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Document Control Desk

US. Nuclear Regulatory Commission

Washington, D.C. 20555

ATTENTION: R W. BORCHARDT

SUBJECT: WESTINGHOUSE RESPONSES TO NRC REQUESTS FOR ADDITIONAL

INFORMATION ON THE AP6OO
Dear Mr. Borchardt:
Enclosed are three copies of the Westinghouse responses to NRC requests for additional information
on the AP600 from your letters of April 28, 1994, April 29, 1994, May 2, 1994, May 5, 1994,
May 16, 1994, and May 26, 1994. In addition, revisions of responses previously submitted is
provided.

A listing of the NRC requests for additional information responded to in this letter is contained in
Atachment A.

These responses are also provided as electronic files in WordPerfect 5.1 format with Mr. Kenyon's
copy.

If you have any questions on this materiai, please contact Mr. Brian A. Mclntyre at 412-374-4334.

Nicholas J. Liparulo, Manager
Nuclear Safety Regulatory And Licensing Activities
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NTD-NRC-94-4237
ATTACHMENT A
AP600 RAI RESPONSES
SUBMITTED JULY 27, 1994

RAI No Issue

210059  SSARsections3911&39312

210076 ; SSAR section3 62

210079 . WCAP-13054, SSAR Tables 3 9-5, 3 9-6, 3 9-7, 3 9-8
220 017RO1;  Dynamic soil bearing capacity

220 027R01; Potential sources of missiles in containment

220 083R0O1; Design information per SRP format

220092 ; Containment structural calculations

230 009R01; ASCE standard 4-86

230 015R02; Soil-specific analyses

230 035R01; Results of 2D SSI & 3D response spectrum analyses
230 058R02: High frequency modes of structures

230 0S9R01; Comparison between SRSS and 1, 4, 4 method

230 082R01; Method of analysis used to calculate seismic force
410 138 | Main turbine interface requirements

410203 : COL flood anaysis

410209 | Protection of safety-related SSCs

435081 ; Modeling of battery unavailability in PRA

440 068 | Vulnerabilities for shutdown/midloop operation
440111 | Justification for small break LOCA size

440 165 |  Startup feedwater isolation valves

480058 | Airlock seal testing as reduced pressure

480061 | Chilled water return isolation valve size

480070 | Containment pressure analyses for ECCS performance
720272 ¢ Shutdown PRA - Maintenance Unavailability
720273 | Shutdown PRA - Loss of NRHR initiator

720274 ; Shutdown PRA - Overdraining of Reactor Vessel
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 210.59

Sections 3.9 1.1 and 3.9.3 1.2 of the SSAR each contain the same brief discussion that states that the design of
piping and component nozzles in the AP600 will minimize the potential for and the effects of thermal stratification
and cyching. In Section 3.9.3.1.2, provide a description of the confirmation process to be implemented by the CO|
licensee to determine whether these effects have been minimized to an acceptable level. If this cannot be verified.
describe the analyses and testing required to assure that the design has accounted for these effects, including the
method and procedures necessary to define the stratified thermal profile

Response:

See S5AR revision below for implentation of NRC Bulletins 88-08 and 88-11
SSAR Revision:

Add the following to the end of Subsection 3.9.3.1.2

NRC Bulletin 8808 (Reference 14) requires that continuing assurance of piping integrity is provided for systems
that are connected to the reactor coolant system (RCS) and which may experience isolation valve leakage that could
result in adverse thermal stresses and fatigue cracks. This assurance may be provided by designing the system to
withstand the stresses resulting from valve leakage, instrumenting the piping to detect adverse temperature
distributions and establishing appropriate limits on these temperature distributions, or providing means that pressure
upstream from isolation valves which might leak into the reactor coolant system is monitored and does not exceed
reactor coolant system pressure. In addition to leakage into the reactor coolant system, leakage out of the reactor
coolant system through valve packing glands is also considered as described below.

For the susceptible ASME Class 1 piping systems in the AP600, analyses are performed to determine the impact
on pipingmdwwtimegﬁtyﬂhsyﬂmwiﬂbemﬂyudhdﬂamﬂmif!hep&pmnwcmmum
withstand the stresses resulting from postulated vaive leakage Design transient conditions are also included in this
analysis. Valve leakage through two or more normally closed valves which do not have leakoff lines, or backflow
through two or more check valves is considered to be insignificant, and therefore such piping systems are not
considered as susceptible to adverse stresses from valve leakage. The unisolable portions of systems which are part
of the reactor coolant pressure boundary are considered for susceptibility to valve leakage. as described in NRC
Bulletin 88-08.

The first step 0 this analysis is the definition of the isolation valve leakage transient. Leakage flow rate is
varied from zero to an upper bound based on valve design in order to identify a “worst case” ieakage with respect
1o stress and fatigue.  Methodology to determine stratification interface height and b, at transfer of stratified flow.
contained in Electric Power Research Institute (EPRI) Report TR-103581 (Reference 15) will be used. It is
assumed that the isolation valve will leak continuously at the worst case flow rate during normal 100% power
operation throughout the plant life,

Once the isolation valve leakage transient is defined, stress analysis is performed to determine the global effect
on the piping resulting from the stratification profile, as well as the local effect resulting from the through wall
thermal gradients. These effects are combined to determine the total stress state in the piping. Fatigue analysis is
performed to determine the fatigue usage factor resulting from the postulated isolation valve leakage transient and
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NRC REQUEST FOR ADDITIONAL INFORMATION

design transient). Methods from the EPRI report for determining the location of turbulent penetration thermal
cycling, the number of leakage cycles and thermal striping fatigue usage are used. If the calculated fatigue usage
1s greater than | .0, the system is redesigned or temperature monitoring is implemented with criteria based upon the
analysis described above. The following guidelines will be used, if required based on the fatigue usage factor
caleulation.

Monitoring Guidelines for Thermal Stratification

Type and location of sensors.

*  Temperature sensors should preferably be resistance temperature detectors (RTDs).

¢ RTDs should be located between the first elbow or bend (closest to the reactor coolant system), and the first
check valve (check valve closest to the reactor coolant system).

¢ For the auxihary pressurizer spray line, RTDs should be installed near the "tee” connection to the main
pressurizer spray line on the cold portion (ambient temperature) of the line.

*  RTDs should be located within six inches of the weids.

* At each pipe cross section, one RTD should be positioned on the top of the pipe and another RTD on the
bottom of the pipe.

Determination of baseline temperature histories.

After RTD installation, temperature should be recorded by the Combined License holder during normal plant
operation at every location over a period of 24 hours. The resulting temperature versus time records represent the
baseline temperature histories at these locations. Baseline temperature histories should meet the following criteria:
¢ The maximum top-to bottom temperature difference should not exceed S0°F.

*  Top and bottom temperature time histories should be in-phase.
*  Peak-1o-peak temperature fluctuations should not exceed 60°F
Monitoring time intervals.
¢ Monitoring should be performed at the following times:
- At the beginning ~f power operation, after startup from a refueling shutdown

- At six-month intervals thereafter, between refueling outages

210.59-2 @ ad




NRC REQUEST FOR ADDITIONAL INFORMATION

¢ Duning each monitoring period, temperature readings should be recorded continuously for a 24-hour period.
Exceedance Criteria,

Actions will be taken to modify piping sections or to corest valve leakage if the following conditions occur:
¢ The maximum temperature difference between the top and the bottom of the pipe exceeds 50°F.

* Top and boitom temperature histories are in-phase but the peak-to-peak fluctuations of the top or bottom
temperatures exceed 60°F.

*  Top and bottom temperature histories are out-of -phase and the bottom peak-to-peak temperature fluctuations
exceed 50°F.

*  Temperature histories do not correspond to the initially recorded baseline histories.

A plant specific analysis of the AP600 surge line is performed to demonstrate that all applicable requirements of
the ASME Section Il Code 1989 Edition are met for the 60 year life of the plant. This analysis will include
consideration of plant operation, thermal stratification and thermal striping, using temperature distributions and
transients which are developed from experience on existing plant monitoring programs. A monitoring program will
be implemented by the Combined License holder at the first AP600 plant to record temperature distributions and
thermal displacements of the surge line pipiog, as well as pertinent plant parameters such as pressurizer temperature
and level, hot leg temperature, reactor coolant pump status, etc. Monitoring wiil be performed during hot functional
testing and during the first fuel cycle. The resulting monitoring data will be evaluated to show that it is within the
bounds of the analytical temperature distributions and displacements.

Add to Subsection 3.9 8

14. NRC BULLETIN NO.88-08: Thermal Stresses in Piping Connected to Reactor Coolant Systems, June 22,
1988, inciuding Supplements [, 2, and 3, dated: June 24, 1988; August 4, 1988 and April 11, 1989,

I5. Electric Power Research Institute (EPRI) Report TR-103581, "Thermal Stratification, Cycling and Striping
(TASCS)", Research Project 3153-02, March 1994

6. NRC BULLETIN NO. 88-11: Pressurizer Surge Line Thermal Stratification, December 20, 1988,

@ N 210.59-3




NRC REQUEST FOR ADDITIONAL INFORMATION

Queston 210.76

Section 3.6.2 of the SSAR does not appear to address the guidelines in Section B.1.c(4) of BTP MEB 3-| in
Section 3.6.2 of the SRP relative to structures that separate high-energy lines from essential components.
Revision | to WCAP-13054 takes exception to this criteria and states that separating structures are designed for
postulated terminal end breaks and high stress locations. This exception is not completely acceptable.  The statf’s
position. as stated in Section 3.6.2 of the SRP. is that such structures should be designed to withstand the
consequences of the pipe break on the high-energy line that produces the greatest effect on the structure irrespective
of the fact that the pipe break criteria of Section 3.6.2 of the SRP might not require such a break location 1o be
postulated. Revise Section 3.6.2 of the SSAR to add a commitment to this position, and delete the exception to this
guideline in WCAP 13054,

Response:

Structures in the main steam and feedwater break exclusion zones are evaluated for subcompartment pressurization
effects due to one square foot ruptures in the main steam or main feedwater piping. These are the same ruptures
that NRC Branch Technical Position SPLB 3-1. section B. |.a.(1). defines for evaluation of environmental effects.
This position is similar to positions previously approved by the statf on operating plants. Structures in the steam
generator blowdown break exclusion zone are evaluated for subcompartment pressurization effects due to worst case
double ended pipe rupture in the four inch steam generator blowdown piping. Pipe whip and jet impingement are
not evaluated for structures in the break exclusion zones per NRC Branch Technical Position MEB 3-1. section
B. 1 b In addition to the subcompartment pressurization loads, the wall between the main steam line isolation valve
compartment and the main control room is evaluated for jet impingement load from the 1.0 square foot break as
a longitudinal break in either the main steam line or the main feedwater line.

Structures not related to the break exclusion zones are designed for subcompartment pressurization effects for the
piping that does not satisfy the leak-betore break critenia as supplemented by the following. These structures are
designed for pipe whip effects for specific terminal end and high stress intermediate break locations in piping that
does not satisfy the leak-before-break ~riteria. Revision | of the response to RAI 220,27 identifies the terminal end
pipe ruptures that are used for subcompartments inside containment. In order to account for high stress break
locations and the additional pressure boundary leakages from manways and flanges. pressurization loads on
compartments inside containment enclosing high energy piping, other than the upper reactor cavity, are destgned
for a 3 inch diameter pipe break in the reactor coolant system. There are no manways or flanges in the upper
reactor vessel cavity to cause leakage beyond the § gallon per minute leakage crack in the primary coolant loop
piping

Also, see response to RAI 480 68
WOCAP 13054 will not be revised.
SSAR Revisions:

Revise the last three paragraphs of Subsection 3.6.1 as follows:

(W) westighouse
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NRC REQUEST FOR ADDITIONAL INFORMATION

The pressurization loads on structures and components are evaluated for circumferential breaks and longitudinal
hreaks in piping that does not meet leak-before-break requirements and for leakage cracks in piping that meets the
leak -before-break requirements.  In addition. structures inside containment containing high energy piping are
evaluated for the pressurization loads due to a break area equivalent o a three-inch (nominal) diameter primary
system pipe

The in-containment retueling water storage tank and-thetonctor vemealanntius—which-do ot e lide - any-pipes
loss-than-thrae-meh-dameter-sibiastto-farkire—are 18 evaluated for pressurization with different criteria. The
evaluation ef-these-aressfor-prassurzaton |s described daes in Subsection 3.6.1.2 1

Pressurization loads for pipe failures in the main steam and feedwaler break exclusion zones for high-energy
lines in the vicinity of containment penetrations are evaluated for a 1.0 square foot break. Structures in the steam
generator blowdown break exclusion zone are evaluated for subcompartment pressurization effects due to worst case
double ended pipe rupture in the four inch steam generator hlowdown piping. Pipe whip and jet impingement are
not evaluated for structures in the break exclusion zones per NRC Branch Technical Position MEB 3-1, section
B.[.b, except that the wall between the main steam line isolation valve compartment and the main control room
is evalvated for jet impingement from the 1.0 square foot break as a longitudinal break in either the main steam
line or the main feedwater line. See Subsecaon 3.6.2.1.1.4.

Revise Subsection 3 6.1.2.1 as follows

2.6.1.2.1 Pressurization Response

Pressure response analyses are performed for subcompartments containing high-energy piping for which break
locations are defined by Subsections 36,2 1 1.1, 3.6.2.1.1.2, and 3.6 2.1.1.3 or postulated leakage flaws are
deﬁned hmd on Subsection 3.6.3. ! MWMWM&MMWWM

Fosk Hhe Hcontrt Rt febieb e weater sborave taith adthe feacior vessalanibee o order to account for fagh
stress break locations and the additional pressure boundary leakages from manways and flanges, pressurization loads
on compartments inside containment, other than the upper reactor cavity, enclosing high energy piping are desigoed
for a 3 inch diameter pipe break in the reactor coolant system. There are no manways or flanges in the upper
reactor vessel cavity (reactor vessel annulus) to cause leakage beyond the 5 gallon per minute leakage rrack in the
primary coolant loop piping.

The pressurization loads for the in-containment refueling water storage tank are based on the pressure and
hydrodynamic loads due to the maximum discharge through the first, second, and third stages of the automatic
depressurization system valves

The pressurization loads for the reactor vessel annulus for the evaluation of asymmetric compartinent
pressurization are based on a five-gallon per minute leakage crack in the primary loop piping. The internal reactor
pressure vessel asymmetric pressurization loads are based on a break in the largest pipe connected to the reactor
coolant system that does not qualify for the application of mechanistic pipe break

The pressurization loads for the steam generator blowdown break exclusion zone are based on a double ended
rupture of the 4 inch blowdown piping.

210.76-2
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NRC REQUEST FOR ADDITIONAL INFORMATION

For a detailed discussion of the criteria and analysis methods for subcompartment pressurization analysis, see
Subsection 6.2.1.2. The analytical methods for transient mass distribution, used for pressure response analysis,
are described in WOCAP-8077 (Reference 2)

Revise the third paragraph of Subsection 3.6.1.2 2 as follows:

Consistent with the criteria for evaluation of leaks in the break exclusion area, the subcompartment. including
the walls, s evaluated for the effects of flooding, spray wetting and subcompartment pressurization from a .0
square foot break from either main steam or feedwater line within the respective break exclusion areas. The wall
losestto-the-break between the main steam line isolation valve compartment and the main control room and the
floor slab between the main steamn line isolation valve compartment and the safety related electrical equipment room
are # also evaluated for jet impingement from the 1.0 square foot break as a longitudinal break in either the main
steam line or the main feedwater line.

Revise the second paragraph of Subsection 3.6 2. 1. 1.4 as follows:

Areas of system piping where no breaks, except as noted in subsections 3.6.1.2 , 3.6.1.2.1, and 3.6.1.2.2, are
postulated are as foilows

®  The main steam piping, from the containment penetration flued head outboard weld. to the upstream weld of
the auxiliary building anchor downstream of the main steam isolation valves, including the main steam safety
valves and the connecting branch piping

®  The main feedwater piping from the containment penetration to the auxiliary building anchor upstream of the
isolation valve, including branch connections

¢ The steam generator blowdown piping from the containment to auxiliary building anchor downstream of the
isolation valve

@m o 210.76-3
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Question 210.79

Revision | to WCAP- 13054 lists an exception to Section C.[.3.4(a) of Appendix A 1o Section 3.9.3 of the SRP,
that states that SSE loads are not combined with “non-LOCA" pipe ruptures. The staff does not agree with this
exception.  Design basis pipe breaks (DBPB) as defined in Section 3.9.3 of the SRP are non-LOCA loads and
should be combined with SSE loads and designed to Service Level D limits. Revise WCAP-13054 10 delete this
exception and revise Tables 3.9-5, 3.9-6, 3.9-7, and 3.9-8 of the SSAR to include Sustained Loads + DBPB +
SSE under "Level D Service.”

Response.

The Service Level D load combinations for ASME piping in SSAR Tables 3.9-6 and 3.9-7 are being revised to
inciude SSE plus pipe rupture, where pipe rupture is either a LOCA or non-LOC A event. These Tables are also
revised to incorporate new criteria for reversing and nonreversing dynamic loads.

Tables 3.9-3 and 3.9-4 are revised to reflect elimination of the piping loads which are shown in Table 3 9-16,

The Service Level D load combination for components. supports and piping supports in SSAR Tables 3.9-5 and 3.9-
R are revised to include SSE plus pipe rupture, where pipe rupture is either a LOCA or non-LOCA event

The load combinations and stress himits are revised based on Attachment for RAI 210,60 “Staft Position on the U se
of a Single-earthquake Design for Systems, Structures, and Components in the AP600 Standard Plant”

The current staff position on functionality of piping svstems as documented in NUREG-1367, "Functional Capability
of Piping Systems, " dated November 1992, will be incorporated in SSAR Table 3.9-11.

Section 3.7 is revised to incorporate § percent damping in liev of Code Case N411 damping values.
See response to RAL 210,68 for revisions to Tables 3.9-9 and 3.9-10.

The following SSAR revisions include revisions due to responses to RAls 210.60, 210.62, 210.65, 210.68 and
210.80,

WCAP 13054 will be revised to delete exception to Section C.1.3.4(a) of Appendix A to Section 3.9.3 of the SRP.
In response to RAL 210.62, the, exception to Section C. 1.2 will be revised in the next revision of WCAP [3054 1o
reflect the SRSS combination of appropriate dynamic loads.

SSAR Revision:

Revise the first item after the third paragraph of Subsection 3.9.3.1.1 as follows:

*  Structures, ASME Code Glass— components, and supports for these components are designed for the safe
shutdown earthquake combined by the square root of the sum of the squares method. with short-term dynamic

@m - 210.791



NRC REQUEST FOR ADDITIONAL INFORMATION

loads due to postulated pipe ruptures. The pipe ruptures included in this combination are those not excluded
by application of mechanistic pipe rupture criteria. (See Subsection 3.6.3.) This combination is used for
structures, components, and supports that are required to mitigate the effects of the postulated pipe rupture

Revise the first paragraph of Subsection 3.9.3.1.2 as follows

The loads used in the analysis of the Class | components(excluding piping). core supports, and component
supports are described wa-detasd in the following paragraphs. The loads are listed in Tables 3.9-3 and 3 9-4

Revise Subsection 3.9.3. 1.3 as follows:

3.9.3.1.3 ASME Code Class 1 Components and Supports and Class CS Core Support Loading
Combinations and Stress Limits

Tables 3. 9-5 and 3.9-8 list loading combinations for ASME Class | components(excluding piping) and
component supports(including piping) and Class CS core support structures. Table 3.9-9 lists the stress limits for
these components. Table 3.9-3 and-3-8-4 lists the loads inclnded in the loading combinations,

I'he stress limits for Service Level D that allow inelastic deformation are supplemented with the requirements

f "Rules for Evaluation of Service Loadings with Level D Service Limits," Appendix F of ASME Code, Section
1. The himits and rules of Appendix F confirm that pressuie boundary integrity and core support structural
integrity are maintair=d but do not confirm operability. The limits and rules of Appendix F do not apply to the
portion of the component or support in which the failure has been postulated. Subsection 3.9.1 provides a detaHed
discussion of design transients used in the analysis of cyclic fatigue.

The structural stress analyses performed on the ASME Code Class | componentsfexcluding piping) and
supportstineluding piping) and Class CS core support structures consider the loadings specified. as shown in Tables
3.9-3and--3-8-4. These loads result from thermal expansion, pressure, weight. earthquake, pipe rupture, and plant
operational thermal and pressure transients. Dynamic etfects of pipe rupture. including the loss of coolant accident,
are nat included in loading combinations when the leak-before-break criteria are satisfied. The methods and
acceptance standard for leak-before-break analyses are described in Subsection 3 6.3

Although the system is designed for seismic loads. the combination of safe shutdown earthquake plus pipe
rupture (those breaks not excluded by mechanistic pipe break criteria) loads by square-root-sum-of the squares is
considered. This loading combination is evaluated for ASME Code Glass+ components and piping and the supports

for those components-and-the cold Jeg-and-hot-leg-permrytoop-piping

Revise the first five paragraphs of Subsection 3.9.3.1.5 as follows:

The loads for ASME Code Classes 1. 2, and 3 piping are listed in Tables 3 9-163-and-3-8-4. Tables 3. 9-6 .md
3.9-7 lists the loading combinations and slress limits. R -

Piping systems are designed and analyzed for Levels A, B, and C service conditions, and corresponding service
level requirements to the rules of the ASME Code, Section 1. The analysis or test methods and associated stress
or load allowable limits that are used in evaluation of Level D service conditions are those that are defined in
Appendix F of the ASME Code, Section [l

210.79-2
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wovsection 3,73, summarizes seismic analysis methods and criteria.  Subsection 3.6 2 summarizes pipe break
analysis methods.

The supports are represented by stiffness matrices in the system model for the dynamic analysis. Alternate
methods for support stiffnesses representation is provided in Subsection 3.9.3 4, Shock suppressors that resist rapid
motions and limit stop supports with gaps are also included in the analysis. The p2 solution for the seismic distur-
bance uses the response spectra method  This method uses the lumped mass technique. linear elastic properties.
and the principle of modal superposition Alternatively, the time history method may be used for the solution of the
seismic disturbance.

The 1otal response obtained from the seisinic analysis consists of two parts: the inertia response of the piping
system and the response from differential anchor motions, (See Subsection 3.7.3). The stresses resulting from the
anchor motions are considered to be seconday and are evaluated to the limits in Tables 3.9-644 and 3.9-7.

The mathematical models used in the seismic analvses of the Class |, 2, and 3 piping systems lines are also
used for pipe rupture «ffect analysis. To obtain the dynamic solution for auxiliary lines with active valves, the time-
history deflections from the analysis of the reactor coolant loop are applied at nozzle connections.  For other lines
that must maintain structural inwegrity or that have no active valves, the motion of the reactor coolant loop is applied
statically

The functional capability requirements for ASME piping systems that must maintain an adequate flind flow path
to mitigate & Level C or Level D plant event are shown in Table 3.9-11.

Revise Tables 3.9-3, 194, 30.5 396, 3.9-7, 3.9-8, 399 3.9.11. and 3.9-16 as follows:

@W 210.79-3
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Table 3.9-3

Loadings for ASME Class 1. 2, 3, CS and Supports
Prunary Stress Broducing Leads (Excluding piping)

Load Description

P Internal design pressure
PMAX Peak pressure
DW Dead weight

X1 Other specified external loads assoviated with the various service conditions (e g., piping loads on
nozzles)

SSE Safe shutdown earthquake (inertia portion)

k Farthquake smaller than SSE (inerta portion)  Fsdoad-ms-evalupted-forcontnued-opamton—oita
Fv Fast valve closure

RVC Reliet/safety valve - closed system (transient)

RVOS Relief/safety valve - open system (sustained)

RVOT Relief/safcty valve - open system (transient)

(Bl Other transient dynamic event associated with Level B (Upset) service conditions
DE Transient dynamic event associated with Level C (Emergency) service conditions
DF Transient dynamic event associated with Level D (Faulted) service conditions during which, or

following which, the piping system being evaluated must remain intact. This includes postulated pipe
rupture events

SSES Seismic anchor motion portion of SSE

210.79-4 @me
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s Seismic anchor motion of earthquake smaller than SSE

™ Thermal loads for the vanious service conditions

'NU Service Level A znd B (Normal and Upset) plant condition thermal loads: including thermal
stratification and thermal cycling.

TN Service Level A (Normal) plant condition thermal loads

TU Service Level B (Upset) plant condition thermal loads

TE Service Level C (Emergency) plant condition thermal loads

TF Service Level D (Fauited) plant condition thermal loady

HTDW Hydrostatic test dead weight
DBPR Design basis pipe break, includes LOCA and non-LOCA

LOCA Loss of coolant accident

210.79-5
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Table 3.9-4
{Deleted)
Addhttonat Loadings tor ASME Class 1. 2. 3 G8 and Supports
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lable 3.9-§

Minimum Design Loading Combinations for
ASME Class 1, 2, 3{excluding piping) and CS Systems and Components

Condition Design Loading € ombinations®
Design P+ DW + Xl

Level A Service pMAX' '+ DW + XI

Level B Service PMAX + DW 4 RVC + X1

PMAX + DW + RVOSTT) 4+ x1

PMAX + DW + RVOTT) + X1

PAAX W SRV X4

PMAX + DW + DU + X1

PMAX + DW + FV + XI .

PMAX + DW +-SRSM&E + ESTH T+ XL

Level O Service PMAX + DW
PMAX + DW

-

DE + X1 &
SRES4SSE + SSESY 4+ XLUD

+

f)

Level D Service— PMAX + DW + SRSS4SSE + SSESs + XL
PMAX + DW 4 SRSS (SSE + SSES + RVO)(2 4 x1
PMAX + DW + DF + X1
PMAX + DW + SRSS (SSE + SSES + DBPB 825 4+ x1.
PMAX + DW + RVOS + SRSS4SSE + SSES) 4 XL
PMAX + DW + SRSS (SSE + SSES + RvoT) < + X1

See following page for notes

@m»mm 210.79-7
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Notes for Table 3.9-5

The values of PMAX in the load combinations may be different for different levels of service conditions as
provided in the design transients. For sarthquake loadings PMAX is equal to normal operating pressure at
100% power

SRSS equals the square root of the sum of the squares

Design mechanical loads. such as the nozzle reactions associated aith thermal expansion of piping systems,
shall be combined with other loads in the loading combination e . Jressions

Appropriate loads due to static displacements of the steel containmen: = ssel anu v lding settlement shouid
be added 1o the loading combinations expressions for ASME Code, Section [, Class 2 «nd 3 systems

DBPB is design basis pipe break and mecludes LOCA and non-LOCA events

In combining earthquake loads and consequent plant transients, the timing and causal relationships that exist
between DU, DE. DF. SSE. RVOS. RVOT. RVC, FV, and SRM XL. are considered for determination of
the appropniate load combinations.

The pressurizer safety valve discharge is a Level C service condition

Either of these two loading combinations maybe used

For components thet behave as anchors to the piping system. such as equipment nozzles, E and ES are
combined by absolute sum. For other components, such as valves, E and ES are combined by SRSS method

For components that behave as anchors to the piping system, such as equipment nozzles, SSE and SSES are
combined by absolute sum. For other components. such as valves, SSE and SSES are combined by SRSS
method.
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Table 3,98

Minimum Design Loading Combinations for

Supports for ASME Class 1, 2, 3 Piping and Components

(2)

Condition Design Loading Combinations

Design DW

Level A Service DW

Level B Service W
DW

DwW

+

&

+

T
TH
™
TH

+ SRASERAVL AW RV
+ SRASRVOT - sk RVOTS)
+ SRESHM e SWE DU

W TH SRSSTERY -+ swnlf)

'H + RVOs'S)

DW

DW

Level O Service W

54
ll.'\r’l [) \('r\l ¢ [)“

+

+

+

DW «+

DW

DWW

DW

$

4

+

Fv
T

TH
™
T™
TH
™

4+ DESRSSUL PR+ SWEy

+ SRSS4SSE + SSES + SWEy (©®

+ SRSS(D) (S8E - S8ES +-RVC + (SSE + SSES + SWE(0)
+ SRSS (885-+S8ES-+ RVOT + (SSE + SSES + SWE)(®
+ RVOS + SRSS4SSE + SSES + SWiy(®

+ SRESADF Fswidl

A i . oy
DW + TH + SRSS (S8h-S8k8+ ks DBPB + (SSE + SSES + swgy(H(®)

Hydrostatic Test HTDW

Notes:

| SRSS - square root of the sum of the squares

-

3

-

DBPB is design basis pipe break and includes LOCA and non-LOCA events

3 Appropriate loads due to static displacement of the steel containment vessel and building settlement should be
added to the loading combinations expressions for Class 2 and 3 systems.

i

54.  In combining earthquake loads and consequential plant transients, the timing of the loads is appropriately

considered

65.  The pressurizer safety valve discharge is a Level C Service condition.
6. Combwine SSE, SSES, and SWE by absolute sum method. SWE is self weight excitation, the effect of the
acceleration of the support mass caused by building filtered loads such as SSE)

@Wm
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Table 3. 9-6

Load Combinations and Stress Lirsits for
ASME Class 1 Piping

Equation
C ondition Loads!1¥) (NB3650) Stress Limit

Design P+ DW + DML 9 1.5 8

Level B PMAXD 4 DW 4+ DU 9 188,158
PMAX, TNU. E, ES, RVC, 10 308,
RVOS'=) DU, FV, i1, 14 CUF = 1.0
R\;0~]<2)(0n20)
TNU 12 308,
PMAX + DW + DU 13 3.0 sm
PMAX + DW + RVOS 13 308,
DW + TNU + Rvos( 19 i5 3125 CAy, 8, /36! 14)
DW + TNU + puti®) i 6250 CAy, 8, /3614

Level ¢ PMAX + DW + DENR 9 2258, 1.8S,
PMAX 4+ DW + DER 9 315 smm.m.us\
TE + SCVE Note (3) Note (3)
PMAX + DW 4+ TF + SCVE
+ DE(1®) 17 FLet®)

210.79-12
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Table 3.9.6 (Continued)

Load Combinations and Stress Limits for
ASME Class 1 Piping

Fquation
Condition Loads'13) (NBI6SO) Stress Limit
Level D®) PMAX + DW + DFNR 9 308,208,
PMAX + DW + SRss!?) (ssE 9 4.5
+ NRDI 'l‘b) [ ($1 (DA
= -m
PMAX + DW + RVOS + 9 308,208
(6) " y
SSE
PMAX + DW + SRss( 9 45
(SSEUD) & DBPBNR) § ., $)3)(190:(7)
41
PMAN'S) & DW 4+ DFR 9 45 SmM).i.‘n,tl‘Jl
PMAX'S) 4 DW + SRSS 9 455, (H.31019)
(8$E12) 4+ DBPBR)
PMAXS) 4 DW + SRSS g 4.5 5 3).14).(19)
(12) (6) -
(SSE + RDL)
o g 10)
SSES LS Zl)“MRAM 2 6.0 S“_‘
. j (h !
SSES FAM'AM Lo Sm
TF + SCVF Note (3) Note (3)
TNU 4+ SSES (‘-.D0¢M| + 6.0 “’m
‘ M2y 7
210.79-13
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s

Table 3.9-6 (Continued)

Load Combinations and Stress Limits for
ASME Class 1 Piping

Equation
Condition l,nads”““ (NB36SO) Stress Limit
Level D'®) PMAX + DW + TF + SCVF 17 FrLots)
“+ l)'(|6'
PMAX 4+ DW + TF + SCVi 17 FLC
+ RVOS + SSE0)16)
PMAX 4 DW 4+ TF + SCVF 17 FLC
+ SRSS (SSE + DL)(®116)
PMAX + DW 4 TF + SCVF 17 FLC

+ SRSS (SSE + DBPB)(10)

210.79-14
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(1)

(%

(4)

(5)

16)

(N

(B)
9)
(1o
tih

(12

(13
(14)
(15

(16}

Notes 1o Table 3.9-6

The values of PMAX m the load combinations may be different for different levels of service conditions
For carthquake loading, PMAX is equal 1o normal operating pressure at 100% power.

Pressurizer safety valve discharge 1s classified as a Level C event,

See Table 3.9-11 for functional capability requirements.

Sustained stress due to deadweight is limited by BaDoMpyy/21 < 0.5 S . where By, Do, |, and 8, are
per ASME [11; if sustained stress limil is not met, replace 4 55 with3.08 . 2.0 8, or replace 3.15 S
with 2.25 S . 1.8 S_, as applicable. Materials are selected from Table 2A, ASME 11, Part D, P-Nos. |
through 9. '

PMAX shall not exceed 1.1 times the Design Pressure.

The timing and causal relationships between SSE and RVOS, NRDL, and RDL are considered to determine
if a load combination is required.

Sustained stress due to algebraic sum of deadweight and DBPBNR . or deadweight and NRDL is limited by
BaDoMpyw /21 = 1.0 8 if sustained stress limit is not met, replace 455, with3.05,. 208,

Alternatively, the himits of Appendix F of ASME [11 may be used.

Square root sum of the squares (SRSS) combination is used for ES, E, and other transient loads.
Cs. Do, | based on ASME HI. My 4 4q 15 range of resultant moment for SSES.

F Ang i amplitude of axial force for SSES: Ay, is nominal pipe metal area.

SSE stresses are based on linear elastic response spectra analysis with 4 1S% broadening. 5% damping, and
0.3g peak ground acceleration when the 4.5 S limit is used.

See Table 3.9-16 for description of loads.
C, Ay Sy based on ASME 111,
y are based on ASME I11.

The titmng and causal relationships among TNU, RVOS, RVC,, DL, DU, DE. DF, FV, RVOT, TE, TF,
SCVE, and SCVF are considered to determine appropriate load combinations.

FLC = [11250 Ay - (#/16)° D Pyl C S./36, where Ay, Dy Py, €. S

10.79-1
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Notes to Tahle 3.9-6 (Continued) ;
I
|

(17)  Where: M1 is range of moments for TNU, M2 is one half the range of SSES moments.
M1+ M2 is lurger of M1 plus one half the range of SSES, or full range of SSES

(18)  Alternatively . inelastic dynamic analysis may be performed with 70% of the limits in Note 19.

(19)  Alternatively, inelastic dynamic analysis, including incremental ratcheting, may be performed with the
following limits: |

(a)  effective ratchet strain averaged through the wall thickness due to simultaneous effects of pressure,
gravity. thermal expansion ranges, anchor motion ranges, and reversing dynamic loading ranges shall

not exceed 5%

(b)  effective local peak cyclic single amplitude strain, ¢ 4 . due to the application of the applied loading
ranges considered in (a) above shall not exceed

N2
CAN S Sqp0 / (BN

where:
Sal0 = ASME Code. Appendix |, value from the applicable fatigue curve at 10 cycles
E = Young's Modulus
N = Number of cycles of reversing dynamic, not less than 10

(201 The earthquake loads are assumed to occur at normal 100 percent power operation for the purposes of
determining the total moment ranges,

|
1
210.79-16 @ Seuiidioue '
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Condition

'k'““.'"

'.L'\t" A'B

level C

Level D

Table 3.9-7

Load Combinations and Stress Limits for
ASME Class 2, 3 Piping

I.oadﬂ(‘”
P+ DW + DML
PMAX D) 4 pW + DU

PMAX + DW + TNU +
SCVNU)

Building Settlement
DW + TNU + RvOost®)

DW + TNU 4+ pu®

Same as Class | - Table 3 9.6,

with S replaced by 5y,

TNU + SSES

Same as Class | - Table 3.6.6,

with S, replaced by S,

Equation

(NC/ND3650)Y

8

v

i (M1 + M2z

Stress Limit

1.8 §,. 1.5 S}

Sp + Sp

3.0 8¢

3128 ('Ah
Sy 3600017
6250 ("Ah
5, /3600012

308,

210.7917
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Notes for Table 3.9-7
(1) The values of PMAX in the load combinations may be different for different levels of service conditions,
For earthquake loading PMAX is equal to normal operating pressure at 100% power

(2) Where: M1 is range of moments for TNU, M2 is one half the range of SSES moments,
M1 + M2 is larger of M1 plus one halt the range of SSES. or full range of SSES

(3) See Table 3.9-16 for description of loads

4 The timing and causal relationships among TNU, RVOS, DU, and SCVNLU are considered to determine
appropriate load combinations

(8) €. Ay S, based on ASME Hil.

210.79-18
@ Westinghouse




NRC REQUEST FOR ADDITIONAL INFORMATION

-

bamebenre

Novvbenn

Fire 4 Sy

Interm Stress Grtena for ASME Glass 1, 2 and 3 Piping Loads

(Secondary Stress Broducing Loads)

L e 4 pbedin
ATty T ASYE- e sas 2Ll (Allowable ds 1.0 S04

bbb e
B e B L e S R

W oesgen

B R L L L T

B4 M2 s dnrser ok M e ot bbb thie Srrite o S corattree atiedier robon
Sppeettpetrbe s B s Berbe derphee eab b bbb siptebiest ek pesks phro et

L L L i
F e B T L B L 2 e B L L e e i ]
Sh

by
B e T L o B T L ST R

Fhesw porethy

210.79-19



NRC REQUEST FOR ADDITIONAL INFORMATION

Table 3 9-16

Loadings for ASME Class 1, 2, and 3 Piping

Load Description

d lnternal Design Pressure

DW Deadweight

DMI Design Mechanical Loads (other than DW) This includes RVOS loads that are
Service Level A or B.

PMAX Peak Pressure

DU Dynamic Transient event associated with Lzvel B cupset) service condition

including RVC, RVOT, and FV

RV Rehef/safety Valve - Closed System - Transient

RVOS Relief/safety Valve - Open System - Sustamned Load

FvV Fast Valve Closure

RVOT Relief/safety Valve - Open System - Transient

T™NU Service Level A and B (Normal and Upset, plant condition thermal loads; including
thermal stratification and thermal cycling

It Plant Faulted Condition Thermal Loads Service Level D

k Earthquake smaller than SSE - inertia portion - equal to 1/3 times SSE

SSE Safe shutdown Earthquake - inertia portion

ES Earthquake smaller than SSE - anchor imotion - equal to 173 times SSES

I'E Plant Emergency Condition Thermal Loads Service Level C

SSES Safe shutdown earthquake - anchor motion

210.79-20
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Load
DE

DENR

DER

DF

DFNR

DFR

DL

NRDIL

DBPB
['BPBNR

DEPBR

Table 3.9-16 (Continued)

Loadings for ASME Class 1. 2, and 3 Piping

Description
Dynamic Transient Event associated with Level C (Emergency) service condition
inciuding RVC, RVOT, and FV

Dynamic Transient Event associated with Level C (Emergency) service condition -
Non reversing dynamic load or reversing dynamic load in combination with
nonreversing dynamic load

Dynamic Transient Event associated with Level C (Emergency) Service coodition -
Reversing dynamic load

Dynamic Transient Event associated with Level D (Faulted) service condition
including RVC, RVOT. and FV.

Dynamic Transient Event associated with Level D (Faulted) service condition -
Nonreversing dynamic load or reversing dynamic load in combination with
nonreversing dynamic load

Dynamic Transient Event associated with Level D (Faulted) service condition -
Reversing dynamic load

Dynamuc Load

Nonreversing Dynamic Loads are those loads which do not cycle about a mean
value and include the initial throst force due to sudden opening or closure of valves
and waterhammer resulting from entrapped water in two phase flow systems,
Examples are RVOT, and RV,

Design Basis Pipe Break

Design Basis Pipe Bresk - Nonreversing Dynamic load or reversing dyoamic loads
in combination with nonreversing dynamic load, includes jet loads and thrust loads
at the break location

Design Basis Pipe Break - Reversing dynamic load, includes transient motions at
terminal ends.

210.79-21
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L.oad
RDIL

SCVNLU
SCVE
SCVFE

Table 3.9-16 (Continued)

Loadings for ASME Class 1, 2, and 3 Piping

Description

Reversing Dynamic Loads are those loads which cycle about a mean value and
include building filtered loads, varthquake, and reflected waves in a piping system
due to flow transients from sudden opening or closure of valves. A reversing load
shall be (reated as nonreversing when either of the following are met:

{n) frequency ratio of the dynamic donminant load driving frequency to the
lowes! piping system natural frequency is less than 0.5

(b) number of reversing dynamic load cycles, exclusive of earthquake, exceeds
20

Examples are RVOT, and RVC

Static displacement of steel containment vessel - normal and upset conditions

Static displacement of steel containment vessel - emergency condition

Static displacement of steel containment vessel - faulted condition

210.79-22
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Table 3.9-11

Piping Functional Clpabilitl - ASME
Class 1, 2, and 3'%

Wall thickness
I xternal Pressure

Steady -State Stress

PMAX + DW + DER

[E + SCVE

PMAX + DW + DFR

PMAX + DW + SRSS (SSE + DBPBR)'Y
PMAX + DW + SRSS (SSE + DBPENR)D

PMAX + DW + SRSS (SSE + RDL)3)

PMAX + DW + SRSS (SSE + NRDL)Y)

't + SCVF

Do/t < 50, where Do, t are per ASME 1l

< t]
chlemal = | internal

BoD, M/21 < 025 §,, where By, D, 1. 8, per
ASME 1Nl ' :
M = Steady state resultant moment

Equation 9 < 3.0 8. 2.0 8, (V)
Equation 10a (NC3653.2) = 3.0 5,
Equation 9 = 308_. 208 1)
Equation 9 < 3.0, 208, (1)

Equation 9 s 3.0, 208 (D

8 8 8 8

" : . s (1)
Equation 9 = 3.0S_, 2.0 by

Equaton 9 < 308, 2.0 S_\‘ b

Equation 10a (NC 3653.2) < 308,

210.79-23
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Notes for Table 3.9-11

(1) In addition, the response stress for frequencies < 2 cps must not be greater than (.0 S,

(2)  Applicable to Level C or Level D plant events for which the piping system must maintain an adequate fluid
flow path,

{3y  SRSS - square root of the sum of the squares

210.79-24
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Revise the first paragraph of Subsection 3.7.1.3 as follows

Energy dissipation within a structural system is represented by equivalent viscous dampers in the mathematical
model. The damping coefficients used are based on the material, load conditions. and type of construction used
in the structural system. The safe shutdown earthquake damping values used in the dynamic analysis are presented
in Table 3.7 1-1 The damping values are based on Regulatory Guide 161, ASCE Standard 4-86 {Reference 3),
and A Aode Case-N-d b Reference-dy 5 percent damping for piping. except for the damping values of the

primary coolant loop piping. which is based on Reference 22, and conduits. cable trays and their related supports

Revise Subsection 3.7.3.185 as follows:
3.7.3.15 Analysis Procedure for Damping

Damping values used in the seismic analyses of subsystems are presented in Subsection 3.7 1.3, For
subsystems that are composed of different material types, the composite modal damping approach with either the
weighted mass or stitfness method is used to determine the composite modal damping value. Alternately. the
minimum damping value may be used for these systems. Piping svstems analyzed by the response spectra method,
including coupled equipment. and valves. can be evaluated with Gode-t-ase-N-444 5 percent damping. When piping
systems and non-simple module steel frames (subsection 3 7.3 .8.3) are in a single coupled model, composite
damping. as described in subsection 3.7.1.3 is used.

Revise the first paragraph of Subsection 3.7.3.2 as follows:

Sersmic Category | structures, systems, and components are evaluated for one ocourrence of the safe shutdown
carthguake (SSE). In addition, subsystems sensitive to fatigue are evaluated for cychic motion due to carthquakes
smaller than the safe shutdown earthquake. Using analysis methods, these effects are considered by inclusion of
sersmic events with an amplitude not less than one-third of the SSE amplitude. The number of cycles is caleulated
based on IEEE-334- 1987 (Reference 21) to provide the equivalent fatigue damage of two SSE events with 10 high-
stress cycles per event. Typically. there are five seismic events with an amplitude equal to one-third of the SSE
response.  Each event has 63 high-stress cycles. For ASME Class | piping, the fatigue evaluation is performed
based on five seismic events with an amplitude equal to one-third of the SSE response. Each event has 63 high-

stress cycles

Revise the description of independent support motion in Subsection 3.7.3.9 as follows:

Independent Support Motion - Method B - When there are more than one supporting structure, the independent
support motion (1SM) method for seismic response spectra may be used.

Each support point is considered to be in a random- phase relationship to the other supports. The displacement
response in the modal coordinate, equation (1), then becomes:

N
g, =1 % (P, d”)“]l" 2)
7=1 '

210.79-25
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A support group is defined by supports that have the same time-history input. This usually means all supports

located on the same Noor tor portions of a floor) of a structure, —Fhe-Shkdampie-viattinstor PrpHg-svaioms-Hiat
e bty Aewd werbdy thie E ] b crten 3 peepembrt dost g bnb oot Bt 40 bbby chiabieded abieh D psentrt bob shineed

propresve

Revise Table 1.7.1-1 as tollows
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Table 3.7.1-1

Safe Shutdown Earthquake Damping Values

Welded aluminum structures (%) . . B
Welded and friction-bolted steel structures and equipment (%) -
Bearing bolted structures and equipment (%) 7
Prestressed concrete structures (%) : Al
Remnforced concrete structures (%) 7
Frosney comsipt donsprs om0 : : - e e
B R i
Piping systems(for response spectra analysis) : CANME 4 e ke N S
Piping systems (alternative for tme history analysis)
Less than or equal to 12-inch diameter (%) 2al e : . : 2
Gireater than 12-inch diameter (%) . 2 ' . : .
Primary coolant loop (%) . . . . . .. . ... b o Lo PR o L N Rt T o
Fuel assemblies (%) . . 20
Control rod drive mechanisms (%) . : 5
Cable trays & related supports (%) ; . ! 20
(see Figure 3.7.1-13)
Condunts & related supports (%) 7
HVAC ductwork (%) 7
Cabinets and panels for slectrical equipment (%) . : : 5
Eqguipment such as welded instrument racks and tanks (%) v : 3

@ R 210.79-27
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Response Revision 1

Question 220.17

The bearing stress of 33.6 kst due to the dead load, live load. and safe shutdown earthquake described in Section
38.5 5.1 of the SSAR should be included in Table 2.0-1 as the minimum dynamic sotl bearing capacity. Modify
the table or provide justification for not doing so

Response:

The bearing stress of 33.6 kst due to the dead load. live load. and safe shutdown earthquake described in Section
3.8.5.5 1 of the SSAR is the result of the analysis performed for design of the basemat. The analysis used a
conservative approach to bound the range of potential sites. This is described in Subsection 3.8.5.4, where it is
stated:

"Safe stutdown earthquake loads for the soft rock case, in combination with the properties of soft-to-medium
soft soil, are used in the analysis since the soft rock case produces higher applied seismic forces to the structure
than the soft to medium soft soil case, Hence, the approach is conservative,”

The evaluation of the soils and design of soil improvement. if required, is part of the Combined Licence application
and is site-specific. [t is conservative 1o use the reactions calculated from the analyses of the base mat. However.
this is unduly consérvative for certain sites. It is sufficient to demonstrate that the bearing reactions for the site
specific soils and SSE are acceptable based on site-specific analyses. As a result, the maximum bearing reaction is
not included as the minimum dynamic soil bearing capacity in Table 2.0-1.

The AP60OO interfaces for standard design, Table | 8-1, ltem number 2,13, states that the beaiing capacity of
foundation materials is a site-specific item to be qualified by the Combined License applicant. As stated in the
sevond paragraph of Section 2.5, the Combined License applicant must demonstrate that the proposed site " .. can
support the foundation mat of the AP600 under all specified site conditions. There 14 no potential for hiquefaction
at the plant site due 1o a safe shutdown earthquake.” Furthermore, the last paragraph of Section 2.5 provides that
“Bearing loads during seismic conditions for the generic plant are the base reactions from the seismic analyses
described in Subsection 3.7.2. The Combined License applicant may either use these loads to demonstrate soil
bruring acceptability or may perform site-specific seismic analyses to develop bearing loads applicable to his site
and seismic conditions. " Finally, the last sentence of Section 3.8.5 5.1 repeats the requirement of “the Combined
License applicant will address the interface capability of the soil to support the applied foundation loads. "

The soil bearing parameter in Table 2.0-1 will be modified to show that the Combined License applicant must
address the dynamic capability of the soil to support the applied foundation loads. In addition . the last paragraph
of Section 2.5 will be revised to reference/accentuate the combined static and dynamic foundation stress.

220.17(R1)-1
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Response Revision 1

SSAR Revision: (Revision 1)

Note - The revision shown is to Revision | of the SSAR.  The original response o RAI 220,17 added the
information on bearing strength

The site interface for soils in Table 2.0-1 will be revised as follows

Sanl
Bearing Strength Soils must support the AP600 under sh-specified
conditions, including loads induced by the safe
shutdown earthquake. The average-statie-beasing
feotthe-maximum static bearing reaction at a corner
15 12000 440006-pounds square foot

Shear Wave Velocity Gireater than or equal to 1000 ft/sec
Liquefaction Potential None

Note - The following revision was part of the original response and incorporated into SSAR Revision |
Ihe last paragraph of Section 2.5 will be revised to read:

The average static bearing reaction of the AP600 is about 8000 pounds/square foot: the maximum bearing
reaction at a corner is 1 2000 pounds/square foot. Bearing loads during seismic conditions for the generic plant are
the base reactions from the seismic analyses described in Subsection 3.7.2. The maxitnum bearing stress due to
the dead load, live load, and safe shutdown earthquake is presented in Subsection 3.8.5.5.1 for the worst
combination of site and soil conditions. The Combined License applicant may either use these loads to demonstrate
soil bearing acceptability or may perform site-specific seismic analyses to develop bearing loads applicable to ks
the site and seismic conditions

220.17(R1)-2
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Response Revision 1

Question 220.27

Pravide the potential sources of a missile or sources of high pressure resuiting from high-energy line break between
the steel contanment and the operating floor and refucling cavity walls. between the secondary shield walls and the
steel containment. and between the steel containment and the shield building (Section 3.8.2 of the SSAR)

Respnnse: (Revision 1)

Potential sources of missiles inside the containment are discussed in SSAR Subsection 3.5, 1.2, Criterta are defined
to determine if certain rotating equipment or high energy systems could result in credible missiles. When the
equipment is procured and detail design information is available, the equipment will be reviewed against the criter
defined in SSAR Subsection 3.5 1.2, [f missiles are determined to be credible, an evaluation will be perfor..u to
confirm that such missiles do not jeopardize safe shutdown.

High enc.gy piping is identified in SSAR Appendix 3E. These figures show the containment boundary.
Subcompartments are designed for the pressure and temperature effects calculated for the postulated pipe breaks as
described in SSAR Subsection 3.6, 1.2, 1. Table 220.27-1 lists the high energy piping (greater than | inch nominal
diameter) inside cach compartment within the containment, showing the nominal size of each line along with the
terminal end breuk locations. High stress intermediate break locations, if any ., are also evaluated for subcompartment
sressure and temperature effects. See revision to Subsection 3.6.1.2.1 in response to RAI 210.76 for break location
definition. I ne subcompartments are identified using the room numbers and room names given on SSAR non-
proprietary Figures | 2-4 through s | 2-10 as supplemented by Table 220.27-2. There is no high energy piping
that can pressurize the annulus between the containment vessel and the shield building. Guard pipes are provided
for the mainsteam, feedwater and steam generator blowdown containment penetrations passing through the annulus
as shown in SSAR Figures 3.8.2-4. The CVS makeup piping is classified as high energy due to its design pressure
but does not cause pressurization because 1t is at ambient temperature,

SSAR Revision: NONE
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NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

R LR SR SRR
ROOM-NLEMBER14200 ) Pl s
CAa R kM R
-
RERE ANV ALAVE ROOM 0" Hlos KR BXS
B i R TN Y R o ) R R SR TR )
Rastand AL BER i b Paperves KR B RN
MEARTMENT
; ML MEBER 14503 14 ADSRCS
COMPARTMENT - P . RS
ROOM- ML MEBER 4300 335 Mainb SGS 2% Peils ar
MAINTENANGE K R * Fond-M SGS: 5 e
HAOWER RIME 2 e RMRAENS
PRRATING IECK 164D Feed-WN. SGE
LRRER - COMBARTMENT: . PRHRABXS:
148" 4" ADSRCS
_ S

220.27(R1)-3



NRC REQUEST "OR ADDITIONAL INFORMATION

Response Revision 1

Compartment

Lines Qualified 1o LBB

Lines Not Qualified 10 LBB

Name Room Termunal End Terminal End
Number Description Break Location Description Br; 3 toitian
Excluded by LBR :
11201 22" Cold Leg (RCS) RC pump nozzles
(2)
Steam 3
generator 12" Fourth Stage ADS Hot leg nozzle
compart- (RCS)
ment | 4" Pressurizer spray Cold leg nozzles
(RCS) (2)
11301 31" Hot Leg (RCS) SG nozzle 3" Purification (CVS) | 3" by 10" PRHR
branch
18" Surge Line (RCS) Hot leg nozzle
12" & 10" Fourth stage Valves: VOI4A/C
ADS (RCS)
10" PRHR retum (RCS) SG nozzle
4" Pzr Spray(RCS) None
11401 16" Feedwater (SGS) None 4"SG Blowdown 2 172" SG noz-
(8SGS) zle
10" PRHR Supply! PXS) None 2" SG Drain (SGS) 2 172" 8G noz-
zle, 4"x2" Tee
4" Pzr Spray(RCS) None
11501 16" Feedwater (SGS) None
11601 16" Feedwater (SGS) SG nozzle
11701 2" SG Wet Layup SG nazzle
(8GS)

220 27(R1)-4
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NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Compartment

Lines Qualified to LLBB

Lines Not Qualified to LBB

Name Room Terminal End Terminal End
Number Description Break Location Description Brn; ak Locn;ion
Excluded by LLBB '
Steam 11202 22" Cold Leg (RCS) RC pump nozzles
generator (2)
compart- :
meat 2 12" Fourth stage ADS Hot leg nozzle
(RCS)
20", 12" Normal RHR Hot leg nozzle.
(RCS/RNS) 20"x12" Reducer
11302 31" Hot Leg (RCS) SG nozzle
12° & 10" Fourth stage Valves: VOI4B/D
ADS (RCS)
8" Cold Leg to CMT Cold leg nozzles
(RCS) (2)
16" Feedwater (SGS) None 4" 5G Blowdown 2 12" $G noz-
L1402 (SGS) Zle
8°Cold Leg to CMT None 2" SG drain (SGS) 2 172" SG noz-
(RCS) zle, 4"x2" Tee
11502 16" Feedwater (SGS) None
11602 16" Feedwater (8GS) SG nozzle
11702 2" 8G Wet Layup SG nozzle
(SGS)
Reactor 11208 31" Hot Leg (RCS) Reactor vessel
vessel noz- nozzles (2)
zle area —

22 Jld Leg (RCS)

Reactor vessel
nozzies (4)

8" Direct Vessel Injection
(RCS)

Reactor vessel
nozzles (2)

@ o
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NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Compartment

Lines Qualified to LLBB

Lines Not Qualified 1o BB

Niume Room Terminal End Terminal End
Number Description Break Location Description Bre: ik Biscation
Excluded by 1.LBB
PXS Valve 11206 B" Accumulator Injection Accumulator 2" CMT drain PXS) 2" by 8" Branch
and accu- (PXS) nozzle & Valve- VOI2A
mulator FN = i
oo A 8" Direct Vessel Injection | None
(RCS)
o OMT Injection (PXS) CMT nozzie 2" Accumulator drain 2" by B" Branch
(PXS) & Valve - V026
6" hine from Normal RHR A
(RNS)
Valve: VOI7A
6" hine from IRWST Valves: VI25A &
(PXS) VI23A
PXS Valve 11207 6" line from Normal RHR | Valve: VOI7R 2" CMT dram (PXS) 2" by 8" Branch
Room B PXS (RNS) & Valve - VOI2
B
8" Direct Vessel Injection | None
(RCS)
6" line from IRWST Valves: VI25B &
(PXS) VI23B
Acoum, 11207 8" Accumulator Injection Accumulator noz- 2" Accumulator drain 2" by 8" Branch
Room B ACCUM | (PXS) Zle (PXS) & Valve - VO26
B
8" CMT Injection (PXS) CMT nozzle
SG Cmpt 11204 8" Direct Vessel Injection | None 3" Line from Regen Anchor at wall
Vertical (RCS) HX 1o SG 01 (CVS)
Access - ; ‘
Tunnel 3" Punfication from Anchor at wall
Cold Leg to Regen.
HX (CVS)
RNS valve 11208 12°/10" Normal RHR Valves: VOOIA/B
room (RNS)

220.27(R1)6
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NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Compartment

[ ines Qualified to |.RB

=

Lines Not Qualified to LBB

Name ] Room Terminal End Terminal End
Number Description Break Location Description Break Loca;'on
Excluded by BB i
Pressurizer 11303 IR* Surge line (RCS) Pressurizer nozzle 3" Purification (CVS) None
Compan- (in 11303 & 11403)
ment
10" Passive RHR return PRHR HX nozzle 2" Aux Spray (CVS) None
(PXS)
4" SG Blowdown None
(SGS)
11403 8" Surge line (RCS) Pzr nozzle 3" Purification (CVS) | None
10" Passive RHR supply PRHR HX nozzle 2" Aux Spray (CVS) None
tPXS)
11403 4" Pzr spray line (RCS) None 2" Aux spray (CVS) 4"x2" Tee
Valve | 1] seemsesmsesenaees | ceeesesecssssserene
Room 1" Parification (CVS) None
14" ADS (RCS) Pzr nozzles (2)
11503 4" Pzr spray line (RCS) Pzr nozzle
10" PRHR supply (PXS) None
11603 147, 8" & 4" ADS (RCS) | Valves. VOI 1A,
VOIZA & VOI3A,
14"x8" Reducer
(2), 14"x4" Reduc-
er
6" Pzr safety (RCS) Valves: VOOSA/B,
14"x6" Tee (2)
11703 14", 8" & 4" ADS (RCS) | Valves: VOI11B.
VOIZB & VO13B,
14"x8" Reducer
(2), 14"x4" Reduc-
er

(B) wsngons
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NKC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Compartment

Lines Qualified to LBB

Lines Not Qualified to LBB

Name Room Termmnal End Terminal End
Number Description Break Location Description Brellk Laeston
Excluded by 1.BB
Mainte- 1 1300 32" Main Steam (SGS) None 3" make-up (CVS) Anchor at Con-
nance Floor taiament pene-
(Lower 16" Feedwater (SGS) tration
Compart- None
—" 10" Passive RHR (PXS) PRHR HX nozzles | 2" SG Wet Layup Valves:
(2) (SGS) VOR3IA'B
B" CMT Piping CMT nozzles (2) 2" line to degasifier Valve: V045
tCVS)
4" 8G Blowdown Anchors (2) at
(8GS) Containment
penetration
Operating 11500 32" Main Steam (5GS) SG nozzles (2)
Deck
(Upper
ment}

220.27(R1)-8



NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Compartment Lines Qualified to LBB Lines Not Qualified 1o LBB

Nume Room Terminal End
Number Description Break Location Description
Excluded by LBR

Terminal End
Break Location

CVS room 11209 3" Purification from Regen HX noz-
anchor to Regen HX zle
(CVS)
3" return, aux spray, Regen HX noz-
RNS pump suction zle
(CVS)
Valves: VO8O &
Vo779
3" letdown from Regen HX &
Regen KX to Letdown | Letdown HX
HX (CVS) nozzles,

3" letdown from Let- [ etdown HX
down HX to demins nozzle & demin

(CVS) nozzles (5)
Valves: VOI7-
A'B & VOI3A/B

2" spent resin lines Mixed bed

(CVS) demin nozzles

(4), cation bed
demin nozzlesi2)

Valves: VOISA,

V0I5B, V032
3" & 27 piping from Demin nozzles
demins to filters (2}, cation bed
{(CVS) demin nozzies
(3, filter noz-
zles (2)

Valves: V033,
VO3, VO22A &
VO22B

@ S 220.27(R1)9



NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Compartment

Lines Qualified to LLBB

Lines Not Qualified to LBB

Name Room Terminal End Terminal End
Number Description Break Location Description Heeak Liocitian
Excluded by LBB i
CVS room 3" & 2" piping from Regen HX noz-
{continued) filters to Regen HX zle, filter noz-
(CVS) Zles (2)
Valve: VOJ44
CVS room 11209 3" Makeup(CVS) None
pipe tunnel Pipe z -
Tunosi 3" Punification from Anchor
Anchor to Regen HX
3" Return from Regen | Anchor
HX to anchor (CV5)
Reactor 11104 None None None Naone
coolant
drain tank
room
Lower 11105 None None None None
Reactlor
vessel cavi-
'y
—
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NRC REQUEST FOR ADDITIONAL INFORMATION

Re:ponse Revision 1

TABLE 220.27-2

AP600 SUBCOMPARTMENTS INSIDE CONTAINMENT

ROOM # DESCRIPTION BOTTOM ELEV. TOP E1LEV.
;
11104 RCDT Room 66 -6" 810"
11108 LOWER RV CAVITY 66' 6" 98’
11205 UPPER RV CAVITY 9R’ 107°-2"
11201 SG CMPT 1 83' 104°-7"
11202 SG CMPT 2 83 104'-7"
11204 SG CMP VERT ACCESS TUNNEL | 83 107°-2°
11206 PXS VALVE Room A 87°6" 105°-2"
11300 MAINTENANCE FLOOR 107'-2" 135°-3"
11301 SG CMPT | 104°-7" 113'-9"
11302 SG CMPT 2 104°-7" 113-9"
11401 SG CMPT | 1{3'-9" 135'-3"
11402 SG CMPT 2 113°-9" 135°-3"
11501 SG CMPT | 135°-3" 149'.7"
11502 SG CMPT 2 135°-3" 149'-7"
11601 SG CMPT | 149'.7" 162°-1"
11602 SG CMPT 2 149°-7" 162°-1"
11701 SG CMPT | 62"-1" -
11702 SG CMPT 2 162'-1" -
11500 OPERATING DECK 135°-3" 256°-2 /8"
11503 PZR LOWER CMPT 107'-2"* 118'-6"
| 1403 PZR CMPT 118 -6" 135§'-3"
11403-VAL RM PZR CMPT VALVE Room 118'-6" 135°-3"
11503 PZR UPPER CMPT 135°-3" 160'-6"
11603 PSADS LOWER TIER 160°-6" 169° 40"
11703 PSADS UPPER TIER 169'0" -
11207-ACCUM ACCUM Room B 876" 105-2"
11207-PXS PXS VALVE Room B 96'-0" 105°2"
11208 RNS VALVE Room 94’ 108°-2"
11209 CVS Room B0 -6" 105*-2"
11209 PIPE CVS Room PIPE TUNNEL 100°-0" 105°-2"

@
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NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Question 220.83

For each seisimic Category | structure. provide in the SSAR. a summary of design information using the format for
design loads/results s indicated in Appeadix €' to Section 3.8 .4 of the SRP

Response: (Revision 1)

As stated in the Standard Review Plan. the primary objective of the Design Report is to provide the NRC reviewer
with design and construction information more specific than that contained in the Safety Analysis Report, which can
assist in the planning and conduct of a structuval audit. The information contained in the Design Report is a level
of detail beyond that of the SSAR

Westinghouse will compile design summary reports using the format for loads and information indicated in Appendix
(' to Section 3.8.4 of the Standard Review Plan. The design suminary reports wi'l be available to the NRC for
audit. The summary reports will be completed by July. 1995 and will incorporate those changes in criteria agreed
to with the staff priov to issue of the draft Safety Evaluation Report as a result of the review of the SSAR and RAl
responses. Table 220.83-1 shows the preliminary outline for these reports, These design reports will be updated
during construction to incorporate as-psocured and as-constructed information to satisty the ITAAC for construction
of the building structures (ITAAC Table 4.2-1, item 1).

SSAR Rewvision:

Add the following paragraph at the end of Subsections 3.8.3.4 and 3.8.4.4. 1.

The structural design of the nuclear isiand is summarized in the following design summary reports:
Nuclear island basemat and stability

Auxiliary butlding

Contamnment internal structures
®  Shield building

The format and content of each of the design summary reports follows the guidelines of Appendix C to Section
3.8 4 of the Standard Review Plan, These design 1 :ports are updated during construction to incorporate as-procured
and as-constructed information to satisfy the ITAAC for construction of the building structures (ITAAC Table 4.2-1.
iem 1),

@ — 220.83(R1)-1



NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Fable 220 .83-|

Outline of Design Summary Reports

Nuclear Island Basemat

® Objective

®  Description of Nuclear Island Basemat

® Goverming Codes and Regulations

®  Structural Material Requirements

®  Structural Loads and Load Combinations

®  Structural Analysis and Design of Basemat

» Overturning and Sliding

® Summary of Results

® Conclusions

® list of Engineering Drawings and Design
Calculations

® References

Auxiliary Building

Ohjective

Description of Auxibiary Building

Governing Codes and Regulations

Structural Material Requirements

Structural Loads and Load Combinations

Structural Analysis and Design of Shear Walls

Structural Analysis and Design of Structural

Steel Framing

Structural Analysis and Design of Floor and

Roof Slabs

®  Structural
Modules

®  Summary of Results

®  Conclusions ‘

® List of Engineering Drawings and
Caleulations

®  References

Analysis and Design of Structural

Design

Containment Internal Structures

Objective

Description of Containment Internal Structures
Governing Codes and Regulations

Structural Material Requirements

Structural Loads and Load Combinations
Structural Analysis and Design of Basemat
Structural Analvsis and Design of Structural
Modules

Structural Analvsis and Design of IRWST
Structural Analysis and Design of Floor Slabs
Structural Analysis and Design of Structural
Steel Columns
Summary of Results
Conclusions

List of Engineering
Calculations
References

Drawings and Design

Shield Building Roof

Objective

Description of Shield Building Roof

Governing Codes and Regulations

Structural Material Requirements

Structural Loads and Load Combinations
Structural  Analysis and Design of Root
(including containment air baffle, PCS tank.
precast panels and roof to cylinder connection)
Summary of Results

Conclusions

List of Engineering Drawings and
Caleulations

References |

Design

220.83(R1)-2
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NRC REQUEST FOR ADDITIONAL INFORMATION

Question 220.92

Section 3.8.2.4. 2.2 of the SSAR discusses the theoretical elastic buckling pressure capacity of the AP600 using an
approach similar to that permitted in ASME Code Ca:ie N284.  The theoretical elastic buckling pressure was
calculated to be 536 psig using BOSOR-4. A reduction factor (defined as the product of the capacity reduction
factor and the plastic reduction factor) was established as 0,385 based on the low=r bound curve of test results of
20 ellipsoidal and 28 tonispherical test specimens.  This resulted in a predicted elastic buckling capacity of 206 psig

For the stiffened and unstiffened spherical shells. Figure 1512-1 in Code Case N284 provides the capacity reduction
factors for both (a) equal biaxial compression and (b) uniaxial compression. These capacity reduction factors are
determined from lower bound values of test data, The ellipsoidal head of the AP600 containment wili experience
tension in the meridional direction and compression in the hoop direction under internal pressure. Under this
condition, the staff believes that it would be appropriate to use the uniaxial compression capacity reduction factors
in Code Case N284 for the AP600, With the uniaxial compression and an unstiffened top head arc length, |, of
1231 .4 inches (/4 x a x b), the capacity reduction factor is 0.21. The plasticity reduction factor is assumed by
the staff to be 1.0 because of elastic buckling. Therefore, the staff believes that the reduction factor should be 0.21
(0.21 x 1), Explain why the reduction factor of 0.21 based on Code Case N284 is not applicable to the AP600.

Response:

The purpose of the BOSOR-4 analysis described in the SSAR is to provide an alternate approach for comparison
with the results of the BOSOR-5 non-linear analyses which serve as the basis for the estimate of containment
pressure capacity.  The results of these BOSOR-4 and BOSOR-5 analyses estimated the buckling ~apacitt in the
knuckle region to be 206 psig and 174 psig respectively . after applying the capacity reduction factors

The stresses due to internal pressure for the AP600 containment vessel are shown in SSAR Figure 3.8.2-5. There
1s a small zone of circumferential compression in the knuckle region, extending over a height of about 15 feet. The
circumferential stresses in other regions and the meridional stresses are tensile. This stress state is typical of
ellipsoidal and torispherical heads under internal pressure.  Buckling in this local region is a function of the local
meridional and circumferential radii. the distribution of hoop compression along the meridional length, and the
length over whick hoop compression is present. This can be considered as a reduced arc length of the shell. As
shown in Figure 1512-1 in Code Case N2B4. there is a significant increase in the capacity reduction factor as the
arc length of the shell is reduced. The capacity reduction factor in Code Case N-284 depends upon the parameter
(M) which is determined as the smaller of M, and My, . which are calculated using the unsupported lengths and
tocal radii in the mendional and circumferential directions respectively. It is not clear why the staff selected the
are length of  1231.4 inches.

In the BOSOR-4 analyses reported in the SSAR, the capacity reduction factors were determined from lower bound
values of test data, thus eliminating the need to estimate the effective parameters of the equivalent sphere. This
analysis of test results of 20 ellipsoidal and 28 torispherical test specimens representative of the AP600 head, which
resulted in the capacity reduction factor of 0.385, is considered to be an appropriate method to estimate the capacity
reduction factor for the AP600, [t provided reasonable agreement with the BOSOR-5 analyses which are the basis

inghouse 921
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NRC REQUEST FOR ADDITIONAL INFORMATION
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NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Question 230 9

ASCE Standiird 4-%6, "Seismic Analyvsis of Satety-Related Nuclear Structures and Commentary.” which has aot been
endorsed by the std !, should be submitted and docketed tor the stall review tor the APGOO standard desien «Section
3.7.1.3)

Response (Revision 1)

ASCE Standard 4-86 15 a pubhicly avialable standard published by the Amenican Society of Civil Engineers ain 1986
It ditters trom other codes and standards only i that the NRC Sttt has not completed their review and established
Apettion Phe SRE chabd s gogpiiested b coriphete s fevgew s bl Hibs decaitbest can B apiphied do advaieod
phasis The global reference o the standard s deleted from the SSAR as shown below,

SSAR Revision (Revision 1)
Revise Subsection £.7.2.1 as tollows

Sesmic analyvses of the nuclear shand are performed in contormance with the-guidebines-provided - AN
Stanrdarel L6 4 Rederence A and the critenia within SRP 372,

Westinghouse 230.9(R1)-1



NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 2

Question 230.15

Section 3.7.2.1.2 of the SSAR states that "Certain subsystems. . are analy zed using the time histonies obtained from
a series of sotl-specific analyses. " What are these soil-specific analyses? Provide details of these analyses

Response: (Rewvision 2)

The soil-specific analyses correspond to the design soil profiles presented in subsection 3.7.1.4. The methods of
analysis are presented in Subsection 3.7 3-S8ktime-hstory- antbysis wit-be-pertormed torthe senctor cootant-boop
prpg-byDecember 4884 The SSE time history analysis for the reactor coolant loop piping is described in SSAR
Appendix 3C

SSAR Revision

Revise the last paragraph of Subsection 3.7.2.1 2 as follows

Seismic responses of the nuclear island structures for the various design soil profiles are enveloped and the
resulting response spectra are used in the design and analysis for most of the seismic subsystems. Certain
subsystems, as described in Subsection 3.7.3.6, are analyzed using the time histories obtained from a-sestes-of soil-
specific analyses for the design soil profiles presented in Subsection 3.7.1.4

230.15(R2)-1



NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Question 230.35
The following request for additional information pertains to Section 3.7.2.1 1 of the SSAR:

4. Provide the detailed comparison of the results obtained from the 2D SS1 analyses and the 3D response
spectrum analyses for the hard-rock site condition

b As described in Section 3.7.2.1.1. the structural member forces and moments are obtained from the
response spectrum analysis of the finite element model for the hard-rock site, and from the SSI analysis
of the stick model for the soil sites.  Provide a comparison of responses from the response spectrum
analyses of a stick model and a finite element model at rock site

¢.  From the staff’s review of Section 3.7.2.1.1 and Table 2A.17. the staff determined that the hard-rock site
condition (R1) is not the governing case for the steel containment shell. Describe how the steel
containment shell was analvzed for the rock site condition

d.  Provide the rationale for excluding the SB roof in the finite element model, as shown in Figure 3.7 2-1.

e From the statf"s review of Tables 3.7.2-1 through 3.7.2-4 of the SSAR. the staff determined that the
AP600 nuclear 1sland structures (except the steel containment shell) are very rigid. Some predominant
frequencies are much higher than 33 Hz. Provide justification for the statement “since the shear wave
velocity for the hard rock site is in excess of 8000 feet per second, the soil- structure interaction effect is
negligible * This statement has also been made in Sections 3.7.2.1.2 and 3.7.2.4.

Response: (Revision 1)

a Maximum member forces for the hard rock (R1) case of the 2D SSI analysis are given in Tabie 2A-17.
Maximum member forces for the hard rock analyses of the 3D stick model using the computer program BSAP
are given in Table 3.7.2-11 (sheet 1). Floor response spectra for the R1 case of the 2D analyses are given in
Figures 2A-29, 2A-30 and 2A-31. Floor response spectra for the BSAP hard rock analyses of the 3D stick
model are given in Figures 3.7.2-29, 3.7.2-30 and 3 7.2-31, The 3D stick model was developed from the finite
element model and the frequencies and modal participation of the 3D stick model and finite element model are
consistent. The 21D S8 analysis was performed to establish the design soil profiles for the AP600 plant. The
3D response spectrum analysis reported in Revision | of SSAR Subsection 3.7.2 for the hard rock site condition
was performed to obtain in-plane member forces in the individual elements of the finite element model. There
were slight differences in the plant configuration considered in the 2D SSI model and the 3D models. More
detailed comparison of results from the two analyses 1$ not meaningful,

b The response spectrum analysis described in Subsection 3.7.2.1.1 was performed only for the hard rock site
and used the three-dimensional finite ¢lement models. It generated forces and moments in the vanious elements
such as individual walls and slabs. The member forces and moments obtained in the time history three-
dimensional analyses of the lumped-mass stick models (described in the last paragraph of Subsection 3.7.2.1.1)

230.35(R1)1
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NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

are typically the total shear force, axial force, and moment at a given elevation in the structure. A direct
omparison is not available

Table 3.7.2-12 shows the maximum member forces in the containment vessel stick model for the three design
soil conditions (haed rock, soft rock and soft-to-medium stiff soil). These results show that the hard rock case
gives the maximum forces. Table 3.7.2-6 shows the maximum absolute accelerations for the same soil
conditions. The kard rock case results in the highest accelerations of the vessel, except in the node representing
the polar crane where the acceleration in the east-west direction is 6% higher for the soft rock case than for
the hard rock case. This is considered in design of the crane girder which uses the crane wheel loads from the
polar crane design analyses. These design analyses will be reconciled by the Combined License applicant once
the final design of the crane is established.

The steel containment vessel i1s analyzed using the shell of revolution model for the equivalent static
accelerations from the SSI seismic analyses reported in SSAR Table 3.7.2-6.

The analyses of Appendix 2A are intended to select the appropriate soils cases for the 3D analyses reported in
SSAR Section 3.7.2. They are not used to define the governing case for the containment vessel design. Tabie
2A. 17 shows the seismic member forces for the containment vessel for these parametric soils analyses.  This
data is for a configuration in which the containment vessel was supported up to elevation 82'-6". As reported
in Table 2A_15 this mode! had a fundamental frequency of 2. 14 Hz in the cast-west direction. Based on review
of these results a design change was incorporated to raise concrete around the vessel to elevation 1007, This
increased the fundamental frequency of the containment vessel to 7.61 Hz (see SSAR Figure 3.7.2-10). This
model is included in the analyses of SSAR Section 3.7.2. The analyses of Appendix 2A are appropriate for
the selection of soil conditions because the mass of the containment vessel is small compared with that of the
rest of the nuclear island.

A lumped-mass stick model of the shield building roof structure was constructed and coupled with the finite
element model and the stick model of the coupled auxiliary and shield buildings. The stick model of the shield
building roof structure was included in all seismic analyses performed. The lumped-mass stick model of the
shield building roof was not shown in Figure 3.7.2-1 to maintain visual clarity of the finite element model.

For the hard rock site. a fixed-base analysis was performed based on the acceptance criteria specified in
Revision 2 of SRP 3.7 2, "For structures supported on rock or rock-like material, a fixed base assumption is
acceptable.  Such materials are defined by a shear wave velocity of 3500 feet per second or greater at a shear
strain of 10 percent or smaller .. .etc.” Furthermore. as noted in Section 3.7.2.2, the total cumulative mass
of the nuclear island participating in the seismic response, up to the frequeacy limit of 34 Hz, constitute 90,
90 and 83 percent of the total mass, excluding the building mass within the embedded portion. The
predominant frequencies of the coupled auxiliary/shield buildings and the steel containment vessel are below
34 Hz. The relatively rigid containment internal structures, coupled to the other flexible structures on a
common hasemat, are expected to have negligible effect in the overall soil-structure interaction responses of
the nuc'=ar island. Therefore, for the hard rock site, only a fixed-base analysis is required,

230.3 .
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NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

SSAR Revision:
Revise the first paragraph of Subsection 3.7.2.3.1 as follows:

The finite element models of the coupled shield and auxiliary buildings and the reinforced concrete portions of
the containment internal structures are based on the gross concrete section with the modulus based on the specified
compressive strength of concrete of contributing structural walis and slabs. The properties of the concrete-filled
structural modules are computed using the combined gross concrete section and the transformed steel face plates
of the structural modules. Furthermore. the weight density of concrete plus the uniformly distributed miscellaneous
dead-weights are considered by adjusting the material mass density of the structural elements. Major equipment
weights are included as concentrated lumped masses at the equipment locations. Figures 3.7 2-1 and 3.7.2-2 show,
respectively, the finite element models of the coupled shield and auxiliary buildings and the containment internal
structures. A lumped-mass stick model of the shield building roof structure is coupled with the finite element model
and the stick model of the coupled auxiliary and shield buildings. The stick model o1 the shield building roof
structure is included in the seismic analyses. The lumped-mass stick modei of the shiel” ding roof is not shown
in Figure 3.7.2-1 to maintain visual clarity of the finste element model.

@ F— 230.35(R1)-3
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Response Revision 2

Question 230 58
Provide the following information pertaining to the high frequency modes of the structures:

a. Provide justification to demonstrate that the time steps used in the time-history seismic analyses are small
enough 1o account for tne high-frequency modes that have significant mass participation factors.

b, Make “missing mass” corrections to the seismic analyses (horizontal as well as vertical) where significant
high-frequency modes were left out. Note that the seismic forces computed without such “missing mass”
orrection (if applicable) would result in underprediction (example: a foundation mat design where seismic
forces were used in the equivalent static analysis)

Response: (Revision 2)

Seismic analyses for the hard rock soil case are performed using mode superposition time history analysis which
might be affected by the effect of high frequency modes of response. Seismic analysis for the soft rock and the soft-
to-medium soil cases are performed using the complex frequency response analysis method which considers all
masses of the model, and therefore additional consideration is not required.

The synthetic time histories were based on time steps of 0.01 seconds. As shown in SSAR Figures 3. 7. 1610 3.7 |-
8, the spectra for these time histories match the design spectra and satisfy the requirement in Standard Review Plan
171, f=%or time history analysis of structures having significant modes up to 33 Hertz. For structural response

analyses an integration time step of 0.005 seconds was used. —+the-npui-time-hictoresaretiterpobiod-to-sive-tibe
Chephes ook b ARBY ceninabibe

The containment internal structure is a relatively stiff structure with significant response of high frequency modes
as shown in Table 3.7.2-3 of the SSAR. Mode superposition time history analysis for the containment internal
structures inciuaes high-frequency modes to bring the cumulative participated mass up to an acceptable level, and
the time step \ih: of 0.005 second becomes unacceptable. Therefore. as presented in the third paragraph of
Subsection 3.7.2.2 of the SSAR. the member forces for the 3-dimensional lumped-mass stick model of the
containment mtcmal structures for the hard rock soil case are calculated by the response spectrum analysis including
the high frequency responses using the procedure given in Appendix A to SRP 3.7.2, Revision 2. Hence the
“missing mass” correction is considered in the seismic forces computed from the containment internal structures

For the basemat design. seismre forces and accelerations for the soft rock and soft-to-medium soil properties are
obtained from the SASSI analyses of the 3D lumped mass stick models. In SASSI analysis “missing mass"” is not
# concern and corrections are not required. Seismic forces and accelerations for the hard rock soil profile are
obtained as described in the previous paragraphs and the "missing mass” correction has been considered.

SSAR Revision: NONE

230.58(R2)-1
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Response Revision 1

Question 230.59

Provide, in the SSAR. a comparison between the SRSS method and the 1.0, 0.4, 0.4 method, or the buses for use
of only the 1.0, 0.4, 0.4 method for the combination of seismic loads. Also Q220.67.

Response: (Revision 1)
Note: The reference to Q220 .67 should be to Q220.66

In the APS00O two methods are permitted for the combination of the effects due to three spatial components of an
carthquake using response spectrum methods. The SRSS method is identified in Regulatory Guide 192 as an
acceptable method to combine maximum structural response values associated with each of the three components
of earthquake motion. Co-directional structural responses of interest (eg . stress, deflection. strain, seismic anchor
motion) are calculated for each of the three components of earthquake motion. The term “co-directional response”
indicates that it is a unidirectional response with contributions from each of the three directions of seismic input
The co-directional responses due to the three directions of seismic input are combined by the SRSS method in order
to obtain the estimated maximum response. This is appropriate when the design methods are based on allowable
stresses or deflections for a single direction of response.  When there is more than one response parameter to be
used in the design calculation Cestamnformulaions (g . principal stresses), the SRSS method may become overly
conservative when—usng-the-SRES snethod-since stresses in two directions are each taken at their estimated

maximum response. For these cases the 40% method is considered appropriate

The 1.0. 0.4, 0.4 method, referred herein as the 40% methaed, 1s appropriate for nuclear plant applications. An
example of two references that allow its use are given below:

NUREG/CR0098, “Development of Criteria for Seismic Review of Selected Nuclear Power Plants.” Newmark and
Hall, May 1978, Prepared for 1S, Nuclear Regulatory Commission, p. 30.

“It is conservative, simpler, and much more readily defined and calculated to take the combined effects as 100
percent of the effects due to motion in one particular direction and 40 percent of the effects corresponding to
the two directions of motion at right angles to the principal motion considered. [t is this combination that is
recommended for general use, especially in nuclear power plant design.”

ASCE Standard, “Seismic Analysis of Safety-Related Nuclear Structures and Commentary on Standard for Seismic
Analysis of Safety Related Nuclear Structures,” ASCE 4-86. Amenican Society of Civil Engineers, September 1986,
Section 3.2.7 1.2, pp. 24 and 2§.

“Alternatively, the responses may be combined directly, using the assumption that, when the maximum response
from one component occurs, the responses from the other two components are 40% of the maximum. In this
method, all possible combinations of the three components, ..., including variations in sign (plus or minus),
shall be considered. ... ."

To further support the use of the 40% seismic criteria method, comparisons between the SRSS method and the 40 %

230.59(R1)-1
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Response Revision 1

method are given below . Combinations of maximum co-directional component responses and principal stresses are
considered. In order to compare the results from the SRSS and 40% methods, the results obtained from these two
methods are compared 1o those obtained from a time history analysis. A comparison of the two methods is also
provided in the response to RAI 220 29 for the containment vessel.

ta

2

Combination of maximum co-directional component responses

A representative set of co-directional responses are assumed having different relationships between these
responses.  Figure 230.59-1 shows these relationships for each of one hundred cases. The co-directional
response for the X shock, Y shock, and Z shock have all been normalized by the maximum response. There
are various cases that include two of the components of equal magnitude, three of equal magnitude, and many
cases in between with one component being dominant. Figure 230.59-2 shows the formulation and results of
SRSS and 40% combination methods. In only one case does the 40% combination method yield results that are
lower (only 1%, | 414 versus 1.4) than the SRSS method. This is when two of the components are equal. and
the other 1s zero

Principal Stresses

Principal stresses in a plate were studied along with the maximum shear stress and stress intensity. The sum
of oy and 7 is also included in the study since it is representative of design for tangential shear. It was assumed
that there was a shear stress (1) directly proportional to the X seismic input {with no contribution from the Y
and Z seismic input). that one membrane stress was zero, and that the other membrane stress (oy) was a
combination of the co-directional responses due 1o the Y and Z seismic input (with no contribution from the
X seismic input). This would be representative of the seismic response of a shear wall or the containment
vessel. The magnitudes of the X. Y and Z responses were those shown in Figure 230.59-].

Two of the cases are shown as examples in Table 230 .59-1. Case | has the response components X and Y equal
with Z zero. Case 100 has the response components X, Y, and Z all equal. In the SRSS method the co-
directional responses for the Y and Z seismic input are first combined by SRSS to give the maximum membrane
stress, which is then used with the shear stress 1o calculate the principal stresses. The ratio between the 40%
method and the SRSS results range from 0.75 to 0.91 for the various principal stress combinations, and are
(.76 10 0.75 for the combination of oy and 7. The 40% method results are lower than the SRSS methods by
as much as 30%. The reason for the difference is that the SRSS method does not reflect the statistical
independence of the individual co-directional responses.

The results, along with the associated SRSS and 40% method formulations. are shown in Figures 230.59-3.
Two combinations were studied so as to reflect the effect of sign of the components on the results. One
combination considered all of the co-directional responses X, Y. and Z as positive. while the other considered
Y and Z as negative, and X positive.  The results were similar with Sigma | (o)) and 2 (05) reversing
themselves. The results for the 40% method and the SRSS method are similar to those given in Table 230 59-
I, recognizing that the SRSS method tends to reflect the absolute summation of responses in complex motions.

Time History Comparison Results

230.59(R1)-2 @
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I'he 40% method and the SRSS method were compared against results using two sets of time histories. The first
set of time histories were the seismic input time histories as des ribed in SSAR Subsection 3.7.1, which are
of equal magmitude (0,3g) and are statistically independent. In addition, arbitrary time histories were developed
as shown in Figure 230 594, For these time histories no attempt was made to assure that each component
resulted from statistically independent motions.  These time histories were considered as the component
responses (X, Y. and Z) for the same examples of co-directional component response and principal stresses
discussed previously. As in the first section that discussed co-directional component response cases, the
maximum co-directional responses associated with the X, Y. and Z compourents represent the stresses as used
in the respective formulations as shown on Figure 230.59-2 and 230.59-3. The results are shown in Tuble
230.59-2. For the co-directional resultant response, the 40% method produced results equal 1o 89% of the time
history method and the SRSS method gave results equal to 85 % of the time history method. For the principal
stresses, the results obtained using the SRSS combination method are the more conservative. The results
obtained for the 40% combination method are close to the time history results with the smallest result being
smaller by only 12 percent.  Note that these examples were selected specifically to maximize the difference
between the various methods and more practical cases would not show as much difference.

In conclusion. the 40% combination method provides realistic results that are not overly conservative. The 40%
method 1s a valid method for combining multiple directional seismic responses. This method provides a margin for
those design cases involving combinations of multi-directional responses that is consistent with the margin obtained
by use of the SRSS combination for a co-directional response,

SSAR Revision: NONE

230.59(R1)-3
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Table 230 59-1 Principal Stress Example

=1
Stress Seismic Response SRSS 40% Method Ratio
C ampo Due to X, Y. Z Input 0% to
nent SRSS
==
= EW
Case | X Y Z l 1,4, 4| 4.1, 4] .4 4. | [Max J
Ty 0 | ] 1.0 0 40 1.0 0 .40 1.0 100
L
r | 0 ] 1.0 1.0 0.40 0.40 1.0 1.00
. ) g 4™
 max 1. 118 1 020 0.640 0 447 1.020 0.9]
7y |.618 1.220 . 140 0.647 1,220
O~ 0.618 -0.820 0. 140 0,227 0820
Max. Abs 1618 1.220 |.140 0.647 1.220 0.75
WLU;
| 2.236 2040 1.280 0874 2.040 09|
oy + 1 2.0 | .40 |.40 0 .80 .40 0.70
Case 100 L X | W R 4
oy 0 1 | 1.414 0.80 | .40 | 40 1.40 0.99
T | 0 0 1 000 1.0 0.40 0.40 1.0 1.0
" max 1.228 1.077 0.806 0.806 1.077 0 88
oy 1.932 1.477 1.506 1.506 1.506
0 0.518 0677 4. 106 0. 106 0.677
Max.Abs 1.932 1.477 1.506 1.506 1.506 0.78
s
sl 2449 2.154 1.612 1.612 2.154 0.88
oy + 7 2414 1.80 1.80 .80 1.80 0.75
e e — )
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Table 230.59-2

Time History Comparisons

AP0 Time Histories Arbitrary Time Histories
Figure 230.59-4
Stress State Time SR&S 40% Time SRSS 40 %
History History

Co-directional Resultant 0.61 0.52 054 2.51 2,72 3.01

Response
Principal Stresses

Max Shear Stress 0.31 0.37 0.32 |98 27 2.02

Max Principal Stress 0.49 0.58 0.45 2.89 3.1 2.55

Stress Intensity 0.63 0.73 0.65 3.96 4.33 4.04

Sigma Y - Shear Stress 0.6l 0.72 0.54 264 3.84 3.01

230.59(R1)-5
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Maximum Component Response

12
- i Y
08 - T —
& T
3 , —
0 - -
.06 r Bha P Y|~V oy g "7 AN
g ' ~~— P -_—
e M_;'n—‘:’__'d— S
p—— o —— A—r—
| 4/-’ T st e pp———————
04 _ N\
- Y Compoed
5 — Z Compoysat
Ui = -
| ”
| -
0 . A,AA-' P W 4 ke " A 4 b 4 b ¥ ="
0 10 20 30 40 30 60 0 &0 0 100
Cases

Figure 230.59-1 - Relationships between Maximum Component Responses for X, Y, Z
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'_Comparison of SRSS and 40% Combination
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Figure 230.59-2 - Resultant Response Comparisons
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Principal Stresses

Cormpanson of 4% Combination to SRSS
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"max < |"}' + 4r7)" °)2 r = aX ‘
a; = (og/2) + 70 " max (09)nax:  Stress  Intensity
0y = (0y/d) = Touy defined as the absolute max value (note sign
Stress Intensity = Max Absolute Value of retained) from results for three sets of (a. 0§, )
[to} < 09) 0y 0a] | Wkhsre the three sets of (a, d, %) = [(1.. .4,
SRSS . o 4). (.4, 4): (.4, 4, 1]
oy = (Y* 4+ 25V= note that oy retains the

signof Yand Z: 7 = X

Tinas « @) + 09 = As Shown Above

Figure 230.59-3 - Principal Stress Comparison
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Question 230.82

The first paragraph of Section 3.7.2,1.1 of the SSAR states that response spectrum analyses. using computer code
SAP. are performed to obtain the seismic forces and moments for the structural design of the auxiliary building,
the shield building, and the containment internal structures on the nuclear island (NI). However. in the third
paragraph of the same section, it iy stated that Table 2A. 17 of the SSAR shows that the hard rock site governs the
seismic response forces and moments for the AP600 seismic Category | structures (the auxiliary building. the shield
building, and the containment internal structures). Based on the above,

describe which method of analysis was used to calculate the seismic forces and moments for the design of
the containment vessel for each of the three design site conditions,

clarify the inconsistency between Table 2A. 17 and Section 3.7.2.1.1, in which a statement is made that
the seismic loads for the hard rock site do not always govern. and

provide the basis for making the statement in the last paragraph of Section 3.7.2.1.1 that, in such cases,

the seismic forces used for the design of NI structures are obtained by multiplying the results from the hard
rock respo 2l 'sis at each elevation by the ratio of the soil case to the hard rock case member

forces at that elevation.

Response: (Revision 1)

a8

The steel containment vessel is analy zed using a shell of revolution model for the equivalent static accelerations
from the SSI seismic analyses reported in SSAR Table 3,7 26

The inconsistency between the two subsections has been corrected. The reference to Table 2A.17 in the third

paragraph of Subsection 3.7 2.1.1 is deleted as shown below

As stated in the responses to RATs 23050 and 230.90, the response spectrum analyses of the 3D finite element

models are used to obtain the in-plane forces for the design of the floors and walls of the nuclear island
structures. The finite element models are also the basis for the 3D lumped mass stick models. The member
forces in the 3D lumped mass stick models represent the total forces at a given elevation. Hence the finite
clement member in-plane forces can be adjusted for the other soil conditions by multiplying the results from
*he hard rock response spectrum analysis at each elevation by the ratio of the soil case to the hard rock case

member forces at that clevation  Fhs-amsmphion o imphon+h-the development-of the 3 shek modele drom
Bhaen dabrebe edentipnied fpoadenie

SSAR Revision:

Revise the third paragraph of Subsection 3.7 2.1.1 to read as follows:

W) westinghouse

230.82(R1)1

eSS —————



NRC REQUEST FOR ADDITIONAL INFORMATION

Response Revision 1

Response spectrum analyses are performed only for the hard rock site —based-oi-the-comparson-of semiie
Borbeeen ol ok gapeebieben Do bisies dhad e babel sesch sebe sstihrbiestt Seivembiie e sesedbite o iabioe ot atnd
oottt et starnih-stepetrec—d-addibon—s Since the shear wave velocity for the hard rock site s in excess
of 8000 feet per second, the soil-structure interaction effectis negligible. Therefore, the response spectrum analyses
are performed using the fixed-base, three-dimensional. finite elememt models

230.82(R1)-2
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Question 410 138

Sectem 102,12 o the SSAR states that the monn turbime system s designed i accordance with appheable intertace
eeguirements angd system design regquirements of the Westnghouse NSSS. Wit e the “apphcable intertie
reguirements” and Usystem design reguirements” of the Wostimghouse NSSS T Where are those reguirements detined !
Are there any specific SSAR sections that can be crossereterenced ! Does ihe term "Westinghouse NSS8™ mean the
APGOH reactor and reactor control design !

Response

Ihe sttement 1o the SSAR was intended 1o mdicate than the APOOO turbine as designed specilically Tor use with the
APOGUD plunt. The design reguirements e those indicated in SSAR Chapters 4. 5. 7.9 and 10

SSAR Revision
Rovise the first two ttems o Subsection 102,12 as follows

o The mrbine-penerator s intended tor buseload opertion and also has load tollow capatility consistent with the
capabnlities of the APOGONL Waestinshonse o lods - stearn sapphv-svstem-£NS S8

e The muan turbine system (MTS) s designed for elecunic power production consistent with the capabibity of the
APODO reacton coolant sestemms s aceobsdabive  with apphicable slesbace fodiireients atd svsior desisn
Poapitbeaients ob dhe Wosdiiahorae NS85
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Question 410.203

Include COL information which requires the COL applicant to provide an updated flood analysis incorporating
as-built information in the SSAR

Response

Flood and ground water elevations are site interfaces for the Combined License applicant, The site interfaces
parameters are given in SSAR Section 2.4, For cases where a site characteristic exceeds the envelope parameter
it 1s the responsibility of the Combined License applicant referencing the AP600 to demonstrate that the site
caaracteristic does not exceed the capability of the design. Thus, it is not necessary or appropriate to include in
the design certification of the AP600, requirements and commitments for applicants with sites that do not meet the
site characteristics for the standard design.

The APAOO is a standard plant and therefore there is no need to update the flood analysis

SSAR Revision; NONI

@ R 410.203-1
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Question 410.209

The March 18, 1993, response to Q410.54 states :hat protection of safety-related SSCs from failure of non-safety-
related SSCs is accomplished by separation. as discussed in Section 3.7.3.13.1 of the SSAR. Section 3.7.3.13
clanifies the approach used to protect safety-related SSCs from the failure of nonseismic SSCs. However. it is still

unclear whether protection of safety-related SSC: from nonseismic SSCs is ever achieved through the use of

enclosure of safety-related SSCs in compartments. Clarify this issue
Response:

As described in SSAR Subsection 3.7.3.13. the preferred method for protection of safety-related SSCs is by locating
the equipment in rooms (compartments) which are separated from non-seismic components. This separation is
indicated on the General Arrangement drawings given in SSAR Section 1.2.

As described in SSAR Subsection 3.7.3.13, each area of the plant containing safety related components is reviewed
for potential interactions due to non-seismic structures, systems and components. In performing this review there
may be cases where local enclosures provide protection to safewy-related equipment. An example of such a situation
would be a case where a safety related electrical cable tray is surrounded by a local fire barrier. These cases are

evaluated for failures of non-seismic components as an impact analysis following the criteria of SSAR Subsection
3.7.3.13.2

SSAR Revision: NONE

410.209-1
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Question 43%.81

The last bullet in Section C17 6.1.2 of the PRA states that "The unavailability data for the de batteries in the AP60O
probabilistic nisk assessment data base 15 assumed to be due to compenent failure and associated unscheduled
corrective maintenance to repair the damaged equipment due to a fault.”  Table C17-5, Component Test
Assumptions, states that "A conservative PRA approach as<tiiing a complete battery test is performed every three
months. " Clarify these assumptions and how they fit what may be the practice in the AP600 plants of conducting
battery service discharge tests at power every two years ‘refueling cycle interval) on each battery. using the spare
battery and charger as a replacement.  Describe how battery unavailability due to surveillance testing and
maintenance is accounted for in the PRA with regard to both the normal batteries and the spare battery

Response:

The assumption from Table C17-5 regarding a complete battery test being performed every three months was not
mtended 1o imply that such a test 1s planned every 3 months. but was used to generate the hours (t/2) to use as a
multiplier with the hourly failure rate for the batienies failing to provide output on demand. Considering that battery
status (cell voltage. battery voltage and battery current) is continuously monitored. a three month interval is overly
conservative.  The battery tet interval will be based on the recommendation of the battery vendor, but is not
expected to be any more frequent than the two-year retueling cycle interval.

The assumption from Section C17.6.1.2 that the unavailability data for the de batteries in the AP6(00 probabilistic
risk assessment data base i1s assumed to be due to component failure and associated unscheduled corrective
mauintenance to repair the damaged ~quipment due to a fault reflects how batt~ry test and maintenance is modeled
i the fault trees. When quantified, the fault tree event, which models the unavailability of a battery bank, captures
three basic events:  a fuse openiag spuniously . the battery bank failing to provide output on demand. and the
unavailability of the battery bank due 10 test and unscheduled maintenance, Scheduled maintenance for the battery
bank 15 not exphicitly modeled in the fault tree.

As one global test and maintenance unavailability number. 5.0 x 1074, was used to quantify the fault tree, the model
did not distinguish unavailabilities due to testing from unavailabilities due to maintenance. The data used to quantify
test and maintenance unavailability was taken from the Advanced Light Water Reactor Utility Requirements
Document, Volume HI, Section A2.2. page A.A 19, Revisions S & 6. 50 x 104, suggested by the URD as a
maintenance unavailabnlity for any major component of a standby safety system, represents an unavailability of
4.38 hours/year. per battery bank train

| Neither of these assumptions Were meant to explicitly address a spare battery bank or battery testing at power. A
spare battery. capable of replacing a battery bank on any one of the four dc buses during a maintenance activity,
is not explicitly credited in the fauit tree model. While acknow ledging that the existence of a spare battery bank
improves avatlability . an unavailability of ~ 4 hours year appears to be a reasonable unavailability estimate given the
time required to accomplish an unplanned swap to the spare battery .

PRA Revision: NONE
SSAR Revision: NONE

435811
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Question 440 68

Section 2887 of Chapter | oot the EPRIE ALWR Reguirements Document stades that all opeciing conditions
tncludmg shutdown operations) should be aken o secount in the probabilisie risk analysis (PRAY Appendin: A
o Chapter | of the EPRI Reguirements Document specities gudance on the scope and contents of o PRA Loy
shutdown combinons . Address complinnee of the APGIO design 1o thas gurdance regarding aneviduation o sdentily
system vulnerabidity for shutdosn or mad-loop operation,

Response

The ALWR Utihity Reguirements Docament does not constitute a regulatory requirement tor the AP6OO. The scope
ol the APHUO PRA s comsstent with the ALWR Uity Reguirements Documeint

[he shutdown portion of the AP0 PRA juldresses plant operations, acodent scenanos, and system valnerabilitios
dunng hot shatdown through startop conditions. The evaluation searches for system valonerabitity tor shutdown o
midloop operation.

The shutdown evaluation exammes system and operator performances duning vinous postulited smtialing events
inclading loss of decay heat removal (nommal residuad heat removil, component cooling water, or service water), Joss
of atfsite power, loss of coolimt awcident toormiad residual heat removal pipe break or iadvertent deauns). and

reactivny accrdents (horon didution o rod withdewal)

The PRA shiutdown model reflects the success critenia ol avanlable systems dunng shutdown or midloop operation
o determine domnant contrrtbators 1o the APOOO core dimage Trequency and fesion prodoct releise |

SSAR Revision. NONE

PRA Revision NONE

| Westinghouse 440 68-1
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Question 440 111

Section o408 32 of the SSAR detines a loss of coolant aecident as a rupture of the RCS piping that results o
decrease i the RCS inventory that exceeds the flow capability of the nommad makeup system.  However, becise
the APHOO normal makenp system s o non-satety-related system. credit for its makeup capability should not be tiken
o competisate for the Joss of coolant. - Appendix K 0 [0 CFR Pant 50 reguires consideration of a spectrum ol
possable pipe breaks. Eather confirm thit the small break LOCA analysis is extended 1o break sizes within normal
mheup capability. e dess tan 037 Sanch diameter hole, or provide justification (other thin makeup capability of
non-stely systets) for nol eviduating thas smalt break size

Response

The eftect of postulaied break size i the SSAR LOCA anidysis s such that the smaller the break size the greater
the i reactor coodant svstem (ROS) iventory condimon.  This is lbusteated i the table below

SSAR Break Equivident Diameter, inghes Minimuom Mass Inventory, ibin
DEDVI] (6.X inches) SO (Core uncovers)
Inadvertem ADS ' TOEERKY (no Ccore uncovery )
Tweoinch cold leg LOSOOD (o cote unuovery)
One-nch cold leg LESOUO (no core uncovery)

Higher mpnumum insss imventorics provide greater margin (o possthle vore uncovery conditions. Extendmg the SSAR
hreak specteam o even smadler sizes will produce fess hsting results than the one anch break exhibits,

St break LOCA cases pertormed subsequent 1o the SSAR i support of design changes (References 4401111
24001 112 turther demonsteate that the smaller size LOCA breaks are non-hmiting tor the APGOO, wiih its passive
safety svstemis,

The ong-inch cold leg break has been reanadyzed an support of the design change (o remove the pressunzericone
muthenp tank pressure badance Jines. The mimimum RCS mventory compuied for this case is reported in Relerence
43001112 as 107,000 Ihs. The doable-ended pressure balinee line break reported in Reference 44001 11-2 mvilves
a 7000 inch equivadent duaneter bicak and exhbits o omintmam inventory of 104000 bs, Theretore, over a rnge
ol primary reactor coolamt break sizes (the reanalvzed double-ended pressure hadance line, DEDVI and one-inch cokl
lep hreak cases) mvolving a factor of iifty change in the postulited break arca, predicted mimimum primary imnass
mventories vary only shghtly, Adeguate minimum RCS inventonies are mauntamed (o ensure thit 0o core uncovery
ovcurs, and the ooe mch break exhibits the Targest mnpmum mass inventory among the three cises. The obse: ved
behavior shows that there s no need 1o extend the AP0 LOCA break spectram 1o break sizes smaller than one
mch equivalent diuneter

@w " 440.111-1
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Question 440 165

S I25 117 addresses the need for plant owners 1o assess the beoetit ol automatic solation of the cmergency
tecdwater (EFW) sveaem atter o secondiary line break agaanst the potential disadvantages of automatie isolation ol
the EFW where the scoondary heat <ink anay be fost of the EFW s ost and the man stesom isolation salve s closed
From the regulatory anadysis, the stadl determmed that. tor a new plant. the design need oot include atomatic
wsodation of the EFW system following a steambine or feedwiter line hreak provided that the results of o analyses
ol the secondary side hine break and the contimnment analysis meet the apphicable design criterii, For the AP6GixK)
design, the startup tecdwater (SFW) control vidves (SFCV) serve the dual purpose of comtrolling SEW Hlos rate aid
providing solation of the SFW. The SFW ssolation valve (SFIV) s used o prevent ancontrolled blowdown from
v than ooe steam generator i the event ol a leedwater rupture.

A Clanty whether the solagon of the SEW 1o the event of a secondary line break s amomatic o
manual

b Provide the evaluation of the amomatic solation of the SFW with respect o the concern ol
GSLI25.01.7

¢ Contiem that automaie isolation of the SFW s not assumed an the anadyses of a teedwater line
hreak (Section 15.1.2 of the SSAR) and i steam system piping Fadure (Section 1515 of the
SSAR), and the mass and energy release amadysis for postulived secondary system pipe rapture
mside contunment (Section 6.2 1.4 of the SSAR L In addition. NRC TE Bolletn %0-04 ststes thal
the anadyses of a steambine break and contimment overpressure event should include an assumption
of continued addition of startup feedwater. Contirm thit this assumption is made in these analyses

Response

Esolation of the startap teedwater svstem s automaticadly initiated, SSAR Subections 7310 134 and 731144
discuss the "Enginecred Sabety Features” asolition logic tor the startup teedwider system,  The isolation logic
s llusicated on Figore 7.2-1 sheets 20 100 and 11

Tahle 192 o1 the SSAR "Lisung of Unresolved Sufuy Issues and Genenie Satety Issues™ defines a soreenimg
critetion the apphicabilny of the GSTand USTissues 1o the AP6GUG design, On genenic issie 125017 the stitus
sereeming criterta provided as 7CT mdicating the issue s resolved with no new reguirements imposed.

The APOUO utthzes o nonssatety related stirtup feedwiiter system as the Tirst hine of defense 1o remove the core
devay heat abter a reactr np or duning a postulated non-LOCA event. The stantup feedwater paimps
automaticaily stant lollowang anticipated tansients resulting in a low steam generator tevel. Startup feedwaiter
will continue 1o be aclivered 1o the steam generators unfess excessive SGlevels or excessive priv oy system
heat removal condmons develop. However, operation of the non-safety related startup teedwiter system is not
credited or reguired o mitigate hicensng design basis accidents, The sitety-relinted passive core conling system
(PXS) provades emergency core decay heat removal duning transients, accidents, or whenever the nonmal
nonsatety-related heat removal paths e unavadlable, Concern over the loss of the altimate heat simk as a result

@m 440.165-1
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o asobating feedwater s not pertinent 1o the APADO given the avinlability and copabity of the passive residual
heat removal fegure of the PXS. The satety srelated passive core cooling system design hasis and oriteria are
descrbed m SSAR Scenon 6.3

Coo Section 1525 af the SSAR s o teedwater system pape break. Thas event s a reactor coolant svstert heatup
tensient and theretor heat removal v startup feedwater 15 oot credited o accdent mitigation

Section 1512w o leedwater system madtuncton that results in g step mcrease i feedwiser How 1o onge steiun
generator rom o LIS of the nommad (ol load vidue, AL fcedwater flow s tenminated by o steam generiton
high level tnp

Sceeton TS LS evaluates nonscontaimment aspects of o steam svstem pepang Ladure, Startup teedwader is isolated

via cdosure of the redundant sidety-relited olation and control vidves on alow T signal

Secnam 6.2 14 evaduites the comtiamment aspects of o steam system piping falure. . Withan the fust imnuote

fodlowmg o stean line bresk, the startup feedwiter svstem may be intiated on any one of several signals. The
wldinion of startup teedwater 1o the sten generators increases the secondiry mass avalable for release oo the
comtaanment . s well as the heat ransterred o the secondary hud, The etlects on the steam generiadorn mass are
maximized by assamang fall startup feedwater flow o the taohed steam generator sbating at e zero from the
stbegard systems) stgnid or low stewm genertor level reactor inp and continumg untll automatically tenminated
of o low T cold signal. Stntap feedwaster flow termmation s accomphishied by Closure of the redundanm silety-
reluted rsolation and contiol vadves.  Nooaddimonal startup Teedwater s assumed tollowing Closare o th
redondant sadety-related isolanon and comtrol valve

SSAR Rewision None

PRA Revision None

165
i Westinghouse
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Question 480 58

Nt il Tuble 652 it the SSAR stites that wirkock seol testing will be done at seduced pressore. A Lest pressun
lower than Pa would b iy o Appendix 1 ocoteria. Provide additional hasis o support this position. Thas
prion should be added w Tiable 6.2.5-1
;‘u'.‘y‘)!)ﬁb'
Fhe personne] haach urlocks) ore destgned to be tested by anternal pressurzation. The doors of the pecsonngd
Bty hees B wstable scals ax shown i SSAR Figure 382-30 Mechamcal and electncal peoctiations on th

personnel hatch ue abso dgoapped with testible scals. Appendiy §otesting woill be pertormed al o test pressire of

P Fable 6.2 321 wll be revised 1o retlect the correstion

SSAR Revision A revised version of  Table 6.2 3] s provided m response to RAL 48106

480.58-1
Westinghouse
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Question 480.61

Figure 9.27-1 of the SSAR indicates that the chilled water return pepetratton has 10-inch isolation valves,
Table 6.2 3-1 of the SSAR indicates that thus penetration uses 6-inch valves. Clarnify the valve size.

Response

Frgure 9.2.7-1 18 correct in that the chulled water retum line utilizes 10 wch solation valves. The revision to Table
6.2.3-1 of the SSAR 1s antached reflecung the correct clulled wa.er return line size and additional changes in response
to RAIs 480 52, 480.53, 480,55, 480.57, 480.55, 480 59 and 4%0.60.

SSAR Revision

Table 6.2 3-1 attached

@ Westinghouse i U
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Question 480.70

This question periains to Westinghouse's statement of conformance to paragraph 6.2.1.5 of the Standard Review
Plan, “Minimum Containment Pressure Analysis for Emergency Core Cooling System Performance Capability
Studies,” BTP CSB 6-1, that is identified on page 6-10 of Revision | to WCAP-13054, "AP600 Compliance with
SRP Acceptance Criteria.”

Provide the heat transfer coefficients used to address this criteria

Response

The large break LOCA ECCS performance analysis presented in the AP600 SSAR utilizes an assumed containment
pressure of 14.7 psia. The WGOTHIC analyses of the AP600 presented in Reference 480 70-1 demonstrate that
this assumed pressure is a highly conservative minimum value. Thus, no heat transfer coefficients to the structures

inside containment are calculated in defining the AP600 minimum containment pressure in the SSAR

Future AP600 large break LOCA ECCS performance analysis will utilize a suitably conservative containment
pressure boundary condition

Reference
480.70-1 Westinghouse letter NTD-NRC-94-4174, N, J. Liparulo 1o R. W. Borchardt. dated June 30, 1994
SSAR Revision: NONE

PRA Revision: NONE

w Westingt 480.701
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Question 720272

Q7200175 requested Westunghouse 1o show how marmtenance unavialialities were included in the shotdown PRA,
The Octoher 20, 1993 response states that the PRA Credits both satety - and oon-satety -relited systems. as specitied
i the Techmcal Speaificanons. However, the Techmical Specitications will not prevent o hicensee fromm entering into
the LOCOs The response relerenced Appendin C of the PRA for specihic masstenance unavaalabihities. The stall
could not find maamtenanee unavadlabbities tor de power in Table C17<6. Table C13-% of Appendia O states thi
the PRA modeled the NRHR pump as beng mauntaned once every five vers, The statt belicves that this vl is
unreadistie and that Westinghouse should include reasonable auuntenance umavailability estimates in the PRA hased
on operatmg expenience. D unreasonable mantenance estmates are used. then the actual shotdown core damage risk
incurred by o COL holder will be higher than estonated o the PRA because the system avanlabhines iy e been
signthicantly anderestnnated. Address this concern

Response

The sssmmptions on mmtenance unavidkability tor do power thitteries) we addressed m RAL 4355 | tor at-power
operation.  The response provided Tor RAL 35 X1 applies albso to shutdown conditions

Phe intormaton provided i Tuble CHA-X s inaccarte. Typacadly, the normal residual heat removal pumps will be
antaned during at-power operation. 10s conservatively assamed i the PRA that the nonnal resichial heat remanal
pumps are soheduled 10 be mantaned every O months, 10 also assumed in the PRA that the oormal residual hei
removal valves are scheduled o be mmuntaned once every retueling cvele. as shown i Table C1 36, Ths correction
will be retlected i revision 2 of the PR A

S55AR Revision. NONE
PRA Revision

The docomentation of revision 2 ol the PRA wall correct the error in Table C 13X as shown i the response above,
PRA Revision 2 will be complated by December 31, 994

720.272-1
Westinghouse
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Question 720 273

Q7200075 reguested Westinghouse 10 nclude loss of the NRHR and foss of the NRHR support systems as shutdown
inittors. The October 200 1998 response mdicites that the loss of offsie power was the only way that the NRHR
wits postudated to Bl caosing a doss of decay heat removal during normad and redaced aventorny conditions,  Tnelude
the Toss of NRHR and the loss of NRHR suppot svstems as potentiad shatdown anttiators, When considering these
mntiators, include svstem maantenance and the extended mission times tor which they must operate,  These intators
shonld he mctuded m the loss of decay heat removal event trees.

Response

The current APGOD shutdown event trees include Toss of normal residuad heat removal and its support svstems ax well
as loss ot otfsite power. These imitators are combined in one event tree. Westinghouse sigrees that this event e
should be reconstructed as suggested. An event tree waill be developed for the Toss of oftsite power witiator. and
i separate event tree wdl be developed tor the Toss of normal residuad heat removal as an imitator. These initiators
will be reflected i trees for condinons when the reactor coolant system is tilled and pressacized. amd when the
teuc o coodant system s dramed o mad-loop and depressarized,

For the nonmal residual heat removal and its support systems. there will be no planned mamntenance durmg shutdown
Scheduled mamtenance will be done duting at-power operation.  Theretore, both tmuns of normad residual heat
removil will be avilable when entering shutdown conditions,  [F one trian of normal residual Beat remuovad s lost
during nendeamed. cold shutdown conditions, the plant will be kept in the nondruned, cold shutdown condition and
normal residuad beat removal capabihity will be restored. 1 one train of normal residual heat removal is lost during
deaned conditions, the plant must be tken from driened condition 1o the depressurized but flled condition and
normiad residual bear removal capability restored

Based on the operationial regquirenents of the normad residual heat removal system discussed above, Westinghonse
does not behieve that the doss of nomad residual heat removal mitiator should include mamntenance and extended
mission imes of the normal resaiduad heat removil and s support systems

SSAR Revision NONE

PRA Revision

Event traes CSD and CSLD will be reconstructed 1o address the Toss of offsite power and loss of NRHR mititors

I separite event rees, Assumptions relative (o planned mantenance will be documented i Revision 2 of the PRA
Revision 2 will he completed by December 31, 1994,

. 720.273-1
Westinghouse
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Question 720 274

In Q7200075 the sl requested that o guantitative basis for excluding overdraming events be ncluded in the
shutdown PRA duning reduced anventory conditions. The October 20, 1993 response referenced Appendix F 4.3 o
the PRA. The sudt bebieves ahut thas response s msatbioent o address the <tafl’s congcerns, and that Westinvhouse
should develop an event tree that ancludes overdrming of the reactor vessel during reduced imventory conditions.,
Pl event tree should include operator recovery. This event tree should also consider the adequacy of core conling
pven that the ot leg s oearly or completely deaned, and that the NRHR pumps continge 1o run, Westinghoyse
howld comsader that the hot leg fevel mstrumenmtation provides input 1o the non-satety-relaed plant control sy stem
and provades mpot 1o the diverse actuation system, which wall not be i Techmcal Specitications sind could be ot
ol service lor muantemmge

Response

Revision O of the PRA mchades the quaniitative evaluation of overdnoming events doe 1o loss of coolant acedent
trom nomal residual heat removil system pipe Bulure or homan eevor greating o diversion path 1o the IRWST

Revision 2 of the PRA will adso eviduate the scenarnio where the bot leg s dreained and the operiator does not stop
the normal residud et removal sysiem pumps, The basic model tor this scenaemo will cover the tallowing:
dragning down the reactor coakiat systeny b aperator Luls o stop the normmal residuand beat removal system pumps
¢ nonmal residuad heat removal system pump seal LOCA occurs: and d) operitor Bals o solate the nomsal residual
heat romoval system

3

Reviaon 2 oot the PRA will address the avalabidry o the hot leg level imstramentation,
SSAR Revision. NONI
PRA Revision

Revision 2 of the Shutdown PRA will eviduate core conling adeguacy hased on the following seguence ol events

) Dran down the reactor coolamt system

B Operator Ladls o stop the sormal ressdual beat removal system puamps
b Normial residoad heat remaval system pomp seal LOC A ocours

dy Operator Gl o asalate the normal residual heat removal system,

Roviaon 2 of the PRA will address the avanlability of the hot leg level mstramentation

Revision 2 will he completed by December 31, 1994

Westnghouse 720.274-1
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Question 720278

The September 21 1993 pesponse 1o Q720065 mcited than the tme window was 1 manute and the operaton
response tine ok 30 seconds for the operator o munuadly tp the reactor tollowang an ATWS event. The Gulure
rite. HEP=1 36E-2. s indicated tor tive multaple actions that are 1o be taken o dess than T ominate, The crew s
stress Jevel was modelled as “moderae” instead of “hagh” which contlicts with HRA procedures o the PRA
Guidebook (WCAP-126949), 1 the crew realize that they have only one minute 1o take these actions. the crew s
stress level would argaably be “high” mstead of “moderate.” 1 the ciow s distracted or imerrapted by events i the
cotitrod room, the margim (residuad time) could be reduced trom 30 seconds to 15 seconds, Rescalculae the HEP
for this operator action kg these concemns e account.

Response

The wodehng of operator action ATW-MANOL consists of the tollowing 3 subtasks:
A Respond o 3 alarms

o Verdy neatron Hux mcreasing

G Soram the reactor

Subtisks (h) ad (o) can each Ll as o oresult of error of omission or error of commission. For example, the
modeling of subtask (b s shown as tlure of tem 2 o 3 the response to RAT 720065 subtask (c) 15 shown as
Latdure of ttem 4 o 5 of the model shown in the response 0o RAT 720065 Theretore. 5 possible ways of Ealing the
achion to i the reacior e shown i the model

Wostinghouse agrees that the stress level used in the evaluation of this action should be re-calcubiged with i high
stress level

In pertorming HRA tor several Individual Plant Exasminations (IPEs ). taaming and operating personnel trom seven
plants were mterviewed 1o determine the performance shaping Lactors dunng cach acedent sequence. It was
determined thiat wipping the reactor 1s one of the most lghly traned scenano tor the operators, and 10 classafied
wn skilled-based acton, wherehy the operator response is viewed qs being second nature. Despite the Laminute time
wandow . this Gk s viewed by the operators as the most unhikely action o tml. The HEP evaluated tor this action
i the 1PES b5 on the order of, 20E-03. A simnbar level of tramng will he provided 1o the APGIO control room
apertons 1o repond o this Gotion

Re-cidcmiatinyg this operator action for the APGOO with o lugh stress level wall change the HEP trom [ SGEAL2 o
TOE-02) Thes vadue is somewhat conservatiyve, because redundant cues and scrum controls, assumed 1o be avaliahle
1 the operators, are nol consadered i the APGEED model.

W —— 720.278-1
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WESTINGHOUSE PRCPRIETARY CLASS 2

Table 621§

Containment Mechanical Penetrations and isolafion Valves
Explanation of Heading and Acronyms for Table 6.2 1.1
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Table 6.2.3-1 (i

Containment Mechanical Pe

Contalnment Peaetration
System Penetration P&ID GbC
Sleeve LD, Sequence Line Flow Size or Closed Sys Qty Size Type Operator
CAS Breathing aw
in
P2 2 Service awr in Ir. 6" 56 No |
|
cCs PO3 (8 4]} IRC loads in in 8" 56 No |
|
o4 02 IRC loads out Out 8" 56 No 1
1
1
Cvs POS ol Spent resin Ou g 55 No I
flush out 1
1
o6 2 Letdown Out r 55 No 1
I
I " Globe Air
P07 Q03 Charging in 3" 55 No 1 o Globe Motor
I B Globe Motor
Pog 04 Hy injection n 34" 55 No | 3 Globe Air
to RCS | a4 Check -
PoY (& [1] Water w In r 58 No | - 4 Globe Aur
CMT and 1 2" Check -
eI accumulators
DWS P1o (8 (] Demin. water In $82" 56 No I 1 Gilobe Manual
sys 1 & Check -
S P11 Fuel transfer N/A s 56 No 1 36" Blind N/A
Pl.!c :
ws | pi2 o1 Fire protection |  In 4 5 No I & | Gme Manusl
standpipe sys. ! a" Check - .
mm
'a
I
Westinghouse
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s and Isolation Valves
Isolation Device Test
Actuation Mode
Location | Posithon Signal Closure Type! | Medium Direction
N-S-A , | & Note
Primary Secondary Time
ORC COC None Manual Nome N/A e Aur Forward
IRC COC None Self None N/A
ORC 00C T Autamatic Remote Manual sl C Aur Forward
IRC 00 None Self None N/A
ORC 0O s Automatic Remote Manual std, C A Forward
IRC 00 b Automatic Remote Manual sud
ORC 000 s Automatic Remote Manual sd C Air Forward
RC 000 s Automatic Remote Manual sid,
IRC oo Nome Self None
ORC CCC None Manual None N/A C Aw Forward
IRC ccC Nome Manual None N/A
IRC coc None Self Nane N/A
IRC Lo oF & None Self None N/A e Air Forward
ORC 000 T Automatis Remote Manual ud,
IRC OO T Automauc Remote Manual wid. |
ORC Q00 TP Autosnatic Remote Manual std. C Air Forward
R 0.0 TP Automatic Remote Manual std
ORC occ | 1 Amtomatic Remote Manual atd C Air Forward
IRC oO-C.C None Self Nuone N/A
ORC ceC T Autosmatic Remote Manual st oy Au Forward H
IRC c.Cc None Self None N/A
ORC C.OC FNone Manual None N/A .+ A Forward
IRC COC None Self None N/A
IRC cCo0 None N/A N/A N/A B A Forward
N/A
ORC o None Manual N/A ' = Air Forward
< coC N Self | N/A
6.2-87
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and Isoiation Valves
Isolation Device Test
Actuation Mode
Location |  Position Signal Closure Type! | Medium Direction
& Note
A =5 -IA*-__
ORC Manual N/A A Air Forward
| N/A C.CC N/A None N/A
ORC 000 None Manual None N/A A Air Forward
N/A ccL NIA None N/A
ORC 000 None Manual None N/A A Air Forward
N/A C.CLC N/A ) None N/A
ORC 0.0.0 None Manual None N/A A Awr Forward
N/A coC N/A None N/A
and ORC CCC T Automatic Remote Manual utd. C Axr Forward
wond IRC cc.C T Automatic Remote Manual sid.
voud ORC c.cC T Automatic Remote Manual s, C4 A Forward
woud IRC COC T Automatic Remote Manual atdh
ond ORC o o of [ § Automatic Remote Manual sid. ' 4 Air Forward
IRC CC.C None Self None N/A
ORC C-CC LY N/A N/A N/A A Air Forward
IRC c.c.c NIA N/A N/A N/A
ORC 000 T Automatic Remote Manual sid. Aw Forward
IRC C.CC Naone Setf None N/A
, IRC co.C None Remote Manual None sid. C4 Ha0 Forward
p IRC 0.0.C HR Remote Manual None std,
ORC C.OC None Remote Manual Manual st
IRC CCA None Self None N/A
al RC C.C« None Manual None N/A
al IRC CLL | Nome Manual None N/A
ORC COC None Remote Manual None sid. C4 Hx0 Forward
IRC CO.C Noww Self Naone N/A
ORC COHC T Automatic Remote Manual std. C Air Forward
| IRC COL Nome Self None N/A
!
| ORC COC T Automatic Remote Manual stdl. C Aw Forward
IRC CO0 T Automatic Remote Manual sid.
RC cCC None Self Note N/A
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6. ENGINEERED SAFETY FEATURES
Revision: 1
Effective: 01/13/94

Containment Penetration
Main steamline 01
P24 IR Main steamline 02 Out 32" 57 Yes | n Gate
1 6" Gate
3 8" Safery
| - Globe
I 3" Globe
P25 COZA Main and startup In 16° s7 Yes | 16" Gate
feedwater 0]
1 4" Globe
L e 028 Man and startup in 16" 57 Yes 1 16" Gate
feedwater 02
1 4" Globe Air
27 O3A SG blowdown 01 Out 4" 57 Yes 1 4" Globe A'.jj
28 03B S5G blowdown 02 Ot 4" 57 Yes 1 4" Globe A
P29 04 SG blowdown In 3" 57 Yes 1 * Globe q
recirculation
e o
VI P30 1A Cont, aw filter In 12" 36 No | 12" Mnrﬂy A
supply A 1 12" Butierfly AH
Pl 0B Cont. air filter In 12" 56 No 1 12" Butterfly Air
supply B 1 12 Butterfly A!_1
P2 | co2A Cont. sir filker Out 12" so No I 12° | Buterfly Air
xhaust A 1 b o Butierfly Aw e
P13 (6 i) Cont. air filter Owut 12" 56 No 1 12" Butterfly Air
exhaust B | 12* Burterfly Awr A
VWS P4 (&) Fan Coolers out Out 0" 56 No | 6 10" Buterfly Preur
1 410" | Bunerfly ij
P3s o2 Fan coolers in In jo° 56 No i 10" | Bunerfly E
1 n" Bune
} == e —~ |
|
.

.



Jof 4)
and Isolation Valves
Isolation Device Test
Actuation Mode
Location |  Position Shynal Closure T Medium Direction
o8- & Note
N-S-A Primary s " Times
ORC | OCC MS Automatic Remote Manual 5 sec A2 Njy Forward
ORC 00 LaL Automatic Remote Manual 5 sec
ORC c.C.C Naone Manual None N/A
ORC c.Cc.C MS Automatic Remote Manual sid.
ORC C.C.C MS Automatic Remote Manual std.
ORC O.C.C MS Automatic Remote Manual S sac A2 Ny Forward
ORC 000 LSL Automatic Remote Manual 5 sec
ORC c.CC None Manual None N/A
ORC C.C-C MS Automatic Remote Manual std.
ORC C.oC MS Automatic Remote Manual st
ORC o-CC M Automatic Remote Manual 5 sec A2 H0 Forward
ORC C.OC LTC Automatic Remote Manual std.
ORC occ MF Automatic Kemote Manual 5 sec A2 Hy Forward
ORC COC LTC Automatic Remote Manual std.
ORC Q0L PRHR Automate Remote Manual std. Al H:O Forward
ORC 000 PRHR Automatic Remote Manual std, A2 HH0 Forward
ORC CO0 None Manual None N/A A2 H¥0 Forward
ORC CO.C Y Automatic Remote Manual S sec. C4 Air Forward
RC CO-C T Automatic Remote Manual 5 sec.
ORC co.c T Automatic Remote Manual S sec, - C Air Forward
IRC COC T Automatic Remote Manual 5 sec.
ORC COC T Automatic Remote Manual 5 sec. c Alr Forward
IRC cC.o0.C T Automatic Remate Manual S sec.
ORC COC T Automatic Remote Manual S sec, c Au Forward
IRC 00 3 Automatc Remote Manual S sec.
ORC 000 T.CP Automatic Remote Manual std. Cl4 Air Forward
RC 0.0 T.CP Automatic Remote Manual std.
ORC 00.C T.Cp Automatic Remote Manual st Cid A Forward
af 0.0.C TCp Automatic Remote M | td.
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6. ENGINEERED SAFETY FEATURES
Revision: 0
Effective: 01/13/94
WESTINGHOUSE
Table 6
Containment Mechanical
Explanation of Heading and
System: Fluid system penetrating containment

Containment Penetration:
Penetration Sieeve 1.D.:
P&ID Sequence No .
Line;

Flow:

Size.:

GDC or RG,
Closed Sys IRC:

lsolauon Device:
Qy.:

Size:

Type:

Operator:
Location:
Positton N-S-A

Signal:

Actuation Mode Primary/
Secondary:

Closure Time:

These ficlds refer to the 1on itself
Actu . penetration identification number
Penetration identification number used on the P&IDs
Fluid system line
Direction of flow in or out of containment
Line size
applicable geoeral design critena or Regulatory Guide
osed system inside containment as defined in SSAR Section 6.2.3.1.1

These fields refer to the isolation devices for a given penetration
Number of subject devices per penetration
Device size
Device body type
Operator type (for valves)
Device iocation inside or outside containment
Device position for N (normal operation)
S (shutdown)
A (post-accident)
Device closure signal
MS: Main steamline isolation
LSL:  Low steamline pressure
MF: Main feedwater isolation
LTCA: Low Tcoldave
PRHR: Passive residual heat removal actuation

T Containment isolation
RCP: Reactor Coolant Pump auto trip signal
CP: High containment pressure

TLP:  Contmnment isolation coincident with low header pressure
S: Safety Injection Signal

Primary closure mode of operation / Secondary closure mode of operation Types:

manual: manual manipulation at the vaive (e.g handwheel)

self: self controlled valve (e.g. check or relief valve)

automatic: power operated valve autcmatically closes on a safety related signal
remote manual: - power operated valve requiring remote operator action (e.g. from the MCR)
N/A: isolation devices without mampulation capability (e.g. flange)

Required valve closure stroke time
STD:  Industry standard for valve type
N/A:  Not Applicable




Test: These fields refer 1o the penetration testing requirements

Type: Required test type

A: Integrated Leak Rate Test
B' Local Leak Rate Test - penetration
C: Local Leak Rate Test - fluid systems

Note: See notes below j
Medium: Test fluid on valve seat
Direction: Pressunzation direction

Forward: high pressure on containment side
Reverse: high pressure on outboard side

Notes:

1. Contamnment leak rate tests are designated Type A, B, or C according to 10CFRS0 Appendix J.

v 4 The secondary side of the steam generator, including main steam, feedwater, startup feedwater, blowdown and nm‘lg::ng
piping from the steam generators 1o the containment penetration, is considered an extension of the containment. 5¢
systems are .n:“rn of the reactor coolant pressure boundary and do not directly to the containment atmosphere
dunng post-accident conditions. Duning type A tests, the secondary side of the steam generators is denned-and vented
to the atmosphere outside containment to ensure that full test differential pressure s apphed 1o this boundary.

3 The central chilled water system remains water-filled and operational during the Type A test in order to maintain stable
containment atmosphenc conditions.

4 The contanment isolation valves for this penetration are open during the Type A test 1o facilitate testing. Their leak rates
are measured separately.

5. The inboard butterfly valve is 1ested in the reverse direction

&w--‘M-WmWMmMMMgM
mmmmsmmmm
hokd the doory chosed.

7. The inboard globe valve is tested in the reverse direction. The test is conservative since the test pressure tends (o unseat

the valve disc, whereas containment pressure would tend 1o seat the disc.

940 30201% § -0‘{




6. ENGINEERED SAFETY FEATURES

Revision: 0
Effective: 01/13/94
WESTINGHOUSE
Table 6.2.3-1 (
Containment Mechanical
Containment Penetration
GDC
Size or Closed Sys Size Type

IRC

Reactor coolant drain Out - of 56 No Globe
tank out ' 53 Gilobe
Pa7 02 Reactor coolant drain Both 34" 56 No 34" Globe
tank gas 34" Globe
P3s o3 Normal cont. sump Owt 12" 56 No 112" | Globe
112" | Globe
P N/A 2" 56 No 12" Flange
' 3 | Bage
Pan N/A 2 56 No 12" Flange
P41 N/A 12" 56 No 12" Flange
Hianpe
P42 N/A 12" 56 No 12" Flange
e
P4 N/A 12* 56 No 12*
HO1 N/A Main equipment N/A 264" 56 No
hatch
HO2 N/A Mairtenance hatch N/A o 56 No
HoY N/A Personnel hatch N/A 118" 56 No
HO4 N/A Personnel hawh N/A 18" 56 No

RS ey




ARY CLASS 2

Isolation Device Test —]
Actuation Mode
Location |  Position Signal Closure Type! | Medium Direction
N-S-A Pri Reosal Timves & Note
ORC 004 T Automatic Remote Manual std. C A Forward
IRC 0-0C |y Automatic Remaote Manual sid.
ORC c.cC T Automatic Remote Manual sud, C Ax Forward
IRC cCco T Automatic Remote Manual std.
ORC CCLC T Automatic Remote Manual sid. C A Forward
IRC ccc T Automatic Remote Manual std.
\ ORC L N/A N/A N/A N/A B Awr Forward
h LTS [eRane ey Iy NA
ORC c.CC N/A N/A N/A N/A B A Forward
biRa e LY DA
ORC Lo o o N/A N/A N/A N/A B Aw Forward
R LA DA Ly e
ORC o N/A N/A N/A N/A B A Forward
e [avane BeA PA neA
ORC CO0 N/A N/A N/A N/A B Aw Forward
we [SReNS A oA e
RC Lo o None Manual None N/A B Aw Forward
RO (o o o None Manual None N/A B Air Forward
IRC C-cC None Manual None N/A B.e Air Forward
IRC LLCC None Manual None N/A Be Aur Forward
6.2-93



