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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

TOKYO, JAPAN
March 15, 2011

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

Attention: Mr. Jeffrey A. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-11065

Subject: MHI's Responses to US-APWR DCD RAI No.689-4976 Revision 2 (SRP
09.04.01)

References: 1) "Request for Additional Information No. 689-4976 Revision 2, SRP Section:
09.04.01 - Control Room Area Ventilation System Application Section:
DCD Section 9.4.1" dated February 3, 2011.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "Responses to Request for Additional
Information No. 689-4976 Revision 2".

Enclosed are the responses to 3 RAIs that are contained within Reference 1.

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

Sincerely,

V,
. a'1,

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

Enclosure:

1. Responses to Request for Additional Information No. 689-4976 Revision 2

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 Th~8
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

3/15/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO.689-4976 REVISION 2

SRP SECTION: 09.04.01 - CONTROL ROOM AREA VENTILATION SYSTEM

APPLICATION SECTION: DCD Sections 9.4.1

DATE OF RAI ISSUE: 02/03/2011

QUESTION NO. : 09.04.01-25

Follow-up RAI

This is a follow-up RAI to RAI No. 582-4456, Question No. 09.04.01-18.
Technical Rational 1 and 2 of SRP 9.3.3 provides the bases for this follow-up RAI. The regulatory basis
for this request for additional information is from 10CFR50 Appendix A which reads, in part:

"Criterion 4-Environmental and dynamic effects design bases. Structures, systems, and components
important to safety shall be designed to accommodate the effects of and to be compatible with the
environmental conditions associated with normal operation, maintenance, testing, and postulated
accidents, including loss-of-coolant accidents. These structures, systems, and components shall be
appropriately protected against dynamic effects, including the effects of missiles, pipe whipping, and
discharging fluids, that may result from equipment failures and from events and conditions outside the
nuclear power unit. However, dynamic effects associated with postulated pipe ruptures in nuclear power
units may be excluded from the design basis when analyses reviewed and approved by the Commission
demonstrate that the probability of fluid system piping rupture is extremely low under conditions
consistent with the design basis for the piping."

The staff notes that DCD Table 3.6-1 "High and Moderate Energy Fluid Systems" defines the Chilled
Water System (VCWS) as a moderate energy fluid system. The staff also notes that DCD 3.6.1.1 "Design
Basis" for "Plant Design for Protection against Postulated Piping Failure in Fluid Systems Inside and
Outside Containment" reads:

"Essential systems are evaluated for conformance to the following design bases and susceptibility to pipe
failure effects ...

... N. The environmental effects of a postulated piping failure do not preclude habitability of the MCR or
access to surrounding areas important to the safe control of reactor operations needed to cope with the
consequences of the piping failure.
The capability of all essential components to perform their intended safety functions is maintained."

The staff also notes that the DCD Section 9.3.3.1.1 "Safety Design Bases" for the "Equipment and Floor

Drainage Systems" reads, in part:

The equipment and flood drainage systems function to prevent flooding and water accumulation for
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volume being drained ...
. The equipment and floor drainage systems are designed to prevent damage to safety-related systems,
structures, and equipment.
• Equipment and floor drainage system failures will not prevent the proper function of any safety-related
equipment.

In follow-up RAI No. 582-4456, Question No. 09.04.05-18 the staff noted for cooling coils of the MCR
HVAC ventilation system AHUs, FMEA Table 9.4.1- 2 does not address a failure mode of concern. With
the applicant's response FMEA Table 9.4.1-2 was not amended to include this mode of failure. The staff
requests that the applicant amend the DCD FMEA Table with this failure mode. The staff finds that a
failure in the AHU should not create an unacceptable condition in the control room and that the control
room should be protected from such a failure. Please designate a design basis leakage from the failure in
the AHU.

What design features within the AHU will prevent the failure of a essential chilled water cooling coil leak
inside the AHUs from adversely impacting the safety related components contained in the control room
below? The applicant referenced DCD subsection 3.4.1.5.2.2 in its response. Just referencing the
equipment drain system is not adequate to address the concern. Please specify how design basis
leakage from the potential failure of a cooling coil (i.e. 45 gpm per DCD Table 9.2.7-2) will be directed to
the drain system. Specify in the DCD this is part of the design basis of the drain system and explain how
the bypass of the drain system is precluded.

ANSWER:

As identified in DCD Table 3.2-2, Classification of Mechanical and Fluid Systems, Components, and
Equipment, the main control room air handling unit cooling coils are safety-related, equipment class 3,
seismic category I components. In addition, as identified in DCD Table 3.6-1, High and Moderate Energy
Fluid Systems, the Chilled Water System is a moderate energy system, which is defined in DCD Section
3.6.1.1.

10 CFR 50, Appendix A, General Design Criterion (GDC) 4 requires protection of safety related SSCs
from the dynamic effects of equipment failures and external events. The dynamic effects of equipment
failures, including the effects of discharging fluids, are addressed in DCD Section 3.4, Water Level
(Flood) Design, and Section 3.6, Protection Against Dynamic Effects Associated with Postulated Rupture
of Piping.

DCD Section 3.4 evaluates the effect of flooding from external and internal sources on safety related
SSCs. The internal water source events are seismic events, pipe breaks and cracks, fire fighting
operations, and pump mechanical seal failures. DCD Section 3.4.1.3 identifies that only equipment or
pipe not classified as seismic category I are considered to contribute to flooding due to a seismic event
and that, for flooding events caused by the postulated failures of piping, pipe failures are defined in DCD
Section 3.6.

The chilled water cooling coils are manufactured component assemblies and are not considered to be
piping. However, the configuration of the cooling coil includes finned tubular elements that can be
compared to piping. If the requirements for determining the location of postulated pipe breaks from DCD
Section 3.6 are applied to the cooling coils, DCD Section 3.6.2.1.2.2 indicates that leakage cracks are
postulated for moderate-energy fluid system piping. However, as further identified in DCD Section
3.6.2.1.3.3, leakage cracks are not postulated in 1-inch nominal diameter and smaller piping. Although
final selection of the specific design of the main control room air handling unit cooling coils has not been
completed, the tubing in cooling coils is of small diameter in order to increase total surface area available
for heat transfer, typically 5/8-inch OD. Although not typical, the maximum tubing size anticipated for a
cooling coil design is 1-inch OD. As a result, leakage cracks would not be postulated for the cooling coils
in accordance with the design basis for pipe break analyses in DCD Section 3.6.
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Therefore, since the cooling coils are seismic category I and the tubing diameter is small, failure of the
pressure retaining boundary is not postulated for compliance with GDC 4.

The cooling coils are designed to meet the requirements of ASME AG-1 - 2003. To assure integrity of the
pressure retaining boundary of the cooling coils, hydrostatic pressure testing is performed as described in
DCD Section 9.4.1.4. In addition, routine maintenance and inspection activities performed by the plant
operator provide assurance that in-service degradation will be recognized and corrected.

The robust design of the cooling coils in accordance with applicable codes and quality requirements, and
the pre-service hydrostatic pressure testing and inservice maintenance and inspection, provide assurance
that the pressure boundary will not fail in service. In addition, postulated failure of the cooling coil
pressure boundary is not required to comply with GDC 4. Therefore, the equipment and floor drain
system is not required to be designed for the failure of the main control room air handling unit cooling
coils.

Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

3/15/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO.689-4976 REVISION 2

SRP SECTION: 09.04.01 - CONTROL ROOM AREA VENTILATION SYSTEM

APPLICATION SECTION: DCD Sections 9.4.1

DATE OF RAI ISSUE: 02/03/2011

QUESTION NO. : 09.04.01-26

This is a follow-up question to RAI No. 582-4456, Question No. 09.04.01-23.

SRP 6.5.1, Revision 3, states that the "component design criteria, qualification requirements, and
qualification testing of heaters, demisters, prefilters, and high-efficiency particulate air (HEPA) filters,
design requirements of the filter and adsorber mounting frames, system filter and adsorber housings, and
water drains, the adsorbent used for removal of gaseous iodides (in the preliminary safety analysis report
(PSAR)), the physical properties of the adsorbent, and the design of the adsorber section of the filter
trains (in the final safety analysis report (FSAR))" are to be reviewed.

The staff notes that Revision 1 of the DCD and Revision 0 of the RCOLA FSAR contained COL Item
6.4(4) read "The COL Applicant is responsible to determine the charcoal adsorber weight, type and
distribution." This COL Item has been deleted from Revision 2 of the DCD. DCD Revision 2 Table 6.4-1
contains insufficient information to determine if Regulatory Guide 1.52 is met with respect to carbon filters
of the MCR emergency filtration units.

Please provide the design information for the control room filters in sufficient detail to demonstrate RG
1.52 is met.

1. The design average atmosphere residence time should be 0.25 seconds per 2 inches in thickness of
adsorbent bed. The staff requests that the applicant provide a value for the design average atmosphere
residence time based on bed dept[h] and adsorber weight.

2. The maximum charcoal loading for the adsorbent train should be below 2.5 mg/gm (-5 2.5 mg of total
iodine per gram of charcoal). Revision 2 Table 6.4-2 Item No. 4.1 1c reads "Applicable to US-APWR
design, including ASME AG 1-2003. The COL Applicant is responsible to determine the charcoal
adsorber weight, type and distribution"
The staff requests that the applicant amend Item 4.11 c of Table to
remove the carryover error from Revision 1 of the DCD. The staff requests that the applicant provide a
value for the maximum iodine loading of the charcoal beds of the MCR emergency filtration units
based on adsorber weight

3. The design percent of the impregnant carbon should be no more than 5% of the total carbon.
Item 4.11 .d for the US-APWR Design reads "Applicable to US-APWR design, including ASME AG 1-
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2003."
In its review of ASME AG-1-2003, the staff could not locate this limitation on charcoal impregnant. The
staff requests that this limit be incorporated into DCD Table 6.4-1.

4. The staff notes that ASME N509-2002 section 4 "Functional Design" 4.10 reads: " Where heat of
radioactive decay or heat of oxidation or both may be significant, means shall be provided to remove this
heat from the adsorbent beds to limit temperatures to values below 300°F (149°C) to prevent significant
iodine desorption."
The maximum component temperature in the adsorber section with normal flow conditions is not specified.
The iodine loading postaccident radioactivity-induced heat in the adsorbent should not exceed that design
temperature.
The staff requests that the applicant provide calculated values for the maximum component
temperatures: (a) in the adsorber section with normal flow conditions and (b) with the unit shutdown & the
charcoal adsorbent unit isolated (i.e. post LOCA condition).
The staff requests additional information about what design features of the adsorbent beds will prevent
the bed temperatures from approaching 300OF thereby permitting iodine desorption from taking place.

5. Under conditions of a failed fan post-LOCA, the charcoal temperature rise resulting from radioactivity-
induced heat in the adsorbent should be below the 626 'F (330°C - Ref. AG-1-2003, pg 435) charcoal
ignition temperature. Will water deluge from the fire protection sprinkler utilized to control this?

6. SRP 6.5.1 section II1. "Review Procedures" 3.G lists demisters (a.k.a. moisture separators) as a
component that may be required in ESF atmospheric cleanup systems. The MCR emergency filter trains
of the US-APWR do not contain demisters as a component. The staff could not find criteria within AG-1-
2003 that established when demisters are to be employed in the design of the ESF filter trains. ASME
N509-2002 section 4 "Functional Design" 4.1 (d) reads: "Moisture separators (demisters) are required
when entrained water droplet concentration may be greater than 1 lb (0.45 kg) of water per 1,000 cfm
(1, 700 m3/hr) of airflow."
What criteria did the applicant use to conclude that all future US-APWR plants (i.e. regardless of the
plant's location within the United States) will not need demisters to remove entrained moisture from the
outside air stream for the filter trains to fulfill their safety function?

7. In addition, there is insufficient information to determine if the following Regulatory Guide 1.52
parameter is met with respect to HEPA filters For the US-APWR, the applicant specifies that the design
filter efficiency for removal efficiency of particulates by the HEPA filter is 99% minimum (as credited in
accident dose evaluations).
There is insufficient information to determine if the HEPA filters have sufficient design margin to
accommodate fission product loading without restricting flow rate.
Provide the additional information necessary to support and meet the requirements listed above.

8. Regulatory Guide 1.52 Section 6.4 ("In-place Testing Criteria") reads "... The test should be performed
in accordance with Section 11 of ASME N510-1989 (Ref. 8). The leak test should confirm a combined
penetration and leakage (or bypass) of the adsorber section of 0.05% or less of the challenge gas at
rated flow ± 10%."
The staff notes that this 0.05% or less leakage corresponds to an adsorbent bed efficiency of > 99.95%.
DCD Table 6.4-1 permits a minimum "Charcoal Iodine Removal Efficiency" of 95% for the adsorber beds
of the ESF MCR filter trains.
The staff requests additional information about this apparent mismatch of regulatory guidance with what
is represented as acceptable in the DCD.

ANSWER:
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Part 1)
DCD Table 6.4-1 provides the equipment specifications for the main control room emergency filtration
units. The specification for the charcoal adsorber to provide an average atmosphere residence time of
0.25 seconds per 2 inch adsorbent bed depth is included in the table.

Part 2)
DCD Table 6.4-1 provides the equipment specifications for the main control room emergency filtration
units. The specification for the charcoal adsorber to provide a maximum loading of 2.5 mg of total iodine
per gram of activated carbon is included in the table.
DCD Table 6.4-2, Item 4.1 Ic will be revised to remove the reference to the COL applicant requirement.

Part 3)
DCD Table 6.4-1 will be revised to include the specification that the impregnated activated carbon
adsorber will include no more than 5% of impregnant (50 mg of impregnant per gram of carbon).

Part 4)
The main control room emergency filtration unit charcoal adsorber is provided with outlet air temperature
indication and high, high-high temperature alarms in the control room to alert the operator to an abnormal
temperature condition, as described in DCD Section 9.4.1.5 and shown on DCD Figure 9.4.1-1. In the
event of a charcoal adsorber high temperature condition, the operator can initiate ventilation flow through
the charcoal bed by restarting the filtration unit to remove heat from the adsorber to prevent significant
iodine desorption.

Part 5)
As discussed in Part 4 above, the main control room emergency filtration unit charcoal adsorber is
provided with outlet air temperature indication and high, high-high temperature alarms in the control room
to alert the operator to an abnormal temperature condition. The manually actuated fire protection water
spray system installed within the filter housing, described in DCD Sections 9A.3.68 and 9A.3.69, is
provided as fire suppression for the charcoal bed. Fire protection water spray can be initiated in the event
of a high-high temperature to prevent charcoal ignition.

Part 6)
The outside air intakes for the main control room emergency filtration units are located on the East and
West walls of the Reactor Building. The outside air intake opening is designed to comply with RG 1.52,
Regulatory Position 3.11 as shown in DCD Table 6.4-2. Therefore, the HEPA filters and iodine adsorbers
are protected from water damage and it is not necessary to include demisters in the design of the main
control room emergency filtration units.

Part 7)
Regulatory Guide 1.52, Section 6, In-place Testing Criteria, Regulatory Position 6.3, describes the HEPA
filter bank in-place aerosol leak test acceptance criterion of 0.05% or less at rated flow +/- 10%. In
accordancewith Regulatory Position 6.3, when this criterion is met, a HEPA filter bank can be credited in
the accident dose evaluations with 99% removal efficiency for particulate matter.
DCD Table 6.4-1 specifies the main control room emergency filtration units HEPA particulate removal
efficiency as 99%, which is consistent with the allowed credit for filter efficiency in Regulatory Guide 1.52.
Excessive loading of the HEPA filter bank by larger airborne particulates in the airstream is prevented by
the upstream high-efficiency prefilter as described in DCD Section 6.4.2.2.1.

Part 8)
Regulatory Guide 1.52, Section 6, In-place Testing Criteria, Regulatory Position 6.4, describes in-place
testing of carbon adsorber filtration units to ensure that leakage (or bypass) is 0.05% or less when tested
with a challenge gas at rated flow +/- 10%. The challenge gas is readily adsorbed by the charcoal bed
such that no penetration through the charcoal is assumed for this test. All downstream gas is considered
to be due to leakage. Therefore, this test is not an indication of adsorbent material efficiency. Adsorbent
efficiency is determined by laboratory testing using methyl iodide. The adsorber section of the filtration
system is assigned the decontamination factor indicated in Regulatory Guide 1.52, Table 1: Laboratory
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Tests for Activated Carbon, based on meeting the conditions identified in Section 7, Laboratory Testing
Criteria forActivated Carbon, Regulatory Position 7.3. The in-place (leakage) testing and the laboratory
testing results are considered together when determining the decontamination factor for the adsorber
section of the filtration unit.
For the 2-inch activated charcoal bed depth, Regulatory Guide 1.52, Table 1, assigns a decontamination
factor of 95% based on meeting the in-place testing and laboratory testing requirements of Sections 6
and 7, respectively. DCD Table 6.4-1 specifies the Charcoal Iodine Removal Efficiency of 95% minimum,
which is consistent with the decontamination factor assigned in accordance with Regulatory Guide 1.52.

Impact on DCD

DCD Revision 2, Table 6.4-1 will be revised to specify the limit on impregnant in the activated charcoal
adsorber as follows:

Table 6.4-1 Main Control Room Emergency Filtration System - Equipment Specifications
Description I Specification
1. Main Control Room Emergency Filtration Units
Charcoal adsorber type Impregnated activated carbon (5% maximum

impreanant)

DCD Revision 2, Table 6.4-2, Item 4.1 Ic will be revised to remove the reference to the COL applicant
requirement, as follows:

Table 6.4-2 Main Control Room Emergency Filtration System - Comparison to Regulatory Guide 1.52
(Sheet 4 of 5)

No. Regulatory Position US-APWR Design
4.11c Adsorber design maximum loading to 2.5 Applicable to US-APWR design, including

milligram (mg) total iodine per gram ASME AG 1-2003. The COL Applicrmnt is
respe ......i. ble to d •etermine the lharcoal
adserber wcight, type and-dictribution

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

3/15/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO.689-4976 REVISION 2

SRP SECTION: 09.04.01 - CONTROL ROOM AREA VENTILATION SYSTEM

APPLICATION SECTION: DCD Sections 9.4.1

DATE OF RAI ISSUE: 02/03/2011

QUESTION NO.: 09.04.01-27

Follow-up RAI

This is a follow-up RAI question to RAI No. 582-4456, Question No. 09.04.01-19.

The staff recognizes that relative humidity varies f rom site to site and that all nuclear power plants may
not require control room humidifiers. However, some sites will require humidity control in the control room
to protect safety-related equipment. Extremely dry air can impact safety-related electrical equipment if the
equipment is not qualified for the dry conditions. In the nuclear industry, static charges have caused
actuations and reactor trips and other undesired occurrences. In the design certification process, a design
basis needs to be established for the control room ventilation system. Options include but are not limited
to establishing a minimum credible humidity for the site conditions permitted in the DC with no humidity
control to use for the qualification of control room electrical equipment or the use of safety-related
humidifiers.

- Please state the minimum humidity used for qualification of electrical equipment in the control room and
explain how the ventilation system will accomplish this without humidifiers.

ANSWER:

As discussed in DCD Section 3.11.1.2, the MCR is considered a mild environment. The environmental
qualification analysis for equipment located in the MCR is based on the normal environmental conditions,
which includes a relative humidity of 25 - 60% as indicated in Table 9.4-1, Area Design Temperature and
Relative Humidity. This is the normal environmental condition within the MCR to which the equipment is
exposed for its entire lifetime. The MCR HVAC system maintains relative humidity within the operating
range during normal plant operation with the installed non-safety related, seismic category 11 humidifier as
described in DCD Section 9.4.1.2.

Any potential degradation of electrical equipment due to low relative humidity would result from long-term
exposure to low humidity environmental conditions. Per DCD Appendix 31), Table 3D-2, US-APWR
Environmental Qualification Equipment List, the maximum post-accident operational duration required for
equipment located in the MCR is 2 weeks. Although the unavailability of the non-safety related control
room humidifier following an accident may result in a decrease in relative humidity within the MCR, the
environmental conditions would not be expected to be significant to electrical equipment qualification due
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to the relatively short required operational duration for safety-related electrical equipment located within
the MCR.

Impact on DCD

There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.
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