since the
Feedwater Control System wouldrespond to the decreasing reactor pressure vessel
(RPV) water level by demanding increased feedwater flow, and there was no FWLB
logic/mitigation in the certified ABWR design, this maximum feedwater flow was
assumed to continue for 120 seconds. This was based on the following assumptions:

(1) All feedwater system flow is assumed to go directly to the drywell.

(2) Flashing in the broken feedwater line was ignored.

(3) Initial feedwater flow was assumed to be 105% NBR.

(4) The feedwater pump discharge flow will coast down as the feedwater system
pumps trip due to low suction pressure. During the inventory depletion period,
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the flow rate is less than 164% because of the highly subcooled blowdown.
A feedwater line length of 100 meters was assumed on the feedwater system
side.

Subsequent to certification, analysis for plant-specific-ABWRs revealed that these
assumptions were non-conservative.

For the containment analysis, the feedwater system side of the FWLB has been
changed using a revised time variant feedwater mass flow rate and enthalpy directly
to the drywell airspace. The time histories of the mass flow and enthalpy have been
determined from the predicted characteristics of a typical feedwater system. The
conservatism of the assumed mass flow and enthalpies will be confirmed after
detailed condensate and feedwater designs are complete. In addition, to provide added
assurance of acceptable results, safety related FWLB mitigation has been added to the
STP 3 & 4 ABWR design which adds safety related instrumentation to sense and
confirm a FWLB based on high differential pressure between feedwater lines
coincident with high drywell pressure to trip the condensate pumps (Ref. STD DEP
TI 2.4-2).

The analysis is further revised to reflect the characteristics of the horizontal vents
configuration that had not been modeled in the DCD. The certified DCD model did
not properly simulate the horizontal vent portion of the vent system and incorrectly
modeled the vent clearing time. The revised STP 3 & 4 ABIWR containment analysis
has been performed using the drywell connecting vent (DCV) loss coefficients and
considering the horizontal vents. The total DCV loss coefficient is based on a
summation of losses.

Fiurther, analysis- dne base4d o -NIiA-N S--i -the 29-,ig-h icd
uncertainty, has determined that the decay heat curves use-din the DCD b~ased on best
estimate ANSI!ANS-5.1, (1979). were non-conservative forilongýterm-anialysis>'.To
address this, the decay heattcurves, sused in the revised" containment analysis "were

v'ised to reflect the ANSIANS'-~1(1979.jf6r short- term and 995 ,for' long-term)
With 2-sigma- uncertainty includecd

e eieosecontainment analysis uses thieGOTHIC code -andisdcumentedin
WCAP-17058. The analVsisues the samie assumptionsand inputs that-were used n
!ihe DCD with consideration 6fthe revisecmod'eling .s noted above.; The r~port
'describes all input assumptions, baselining-of the GOTHIC -code results to tho6esied
m the DCD and all c6ntainmenttime;dependeni pressure.and ifmpeieturresults..

The- i o vlsedpressur temperature a t selvelheighti described n Appeidix•3B is evaluatedin alnanew.departureiwhicfhis STD-DEP
313-2.

Technical Specification 3.6.1.1, 3.6.1.2, and 3.6.1.4 Bases (Applicable Safety
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Analyses) are changed based upon the containment analysis. These changes show
the peak containment pressure (Pa) from the containment analysis.

Evaluation Summary

This departure which updates the containment analysis for STP 3 & 4 does not affect
Tier 1, Tier 2*, or any operational requirements. However, it does affect the Bases for
Technical Specifications 3.6.1.1, 3.6.1.2, ad 3.6.1.4 aiid 3.46.16 and therefore
requires NRC approval.

There is no impact on environmental qualification of equipment due to the higher
predicted drywell temperatures and pressures. The qualification of equipment is based
on the containment design pressures and temperatures. The calculated containment
pressure and temperature for both the FWLB and MSLB remain below the design
values.

This departure was evaluated per Section VIII.C.4 of Appendix A to 1OCFR part 52
and:

(1) This exemption is not inconsistent with the Atomic Energy Act or any other
statute and therefore is authorized by law. The design change and revised
containment analysis represents an improvement and therefore will not
present an undue risk to the public health and safety. The change does not
relate to security and does not otherwise pertain to the common defense and
security.

(2) Special circumstance (iv) applies in that this represents a benefit in public
health and safety. The more advajieed anidecmplete analysismethods
incorporation of th~ese mdelinzcii ri, ,hýas \\ell:is he use of an analysismethod
which has been laselined tothe certified DCD analysis method provide a more
accurate prediction of peak containment conditions post-accident. These results
show that the peak containment pressure and temperature conditions calculated
following an accident based on these improved analyses are below the design
limits. The FWLB mitigation to the ABWR design will provide added assurance
that the revised containment analysis results will remain conservative when
detailed feedwater and condensate system design and procurement work is
completed.

As discussed above, the change satisfies the exemption criteria per the requirements
in 10 CFR 52 Appendix A Section VIII.C.4.
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RAI 06.02.01.01.C-6:

QUESTION:

STP FSAR Tier 2, Chapter 3, App. 3B, p. 3B-2: 3B.4.2.1 (STD DEP 6'2-2) - Elevations used for
determination of the structure loads have been revised, i.e., 7m to 8.5m, and 10.3m to 11.7m.
Provide the reference and/or models used to justify these changes.

RESPONSE:

The revised pool swell heights (pool and froth) provided in COLA Rev. 2 are very conservative
estimated values selected based on engineering judgment, preliminary assessments, and a
publicly available reference from COLA RO (NEDO-33372), which indicated an expected
increase in pool swell heights. (Note: the presentation of the revised pool swell heights in
COLA Rev. 2 replaced the DCD values with the estimated values, incorrectly resulting in a
statement that these estimated values were calculated). As discussed in this reference, the pool
swell calculated heights reported in the certified DCD were based on non-conservative
containment pressure inputs to the pool swell analytical model, and correcting these inputs
results in higher pool swell heights and changes to pool swell velocity, bubble pressure, and
wetwell airspace pressure. It is important to note that the pool swell heights do not have an
allowable value or safety limit, and as such changing the pool swell heights, either higher or
lower, does not change a margin to any safety limit. The pool swell height and velocity are
inputs to the wetwell internals qualification that will be performed as part of the detailed design.

As noted in response to RAI 06.02.01.0l.C-1, STD DEP 6.2-2 will be revised, and the pool swell
analysis changes incorporated into new departure STD DEP 3B-2. New STD DEP 3B-2 will
describe the Westinghouse pool swell methodology. Since the pool swell method to be used by
Westinghouse will be a different method than that described in the DCD, this departure will
require prior NRC approval. The Westinghouse pool swell calculation method will be described
in Westinghouse report WCAP-17065-P, "Westinghouse BWR Pool Swell Calculation
Methodology Using GOTHIC." This report will be benchmarked against existing available pool
swell test data. Preliminary comparisons to the DCD analysis show good agreement of the
Westinghouse pool swell method results with the existing DCD pool swell results. This report
will be submitted to the NRC in September 2009, and a supplement providing benchmarking to
test data will be submitted by December 2009. STD DEP 3B-2 will also address incorporation of
the revised containment-pressures that result from the changes described in STD DEP 6.2-2,
which affect the pool swell results.

The analysis for pool swell is in progress at this time. Preliminary results indicate that the pool
swell results will increase compared to those reported in the DCD, as was expected based upon
the COLA RO reference information. It is expected that the maximum pool swell height, peak
velocity, maximum bubble pressure and maximum wetwell airspace pressure will be greater than
the values currently in the DCD. The final results will be completed and available for NRC
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review by June 30, 2009. These final values will also be provided to NRC in an update to this
RAI response, to be provided by July 15, 2009.

Consistent with this approach, COLA Rev. 3 will include the following: (1) Part 7 STD DEP
3B-2 will be added to address the revised pool swell analysis methodology and incorporation of
revised inputs to the pool swell analysis for the containment P/T updates discussed in STD DEP
6.2-2; and (2) Part 2 Tier 2 Appendix 3B Subsection 3B.4.2.1, Table 3B-l, and Figures 3B-12
and 3B-13 will be revised to reflect updated pool swell methodology and results.

This RAI response provides the proposed departure description for new departure STD DEP 3B-
2, which will be added to COLA Part 7 Section 2.3.

COLA changes as described above are provided in the following markups. Please note that
blanks [ ] are provided where information is not currently available. As noted above, these
results will be available by June 30, 2009 and incorporated into an update to this RAI response.
This update will be provided to the NRC on or before July 15, 2009. The text that will be
changed from COLA Rev. 2 is highlighted with gray shading.

Several changes to Appendix 3B Section 3B.4.2.1, Section 3B.7, and Table 3B-1 are shown in
this RAI response.

Changes to DCD Figure 3B-12 will be included in COLA Rev. 3 to reflect the pool swell air
bubble pressure time history, which will change as a result of the revised pool swell analysis.
Similarly, COLA Rev. 2 Figure 3B-13 will be revised and provided in COLA Rev. 3 to reflect
the revised bulk pool swell and froth elevations resulting from the updated pool swell analysis.
These changes will also be provided in the July 15, 2009 RAI update.
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Part 7 Departures Report

.2.3 . Tier 2 Departures from DCD Requiring Prior NRC Approva1
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3B Containment Hydrodynamic Loads

The information in this appendix of the reference ABWR DCD, including all
subsections, tables, and figures, is incorporated by reference with the following
departures.

STD DEP TI 2.4-3

STD DEP 3B-1

STD DEP 6.--- 31- (Table 3B-1, Figures 3B-•I2 3B-13)

STD DEP Admin (Figures 3B-21, 3B-24, 3B-26)

As required by Section IV.A.3 of the ABWR Design Certification Rule, the plant-specific
DCD must physically include the proprietary and safeguards information referenced in the
ABWR DCD. Appendix 313 in the reference ABWR DCD references proprietary information.
That proprietary information, has finality in accordance with Section VI.B.2 of the ABWR
Design Certification Rule, and does not constitute a-supplement to or departure from the
reference ABWR DCD.

3B.4.2.1 Pool Boundary Loads

STD DEP 3B-2

STD DP~ 6:2-2

ABWR Pool SwelltLoads

I BWRI , poo swel respons ailciulationsýto quantify pool swellflads were based on a simpl fied, one
d111oa /aasiCil1o rhe modelwas qualified raiamt test s datafrom the Pressure
SUtpj-CeSwii Tcst Facility tPST 1bkessionsystem geomet.
The niiithdo(1Lvy is similar to th,,t?-ev!we H, th saf NEE
21544PINUREG-0808) for application tont hM lilants. Th ais
Mal !' test daia.J1he ABVVR presure suppression systemdei Is similar to the Mark III
designe. Te mainodifference is the smaller gas space aee poolnsuptpresso nse ABW This
dilff~renc is aIccounted for in the analytical model for ihe p Sur' [ p~ress,,,io~n istem. ttthlze s-

w i, /,I.&,Sl* sif l ewA to Sthe ii SAtk 1So 55Ofl~'-' tf.&q L~t~~J~L tlI4

.-. ,J'- "W ! t ! triH?* rH ttf'W t i. !H t 11 t i- *'

t(9 that iin fldrk I!/ 4 cti Th6ýco gniEing thi:5~ di -eiie& -zceinet .,y~teni destign, 6ddi iti
agttdtts Aomprin Wocl h&M?4ze~iiia ve iptest dato eýeperfiinie t t Y il

adegz~4i iftiotqdifqr applieationi to AWR.

Hmt

Model Vs. Mark I Horizontal Vent Test Data
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3Bmodeoelinut' ..... tlons ,were-
______ud thea mur delc compariso were, tnhhendeigara;I-e e

same aspr~s~ied i~ NDE 215fIP.fu rkJL h&ricai'hLc *i Roefej~h

,331.Adool hfpub vtr'~"rm in" peie,,n AM H4ts aair n4 e1 Ha-SI e- h

T 'The lssuretransient apcji v d fom the
!tests 94pu bae n4ts aaldigi~~~seieui~t

Pressurelosses between, the mheasuredpressure n4he•drwellVand the weir wall. -egion were
inoired

KJ'ntk4 drc bH~ase inw A i
horizoutal vgent. having the full combined open area of the three horizon•talvenits, wamth e elevation bfthe: top'venta

Tare lLetdin Tata 3.3 ??.~e

fComparison results, summanzedmrn PffereceI3B3B7 o

graphcalyin Figior s 3B'9 and :B 1O, dem,,nstrate th-at thermodel o~vei-prediet-s, the hoeri-onta! vent
test data. AeTs eompaei-a sesn- a sdeonasum toe and hasgsu adeqaigy teo f cal, latings
ABWR pool- s-well rqpqjjse,

6OfI -S-well Loakds

polselresponse calculations were done Using the' samle modei)(C1 app)[roachi awl issumptimis that
were us Mthe quoalification against the 1/3 scale Mark oI estdatamgt he motel is tfsuy cld:s A in

(4 ,h k5tThjno9nal _ase s,' I t oa mllw th 1,p)el 4e om- espeo-nse ealcldations.

The miodel iiichi&', hm ~ sn'~n ~pols~lpco~o the following,
Iassumptioýi.s-"e*'-nýd

()Nonconden, sable g~ isar ssmdto' behave as an ideal ga~ -

(2;Aftr te vntclearing, only noncondensable gases flow thr11g tuhe 11" yc

(3)The flow rate of non indenable gases through the vet ytem i.ý &d /ulateiasuc n one-
diesoafo ne daai conditions~ and considering the pi~ce friction, erCtsIV, with
possible choking atthe ~vent exit.

IN") The noncondensdble £aqsekdontiaine'dinitiallv in'the rvweltarecm sseIDIS.ý-iitoial------- ----
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t5,) The temperature of bubbles isf d to near thermal equilhibrium with t h oe i 6..
(non.nd sab'ga~sp iiit peloo' is take n to be th...sa??i. a5v that of thennoisa'gssi

the dryi11 0.0frm (1)).

(6) ift r t'i v n rnpo' tro ntnt thiekn ess above the top1 'bori-Lotal ve nt out' t isy
a.._..l ratkd ip -ar ,49The'bu1Ilt-in interfacial drag models in GOTHIC are used to predict the
Sbubble expansion and the acceleration of the water above the ventsjicluding differentia'l
velocity in the air'and water phases resulting inthinning of the slug as itrises ,

'7). Friction between the pooi water and the pool boundat-" ndfiida s neglected.

(8) :N oncohdensablega ____h___________spa______

wo iacter.oad bya gaset wpaer lingthe wetwell airspace ape v is' compressed by the'rising
calula For predicting the maximum slug velocity the air space is assumed to be ite a

Structure locte be elvtosbtenteadI.3,i be nal

equilibriue m with the pool to minimize. he air space pressu tiFor predicting themaxiiur
bubble anadtirg space pressure, the air sto be thepeeallriaeothted frrimsp ufre o(ae cs

c]mdro ahetghtadte e"resultmg froth swells theig ool'Y ... p ias .

s(p) Heat troleaner to the pof ated airspace boundariesis, th B R o ona nmentis expeted

to exper 1iene a frot s ;wellhigtsbstnial l owefir e r TIthan thefeMr III dwi esign.1 The 4 14

we o'te apa md compressid bye rsdin lquting drnpool swell, and p. svee weloei

reutn inceas i n$~ tfh r wetwellgassaeprss u~re~to ofl theceleratthiqudsp ug

(f0oree breathroug processegins. The load a von 1

w ris be b asen aeathat is 80% of the full pI o nt I (NUR G-

Structures located between 0 and smpace[ ]m above the initial surface will be subjected
to impact load by an intact water ligament, where the 7ti8.nd[ucm value corresponds to the
calculated maximum pool swell height. The load calculation methodology will be based
on that approved for Mark HI and Mark III containments (NVUREG 0487 and NUREG-09 78).

Structures located at elevations between the 7M.5'[ 2]rn a -7w
subjected toafroth impact loading. This is based on the assumption that bubble
breakthrough (i.e., where the air bubbles penetrate the risingypool surface) occurs at

.7m~L]~height, and the resulting froth swells to a height of~Li. Thi fohsell height
i-s the same as that defined for Markc ee cntainment designi and this-.This is considered
to be conservative for the ABWR design. Because of substantially smaller wetwell gas
space volume (about 1/5th of the Mark III design), the ABWR containment is expected
to experience afroth swell height substantially lower than the Mark III design. The
wetwell gas space is compressed by the rising liquid slug during pool swell, and the
resulting increase in the wetwell gas space pressure will decelerate the liquid slug
before the bubble break-through process begins. The load calculation methodology
will be based on that approved for the Mark XI containment (NUREG-0978).

As shown in Figure 3B-13 the gas space above the -J0.3-m4" ni17 II elevation will be
exposed to spray condition ineludin which, is expected to induce no significant loads
on structures in that region.

As drywell airflow through the horizontal vent system decreases and the air/water
suppression pool mixture experiences gravity-induced phase separation, pool upward
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movement stops and the 'fallback" process starts. During this process, structures
between the bottom vent and the 40.3-11...[ ]m elevation can experience loads as the
mixture of air and waterfall past the structure. The load calculation methodology for
the defining such loads will be based on that approved for Mark III containment
(NUREG-0978).

3B.7 References

§fD -DEP 3B-2

3B Westlng -Phouse B•WRool S weI CalctionMethodology Us. g GOTH2 C,9
IWCAP- I 7665-P, -Westlnaouse. Electric Company, LLC, •:; .1 i••] 2009.ý
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Description
Table 3B-1 Pool Swell Calculated Values

Value

1. Air bubble pressure (maximum) 433.37-k. 4 ...

2. Pool swell velocity (maximum)

3. Wetwell airspace pressure (maximum),. 407-7-kka!I F4'LPG

4. Pool swell height (maximum). 7-4n -.5M m


