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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: 0

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.

RAI-SRP9.2. 1 -SBPA-o1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (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.

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
None

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

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.1-SBPA-02
Revision: 0

Question:

SWS pump capacity is being increased in order to provide sufficient flow for shutdown cooling
when the heat load is the highest without exceeding the temperature limit for the cooling tower
fill material. However, this design capability will not ensure that plant operators will adhere to
this temperature limit or other design limitations that exist.

Identify and describe in the DCD those SWS design limitations that are important for assuring
the long-term availability and reliability of the SWS. Explain how the adequacy of design is
verified relative to the limitations that apply and whether the provisions specified by ITAAC
Table 2.3.8-2 should be modified. Explain how adherence to these limitations is assured by
COL applicants and whether additional provisions should be included in IPSAC 2.4.

Westinghouse Response:

The simple design of the SWS, which cools only the operating CCS heat exchangers, and the
use of peak heat load conditions to define system design parameters such as pump flow rate
and cooling tower heat duty, make it unlikely that operators will be able to adjust system
operation in a manner that challenges the system's design limitations.

For example, the CCS heat exchangers are designed to withstand flow rates of up to 150% of
the design SWS and CCS side flows. Flow rates of this magnitude cannot be achieved in the
system with the design pump head and flow values. The system piping is designed and the
pump design parameters selected to prevent runout of an operating SWS pump in any
operating mode.

The SWS pumps, system piping, and cooling tower have all been sized to support operation
with the peak cooldown heat load, which is substantially higher than the heat load anticipated
during any other operating mode. Appropriate alarms and indications for key system
parameters such as flow rate, pressure, fluid temperature, and basin level are provided to alert
the operators to the potential for approaching a design or operating limit. The normal
temperature limits imposed for avoidance of degradation in fill performance range between
120'F and 130°F (dependent upon fill type used). High temperature resistant fill can operate
reliably with warm water return temperatures of up to 1400F. The limiting values of SWS warm
water temperature for the AP1000 SWS approach the normal fill temperature limits only during
high heat load operation of the SWS during plant cooldown. The duration of these peak
temperatures is expected to be short and the tower fill material can be designed to
accommodate intermittent, short-duration operation at these higher temperatures with an
acceptable margin.

RAI-SRP9.2.1-SBPA-02
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

The SWS is not a safety system and is in continuous operation following initial plant startup.
Operators monitor the performance of the system continually to detect any challenges to system
design limits.

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse
RAI-SRP9.2.1-SBPA-02
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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: 0

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 AP1000 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.

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report,(TR) Revision:
None

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

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.1-SBPA-04
Revision: 0

Question:

The increased water inventory and flow rates in the SWS piping and cooling towers could result
in more severe flooding consequences than previously analyzed. The information that was
provided did not describe the impact of the proposed SWS modifications on the consequences
of flooding and whether or not safety-related equipment could be adversely affected.

Identify and address the potential impact that the proposed SWS modifications could have on
safety-related equipment and on the consequences of flooding. Revise the DCD as appropriate
to reflect this information and submit any revised sections of the DCD for NRC evaluation.

Westinghouse Response:

Flooding caused by an SWS piping break in the compartment at the southern end of the Turbine
Building will flow out the open doorway to the turbine hall, and the four 8' x 1' openings in the
base of the wall between the compartment and the turbine hall, at elevation 100'. The
increased flooding rate and volume associated with the increase in SWS pump size and basin
inventory will not challenge the operability of the CCS pumps nor any other Defenese In Depth
or Investment Protection equipment located in this area. Flooding from the CWS (or from any
other turbine hall water source) will flow out of the Turbine Building onto the ground through
access doors without affecting equipment at the southern end of the building.

As noted in DCD Revision 16, Tier 2, Section 3.4.1.2.2.3:

There is no safety-related equipment in the turbine building. The component cooling water and service
water components on elevation 100'-0" which provide the regulatory treatment of nonsafety-related
systems important support for the normal residual heat removal system, are expected to remain functional
following a flooding event in the turbine building since the pump motors and valve operators are above
the expected flood level.

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
None

RAI-SRP9.2.1-SBPA-04
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.1-SBPA-05
Revision: 0

Question:

Tier 2 of the DCD, Sections 9.2.1.1.2 and 9.2.1.2.3.3, reflects an increase in the maximum
allowed SWS cooling water temperature being supplied to the CCS heat exchangers during
normal power operation, from a value of 31.7 0C (89 OF) to 34.2 °C (93.5 OF). This is not the
same as the maximum SWS supply temperature of 31.4 0C (88.5 OF) that is specified in Tier 2 of
the DCD, Section 9.2.1.2.3.4, for plant cooldown/shutdown. This change is not discussed or
explained in the information provided, and it is not clear how the SWS can perform its defense-
in-depth and RTNSS functions if the SWS supply temperature exceeds the limit that is assumed
for shutdown cooling.

Describe in Tier 2 of the DCD the basis and justification for the proposed increase in the
maximum allowed normal operating SWS supply temperature and how the specified
temperature limit is assured to be satisfied by COL applicants during plant operation. Include
consideration of additional provisions that should be included in IPSAC 2.4, as appropriate.

Westinghouse Response:

Westinghouse increased the AP1000 maximum safety non-coincident wet bulb temperature
from 81'F to 85.5°F by issuance of TR-108. In order to accommodate the Levy site
environmental parameters within the AP1000 design envelope, a further increase in the value of
this parameter was recently made. The revised maximum safety wet bulb temperature has now
been increased to 86.1°F. The maximum normal non-coincident wet bulb temperature limit
remains 80.1°F.

The AP1000 CCS heat exchanger is sized using the SWS cold water supply temperature
resulting from cooling tower operation at the maximum safety non-coincident wet bulb condition,
because this condition has a higher likelihood of occurring during power operation. The SWS
cold water temperature is based on the predicted cooling tower approach to wet bulb (ATWB)
for the SWS full power heat load. Recent information obtained from prospective cooling tower
suppliers indicates that ATWB is no greater than 5.5 0F for this condition at 86.10F wet bulb.

The maximum safety wet bulb temperature value is specified for the AP1000 in Tier 1 Table 5.0-
1 and Tier 2 Table 2-1. With the increased wet bulb temperature of 86.1'F and 5.5°F ATWB,
expected cold water temperature is 91.6°F. It should be noted that TR-108 used a conservative
value of 8°F for the SWS cooling tower ATWB to determine the cold water temperature of
93.50F (88.50F + 8°F) reported in that document.

The effects of the increase in the maximum safety non-coincident wet bulb temperature on the
performance of safety-related and non-safety related systems are discussed in detail in TR-108

RAI-SRP9.2.1-SBPA-05
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

(for the increase to 85.50F) and in forthcoming DCD impact document APP-GW-GLE-036 (for
the further increase to 86.1 OF). There is no deleterious effect on safety-related system
performance associated with the increase of the maximum safety wet bulb temperature to
86.10F, and the performance of non-safety (Defense In Depth and Investment Protection)
systems was found to be acceptable with this increase in maximum safety ambient wet bulb
temperature.

The AP1 000 safety-related and Defense In Depth / Investment Protection analyses which use
the maximum safety wet bulb temperature as a basis for determining performance include:

* Passive containment cooling system (DCD Section 6.2.2)
" IRWST cooling using RNS heat exchangers (DCD Sections 5.4.7.1.2.1 and

5.4.7.1.2.3)
" Normal full power operation of the Component Cooling System (DCD Section

9.2.2.1.2.1)

The low capacity chilled water system is a non-safety Defense In Depth / Investment Protection
system, and uses the maximum safety dry bulb temperature of 11 5°F as a basis for determining
performance. It is therefore not affected by the change to SWS and CCS temperature caused
by the increased maximum safety wet bulb temperature.

All other design cases for the CCS and SWS, including the maximum cooling tower heat duty
case (RNS cooldown of the plant beginning 4 hours after shutdown) and the various SFS pool
decay heat removal cases, use the maximum normal non-coincident wet bulb temperature as a
basis; the 0.10F increase in the value of this parameter is a minimal increase and has little effect
on predicted system performance.

The SWS cold water return temperature of 88.50F for cooldown, referenced in DCD Section
9.2.1.2.3.4, was based on the use of an 80F approach to wet bulb in the cooling tower, and the
application of an additional margin on wet bulb temperature of 0.5'F (80°F + 80F + 0.5 0F =
88.50F). For the 0.1'F increase to 80.10F discussed in TR-108, the expected cold water
temperature will be 88.6 0F. An 80F ATWB is consistent with the performance of the SWS
cooling tower with the higher cooldown heat loads to be dissipated in this condition.

As noted in TR-1 08, there is sufficient margin in the system and component design to accept
this slight increase in cold water temperature without change to the AP1 000 cooldown design
basis. This same conclusion applies to the use of the revised SWS cold water temperature of
88.60F for determining the acceptability of all other analysis cases described in the DCD that
rely upon the CCS and SWS for cooling of components.

RAI-SRP9.2. 1 -SBPA-05
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

References:
1. APP-GW-GLN-108, 'AP1000 Site Interface Temperature Limits', TR-108, Revision 2
2. APP-GW-GLE-036, 'Impact of A Revision to The Current Wet Bulb Temperature'

Revision 0 (to be submitted)

Design Control Document (DCD) Revision:
DCD Revision 16, Tier 1 Table 5.0-1 and Tier 2 Table 2-1 (sheet 1 of 3)

PRA Revision:
None

Technical Report (TR) Revision:
APP-GW-GLE-036 is being submitted to supplement TR-108 and to describe the impact of the
further increase in maximum safety non-coincident wet bulb temperature from 85.50F to 86.10F

(&Westinghouse
RAI-SRP9.2.1-SBPA-05
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.1-SBPA-06
Revision: 0

Question:

Proposed changes to site interface temperature limits will result in a larger gap between the
maximum normal and maximum safety noncoincident wet bulb temperature values.
Consequently, the proposed changes warrant further consideration to assure that cooling tower
performance is adequate for supporting the SWS defense-in-depth functions. However, the
description in the DCD appears to be inconsistent in places and it is not clear what limiting
assumptions and bounding conditions pertain to cooling tower performance and how they are
affected by the proposed changes. For example, Tier 2 of the DCD, Sections 5.4.7.1.2.3
and 9.2.2.1.2.1, indicate that cooling tower performance is based upon the maximum safety
noncoincident wet bulb temperature as a limiting assumption. Contrary to this, the proposed
ITAAC specified in Tier 1 of the DCD, Table 2.3.8-2, specifies use of the maximum normal
noncoincident wet bulb temperature for demonstrating adequate cooling tower performance.
Additionally, the cooling tower cold water temperature that was specified by the ITAAC is
revised from 37.8 0C (100 °F) to 32.2 'C (90 OF) without explanation or justification. This does
not appear to be consistent with the supply temperature of 34.2 'C (93.5 OF) that is assumed in
Tier 2 of the DCD, Section 9.2.1.1.2.

Due to, a lack of clarity with respect to the SWS licensing basis and apparent inconsistencies
that exist, the following additional information is needed in order to complete this evaluation:

a) Identify and explain the limiting assumptions and bounding conditions that are important
relative to cooling tower design, performance, and operation for assuring that the SWS is
capable of and can be relied upon to perform its defense-in-depth functions.

b) Evaluate the impact of the proposed changes on the limiting assumptions and bounding
conditions identified in (a) above.

c) Explain how the limiting assumptions and bounding conditions identified in (a) will be
verified initially by COL applicants and maintained over the life of the plant.

Also, revise the DCD (including ITAAC Table 2.3.8-2 and IPSAC 2.4) as appropriate to reflect
the responses to (a) and (c) above.

Westinghouse Response:

The SWS cold water temperature for all Defense in Depth and Investment Protection events,
with the single exception of the IRWST cooling case using RNS and CCS, is based on the
maximum normal non-coincident wet bulb temperature of 80.1°F. The SWS cold water
temperature of 93.50F cited in TR-1 08 and in the section of the DCD referenced above pertains
to full power operation of the plant with a conservative 80F approach to wet bulb applied. The

RAI-SRP9.2.1-SBPA-06
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

ITAAC case uses a cold water temperature (90'F) based on anticipated cooling tower
performance at the minimum shutdown cooling heat load of 1.70 x 108 Btu/h, assuming a
reduced SWS system flow rate equivalent to that shown in ITAAC Table 2.3.8-2 and IPSAC
SRP 2.4.1. The approach to wet bulb for these conditions is expected to be 9.9 OF. This
produces a maximum cold water temperature of 900F.

WEC chose to use the maximum safety non-coincident wet bulb temperature for the IRWST
cooling case to reduce the likelihood of IRWST steaming to containment. Cooling the IRWST
with the RNS, CCS, and SWS is not required to ensure that the plant can be maintained in a
long-term safe condition.

SWS flow and cooling tower performance will be monitored on a continuous basis since the
SWS is always in operation. At regular intervals licensees will perform testing to determine the
approach of the tower with a known, standard heat duty and to identify any need to perform
maintenance

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse
RAI-SRP9.2.1-SBPA-06
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.1-SBPA-07
Revision: 0

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
failure is 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-TR103-EMB2-02. This RAI response was submitted to
USNRC on February 22, 2008 under letter DCP/NRC2008.

In the AP1000 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
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Reference(s): RAI-TR103-EMB-02

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse
RAI-SRP9.2.1 -SBPA-07
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP9.2.1-SBPA-08
Revision: 0

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

RAJ-SRP9.2.1-SBPA-08
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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.

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
None

O Westinghouse
RAI-SRP9.2.1-SBPA-08
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