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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-TR09-008
I Revision: 6

Question:
In TR-9, starting on p. 4, Westinghouse presents a justification for reducing the design external
pressure from 2.9 psid to 0.9 psid, and states that "the extreme conservatism in the above
analyses was reduced and an estimate of the external pressure was provided in the response to
DSER Open Item 3.8.2.1-1 ." The staff reviewed the AP1000 SER and could not establish that
this reduction has been specifically reviewed and accepted by the staff. The staff also reviewed
AP1000 DCD, Rev. 15, and found that the design external pressure is specified to be 2.9 psid
on page 3.8-1. Since there is no evidence that the reduction in design external pressure has
been reviewed and accepted by the appropriate staff reviewers, and a determination of
acceptability cannot be made by staff structural reviewers, Westinghouse must use the design
external pressure of record (i.e., 2.9 psid) in demonstrating the adequacy of the containment
penetration designs. Therefore, the staff requests the applicant to

" Demonstrate the design adequacy of the containment penetrations for a design
external pressure of 2.9 psid.

" Confirm the design adequacy of the steel containment vessel (other than penetrations)
for a design external pressure of 2.9 psid.

Revision 2

According to Westinghouse, the "inadvertent actuation of the containment coolers" event
controls both the minimum service temperature and the external pressure loading for the steel
containment shell. The Containment Performance reviewers must evaluate the hypothetical
scenario, and either agree or disagree with Westinghouse's predicted minimum containment
shell temperature, and the predicted external pressure loading. The structures and materials
reviewers cannot resolve their technical issues until the "inadvertent actuation of the
containment coolers" event is resolved. Refer to RAI-SRP 6.2.1.1-SPCV-07. A teleconference
took place between W and staff reviewers responsible for structures, materials, and
containment performance, in order to clarify for W what the issues are, related to each review
area. W has an action to address these issues.

Revision 3

Resolution of RAI-TR09-008 is tied to the resolution of RAI-SRP6.2.1.1-SPCV-07. Explain
inconsistencies in DCD Section 3.8.2.6, Table 3.8.3-1, and Tech Spec Bases B 3.6.4.

Revision 5

10 CFR 50, Appendix A, General Design Criterion (GDC) 50, requires that nuclear power plant
containment structures be designed with a sufficient margin of safety to accommodate
appropriate design loads. Per the guidance in SRP 3.8.2 11.3 (acceptance criteria), the
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

structural staff has reviewed the Revision 4 response to RAI TR09-08, and requires additional
clarifications. Please address the following:

a. In Table 1, the results show a trend of higher external pressure as the outside
temperature goes up. However, the analysis is limited to < 19 degrees F, for which
the external pressure is 0.98 psi. The staff requests the technical basis for limiting
the analysis to 19 degrees F for the outside temperature.

b. After reviewing the RAI response and the proposed revision to DCD Table 3.8.2-
1, it is not clear what temperature gradient/external pressure combination is used in
the Service Level A load combination notated by footnotes 3 and 5. Describe in
detail the pressure and temperature condition used in this Service Level A load
combination, and the technical basis for concluding it is the worst case. Include this
information in DCD 3.8.2 and TR-09. Revise the DCD Table 3.8.2-1 footnotes to
reference the DCD 3.8.2 section that describes this loading condition.

c. The staff noted a number of inconsistencies between proposed DCD Table 3.8.2-
1 and the latest TR-09 Table 2-4, both of which identify the applicable load
combinations for design of the containment structure. Please make these tables
consistent, or provide the technical basis for the inconsistencies.

d. The maximum external pressure is no longer listed as 0.9 psi in the proposed
revision to DCD Table 3.8.2-1. For consistency, ensure that all references to the 0.9
psi external pressure in both the DCD and TR-09 are appropriately revised.

Westinghouse Response:

For consistency with Figure 6.2.1.1-11, the words 'at one hour' were deleted from the text in
section 6.2.1.1.4 of the DCD, Revision 16. This change and all other DCD changes shown
below were incorporated in Revision 5 of APP-GW-GLR-1 34 (Technical Report 134).

The description of the external pressure analysis in DCD subsection 6.2.1.1.4 will be revised as
shown below. This anaIyis cnclG,6udes that the lim'•iting .a.. GOnta.nm.nt pressure transi is0eR
an- inad':orton-t actuation of actiVo containment cooling during extrem:e cold am~biont conditions.

The limiting external pressure and associated thermal transient is considered conservatively as
a normal event and is evaluated against ASME Service Level A criteria. It is also conservatively
evaluated in combination with the safe shutdown earthquake occurring at the time of minimum
pressure against ASME Service Level D criteria.

The external pressure analysis in DCD subsection 6.2.1.1.4 would permit a reduction in the
design external pressure for the containment vessel from 2.9 psid to 0.9 psid. Westinghouse
does not intend to change the design of the containment vessel and will retain the 2.9 psid as

RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

the design external pressure. Whih is e.aluated agai.ct AS,.ME , de.ign conditions.
W~estinghouse will also retain the Specification requiring evaluation of the combination o-f the
2.9 psid de;igin eeFrnal preur-e ard the Safe shutdown earFthquake.

The containment vessel, including the penetrations, is designed for a design external pressure
of 2.9 psid. The design external pressure is the second "design" case in DCD Table 3.8.2-1 and
•lIqn .qhnwn A "fl").2" in T~hlk. 2-4 of this rP~nnrt. Tho donion oxtorn! nro~uro n•!,u, SSE is

cn••idr•ed iR the first Sr~ - L D casein DOD I A;'I Tabnle 3 .2 1 aRd •l•o shoArn AS "DW" in

Table 2 4 of this report. The IlweF I d..r externa--•l prr reof ••9- psid is6 o• y Used as paht Of the
"in ade -•rtnt actuatoRn of actie coRtainment cooling du,-,ring eXtFeme cold ambeht •n•Ritions"

I event tcasos wl ;ano U=4 in +a919 -4 ).

Response Revision 3

To determine parameters and loading conditions for the structural evaluation of the containment
pressure vessel shell for external pressure loading conditions, postulated accident scenarios are
evaluated. These scenarios typically postulated a rapid temperature reduction in the
containment atmosphere. These postulated accidents were defined in DCD Subsection 6.2.1.1.
DCD Section 6.2 considers containment performance requirements and analyses. The
placement of information about the external pressure transients in Subsection 6.2.1.1 has
caused confusion in the review of Section 6.2. The resolution of RAI-SRP6.2.1.1-SPCV-07 is
dependent on the removal of information on the external pressure analyses from Section 6.2.

Information on the external pressure analyses is added to DCD Subsection 3.8.2, as shown
below, to replace information removed from Subsection 6.2.1.1. The service metal temperature
in Subsection 3.8.2.6 is corrected. Conforming changes to Note 3 to Table 3.8.2-1 and
Technical Specification Bases for B 3.6.4 are also shown below.

No additional changes to TR09 (APP-GW-GLR-005) are included in Revision 3 of this response

Response Revision 4

In Revision 2 of the response to RAI-SRP6.2.1.1-SPCV-07 Westinghouse has proposed
revision of Subsection 6.2.1.1.4 to be similar to what was provided in DCD Revision 15 to
support the Design Certification. This revised text supports the use of a value of 2.9 psi for a
design external pressure. This design external pressure is used in a design pressure load
combination that does not include a thermal load. The design external pressure is a bounding
pressure determined using a scenario that is nonmechanistic with respect to credible
temperature conditions.

To evaluate loading combinations that include external pressure and thermal load a more
credible external pressure is used. These loading combinations are used to evaluate Service

RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Level A and Service Level D limits. Additional information on the development of the Service
Level load combinations is provided in the DCD in Subsection 3.8.2 as shown below.

Westinghouse completed WGOTHIC runs of inadvertent actuation of the containment fan
coolers, inadvertent actuation of the PCS, and Loss of AC (LOAC) transients. The inadvertent
fan cooler cases were run at external ambient temperatures of -40°F, -30'F, -100F, 0°F, and
190F to determine the differential pressure across the containment shell. The inadvertent PCS
cases were run with external temperatures of 330F, 400F, 70 0F.The LOAC cases were run at -
40°F and 190F.

The analyses combine an initializing case to determine the initial containment atmospheric
temperature with the appropriate fault condition transient into a single run.

A humidity of 25% and 10% were analyzed for the -40OF and 0°F inadvertent fan cooler cases.
A humidity of 25% was analyzed for the -30°F and -1 00F cases. From sensitivity runs made
during the development of the calculation it was determined the lower the humidity in
containment the higher the containment temperature was allowed to rise prior to transient
initiation. This makes sense as the specific heat of water vapor is 0.48 Btu/lbm-°F whereas the
specific heat of air is - 0.24 Btu/lbm-0 F. The higher the containment temperature the greater the
calculated external pressure at transient initiation as this will result in the greatest AT. From
sensitivity runs made at the cold conditions even at 100% and 50% humidity containment
equilibrated to 25% and 10% humidity respectively. These values were used to minimize
humidity in the various transients analyzed to maximize the calculated magnitude of external
pressure. Table 1 depicts the results of the inadvertent fan cooler cases:

Table 1: Results of the Inadvertent Fan Cooler Cases

External Temp. (°F) Humidity (%) Min. Service Metal Calculated Ext.
Temp (°F) Pressure (psid)

-40 25 7.18 -0.59
-40 10 7.76 -0.70
-30 25 -0.61 -0.53
External Temp. (OF) Humidity (%) Min. Service Metal Calculated Ext.

Temp (°F) Pressure (psid)
-10 25 7.5 -0.54
0 25 17.5 -0.55
0 10 18.1 -0.79
19 10 33.75 -0.98

Table 2 depicts the results of the Loss of AC power cases. Based on the sensitivities to external
pressure identified in the inadvertent fan cooler cases the LOAC cases were run at -40'F and
19'F as these were the most limiting cases identified for external pressure and minimum service
metal temperature. The cases conservatively used 25% and 10% internal humidity to maximize
the magnitude of the calculated external pressure.

RAI-TR9-008
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AP1000 TECHNICAL REPORT REVIEW

.Response to Request For Additional Information (RAI)

Table 2: Results of the LOAC cases

External Temp. (OF) Humidity (%) Min. Service Metal Calculated Ext.
Temp (OF) Pressure (psid)

-40 25 4.16 -0.57
19 10 37.71 -0.58

Table 3 depicts the inadvertent PCS cases. The minimum service metal temperatures were not
depicted for these cases since the minimum service metal temperature could not be challenged
for these transients.
Table 3: Results of the Inadvertent PCS Cases

External Temp. (OF) Humidity Min. Service Metal Calculated Ext.
Pressure (psid)

40 10 N/A -0.42
33 10 N/A -0.37
70 10 N/A -0.44

The scenario described in DCD Rev. 17 Subsection 6.2.1.1.4 to validate the external design
pressure was also run to verify that the calculated pressure differential is less than 2.9 psid.

In the DCD revisions shown below the differentiation between the design external pressure and
the more credible external pressure used for Service Level A and D load combinations is
explained. How this more credible value of external pressure is determined is also explained.

In the revisions for Table 3.8.2-1 shown below, the reference to footnote (4) for the second
design load combination is deleted. Footnote (4) identifies the thermal load at 700F. This load
is taken to mean a zero thermal load. Not including a thermal load in this load combination is
consistent with the standard practice for vessel design to not include a thermal load for a design
load combination. Typically the design load combinations include deadweight, pressure and
design mechanical loads. The Standard Review Plan (SRP) for 3.8.2 does not include a design
condition load combination that includes external pressure. The inclusion of this second design
load combination provides for an evaluation beyond what is recommended by the SRP for 3.8.2.

In the revisions for Table 3.8.2-1 shown below two of the loading combinations are eliminated.
For both the Service Level A and Service Level D combinations a case that includes a
combination with the design external pressure and the thermal load at 70OF (footnote 4) was
previously included. The thermal load at 700is taken as a zero thermal load. These load
combinations are not appropriate for the Service Level A and D load combinations and have
been deleted. The load combinations that remain include cases with external pressure and a
thermal load for both Service Level A and Service Level D. These cases are consistent with the
guidance in Regulatory Guide 1.57 and the SRP for 3.8.2.

RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

The footnote (4) remains for the load combination which includes the tornado load since
tornados are not expected during extreme cold temperature conditions.

The footnote (6) for Table 3.8.2-1, which identifies the minimum metal service temperature, is
deleted from the table since this information is included in the DCD text and there' is no entry in
the table that refers to footnote (6).

Response Revision 5

a The explanation of results found in APP-MV50-ZOC-039 Rev. 0 clearly explains
this. The pressure excursions are proportional to the temperature.change in
containment resulting from the various transients. For conservatism the
inadvertent fan cooler transients were performed assuming the fan coolers were
off to maximize the internal containment temperature prior to transient initiation.
In reality the fan coolers will be running at all times, so an inadvertent actuation is
not really a credible event but was analyzed at the staffs request.. Additionally,
the AP1000 Tech Specs State that if Containment Temperature is greater than
120 F then the plant can't operate. So, the 19 F case represents the case with
the maximum containment internal temperature coupled with the minimum
outside temperatures which maximizes the heat transfer gradient to the outside
which results in the greatest containment internal temperature reduction at
transient initiation.

At higher external temperatures the fan coolers would have to be running prior to
transient initiation, which would result in a lower containment initial temperature
which would result in a smaller pressure excursion magnitude. Remember the
fan cooler performances ramp from 40 F to max at 120 F. Starting the transient
at a lower containment temperature would result in less heat removal due to the
reduced performance of the fan coolers.

b. The external pressure to be analyzed in Service Level All is 0.9 psid combined
with the thermal gradient based on an outside air temperature of--400F. When
the outside air temperature is -400F, the metal temperature of the CV exposed to
the cold air is -18.50F. The metal temperature of the CV not exposed to outside
air temperature will be 700F, with a step change taking place at the location of
the external stiffener at E.L. 131'-9".

Based upon the results of analyzing several credible initiating events, it was
determined that an external pressure of 0.9 psid combined with this thermal
gradient provide the highest stress intensities in the CV. Because of this, these
will be the pressure and temperature to be analyzed with the ASME Service
Limits.

RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

See DCD revision section of the RAI Response for DCD markup.

c. Once this RAI Response is accepted by the NRC, TR-09 will be updated to
reflect the proposed DCD Table 3.8.2-1. See Technical Report Revision Section
of this RAI Response for changes to TR-09.

d. Once this RAI Response is accepted by the NRC, TR-09 will be updated to
reflect the proposed DCD Table 3.8.2-1. See Technical Report Revision Section
of this RAI Response for changes to TR-09.

Response Revision 6

This RAI response is prepared based upon the addition of the containment vacuum relief
system, which is integrated into the containment air filtration system (VFS). The containment
vacuum relief system uses an actuation point of 0.8 psid. Based on the external pressure that
the containment vacuum relief system can mitigate, a conservative containment external design
pressure is defined as 1.7 psid. Design external pressure is evaluated in both design load
combinations as well as the service limits of the Table 3.8.2-1. See DCD markups for changes
to the load combinations table.

Due to the addition of containment vacuum relief based on the Section 6.2.1.1.4 safety analysis,
and the CV design external pressure of 1.7 psid, much of the transient discussion in previous
revisions of this RAI is now invalid. APP-MV50-ZOC-039 still confirms the lowest service metal
temperature of the CV.

Revision 6 of this RAI response only covers the changes made to DCD Section 3.8.2. For DCD
Section 6.2.1.1.4 changes see the Change Notice issued on the containment vacuum relief
system. TR09 will be submitted to the NRC for review.

The Technical Specification (T.S. 3.6.5) changes that were provided in Rev. 5 of this response
are now invalid and the Technical Specification 3.6.4 is not changed from that in Rev. 17 of the
DCD.

Design Control Document (DCD) Revision: (thru Revision 6)
Note: Due to the complexity of the combined responses' changes, a
"changes accepted" version of the markup is also attached.

RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Revise Subsection 3.8.2.1.1 as follows:

3.8.2.1.1 General

Diameter: 130 feet
Height: 215 feet 4 inches
Design Code: ASME Ill, Div. I
Material: SA 738, Grade B
Design Pressure: 59 psig
Design Temperature: 300°F
Design External Pressure: 2-91.7 psid

Revise Subsection 3.8.2.4.1.1 as follows:

3.8.2.4.1.1 Axisymmetric Shell Analyses

The containment vessel is modelled as an axisymmetric shell and analyzed using the ANSYS
computer program. A model used for static analyses is shown in Figure 3.8.2-6.

Dynamic analyses of the axisymmetric model, which is similar to that shown in
Figure 3.8.2-6, are performed to obtain frequencies and mode shapes. These are used to
confirm the adequacy of the containment vessel stick model as described in
subsection 3.7.2.3.2. Stress analyses are performed for each of the following loads:

Dead load
Internal pressure
Seismic
Polar crane wheel loads
Wind loads
Thermal loads

The seismic analysis performed envelope all soil conditions. The seismic analysis is
discussed in Section 3.7. The torsional moments, which include the effects of the eccentric
masses, are increased to account for accidental torsion and are evaluated in a separate
calculation.

The results of these load cases are factored and combined in accordance with the load
combinations identified in Table 3.8.2-1. These results are used to evaluate the general shell
away from local penetrations and attachments, that is, for areas of the shell represented by the
axisymmetric geometry. The results for the polar crane wheel loads are also used to establish
local shell stiffnesses for inclusion in the containment vessel stick model described in
subsection 3.7.2.3. The results of the analyses and evaluations are included in the
containment vessel design report.

RAI-TRo9-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Design of the containment shell is primarily controlled by the internal pressure of 59 psig.
The meridional and circumferential stresses for the internal pressure case are shown in
Figure 3.8.2-5. The most highly stressed regions for this load case are the portions of the shell
away from the hoop stiffeners and the knuckle region of the top head. In these regions the
stress intensity is close to the allowable for the design condition.

Table 3.8.2-1 includes a second design load combination to address external pressure. For
the design external pressure load combination a conservatively large magnitude of 1.7 2_9-psi
differential pressure is used. Design external pressure is defined as a value greater than the
external pressure the containment vacuum relief system can mitigate. This is a part of the
containment air filtration system (See DCD Section 9.4.7). Upon actuation, the external
pressure transient is immediately controlled and the external pressure is relieved. This design
external pressure is combined with a coincident -40'F outside air temperature which
corresponds to a -18.5°F metal temperature for the CV shell not insulated from ambient
conditions. The portions of the CV shell which are below the external stiffener are insulated
from the cold outside air conditions and result in a metal temperature of 70'F. Pair, design
external pr ess-e is .al:idated by assuming that the containment is .per.ating at 04. maximum
temper-aturfe, 1 202F, with 100-% relative humidity, and exper-iences a step ehange tote
mainimum operating temperatur-e, 502F. Th4e assumptions uised to validate the 2.9 psi

difrnilpressure are discuissed in Suibsection 6.2.1.1.4. These assuimptioneas aire
nonmeehanistic because the out-sid-eai tepea'r conditions' to resuilt in an operating
temper-atur-e of 504F arc inonisen with An initial contaifnment atmoesphere temper-atur-e et
1 204F. The calculation of the differential pressure using th ffisom-eehanist ic apeah
;results; in a v"alueR of wxteral pressure less than; the 2.9 psid design exiternal pre ssureTh
design external pressure proevides a botunding valute for- the design conditions. The0 load

combinatienfr the external pr-essur-e design condition includes deadweight, design externlal
pr-essur-e, and r-eaction loads. Thecmal loads are not included.

Sever-al events are evaluiated for- the potential to resuilt in an external pr-essur-e load. A moere
cr-edible value for- external pressure is evaluated by asmn aniav rtentacuationi of the
acetivea con-taifnment cooling dur-ing cold weather eenditions. The net external press~ur-e forf this
event is less than 1.0 psid. For this event tevent conscr.'atively r-esults in

Loss of AC power is evaluated using moere r-ealistic, mnechanisticsupin thant for the
design external pressur-e analysis. The mer-e cr-edible dete~minatien Af the, external pr-essur-e
for-the loss of ACpoweir results in a valuep mle hnteiav rtent acution of the ac~tive

cotan entcoling and consIderably smaller thaen t-he design external pressure (2.9 psid).

Intadvertent actuation of the containment fan coolers is the limaiting event forf external pr-essure
at col1d- coffnditions;Hoewever-, this eventvfwas ev-aluwated at sevIeraol initial outside air- temperatur-e
conditions to detennaine the amaximuma dliffer-ential er-essure. The thennal load associated with

I GWestinghouse RAI-TR09-008 R6
Page 9 of 19



APIOOO TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

this event is due to the thermal gradient in the eontain-menat -sh-ell fr4-omH the portion iniSulatcd by
the external stiiffctne-r to- the pertion exposed to the outsidie Air.

For- AR! Ogg, the passive containment coeling system (PCS) pr-ovides heat r-emov-al fromn the
containment shell to- the enviroefnment via natural eir-eulatieon air flow. Since the passive
centainment ecoling system water is r-elatively warm (minimutm of 4 0'r) cempar-ed to the
Afu-tsRideR aRir temper-atur-e; for- extreme cold condition-s indrtentatuatien of this syste-m
f--.Sresult inf a- less limfiting external pr-essur-e an;d- sihell temcr-at~ur-e.

Inadvertent aettuteion of t-he containmen~ft spray is not credible since the AP 1000 conitainmffent
spa Feuies signfificant iceal eperator- action to align the system.

Design Fexternal pressure and thermal loads are used in load combinations to evaluate
Service Level A and D stress limits. These external pressure conditions are included in the
loading combinations in Table 3.8.2-1. The load combinations that inclu.de externlal pressurFe
and taher-mFmal ...a.d.. ..e evaluated for several .. ase.s of initiating event and. . exte•n-a temperature

to detefi-rmine the limiting caserR o~f exQtern~al pressur-e and external temperatur-e.

Operating pressures range from -0.2 psig to 1.0 psig, which are then combined with an
ambient temperature for the CV. Design internal pressure is 59 psig combined with a CV
metal temperature of 300'F to be evaluated in the ASME service limits as well as the design
conditions.

A load combination which combines design wind plus internal design pressure is not included
in the Table 3.8.2-1 because the wind loads are small (within the normal operating range for
containment pressure) and because the combination of the design wind and accident pressure
is a lower probability than either the design wind or the accident pressure acting alone.

Major loads that induce compressive stresses in the containment vessel are internal and
external pressure and crane and seismic loads. Each of these loads and the evaluation of the
compressive stresses are discussed below.

" Internal pressure causes compressive stresses in the knuckle region of the top head and in
the equipment hatch covers. The evaluation methods are similar to those discussed in
subsection 3.8.2.4.2 for the ultimate capacity.

* Evaluation of external pressure loads is performed in accordance with ASME Code,
Section III, Subsection NE, Paragraph NE-3133.

" Crane wheel loads due to crane dead load, live load, and seismic loads result in local
compressive stresses in the vicinity of the crane girder. These are evaluated in accordance
with ASME Code, Case N-284.

I lo Westinghouse RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

* Overall seismic loads result in axial compression and tangential shear stresses at the base
of the cylindrical portion. These are evaluated in accordance with ASME Code, Case
N-284.

The bottom head is embedded in the concrete base at elevation 100 feet. This leads to
circumferential compressive stresses at the discontinuity under thermal loading associated
with the design basis accident. The containment vessel design includes a Service Level A
combination in which the vessel above elevation 107'-2" is specified at the design
temperature of 300'F and the portion of the embedded vessel (and concrete) below elevation
100 feet is specified at a temperature of 70'F. The temperature profile for the vessel is linear
between these elevations. Containment shell buckling close to the base is evaluated against
the criteria of ASME Code, Case N-284.

Revision 1 of Code Case N-284 is used for the evaluation of the containment shell and
equipment hatches.

Negative prsuei valuiated by assuminag an- inadvertent acetu-ation of the aetive-
containment cooling. For- AP 1000, the passive containmaent cooling system proevides heat
remevald frm thp, P'ontainmfent shell to thel envir-onment via niaturfal circuilation air l"drn
normal operation. Sinee the passive coent-ainment aooling system water: is relatively W~
(fr2nimtm ef 40cF) oempared te the eutside air temperatlure, actuation of this system results
in a Ie-ss limiting exte.nal pressure and shell tem.per.aur.e. The n.. t . xt..al pr.essu.e for. this
event is appr..ximately 0.9 psid. inadvertent actuaion of the containment fan cOlevs• is the
limniting event for- external pr-esstwe at cold conditions. intadvertent Ractuation of the
eontaifnment spr-ay is not cr-edible since the APING0 eont-ainfmentspa reqies significant
local oper-ator action to align the system.

The, bounfflding external pressur-e can b-e caflcul-ate-d by assuming thaRt the containment i-s
operating at the max~imumn temper-atur-e, 120F, with 1001% r-elative humidity, and exper-ienecs
a step change to the minifmum operating temperature, 50F. The calcutlated pr~essur-e change
for this tr-ansient is 2.9 psid. This vaflue is honigand is based on a nonmeohanistic
eendition.

These external pr-essur-e conditionts are included in the loading eaombinations in Table 3.9.2 1

Revise Table 3.8.2-1 as follows:

I I9Westinghouse RAI-TR09-008 R6
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APonse TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

I

Table 3.8.2-1

LOAD COMBINATIONS AND SERVICE LIMITS FOR CONTAINMENT VESSEL

Load Combination and Service Limit
Load Description Con Test Des. Des. A A A C D C D T

Dead D x x x x x x x x x x x

Live L x x x x x x x x x x x

Wind&5) W x x

Safe shutdown earthquake Es x x x

Tornado Wt x

Test pressure Pt x

Test temperature Tt x

Operating pressure Po x x

Design pressure Pd x x x x

Design External pressure Pe x x x
(2.9 -ps°:

Extefmal prcsstwz (0.9 pswx)~ -P. *

Normal reaction ROx x x x x

Normal thermal(') To x(4) (-5)x (34) (4)x *(3 (54
4)

Accident thermal reactions Ra x x x x

Accident thermal Ta x x x x

Accident pipe reactions Yr x

Jet impingement Yj x

Pipe impact Ym x

I ( Westinghouse RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Notes:
1. Service limit levels are per ASME-NE.
2. Where any load reduces the effects of other loads, that load is to be taken as zero, unless it can be

demonstrated that the load is always present or occurs simultaneously with the other loads.
3. Reduced External pressure of 0.9 psid at one hour in loss of all aRe transient based on evaluation of eredible

initiatinp vn in cO.ld weanthe or. iAdv;: n 1C-9 actuatiAn.
34. Temperature of vessel is 70'F.
4-5. Temperature distribution for normal operation in cold weather. cre~11b1e init~atina event ina~ivertcnt actuation

Aof -active" Acenft-ainMent coo~ling in RAld wa-ther Or- infad'eftenit PCS8 actUation. Evaluation of lead combinlation
eases inceluding external pr-essure and thefmal combine the coincident external pr-essur-e with thefmal lead for-
same temperatre.

o. The :est j.meal *fper:4ur-e **-F•e :.'11t t.' Id' 1 Out•le teflcr-"-pure :S t 0.0 P.
5. Wind load for the construction load combination is based on a 70 mph wind. Wind load for the Service Level

A load combination is analyzed as a reduction in external pressure.

The following paragraphs are added to subsection 3.8.2.4.1.1 in Revision 3 of this response.
This DCD revision is superseded by the DCD revision for Revision 4 of the response. These
paragraphs are deleted in Revision 6 of this response.

Negative prss sevaluated by .assuming an inadveitent actuati.n of the a.tive
containma nt cooling. For- AP1000, the passi.ve containm ...ent co.ling system pro.vides he.at
Rreemoir alt froa e ontainment shell to th. envirosnmen tlia natural cireulation air flew during
normal operathion. Since the passive containcmednt cling system eater is relatiel laoc
pmienitatuios afa4F) cempared to the eutside air temperauire, of this system results
if a less li1ig Jxera pr-essuire and she!! temfper-aturce. The niet external pressur-e fer- this

even is pproimfately 0.9 psid. Inadvcrtent actuation of the ont~ainmffent fan cooler-s is the
limniting ev'ent Afor ex-ternal pressure aRt col-d- conlditWioS. 41nad.ertent actuaftion; of the
contaRin-men 'pa i nt credible since the AP 100-0 containment spr-ay r-equires significant
local oper-ator -action- to align the system.

The bounding external pressur-e can be calculated by assumning that the containmffent is
opeatig t the maximurn temper~atur-e, 1 20F, with 10090 relative humidity, and experitences

a step change to the mninimuma operating temper-atur-e, 50F. The calculated pr-essure change
for this trafnsient is. 219 psid. This valuie is bounding and is based on a non-m echanistic

These eternal pressur-e cond-itionffs -Ave incielud-e-d int the loading comfbinations in Table 1.8.2 I

Revise the first paragraph of Subsection 3.8.2.6 as follows: (Response Revision 3)

Materials for the containment vessel, including the equipment hatches, personnel locks,
penetrations, attachments, and appurtenances meet the requirements of NE-2000 of the

I ( )Westinghouse RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

ASME Code. The basic containment material is SA738, Grade B, plate. The procurement
specification for the SA738, grade B, plate includes supplemental requirements S1, Vacuum
Treatment and S20, Maximum Carbon Equivalent for Weldability. This material has been
selected to satisfy the lowest service metal temperature requirement of -4-5-18.5°F. This
temperature is established by analysis for the portion of the vessel exposed to the
environment when the minimum ambient air temperature is -40'F. Impact test requirements
are as specified in NE-2000.

Revise Note 3 to Table 3.8.2-1 as follows: (Response Revision 3) This revision is superseded
by the revision for Response Revision 4 shown above. This note is deleted in Revision 6 of this
response.

3. Reducad pr arc a f 0.9 psi d at ene heuf in event ef inadvAetAn patuatifn ef the eontairmmeat fant eelr le
all na transiant in eeid weather.

The following revision is included as part of the Revision 6 Response:

Revise the third paragraph of APPLICABLE SAFETY ANALYSES in the Technical Specification
Bases for B 3.6.4 Containment Pressure as follows:

The containment was also designed for an external pressure load
equivalent to 1.72-k psig. The limiting negative pressure transient is a
loss of all AC power sources coincident with extreme cold weather
conditions which cool the external surface of the containment vessel. The
initial pressure condition used in this analysis was -0.2 psig. This resulted
in a minimum pressure inside containment, as illustrated in Reference 1,
which is less than the design load. Other external pressure load events
evaluated include:

Failed fan cooler control

Malfunction of containment purge system

PRA Revision:
None

Technical Report (TR) Revision:
None

I Westigho e PRAI-TR09-008 R6A WetnghusePae1of9



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

The 'accept changes' version of the DCD is shown below:
The following are DCD changes as a result of the response to RAI-TR09-008, R6. The DCD

changes include sections 3.8.2.1.1 and 3.8.2.4.1.1

3.8.2.1.1 General

Diameter: 130 feet
Height: 215 feet 4 inches
Design Code: ASME Ill, Div. I
Material: SA 738, Grade B
Design Pressure: 59 psig
Design Temperature: 300'F
Design External Pressure: 1.7 psid

Revise Subsection 3.8.2.4.1.1 as follows:

3.8.2.4.1.1 Axisymmetric Shell Analyses

The containment vessel is modelled as an axisymmetric shell and analyzed using the ANSYS
computer program. A model used for static analyses is shown in Figure 3.8.2-6.

Dynamic analyses of the axisymmetric model, which is similar to that shown in
Figure 3.8.2-6, are performed to obtain frequencies and mode shapes. These are used to
confirm the adequacy of the containment vessel stick model as described in
subsection 3.7.2.3.2. Stress analyses are performed for each of the following loads:

Dead load
Internal pressure
Seismic
Polar crane wheel loads
Wind loads
Thermal loads

The seismic analysis performed envelope all soil conditions. The seismic analysis is
discussed in Section 3.7. The torsional moments, which include the effects of the eccentric
masses, are increased to account for accidental torsion and are evaluated in a separate
calculation.

RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

The results of these load cases are factored and combined in accordance with the load
combinations identified in Table 3.8.2-1. These results are used to evaluate the general shell
away from local penetrations and attachments, that is, for areas of the shell represented by the
axisymmetric geometry. The results for the polar crane wheel loads are also used to establish
local shell stiffnesses for inclusion in the containment vessel stick model described in
subsection 3.7.2.3. The results of the analyses and evaluations are included in the
containment vessel design report.

Design of the containment shell is primarily controlled by the internal pressure of 59 psig.
The meridional and circumferential stresses for the internal pressure case are shown in
Figure 3.8.2-5. The most highly stressed regions for this load case are the portions of the shell
away from the hoop stiffeners and the knuckle region of the top head. In these regions the
stress intensity is close to the allowable for the design condition.

Table 3.8.2-1 includes a second design load combination to address external pressure. For
the design external pressure load combination a conservatively large magnitude of 1.7 psi
differential pressure is used. Design external pressure is defined as a value greater than the
external pressure the containment vacuum relief system can mitigate. This is a part of the
containment air filtration system (See DCD Section 9.4.7). Upon actuation, the external
pressure transient is immediately controlled and the external pressure is relieved. This design
external pressure is combined with a coincident -40'F outside air temperature which
corresponds to a -18.5°F metal temperature for the CV shell not insulated from ambient
conditions. The portions of the CV shell which are below the external stiffener are insulated
from the cold outside air conditions and result in a metal temperature of 70'F.

Design external pressure and thermal loads are used in load combinations to evaluate Service
Level A and D stress limits. These external pressure conditions are included in the loading
combinations in Table 3.8.2-1.

Operating pressures range from -0.2 psig to 1.0 psig, which are then combined with an
ambient temperature for the CV. Design internal pressure is 59 psig combined with a CV
metal temperature of 300'F to be evaluated in the ASME service limits as well as the design
conditions.

A load combination which combines design wind plus internal design pressure is not included
in the Table 3.8.2-1 because the wind loads are small (within the normal operating range for
containment pressure) and because the combination of the design wind and accident pressure
is a lower probability than either the design wind of the accident pressure acting alone.

Major loads that induce compressive stresses in the containment vessel are internal and
external pressure and crane and seismic loads. Each of these loads and the evaluation of the
compressive stresses are discussed below.

RAI-TRo9-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Internal pressure causes compressive stresses in the knuckle region of the top head and in
the equipment hatch covers. The evaluation methods are similar to those discussed in
subsection 3.8.2.4.2 for the ultimate capacity.

* Evaluation of external pressure loads is performed in accordance with ASME Code,
Section III, Subsection NE, Paragraph NE-3133.

* Crane wheel loads due to crane dead load, live load, and seismic loads result in local
compressive stresses in the vicinity of the crane girder. These are evaluated in accordance
with ASME Code, Case N-284.

* Overall seismic loads result in axial compression and tangential shear stresses at the base
of the cylindrical portion. These are evaluated in accordance with ASME Code, Case
N-284.

The bottom head is embedded in the concrete base at elevation 100 feet. This leads to
circumferential compressive stresses at the discontinuity under thermal loading associated
with the design basis accident. The containment vessel design includes a Service Level A
combination in which the vessel above elevation 107'-2' is specified at the design
temperature of 300'F and the portion of the embedded vessel (and concrete) below elevation
100 feet is specified at a temperature of 70'F. The temperature profile for the vessel is linear
between these elevations. Containment shell buckling close to the base is evaluated against
the criteria of ASME Code, Case N-284.

Revision 1 of Code Case N-284 is
equipment hatches.

used for the evaluation of the containment shell and

Revise Table 3.8.2-1 as follows:

I )Westinghouse RAI-TR09-008 R6
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API1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Table 3.8.2-1

LOAD COMBINATIONS AND SERVICE LIMITS FOR CONTAINMENT VESSEL

Load Combination and Service Limit

Load Description Con Test Des. Des. A A A C D C D

Dead D x x x x x x x x x x

Live L x x x x x x x x x x x

Winde') W x x

Safe shutdown earthquake Es x x x

Tornado Wt x

Test pressure Pt x

Test temperature Tt x

Operating pressure Po x x

Design pressure Pd x x x x

Design External pressure Pe x x x

Normal reaction Ro x x x x x

Normal thermal(4) To x x (3) x (3)

Accident thermal reactions Ra x x x x

Accident thermal Ta x x x x

Accident pipe reactions Yr x

Jet impingement Yj x

Pipe impact Ym x

I )Westinghouse RAI-TR09-008 R6
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Notes:
1. Service limit levels are per ASME-NE.
2. Where any load reduces the effects of other loads, that load is to be taken as zero, unless it can be

demonstrated that the load is always present or occurs simultaneously with the other loads.
3. Temperature of vessel is 70'F.
4. Temperature distribution for normal operation in cold weather.
5. Wind load for the construction load combination is based on a 70 mph wind. Wind load for the Service Level

A load combination is analyzed as a reduction in external pressure.

The following paragraphs are added to subsection 3.8.2.4.1.1 in Revision 3 of this response.
This DCD revision is superseded by the DCD revision for Revision 4 of the response. These
paragraphs are deleted in Revision 6 of this response.

Revise the first paragraph of Subsection 3.8.2.6 as follows: (Response Revision 3)

Materials for the containment vessel, including the equipment hatches, personnel locks,
penetrations, attachments, and appurtenances meet the requirements of NE-2000 of the
ASME Code. The basic containment material is SA738, Grade B, plate. The procurement
specification for the SA738, grade B, plate includes supplemental requirements S1, Vacuum
Treatment and S20, Maximum Carbon Equivalent for Weldability. This material has been
selected to satisfy the lowest service metal temperature requirement of -18.5'F. This
temperature is established by analysis for the portion of the vessel exposed to the
environment when the minimum ambient air temperature is -40'F. Impact test requirements
are as specified in NE-2000.

Revise the third paragraph of APPLICABLE SAFETY ANALYSES in the Technical Specification
Bases for B 3.6.4 Containment Pressure as follows:

The containment was also designed for an external pressure load
equivalent to 1.7 psig. The limiting negative pressure transient is a loss
of all AC power sources coincident with extreme cold weather conditions
which cool the external surface of the containment vessel. The initial
pressure condition used in this analysis was -0.2 psig. This resulted in a
minimum pressure inside containment, as illustrated in Reference 1,
which is less than the design load. Other external pressure load events
evaluated include:

Failed fan cooler control

Malfunction of containment purge system

RAI-TR09-008 R6
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