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MITSUBISHI HEAVY INDUSTRIES, LTD.

16-5, KONAN 2-CHOME, MINATO-KU
TOKYO, JAPAN

June 22, 2011

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Attention: Mr. JefferyA. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-11187

Subject: MHI's Responses to US-APWR DCD RAI No. 735-5723 Revision 0 (SRP
09.01.03)

Reference: 1) "Request for Additional Information No. 735-5723 Revision 0, SRP Section:
09.01.03 - Spent Fuel Pool Cooling and Cleanup System, Application
Section: 9.1.3" dated 4/20/2011.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "Response to Request for Additional
Information No. 735-5723, Revision 0."

Enclosed are the responses to one RAI contained within Reference 1. This transmittal
completes the response to this RAI.

Please contact Dr. C. Keith Paulson, Senior Technical Manager, Mitsubishi Nuclear Energy
Systems, Inc. if the NRC has questions concerning any aspect of this submittal. His contact
information is provided below.

Sincerely,

Yoshiki Ogata,
General Manager- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.

Enclosure:

1. Response to Request forAdditional Information No. 735-5723, Revision 0



CC: J. A. Ciocco
C. K. Paulson

Contact Information
C. Keith Paulson, Senior Technical Manager
Mitsubishi Nuclear Energy Systems, Inc.
300 Oxford Drive, Suite 301
Monroeville, PA 15146
E-mail: ck-paulson@mnes-us.com
Telephone: (412) 373-6466
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

612212011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 735-5723 REVISION 0

SRP SECTION: 09.01.03 - Spent Fuel Pool Cooling and Cleanup System

APPLICATION SECTION: 9.1.3

DATE OF RAI ISSUE: 4/2012011

QUESTION NO.: 09.01.03-7

The spent fuel pit cooling and purification system (SFPCS) is required to be designed in
accordance with General Design Criteria (GDC) 2, "Design Basis for Protection Against Natural
Phenomena," and GDC 4, "Environmental and Dynamic Effects Design Bases."To comply with
GDC 2 requirements, Standard Review Plan (SRP), Section 9.1.3, "Spent Fuel Pool Cooling and
Cleanup System," specifies that Position C.1 and C.2 of Regulatory Guide 1.29, "Seismic Design
Classification" must be satisfied. Position C.2 specifies that the design of non-safety-related
SSCs would be acceptable if their failures do not adversely affect the control room occupants or
safety-related SSCs to perform their safety-related functions. To meet GDC 4 requirements,
SSCs important to safety must be designed to accommodate the dynamic effects resulting from
pipe whip, missiles, and discharging fluids.

USAPWR Design Certification Document (DCD) Rev 3, Section 9.1.3.2.1.7, "Valves," states that
manual valves are used to isolate the safety-related cooling portion of the SFPCS from the non-
safety-related purifications portion, in case any leaks or failures occur on the non-safety portion.
The DCD does not address how these valves would provide isolation of the safety-related portion
of the SFPCS from the non-safety related portion to comply with GDC2 and GDC4 requirements
upon a seismic event or an internally generated missile event. If such an event led to a failure of
the non-safety related portion of the SFPCS while both loops of SFPCS are in operation, without
automatic closure of the isolation valves, the SFPCS pumps could continue to feed the break and
eventually lead to their tripping from loss of flow, resulting in the loss of SFPCS function.

Therefore, the applicant is requested to provide additional information in Tier 2, Section 9.1.3 of
the DCD to address how presumed failures of non-safety-related portions of the SFPCS due to a
seismic event or an internally generated missile event do not adversely affect the safety-related
portion of the SFPCS, pursuant to the requirements of GDC 2 and GDC 4.
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ANSWER:

The SFPCS design basis for the safety-related cooling portion includes conformance with GDC 2
and GDC 4 as described in DCD Tier 2 Subsection 9.1.3.2; Subsection 9.1.3.1 refers to DCD
Section 3.3, 3.4, 3.5, and 3.7 for additional discussion of wind and tornado, flood protection,
missile protection, and seismic design, respectively. Per DCD Tier 2 Table 3.2-2, the purification
line isolation valves are Equipment Class 3 and Seismic Category I. Therefore they are capable
of isolating the cooling and purification portions of the system under accident conditions.

Subsection 9.1.3.1 also discusses the SFPCS piping arrangement and indicates that failure of
any line cannot drain the SFP water level below the level necessary for adequate fuel assembly
shielding. If SFPCS cooling were lost, boiling would not occur for at least 2.5 hours. This time is
based on conservatively assuming a full core offload and the Component Cooling Water System
operating with accident heat loads discussed in Section 9.2.2. DCD Tier 2 Subsections
9.1.3.2.1.7, 9.1.3.2.1.8 and 9.1.3.3.1 will be revised to reference these design characteristics.

In the event of SFP drain down through non-safety related piping following a line break,
permanent loss of SFPCS pump function due to air binding is prevented by automatic pump
tripping on SFP low-low water level. The trip setpoint is above the pump suction piping. NPSH is
not an issue because pumps are designed so that NPSH available is greater than NPSH required.
Subsection 9.1.3.2.1.2 will be revised to reference this design feature. As discussed in
Subsection 9.1.3.2, the SFP may be refilled using borated makeup from Seismically Category I
sources. Cooling could then be resumed using the SFPCS.

Impact on DCD
DCD Tier 2 Subsection 9.1.3.2.1.2 will be revised as follows:

* Add description of SFPCS pump trip on low-low SFP level.

DCD Tier 2 Subsection 9.1.3.2.1.7 will be revised as follows:
* Add description of the effect of failure to close the manual valves (or potential leakage)

DCD Tier 2 Subsection 9.1.3.2.1.8 will be revised as follows:

* Add description of the effect of potential internally generated missiles on the purification
portion of the SFPCS

DCD Tier 2 Subsection 9.1.3.3.1 will be revised as follows:
9 Add description of minimum SFP boiling time.

See attachment-1 for the mark up of DCD.

Impact on R-COLA
There is no impact on the R-COLA.

Impact on S-COLA
There is no impact on the S-COLA.

Impact on PRA
There is no impact on the PRA.
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lattachment-i

9. AUXILIARY SYSTEMS US-APWR Design Control Document

drained during maintenance of the fuel transfer equipment. The fuel transfer canal is
drained by transferring the water to the SFP with a fuel transfer canal pump. To maintain
adequate water level in the SFP, excess pit water is discharged into the RWSP or the
RWSAT with the SFP pump through the system purification loop.

A safety-related makeup source of boric acid water is provided from the RWSP supply
line. Borated refueling water is pumped into the discharge line of the spent fuel cooling
portion.

A portion of the SFP water discharged by the SFP pump is diverted through the
demineralizers and filters in the purification portion of the system and returned to the SFP.
The demineralizers and filters remove particulate and ionic impurities from the SFP water.

During normal decay heat removal operation, one train can be used to purify the refueling
cavity, the RWSP, and the RWSAT. This is accomplished by isolating the cooling portion
using an isolation valve provided in the purification portion piping.

The SFP serves as a safety-related alternate water source for reactor coolant pump seal
injection.

The SFPCS cooling portions are safety-related, seismic category I. The SFPCS conforms
to the guidelines of RG 1.13, "Spent Fuel Storage Facility Design Basis" (Ref. 9.1.7-12),
which pertains to the cooling and purification of the spent fuel storage facility. The SFPCS
cooling portion (i.e., piping, pumps, valves, and heat exchangers) is designed to remain
functional during and following a safe shutdown earthquake. Each cooling portion is
designed to service the SFP at the temperatures and heat loads described in Subsection
9.1.3.1.2. The system's performance conforms to the requirements of GDC 2, 4, 61, and
63.

The cooling and purification flow paths are shown in Figure 9.1.3-1 and Figure 9.1.3-2,
respectively.

The purification portion of the SFPCS, i.e., piping, demineralizers, and filters, are non-
safety related.

The equipment classification for the SFPCS is provided in Chapter 3, Section 3.2.

9.1.3.2.1 Component Description

The SFPCS component design parameters are provided in Table 9.1.3-3.

9.1.3.2.1.1 Spent Fuel Pit

The SFP is described in Subsection 9.1.2.

9.1.3.2.1.2 Spent Fuel Pit Pumps

Two identical pumps are installed in parallel in the SFPCS. Each pump is sized to
circulate the pit water through the SFP heat exchanger in conjunction with the
demineralizer and the filter to perform purification and cooling of the SFP.

Tier 2 9.1-16 Revision 3



The spent fuel pit pumps trip on the SFP low-low level setpoint.
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9.1.3.2.1.3 Spent Fuel Pit Heat Exchangers

Two SFP heat exchangers are provided to remove decay heat from the SFP, as specified
in Subsection 9.1.3.2.2.2. These heat exchangers are plate-type heat exchangers
constructed of austenitic stainless steel. The SFP water circulates through one side of the
heat exchanger while the CCW circulates through the other side. The design of SFP heat
exchangers will incorporate specific features regarding industry operating experience as
discussed in EPRI TR 1013470 to minimize leakage from Plate type heat exchangers
(Ref. 9.1.7-27).

9.1.3.2.1.4 Spent Fuel Pit Filters

Two vertical, cylindrical cartridge-type SFP filters are provided in the purification portion of
the SFPCS. Each cartridge filter is designed for a flow rate of approximately 265 gpm.
The filter is Manual valves are Equipment Class 3 and Seismic Icles. The filter
assemb i Category I. er cartridges.

9.1.3.2 1.5 Spent Fuel Pit Demineralizers
Therefore they are capable of isolating the cooling and

Two v rtical, cyli ri purification portions of the system under accident esigned
for a ow rate of ppr conditions. ties from
the FP water efore being circulated back to the SFP. The vessels are constructed of
aus nitic sta' less steel. __________________________

In the event that the manual valves leaked or were not
9.1 3.2.1.6 Spent Fuel Pit Strain closed following a piping failure in the purification portion

(e.g., due to a seismic event or internally-generated

S ent f I pit strainers re provided at tt missile), potential drain down of the SFP is prevented by

S' e s id materials f SFP and CS/RHF the SFP pump suction and discharge piping configuration

an ss steel. so that adequate water remains over the fuel assemblies,
,as discussed in Subsection 9.1.3.1.

.3.L2.1, Valves
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.peRtie. anual valves are used to isolate components that could develop leaks or

failures. Manual throttle valves are provided for flow control. Valves in contact with SFP
water are made of stainless steel.

9.1.3.2.1.8 Piping

All piping in contact with SFP water is made of stainless steel. The piping is welded,
except for flanged connections for the pumps and heat exchangers.

As indicated in Subsection 9.1.3.1. system piping is
arranged so that dynamic effects on the purification portion,
such as an internally generated missile event, could not
cause the SFP water level to drain below the minimum level
required to provide adequate shielding. consistent with the
[requirements of GDC 2 and GDC 4.
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and the two SFP cooling trains maintain the pit water temperature below 120°F with spent
fuel decay heat generated from the accumulation of previously offloaded cores and the
offloaded full core completely transferred to the SFP at 120 hours after shutdown. The
SFPCS is designed to maintain the pit water temperature below 140'F assuming a single
active component failure (e.g., of the SFP pump, CS/RHRS pump, or CCWS pump).

Prior to the refueling operation, the SFP water is checked to verify that if its boron
concentration is equivalent to that of the RWSP.

9.1.3.2.2.3 Spent Fuel Pit Purification

Each purification portion capacity is designed to perform purification of the boric acid
water in the SFP, the refueling cavity, the RWSAT, and the RWSP without causing any
interruption to the refueling operation. The system's demineralizers and filters provide
adequate purification to achieve the following:

" Minimize SFP surface dose rate during normal fuel handling operations and
anticipated accident conditions in the spent fuel storage area so as to permit
access to plant personnel.

" Maintain optical clarity of the SFP water

The SFPCS clarification capability is sufficient to permit the necessary operations that
must be conducted in the SFP area. The SFPCS is designed to perform its purification
function in accordance with the following additional criteria:

" Each purification portion contains a filter vessel with a disposable cartridge filter
and a mixed bed demineralizer downstream of the filter. The purification
subsystem is designed for a flow rate of 265 gpm. This design flow rate is
sufficient to maintain the specified water chemistry.

" Local sample lines are provided in the SFP demineralizer inlet and filter outlet
lines. Sampling and analysis of SFP water for gross activity and particulate
concentration are conducted when the SFPCS is in continuous operation.

" When the SFP filter differential pressure exceeds the set value, a high differential
pressure alarm indicates a clogged filter that should be replaced.

The SFP purification system capability is such that the occupational radiation exposure is

minimized to support as-low-as-reasonably achievable (ALARA) goals.

9.1.3.3 Safety Evaluation

The SFPCS performs no emergency functions during an accident.

9.1.3.3.1 Spent Fuel Pit Cooling

A cooling train may be shut down for limited periods of time for maintenance or
replacement of malfunctioning components. In the event of the failure of a SFP pump or

Tier 2 9.1-19 Revision 3
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loss of cooling capability of a SFP heat exchanger, the second cooling train provides a
backup capability that ensures continued cooling of the SFP.

During a loss of offsite power (LOOP), the emergency power sources supply power to the
SFP pumps so that the SFP cooling function is maintained.

In the case of a SFPCS single failure, one SFP pump and one heat exchanger in service
will maintain a SFP temperature below 140°F for a 1/2 core offload.

For a full core offload with a single active failure, the pit temperature is maintained below
140°F with one train of SFP cooling and two RHRS trains in operation, or two trains of
SFP cooling and one RHRS train in operation.

.•1.3.3.2 Spent Fuel Pit Water Supply
Borated water is initially pumped from the CVCS to the SFP. Appro•
gallons of borated water is injected to the SFP.
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Boiling events in the SFP at any time throughout the life of the plant are not given credit in
the SFPCS design, including fuel assembly misloading or dropping accidents between or
onto fully loaded racks. Criticality issues that may arise from these accidents that
subsequently cause SFP temperature to rise and finally boiling due to increased spent
fuel heat generation rates are precluded from the high boron concentration of the SFP
water maintained at 4000 ppm. The most critical condition that could challenge SFP
integrity is an SBO event (where there is total loss of cooling functions) during a full core
offload and the SFP fully loaded with previously discharged spent fuel. One alternate AC
(AAC) power source is promptly activated within 60 minutes from the onset of SBO where
one train of SFPCS equipment is reactivated to resume SFP cooling, thus precluding
boiling. Furthermore, the SFP water volume allows an approximate 2.5-hour margin prior
to an unlikely boiling of SFP water during a total loss of cooling condition or SBO at full
core offloads. A thermal-hydralulic analysis (9.1.3.-26) of the SFP has been performed to
evaluate the integrity of the SFPCS cooling function

The need for SFP water makeup, therefore, is ultimately based on natural evaporation
losses. Since the quantity of water lost from this event is very small compared to the
evaporation rate necessary to remove decay heat equivalent to 0.3% of rated thermal
power; makeup rates from the different sources discussed hitherto are based on the
latter. The calculated rate is approximately 100 gpm and is assumed to be the most
limiting.

Redundant seismic category I sources are provided for SFP water makeup. The RWSP,
as a primary water source of the SFP, is a seismic category I structure. The RWSP is able
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