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Application (Docket No. 52-006). The information included in this response is generic and is expected to
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.1-SBPA-01
Revision: 1

Question:

In order to accommodate higher heat loads that are proposed for the AP1 000 plant design,
corresponding increases in the minimum required flow rate and heat dissipation capability of the
service water system are proposed. These proposed changes are reflected in the DCD/Tier 1
ITAAC that are specified in Table 2.3.8-2 as well as in the values that are listed in DCD/Tier 2
Table 9.2.1-1.

Please provide a more complete and detailed description of how the revised values were
determined and on what basis they are considered to be appropriate. Include what the
contributing heat loads are for the limiting situations and how other heat loads are eliminated,
how much margin is afforded by the ITAAC acceptance criteria that are specified for SWS flow
and heat dissipation capability compared with how much margin is needed to accommodate
anticipated degradation over time and to provide necessary flexibility based on operational
experience that applies. Describe how the basis for these values and operational experience
will be confirmed to be applicable for COL applications. Additionally, this information should be
adequately reflected and specified in the DCD, including ITAAC Table 2.3.8-2 and IPSAC 2.4,
as appropriate. Provide any revised sections of the DCD for NRC evaluation.

Westinghouse Response:

The revised flow rates and heat loads provided in Table 9.2.1-1 were developed by applying the
same design bases that were used to produce the values previously included in earlier revisions
of the DCD. Refer to TR-1 11 for a description of the sources of additional heat loads on the
CCS that required increases in the heat dissipation and system flow rates for the SWS.

Degradation of SWS cooling tower performance over time will be identified by periodic
performance testing during plant cooldown. When the cooling tower approach for the specified
heat duty increases beyond a predetermined level based on manufacturer's recommendations,
maintenance to restore the tower performance will be performed.

The SWS system flow rate of 10,000 gpm provided in SRP 2.4.1 (IPSAC 2.4) is a 5% reduction
in the nominal design flow for the system. Since the SWS flow rate is expected to be somewhat
higher than the 10,500 gpm nominal design flow (as predicted by flow analysis models) there is
additional flow margin associated with this 10,000 gpm value, for which acceptable system heat
removal performance can be achieved.. Monitoring and trending of system flow rates during
normal operation will provide information with which to assess the degradation of the SWS
pumping function. Furthermore, the plate-type CCS heat exchanger design allows introduction
of additional plates to accommodate additional heat loads or to maintain operating margins.

ZRAI-SRP9.2.1-SBPA-01 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Gnformation (RAI)

The AP1000 service water system cooling tower is designed to dissipate heat loads that
represent a peak heat duty, including the heat associated with reactor coolant pump operation
at full speed, maximum RNS cooldown rate heat loads, and spent fuel pool cooling loads
immediately following startup from a normal fuel swap refueling. This peak heat duty is greater
than the actual maximum heat duty for any anticipated operating case and therefore the SWS
system thermal design has substantial performance margin.

Additional Westinghouse Response based on NRC comments at 6/25/09 meeting:

Service Water System is designed with sufficient margin to ensure that system flow rates and
cooling tower performance will be maintained and RTNSS and Defense-In-Depth (DID)
functions can be performed over the life of the plant.

The SWS supports the following DID functions of the CCS:

* Normal Residual Heat Removal System (RNS) Cooling - The SWS and CCS must cool
the RNS heat exchangers and pumps during RCS cooldown and cold shutdown
operation, in order to avoid actuation of the passive residual heat removal (PRHR) heat
exchanger. The SWS and CCS also provide cooling to the RNS during refueling
operation, to avoid heat up of the water in the refueling cavity.

* Spent Fuel Pool Cooling System (SFS) Cooling - The SWS and CCS provide cooling to
the SFS heat exchangers during all modes of plant operation to prevent heat up and
boil-off of water in the spent fuel pool.

* Chemical and Volume Control (CVS) Miniflow Heat Exchanger Cooling - The SWS and
CCS provide cooling to the Miniflow heat exchangers of the CVS iniection pumps. This
allows proper operation of the CVS iniection pumps, in order to avoid Core Makeup Tank
(CMT) actuation.

The SWS supports the following DID function of the CCS, which is important to RTNSS:

" Reduced Inventory Cooling - The SWS and CCS provide cooling to the RNS heat
exchangers and pumps during reduced reactor coolant inventory operation.

The SWS supports the following function of the CCS that is important for equipment protection:

* Reactor Coolant Pump (RCP) External Heat Exchanger Cooling - The SWS and CCS
must provide cooling to the RCP External Heat Exchangers to avoid high bearing water
temperatures and resulting RCP trip.

The RCP External Heat Exchanger, SFS Heat Exchanger, and CVS Miniflow Heat Exchanger
cooling functions for the CCS and SWS are dependent on the temperature supplied by the CCS

FRAI-SRP9.2.1-SBPA-g1 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For AdditionaI Information (RAI)

heat exchanqer. Of these three functions, the RCP External Heat Exchanger coolinq function
has the lowest desiqn temperature requirements, and therefore, provides the hiqh CCS desiqn
temperature.

The ability of the CCS to meet the RCP coolinq requirement was evaluated by considerinq the
design operating mode for the CCS heat exchanqer, which is Normal Power Operation. The
CCS Heat Exchanqer UA was computed by ensurinq that temperature limit was not exceeded
during this desiqn case. The total Normal Power Operating heat duty included the maximum
SFS heat duty which is immediately after refuelinq, maximum heat dissipation by the RCPs as
well as a 20 percent marqin above the maximum VWS Chiller heat load. The SWS temperature
supplied to the CCS heat exchanqer also included additional marqin, since the maximum tower
approach was added to the maximum safety wet bulb. The SWS coolinq towers are sized for
Plant Cooldown, and since the heat load during Normal Power Operation is lower, the actual
tower approach will be approximately 3 OF lower than the value of 8 OF assumed for CCS heat
exchanger sizing.

The CCS heat exchanqer design is able to supply cooling water that meets all of the DID and
Investment Protection coolinq requirements under the most limiting conditions. The CCS heat
exchanger specification also requires the inclusion of an additional 10 percent of heat transfer
area above the design value to account for foulinq and deqradation over the heat exchanqer's
operating life. Additional frame lenqth is also included so that 20 percent more than the nominal
plate number required to provide the desiqn heat transfer capability can be added to the heat
exchanqer if additional performance is required.

SWS coolinq tower performance is maintained by providinq substantial marqin in the sizinq of
the coolinq tower. The SWS coolinq towers were sized usinq a Peak Cooldown Heat Duty that
includes siqnificant conservatism. The coolinq towers must be able to remove sufficient heat to
cooldown the RCS via the RNS, starting 4 hours after Reactor Shutdown, to cold shutdown
conditions 96 hours after shutdown, assuminq persistence of the ambient wet bulb temperature
at the maximum normal value of 80.1°F. (This assumption itself provides substantial marqin
since the definition of the AP1 000 maximum normal temperature value is based on the 1%
seasonal exceedence wet bulb temperature, which can be experienced for fewer than 30 hours
per year). The sizing case assumes that all four Reactor Coolant Pumps and Variable
Frequency Drives are operating at maximum allowable speed, though procedurally only two
RCPs and RCP VFDs should run at 50 percent speed (or less) during this condition. Significant
margins in the SFS and VWS Chiller heat loads were included, as they were for the Normal
Power Operating design case. The marqin included in these manor heat loads as well as
several others results in approximately 30 percent marqin in the SWS Coolinq Tower Design
heat duty, with respect to the expected heat duty during a realistic Plant Cooldown. Since the
SWS tower cells are sized to meet cooldown time requirements under this extremely
conservative operating case, any long term degradation in coolinq ability under more realistic
heat duties would not prevent the tower from meetinq its heat transfer performance
requirements.

RAI-SRP9.2.1-SBPA-01 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAG)

It should also be noted that the DID and RTNSS functions of RNS coolinq during RCS cooldown
and RNS coolinq during reduced coolant inventory operation require that the CCS provide
cooling during these operating modes, and does not require specific temperature limitations or
impose defined time to temperature requirements on the CCS and SWS. The CCS and SWS
must be desiqned to prevent heat up of the RCS if one train of CCS and SWS is not operable.
Heat up must be prevented even under maximum normal ambient wet bulb conditions, though
the time to cooldown can be extended. This capability of the CCS and SWS also ensures that
the DID function of the CCS and SWS can be fulfilled even assuminq significant degradation in
the CCS heat exchanqer and SWS coolinq tower performance, when both trains are operable.
Similarly, ambient conditions above the maximum normal wet bulb temperature would not
prohibit the CCS and SWS from performinq this function, though cooldown times would be
extended. The ability of the CCS and SWS to cool the RNS heat exchanqers durinq reduced
coolant inventory operation (Modes 5 and 6) is further assured since the heat duty in this mode
of operation is siqnificantly reduced. The overall heat duty of the CCS and SWS in this mode is
approximately 33% of the heat duty at the beqinninq of normal RNS cooldown,

The SWS pumps are required to provide a nominal flow rate of 10,500 qpm to cool the CCS
Heat Exchanger for all normal operating modes, though a degraded minimum flow rate of
10,000 qpm can support decay heat removal from the RNS and SFS systems. The SWS
System Flow Analysis is required to show that the selected SWS pump delivers 10,500 qpm to
the CCS heat exchanqer for all normal operating modes with all flow resistances (k-values) in
the system increased by 10%. An additional 7% marqin in pump developed head at the desiqn
point is added to the system pump curve, specifically to offset any long-term deqradation of
pump performance durinq the life of the plant.

There is also a Surveillance Requirement in the SWS Investment Protection Short-Term
Availability Controls to verify that each SWS pump provides a flow rate of 10,000 qpm, one day
prior to enterinq Mode 5 and reduced-inventory operation.

Design Control Document (DCD) Revision:
None Tier 2.Section 9.2.1.2.3.4 (Page 9.2-6)

9.2.1.2.3.4 Plant Cooldown/Shutdown

During the plant cooldown phase in which the normal residual heat removal system has been placed in service and is
providing shutdown cooling, the service water cooling tower provides cooling water at a temperature of 88.5'F or
less when operating at design heat load and at an ambient wet bulb temperature of no greater than the maximum
normal wet bulb temperature as defined in Chapter 2, Table 2-1. Two service water pumps and two cooling tower
cells are normally used for plant cooldown, and the cross-connection valves between trains are normally closed. The
service water system heat load and flow rate are shown in Table 9.2.1-1. During these modes of operation the
normal residual heat removal system and the component cooling water system remove sensible and decay heat from
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

the reactor coolant system. The service water system cooling towers are designed with sufficient margin such that
normal time-related degradation of tower performance will not prohibit their support of this heat removal function.
In the event of failure of a service water system pump or cooling tower fan, the cooldown time is extended.

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse
RAI-SRP9.2.1-SBPA-01 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.1-SBPA-03
Revision: 1

Question:

The proposed increase in SWS capacity and flow rate is expected to result in an increase in the
minimum water inventory that must be maintained in the cooling tower basin. However, the
information that was provided did not describe specifically what water inventory should be
maintained in the cooling tower basins in order to support SWS operation and in particular, to
assure adequate net positive suction head for the SWS pumps, and what makeup rate is
needed.

Identify and describe in the DCD the cooling tower basin water inventory requirements, the
basis for this determination, and how this inventory is assured to be maintained by plant design
features and COL applicants. Include consideration of additional provisions that should be
included in ITAAC Table 2.3.8-2 and IPSAC 2.4, as appropriate.

Westinghouse Response:

The SWS cooling tower basin is designed to provide the minimum NPSH required for SWS
pump operation with basin level at the LO LO alarm setpoint.

The maximum pumped makeup rate to the AP1 000 SWS cooling tower basin is 800 gpm. The
SWS basin is sized to provide 12 hours of operation with no makeup flow, assuming blowdown
is isolated, with the basin level at the LO level (makeup actuation) alarm. Raw Water System
(RWS) pumps that supply normal makeup to the SWS cooling tower basin are powered from the
diesel generator buses and will provide flow to maintain basin level for an extended LOOP
event. With gravity flow from the upper portion of the Secondary Fire Water tank to the
alternate makeup lines, the SWS basin has sufficient inventory when at the LO level alarm point
to support up to 24 hours of decay heat removal operation without the availability of pumped
makeup from the normal makeup system.

Additional Westinghouse Response based on NRC comments at 6125/09 meeting:

Discussions have identified the need to add SWS Cooling Tower Basin usable volume to the
ITAAC for SWS. A minimum SWS Cooling Tower basin reserve volume is required to provide
water inventory for up to 12 hours when normal makeup capability from the RWS is lost. The
basin is sized to contain 230,000 gallons between the low level alarm setpoint (elevation 99'-0")
and the lowest usable level (93'-6"), which coincides with the low-low level alarm setpoint. This
is the minimum cooling tower usable volume needed to support a plant cooldown for 12 hours
without makeup. A criterion will be added to the SWS ITAAC to ensure that the SWS cooling
tower basin is constructed to provide this minimum reserve volume with water level at the low
level alarm setpoint. The ITAAC confirms the construction of the basin and the usable volume

RAI-SRP9.2.1-SBPA-03 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

requirement does not need to be added to the Surveillance Requirements, since verification of
the flow rate is already included.

Design Control Document (DCD) Revision:

NGRe
Tier 1 Table 2.3.8-2 (Paae 2.3.8-3)

. ... . .. I -- e-f ...... . £

Table 2.3.8-2
Inspections, Tests, Analyses, and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

1. The functional arrangement of Inspection of the as-built The as-built SWS conforms with
the SWS is as described in the system will be performed. the functional arrangement as
Design Description of this described in the Design
Section 2.3.8. Description of this Section 2.3.8.

2. The SWS provides the i) Testing will be performed to i) Each SWS pump can provide
nonsafety-related function of confirm that the SWS can at least 10,000 gpm of cooling
transferring heat from the provide cooling water to the water through its CCS heat
component cooling water system CCS heat exchangers. exchanger.
to the surrounding atmosphere totothe suppor anthd wng anspherento ii) Inspection will be ii) A report exists and concludes
suelppool colant shperformed for the existence of that the heat transfer rate of each

a report that determines the cooling tower cell is greater than

heat transfer capability of each or equal to 170 million Btuihr at a
cooling tower cell. 80.1 0 F ambient wet bulb

temperature and a cold water
temperature of 90'F.

iii) Testing will be performed iii) The SWS tower basin contains
to confirm that the SWS a usable volume of at least
cooling tower basin has 230,000 gallons at the basin low
adequate reserve volume, level alarm setpoint.

3. Controls exist in the MCR to Testing will be performed on Controls in the MCR operate to
cause the components identified the components in Table 2.3.8- cause the components listed in
in Table 2.3.8-1 to perform the 1 using controls in the MCR. Table 2.3.8-1 to perform the listed
listed function. functions.

4. Displays of the parameters Inspection will be performed The displays identified in
identified in Table 2.3.8-1 can be for retrievability of parameters Table 2.3.8-1 can be retrieved in
retrieved in the MCR. in the MCR. the MCR.

OWestinghouse
RAI-SRP9.2.1-SBPA-03 R1
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AP1o00 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)'

Tier 2 Section 9.2.1.2.2 (Page 9.2-3)

Cooling Tower

(3 paragraphs unchanged)

After transiting through the cooling tower, cooled service water is collected in a basin located
below the tower structure. The basin is partitioned into two halves, with each half collecting the
segregated flow from one tower cell. An opening in the partition normally allows the two basin
halves to communicate, but a stoplog can be inserted to allow one half of the basin to remain
full while the other half is drained for maintenance. Raw water is automatically supplied to the
basin to makeup for evaporation, drift and blowdown losses. An alternate makeup water supply
is available by gravity flow from one of the fire protection storage tanks, using water that is not
dedicated to fire protection purposes. With no makeup to the cooling tower basin, the storage
capacity of the basin allows continued system operation for at least 12 hours under limiting
conditions with a minimum usable volume of 230,000 gallons, provided that blowdown flow is
isolated.

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse
RAI-SRP9.2.1-SBPA-03 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For AddlitonaD Wnformation (RM)

RAI Response Number: RAI-SRP9.2.1-SBPA-07
Revision: 1

Question:

Tier 2 of the DCD, Section 9.2.1.2.2, "Component Description," proposes to allow COL
applicants the option of using black polyethylene piping (High Density Polyethylene or HDPE)
for SWS applications in accordance with the ASME B31.1 Power Piping Code if deemed
appropriate by evaluation. The SWS function is considered to be risk important during
shutdown conditions when the reactor is open, and its reliability and availability are important
considerations in this regard. Also, the review criteria specified by the SRP relative to pipe
failureis based on the use of metal pipe.

In order to assure that the use of nonmetallic pipe will not adversely impact safety-related SSCs
or those that are subject to RTNSS, the following additional information is needed by the staff:

a) Provide an evaluation of the impact of using HDPE on SWS reliability and availability
assumptions, especially during seismic events.

b) Provide a revised evaluation of the consequences (including flooding effects) of pipe failure
during seismic events. The evaluation should assume the failure of all HDPE in addition to
the failures that are postulated for metallic pipe and the other considerations that are
specified by the SRP.

c) Revise the DCD as necessary to: (i) include the criteria for allowing the use of HDPE to
ensure clarity of the plant design basis, (ii) include the results of the evaluations referred to
in (a) and (b) above, and (iii) specify design requirements as appropriate in Tier 1 of the
DCD. Submit the affected DCD sections for NRC evaluation.

Westinghouse Response:

The basis for the use of HDPE piping in the AP1 000 design is described in detail in
Westinghouse's response to RAI-TR1 03-EMB2-02. This RAI response was submitted to
USNRC on February 22, 2008 under letter DCP/NRC2088.

In the AP1 000 SWS, HDPE will be used for the underground portions of the auxiliary makeup
line from the Secondary Fire Water tank, and for the underground portions of the SWS
blowdown line to the CWS cooling tower. These uses of HDPE piping adhere to the limitations
described in the Westinghouse response cited above.

RAI-SRP9.2.1-SBPA-07 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Reference:

1. Response to RAI-TR103-EMB-02, letter DCP/NRC2088, February 22, 2008

Additional Westinghouse Response based on NRC comments at 6/25/09 meeting:

Discussions have identified the need to add clarification in the DCD with respect to use of HDPE
pipe in the Service Water System. See DCD markub below.

Design Control Document (DCD) Revision:
N9ReTier 2 Section 9.2.1.2.2 (Page 9.2-4)

Piping

Service water piping is made of carbon steel and is designed, fabricated, installed, and tested in accordance with
ANSI B3 1.1 Power Piping Code. Neiaeta14ie-High density polyethylene piping constructed to the requirements of
ANSI B3 1.1, Appendix III is also niay-be-used for the underground portions of the auxiliary makeup line from the
Secondary Fire Water tank, and for the underground portions of the SWS blowdown line to the CWS cooling tower.
Cooling water supply and return piping is accessible for inspection and/or wall thickness determination. Cooling
water supply and return piping that runs in the yard is either routed within trenches or may be inspected from the
inside.

The service water system is designed to accommodate transient effects that may be generated by the normal starting
and stopping of pumps, opening and closing of valves, or other normal operating events. The system pumps water
from the basin at the cooling tower, through piping and equipment, to a high point located at the cooling tower riser;
the cooling water is then discharged in a spray fashion above the cooling tower basin. The system arrangement is
such that high points in the system piping do not lead to the formation of vapor pressure voids upon loss of system
pumping. Therefore, the potential for water hammer due to vapor collapse upon pump start is minimized.

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional lnformation (RAI)

RAI Response Number: RAI-SRP9.2.1-SBPA-08
Revision: 1

Question:

The stated purpose of the initial test program for the SWS is to verify the capability of the as-
installed system to transfer heat from the CCS heat exchangers to the environment. While most
of the testing appeared to be appropriate and adequate for demonstrating the SWS defense-in-
depth capabilities, adequate performance for the most limiting situations is not specifically
addressed. For example, confirming adequate SWS pump net positive suction head (NPSH) for
the most limiting cooling tower basin level, temperature, and flow rate situations is not
addressed. Likewise, the most limiting conditions are not specified for confirming adequate
cooling tower performance. Additionally, adequate cooling tower makeup capability does not
appear to be verified by the testing that is completed. Based on these observations, it is not
clear how the defense-in-depth capability of the SWS is assured for the most limiting situations
so that system reliability and availability assumptions are valid.

In order to assure that the defense-in-depth capability of the SWS is properly confirmed, please
describe testing that will be completed in this regard. Include a detailed explanation for how this
testing will verify adequate performance of the SWS (including cooling towers and cooling tower
makeup) for the most limiting situations. Also, explain how COL applicants will assure that the
defense-in-depth capability of the SWS (including cooling towers and cooling tower makeup) is
adequately maintained over time. Revise the DCD as appropriate to reflect this information and
provide the revised DCD sections for NRC evaluation.

Westinghouse Response:

The initial test program for the SWS is given in Tier 2 Section 14.2.9.2.6 of the DCD. This
testing includes verification of basin water level control, cooling tower basin water temperature
control, cooling tower makeup, cooling tower thermal performance under various conditions. and
modes of operation. The information obtained from these tests will be used to develop
analytical verification that the SWS heat removal and heat rejection capability is acceptable for
the most limiting environmental conditions and for ensuring the acceptable performance of the
system's Defense In Depth and Investment Protection functions.

The limiting conditions for cooling tower heat duty and makeup capacity are based on peak heat
loads and normal operating mode blowdown requirements (e.g., cooldown of the plant at 4
hours after reactor trip). The SWS is in operation at all times; operators are able to monitor the
performance of the system and its various components on a continuous basis.

Each COL applicant will perform periodic performance tests on the SWS cooling towers to
determine approach temperatures at one or more specified tower heat dissipation rates.
Monitoring and trending of the approach temperature will be used to determine any degradation

RAI-SRP9.2.1-SBPA-08 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

in performance. These tests would best be performed during plant shutdown for refueling, when
relatively high heat loads are experienced by both cells of the cooling tower. Data provided by
the cooling tower manufacturer would be used to define the performance level at which
maintenance on the cooling tower would be necessary.

The performance of the cooling tower makeup system can be assessed-during plant operation
by observing the length and frequency of demands on the system, and by comparing the
measured makeup flow rate to the anticipated water usage for the current operating conditions.
Regular testing of both the normal (pumped) makeup system and the alternate (gravity feed)
makeup system will be performed during outages to demonstrate continued capability to deliver
makeup at the required flow rate to the basin.

Additional Westinghouse Response based on NRC comments at 6125/09 meeting:

As described in Section 9.2.1.2.3.6 in Tier 2 of the DCD, actions are taken to prevent drain
down and water hammer in the SWS during a Loss of Normal AC Power. The motor operated
SWS Tower inlet valves, which are loaded on to the diesel generators, are automatically closed
when power is lost. The diesel-backed SWS pumps undergo their normal automatic start
procedure, which is described in detail in Section 9.2.1.2.2 in the last paragraph of the 'Service
Water Pumps' subsection. Since the motor operated SWS pump discharge valve and the tower
inlet valve are both powered by the diesel generator, these valves can stroke open to allow
partial flow during pump start, thereby maintaining a water solid system.

Tier 2 Section 14.2.9.2.6, includes testing for the instrumentation, controls, actuation signals
and interlocks, as described in item (b) of the 'General Test Acceptance Criteria and Methods'
subsection. As indicated in the first bullet, automatic pump actuation is verified in case an
operating pump stops. The testing of the valve interlocks will ensure that they are able to
perform their automatic start functions during a loss of power transient.

Service Water Blowdown is also isolated during a Loss of Normal AC Power condition, in order
to reduce liquid loss from the system. The SWS Blowdown Flow Control Valve is designed to
automatically close when power is lost, which is an interlock that will also be tested per Section
14.2.9.2.6. This flow control valve is isolated using an AC powered solenoid, which is fed from a
protected, inverter-backed bus.

Design Control Document (DCD) Revision: None

PRA Revision: None

Technical Report (TR) Revision: None

RAI-SRP9.2.1-WBPA-08 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.2-SBPA-03
Revision: 1

Question:

The description that is provided in the AP1 000 DCD, Section 9.2.2, does not describe the
defense-in-depth and investment protection functions of the CCS. However, it is clear from the
ITAAC specified in Tier 1 of the DCD, Section 2.3.1, "Component Cooling Water System," the
initial test program described in Tier 2 of the DCD, Section 14.2.9.2.5, "Component Cooling
Water System Testing," Table 16.3-2, "Investment Protection Short-Term Availability Controls,"
as it pertains to CCS, and Table 17.4-1, "Risk-Significant SSCs Within the Scope of D-RAP,"
that the CCS is important for both defense-in-depth and investment protection considerations.
In order to avoid confusion when completing the initial test program and to maintain clarity of the
licensing basis for the CCS, this information should be reflected in the description that is
provided in Tier 2 of the DCD, Section 9.2.2, in a manner similar to what was provided for the
SWS in Section 9.2.1.

Westinghouse Response:

The description provided for the CCS in the DCD contains the same type and detail of
information as that provided for other DID / Investment Protection Systems that are also
described in this Section (e.g., SFS, SWS, VWS). The description provided for design features
and operation of the CCS is similar to that provided for the SWS in this same section of the
DCD.

The CCS ITAAC and test program description are similar to those provided for other non-safety
systems that are also described in the DCD.

Additional Westinghouse Response based on NRC comments at 6125109 meeting:

Discussions identified a need to add a statement to DCD Tier 2 Section 9.2.2, which recoqnized
the D-RAP components in the CCS, and referred to DCD Tier 2 Section 17.4-1 to provide
further information about why the components were included in the scope of D-RAP.

Design Control Document (DCD) Revision:

NePeTier 2 Section 9.2.2.3.1 (Page 9.2-10)

RAI-SRP9.2.2-SBPA-03 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Gnformation (RAI)

9.2.2.3.1 Component Cooling Water Pumps

The two component cooling water pumps are horizontal, centrifugal pumps. They have a coupled pump shaft driven
by an ac powered induction motor. Each pump provides the flow required by its respective heat exchanger for
removal of its heat load. The pumps are redundant for normal operation heat loads. Both pumps are required for the
cooldown; however, an extended cooldown can be achieved with only one pump in operation. One pump can be out
of service during normal plant operation.

These pumps are Rrisk-gsignificant and are included within the scope of D-RAP. See Table 17.4-1 for further
information.

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse

RAI-SRP9.2.2-SBPA-03 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.2-SBPA-06
Revision: 2

Question:

The proposed ITAAC requires COL applicants to demonstrate that the CCS design is capable of
supporting plant shutdown and spent fuel cooling. Changes are proposed for the Tier 1 ITAAC
acceptance criteria that are specified in Table 2.3.1-2 to demonstrate a flow rate for each CCS
pump of at least 10,164 Ipm (2685 gpm) to one shutdown cooling heat exchanger (this is
unchanged), 4542 Ipm (1200 gpm) to one spent fuel pool heat exchanger, and at least
16,713 Ipm (4415 gpm) to other CCS loads, for a total CCS flow rate for each CCS pump
of 31,419 Ipm (8300 gpm). Tier 2 of the DCD, Section 9.2.2, does not identify what the
minimum CCS flow requirements are for these three categories of heat loads, how much excess
margin is available for each one, the basis for this determination, and how the specified flow
balance will be maintained over time. This information is needed in order for the staff to
determine the adequacy of the specified CCS flow rate requirements, and it should be included
in the AP1 000 DCD as appropriate to clearly specify the plant design basis to assure it is
properly maintained over time.

Westinghouse Response:

The changes proposed to Table 2.3.1-2 reflect the latest information on CCS requirements for
plant shutdown and spent fuel cooling. The values provided in the table represent the minimum
values of all CCS operating parameters for which the system can be expected to provide its
required cooling capacity. The values of these parameters are well within the capability of the
system and components as designed, and assume a substantial reduction from the initial design
values to represent potential degradation of the system over time.

The UA value (U being the heat transfer coefficient and A the heat transfer area) of 14.0 x 106
Btu/hr-°F represents a 10% reduction in the actual design UA of the CCS heat exchanger (15.5
x 106 Btu/hr-oF). The heat exchanger design case is the normal full power case, with one train
of CCS and SWS operating, at 0% exceedence wet bulb ambient temperature conditions. The
heat exchanger frame provided is capable of accepting at least 10% higher the number of plates
than needed to provide the design UA, to allow for any future necessary increase in heat
exchanger capacity. With a total CCS flow rate composed of the sum of flow rates presented
for each of the three different load types, the reduced heat exchanger UA value of 14.0 x 106
Btu/hr-°F is sufficient to ensure that the system heat load can be transferred to the SWS, with
the RCS temperature held at 350°F (safe shutdown condition). Refer to TR-1 11 sections 3.1,
3.3.1, and 3.3.5 for information on the requirements that led to the increase in the design
capacity of the CCS heat exchanger.

RAI-SRP9.2.2-SBPA-06 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Reference:

1. APP-GW-GLN-111, 'CCS and SWS Changes Required for Increased Heat Loads', TR-
111

Additional Westinghouse Response based on NRC comments at 3/18109 meeting:
(Revision 1)

The Tier 1 values indicated represent the minimum values of all CCS operating parameters for
which the system can be expected to provide its required cooling capacity. These values are
consistent with the "Minimum capacity (gpm, each) to support shutdown cooling and spent fuel
pool cooling" flow rate shown in DCD Tier 2, Table 9.2.2-1, "Nominal Component Data -
Component Cooling Water System", which is the total CCS flow rate for this condition. The
normal operating values shown in this table are calculated for design basis operation and
exceed the requirements of values in Tier 1.

The flow rates provided in Tier 1, Table 2.3.1-2, for cooling water to one RNS HX and one SFS
HX, are approximately 5% lower than the nominal flow to these loads, to account for possible
degradation in the system during plant operation. The flow rate provided for "other users of
cooling water" is based on the CCS configuration during a normal cooldown, with the exception
that the VWS chillers must be isolated to avoid CCS pump runout in assumed single-pump
operation, following a loss of offsite power event with a single diesel generator failure to start.
The flow rate provided in the table is the cooling water flow required for the remaining loads,
though the CCS is designed to provide a greater flow under this nominal configuration.

Additional Westinghouse Response based on NRC comments at 6/25/09 meeting:
(Revision 2)

The CCS System Flow Analysis is performed to demonstrate that the selected CCS pump head
and flow characteristics ensure delivery of the required flow to all CCS users and also verify that
the flow balancing orifices are sized with margin to be adiusted in the field. An additional 7%
margin in head is added to the CCS pump curve developed from the flow analysis, specifically
to offset the effects of any degradation of pump performance occurring during the life of the
plant. However, changes in CCS flow performance over time are expected to be minimal, since
the CCS is a closed-loop, chemically-treated system with orifices used for flow balancing.

The CCS ITAAC requires a minimum flow rate of 2685 qpm to transfer heat from the RNS
durinq shutdown. This flow rate, which assumes 10 percent degradation from the normal RNS
heat exchanger flow requirement, is the minimum flow rate needed to remove decay heat from
the RNS when it is aligned 4 hours after Reactor Shutdown (Mode 4). This flow rate must also
be verified one day before entering Modes 5 and 6, as a Surveillance Requirement included in

RAI-SRP9.2.2-SBPA-06 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

CCS Investment Protection Short-Term Availability Controls. Since a flow rate of 2685 qpm is
sufficient to remove decay heat during Mode 4, it is also bounding for decay heat removal
during Modes 5 and 6. when the RCS decay heat level has been further reduced. As a result,
this Surveillance Requirement will ensure that the CCS will be able to adequately perform its
RTNSS function.

This CCS minimum flow rate of 2685 qpm to the RNS HX is added to Tier 2 Table 9.2.2 1 in the
DCD markup below, as well as a similar 10% degraded value of 1200 qpm to the SFS HX.

OWestinghouse
RAI-SRP9.2.2-SBPA-06 R2
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AP1 000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Design Control Document (DCD) Revision:

NO% Tier 2 Table 9.2.2-1 ( PaQe 9.2-47)

Table 9.2.2-1

NOMINAL COMPONENT DATA - COMPONENT COOLING WATER SYSTEM

CCS Pumps (all data is per pump)

Quantity 2

Type Horizontal centrifugal

Minimum capacity (gpm, each) to support shutdown cooling and spent fuel 8300
pool cooling

Design capacity (gpm, each) 9500

Design total differential head (ft) 250

Minimum flow rate to support shutdown cooling (ngm) 2685

Minimum flow rate to support spent fuel cooling (gpm) 1200

CCS Heat Exchangers (all data is per exchanger)

Quantity 2

Type Plate

Design duty end of cooldown (MBtulhr) 44.1

Minimum UA (MBtu/hr/°F) to support shutdown cooling and spent fuel pool 14.0
cooling

Design UA (MBtu/hr/°F) 15.5

CCS side
Design flow rate (gpm) 9629

Service water side
Design flow rate (gpm) 10,500

Plate material Austenitic stainless steel

Seismic design Non-seismic

PRA Revision: None

Technical Report (TR) Revision: None

fWestinghouse
RAI-SRP9.2.2-SBPA-06 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.2-SBPA-07
Revision: 1

Question:

The current-acceptance criterion specifies a UA value of 740xl 06 W/PC (12. 1x1 06 Btu/hr-°F),
and Westinghouse proposes to change this to 856x10 6 W/0C (14.0x10 6 Btu/hr-0 F).
Westinghouse did not identify how the proposed CCS heat exchanger UA value was determined
and how much margin is available to address operational considerations, on what basis this
determination is appropriate and justified, and how the specified CCS heat transfer capability
will be maintained over time. This information is needed in order for the staff to determine the
adequacy of the CCS heat exchanger UA value that is specified, and it should be included in the
AP1 000 DCD as appropriate to clearly specify the plant design basis to assure it is properly
maintained over time.

Westinghouse Response:

The UA value of 14.0 x 106 Btu/hr-°F represents a 10% reduction in the actual design UA of the
CCS heat exchanger (15.5 x 106 Btu/hr-°F). The heat exchanger design case is the normal full
power case, with one train of CCS and SWS operating, at maximum safety non-coincident wet
bulb ambient temperature conditions. This was discussed in TR-1 11 sections 3.1, 3.3.1, and
3.3.5.

The plate and frame heat exchanger includes additional frame length such that plates
equivalent to 10% greater surface area can be added after the unit is placed in service, if
additional heat transfer capability is required.

Reference:

1. APP-GW-GLN-1 11, 'CCS and SWS Changes Required forincreased Heat Loads', (TR-
111)

Additional Westinghouse Response based on NRC comments at 6/25/09 meeting:

The CCS heat exchanger UA was established to ensure that supply temperature did not exceed
the RCP External Heat Exchanger cooling requirements, under maximum safety wet bulb
temperatures. See the response to RAI-SRP9.2.1 -SBPA-01 R1 DCP NRC 002605 for further
details of heat exchanger sizing bases and discussions of margins that were included.' The
design UA also bounds the UA value needed to meet the C0S temperature requirements for
cooling down the RCS to cold shutdown conditions within 96 hours of Reactor Shutdown.
Selecting a CCS heat exchanger UA which meets temperature requirements during Plant
Cooldown also ensures that the COS heat exchangers will be able to perform their Defense-In-

RAI-SRP9.2.2-SBPA-07 R1O Westinghouse Page 1 of 2



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Depth and RTNSS functions of providing cooling to the RNS Heat Exchangers during RCS
Cooldown and Reduced Reactor Coolant Inventory Operation.

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse
RAI-SRP9.2.2-SBPA-07 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.2-SBPA-14
Revision: 0

Question:

Specific sections of SRP Section 9.2.2, "Reactor Auxiliary Cooling Systems," apply to the
component cooling system (CCS), such as the requirements of GDC 2, or the capability of
structures housing the CCS or its components to withstand the effects of natural phenomena
and not impact the nonsafety-related portions of the CCS to perform their intended functions, in
accordance with the guidance of Regulatory Position C.2 of RG 1.29.

Since the CCS is a nonsafety-related, closed-loop cooling system that transfers heat from
various nonsafety-related plant components to the SWS during normal plant operation, portions
of SRP 9.2.2 that apply to safety-related systems do not apply to the AP1 000 CCS, except for
the containment isolation portion. Even though CCS also removes heat from various safety-
related components such as the reactor cooling pumps, the cooling water to the reactor cooling
pumps is not needed to perform its safety-related function.

CCS is considered important-to-safety because: 1) it supplies the normal (defense-in-depth)
capability of removing reactor and spent fuel decay heat, 2) it is part of the first line of defense
for reducing challenges to passive safety systems in the event of transients and plant upsets,
and 3) its cooling function is important for reducing shutdown risk when the reactor coolant
system is open (e.g., mid-loop operation). The risk importance of CCS makes it subject to
regulatory treatment of non safety systems (RTNSS) in accordance with the Commission's
policy for passive reactor designs. The staff's evaluation of the proposed changes focus
primarily on confirming that the changes will not adversely affect safety-related systems,
structures, and components (SSCs) or those that satisfy the criteria for RTNSS; the capability of
the CCS to perform its defense-in-depth and RTNSS functions; and the adequacy of
inspections, tests, analyses and acceptances criteria (ITAAC), test programs specifications, and
availability controls that have been established for the CCS.

In APP-GW-GLE-036, "Impact of a revision to the current Wet Bulb Temperature identified in
Table 5.0-1 (Tier 1) and Table 2-1 (Sheet 1 of 3) of the DCD (Revision 16)," the applicant states
that the most limiting component, the reactor coolant pump (RCP), has been designed to
operate for at least 6 hours duration with temperatures up to 37.8 0C (100 OF) as a result of the
increase in CCS temperature, for which the maximum wet bulb temperature (coincident) from
26.6 C (80 OF) and (noncoincident) was increase to 29.7 0C (85.5 OF). In the DCD Revision 17
Table 5.4-1, "Reactor Coolant Pump Design Parameters," the RCP maximum continuous
component cooling water inlet temperature is given as 35 0C (95 OF) with a 6 hour elevated
temperature of up to 43.3 0C (110 OF). Verify that the CCS supply temperature to the RCP is
still the most limiting and determine the correct value. If the RCP cooling system is no longer
the most limiting CCS cooled component, identify and provide the evaluation of the impacts of
the revised wet bulb temperature limit on the plant for the new limiting component.

RAI-SRP9.2.2-SBPA-14
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional lnformation (RAP)

Westinghouse Response:

The RCP motor cooling system is still the most limiting component served by the CCS with
respect to maximum temperature of the supplied cooling water. The RCP has two distinctly
different cooling systems, both of which are supplied by the CCS. The stator jacket cooling
system removes heat generated by motor operation from the outer portions of the motor
winding, by passing water through flow channels located outside the pressure boundary of the
pump / motor assembly. The flow rate to each pump's stator jacket cooling system is 60 gpm.
The largest portion of the CCS flow to each pump (590 gpm) is directed through the RCP
external heat exchanger, where it cools the liquid that circulates through the interior spaces of
the motor. The external heat exchanger removes heat released into the rotor/stator cavity by
electrical losses, by flywheel and other rotating component friction losses, and by conduction
through the thermal barrier from the RCS. An auxiliary impeller on the pump shaft drives the
flow through the motor internal cooling system and out to the external heat exchanger. The
RCP cooling system is also designed to support natural circulation of the cooling fluid through
the external heat exchanger, to provide cooling when the pump is not in operation.

The "RCP high bearing temperature" alarm and pump trip are produced by temperature sensors
located within the RCP stator / rotor cavity. These sensors measure the temperature of the
water as it leaves the pump internal circulation system and flows towards the external heat
exchanger. The "high bearing temperature" setpoints have been selected to minimize the
possibility of thermally-induced damage to the RCP. (The use of the terminology "high bearing
temperature" has been carried over from earlier, controlled leakage seal RCP designs and is not
literally descriptive of the location at which temperature is measured.)

The limiting CCS supply temperature for RCP cooling is 100 °F. The RCP can operate at full
speed with CCS supply temperature at this level for up to 6 hours continuously. Since the CCS
and SWS are both designed with significant thermal margin, the actual CCS supply temperature
to the RCPs and to other CCS components with the plant at power will always be lower than the
limiting value of 100 OF, which assumes maximum operating heat load on the CCS, 8 OF cooling
tower approach to wet bulb, and local ambient wet bulb temperature at the maximum safety (0%
exceedence) level. During plant cooldown with RCPs operating, the CCS temperature may
approach 100 OF for a few hours at the highest plant cooldown rate of 50 °F/h, but the RCPs are
operating at reduced speed in this mode and their cooling requirements are therefore less
stringent than for full power, full speed operation.

Design Control Document (DCD) Revision: None

PRA Revision: None

Technical Report (TR) Revision: None
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