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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

April 9, 2009

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

Attention: Mr. Jeffery A. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-09151

Subject: MHI's Response to US-APWR DCD RAI No. 219-1908

Reference: 1) "Request for Additional Information No. 219-1908 Revision 0, SRP Section:
03.04.02 - Analysis Procedures, Application Section: 03.04.02," dated
2/26/2009.

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. 219-1908, Revision 0."

Enclosed are the responses to 4 RAIs 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 this submittal. His contact
information is provided below.

Sincerely,

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

Enclosure:

1. Responses to Request for Additional Information No. 219-1908, 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

4/9/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 219-1908 REVISION 0

SRP SECTION: 03.04.02 -Analysis Procedures

APPLICATION SECTION: 03.04.02

DATE OF RAI ISSUE: 02/26/09

QUESTION NO.: RAI 3.4.2-01:

1. RAI Text

In light of the NIST and FEMA report, Hurricane Katrina event had significantly exceeded the
base flood elevations by as much as 15 feet along parts of the Louisiana and Mississippi Gulf
Coast. Furthermore, if the Figure Cl-Probable Maximum Surge Estimates, Gulf Coast, in
Appendix C, "Simplified Methods of Estimating Probable Maximum Surges," of Regulatory Guide
1.59, is to be used, the updated info provided by the NIST findings needs to be considered for
PMF evaluations. The applicant is requested to verify that whether such update information
regarding the PMF will be considered and implemented into the US-AWPR DCD.

2. Concern:

To meet the requirements of GDC 2, 10 CFR 52.17, and 10 CFR Part 100, estimates of the
probable maximum hurricane (PMH) and the probable maximum storm surge, i.e., the storm
surge induced by the PMH, are needed. The PMH, as defined by NOAA NWS Report 23, should
be estimated for coastal locations that may be exposed to these events. If a PMH is not
considered as a design basis for the proposed site, documentation of the reasons should be
provided. The storm surge induced by the PMH should be estimated as recommended by
Regulatory Guide 1.59, supplemented by current best practices.

GDC 2 also requires that design bases for SSCs reflect appropriate consideration of the most
severe of the natural phenomena that have been historically reported for the site and the
surrounding region, with sufficient marqin for the limited accuracy and quantity of the historical
data and the period of time in which the data have been accumulated.

FEMA 548 report, Summary Report on Building Performance: Hurricane Katrina 2005, states that
"Katrina significantly exceeded the base flood elevations by as much as 15 feet along parts of the
Louisiana and Mississippi Gulf Coast. Flooding extended well beyond the inland limits of the
Special Flood Hazard Area, and the highest storm surge in U.S. history was recorded on the
Mississippi coast." Furthermore, in 2005 NIST coordinated a multi-organizational reconnaissance
on the performance and damage to physical structure due to Hurricanes Katrina and Rita. The
FEMA, U.S. Army Corps of Engineers, and other agencies participated in this reconnaissance
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effort. The principal findings of this initiative were documented in NIST Technical Note 1476,
Performance of Physical Structures in Hurricane Katrina and Hurricane Rita: A Reconnaissance
Report. Some of the key findings related to the floods are quoted below.

"In coastal areas and in New Orleans, storm surge was the dominant cause of damage. Storm
surge heights, in general, exceed the levels defined by existing flood hazard maps as well as
historical records. While design provisions exist to address storm surge and flooding, existing
flood hazard maps-which provide the basis for design of structures-are outdated and not
consistent with the risks posed by storm surge in these coastal areas. Better definition of the
storm surge hazard is required to appropriately apply existing design provisions and elevation
levels to mitigate the effects of storm surge on buildings and residences."

"The NIST-led team observed failures of the levees and floodwalls in New Orleans by three
different mechanisms: rotational failure of the floodwall-sheet pile system triggered by soil erosion
due to overtopping; massive erosion and scour of the earthen levee at the levee/floodwall junction
(with water overtopping); and sliding instability of the floodwall-levee system due to foundation
failure (without water overtopping). The foundation failures due to sliding instability at the above
breaches could have been possibly caused either by underseepage erosion or by shear failure
within the clay in the foundation beneath the levee and the floodwall."

As a part of its reconnaissance, NIST is making 23 recommendations for specific improvements
in the way that buildings, physical infrastructure, and residential structures are designed,
constructed, maintained, and operated in hurricane prone regions. It is important to note that
these recommendations may apply to other hurricane-prone regions of the country. The
recommendations 6-14 are associated with Standards, Codes, and Practices. These
recommendations address the need for development or modification of codes, standards, and
practices with a view toward improving the performance of building, physical structures, and
associated equipment in future hurricanes based upon the observed damage due to Hurricanes
Katrina and Rita. It is expected that this initiative will lead to better provision for flood design.

In addition to floods produced by severe hydrometeorological conditions, the most severe
seismically induced floods reasonably expected should be considered for each site. For example,
the seismically induced landslide along a lake, reservoir, river, or seashore, reasonably severe
wave action should be considered coincident with the probable maximum water level conditions.
Furthermore, along streams and estuaries, seismically induced floods may be produced by dam
failures. Along lakeshores, coastlines, and estuaries, seismically induced or tsunami-type flooding
should be considered.

3. Applicant References:

DCD Tier 2, Revision 1, Section 3.4 and Section 2.4.

4. Context

Structural integrity of Seismic Category I structures, which assures that SSCs important to safety
are protected, and not compromised according to GDC-2 in the Appendix A to Part 50 of 10 CFR.

5. Priority/Impact

Medium - information is essential to completing a technical review and resolving a safety issue of
PMF. The review can continue, but cannot be completed without the requested additional
information.
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6. Dependencies

Internal - There are interfaces with SRP Chapter 3.0, Section 3.4.2, and SRP Chapter 2,
Section 2.4.2, 2.4.3, 2.4.5, 2.4.6, and 2.4.12.

External - There are no external dependencies.

ANSWER:

As stated in DCD Section 2.0, the site-related parameters for the US-APWR bound an estimated
75% to 80% of the United States landmass.

Current COL information item COL 2.4(1) in DCD Tier 2 Table 1.8.2 and Section 2.4 require the
COL Applicant to verify that hydrologic-related events will not affect the safety-basis for the US-
APWR. A COL application is required to determine the maximum ground water elevation that may
occur from external flood and tsunami sources, including the probable maximum surge and
probable maximum hurricane estimates. Subsection 2.4.5 indicates that if applicable, the site-
specific data relating to surges and seiches includes the effects of seismic and non-seismic
information on the postulated design bases, and how the data relates to surge and seiche in the
vicinity of the site and the site region.

The US-APWR is designed for a maximum ground water elevation of 1 foot below plant grade as
well as a maximum level for flood or tsunami [including storm surge] of 1 foot below plant grade. If
a hydrologic-related event exceeds the design-basis parameters for the US-APWR, the COL
Applicant is required to provide a site-specific design to prevent a threat to the safety-basis of the
US-APWR. No change to the US-APWR DCD is therefore required to account for extreme site-
specific hydrologic-related events.

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

4/9/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 219-1908 REVISION 0

SRP SECTION: 03.04.02 -Analysis Procedures

APPLICATION SECTION: 03.04.02

DATE OF RAI ISSUE: 02/26/09

QUESTION NO.: RAI 3.4.2-02:

1. RAI Text

No specific codes or standards were identified in the DCD for flood load design that can provide
guidance for hydrostatic and hydrodynamics loads evaluations, such as that in the Chapter 5 of
ASCE-07-05, Shore Protection Manual, or Coastal Engineering Manual (U.S. Army Corps of
Engineers EM 1110-2-1100, 30 April 2002). The staff requests the applicant to provide
information on this subject.

2. Concern:

In SRP 3.4.2, "Analysis Procedures," the Accept Criteria Section specifies the criteria necessary
to meet the relevant requirements of GDC 2., where, in the case of a flood level below the
proposed plant grade only its hydrostatic effects need be considered; however, if the peak
maximum flood level is above the proposed plant grade the dynamic loads of wave action should
be considered. However, no specific code or standards were identified in flood design of the DCD
that can be used for hydrostatic and hydrodynamics loads evaluations, such as in the Chapter 5
of ASCE-07-05, ASCE.SEI-24-05 (Flood Resistant Design and Construction), Shore Protection
Manual, or Coastal Engineering Manual (U.S. Army Corps of Engineers EM 1110-2-1100, 30
April 2002).

3. Applicant References:

DCD Tier 2, Revision 1, Section 3.4.2 and Section 2.4.

4. Context

Structural integrity of Seismic Category I structures, which assures that SSCs important to safety
are protected, and not compromised according to GDC-2 in the Appendix A to Part 50 of 10 CFR.

5. Priority/Impact
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Medium - information is essential to completing a technical review and resolving a safety issue of
flood load design. The review can continue, but cannot be completed without the requested
additional information.

6. Dependencies

Internal - There are interfaces with SRP Chapter 3.0, Section 3.4.2

External - There are no external dependencies.

ANSWER:

As stated in DCD Section 2.4, the US-APWR is designed for a maximum ground water elevation
of 1 ft. below plant grade, as well as a maximum level for flood or tsunami of 1 ft. below plant
grade. As a result, the subject of above-grade hydrostatic and hydrodynamic loading in the
Shore Protection Manual and Coastal Engineering Manual are not applicable for the design of the
US-APWR standard plant. Therefore, these documents are not applicable as references in the
DCD.

Should site-specific conditions exist which require the evaluation of above-grade hydrostatic and
hydrodynamic loading, the COL Item 2.4(1) states the COL Applicant is to provide sufficient
information to verify that hydrologic-related events will not affect the safety-basis for the US-
APWR. The COLA may therefore utilize the Shore Protection Manual and Coastal Engineering
Manual as applicable for the analysis of the site-specific conditions.

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

4/9/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 219-1908 REVISION 0

SRP SECTION: 03.04.02 -Analysis Procedures

APPLICATION SECTION: 03.04.02

DATE OF RAI ISSUE: 02/26/09

QUESTION NO.: RAI 3.4.2-03:

1. RAI Text

In the case of Fp evaluation in Section 3.8.5.5.2 of Sliding Acceptance Criteria, only the passive
earth pressure was considered, and only the active pressure was used for Fh evaluation. As for
Fd evaluation for sliding caused by earthquake, only the active soil pressure was considered in
the DCD. The staff requests the applicant to provide the justification for these approaches.

2. Concern:

DCD Section 3.4.2, "Analyses Procedures," refers to DCD Sections 2.4 and 3.8 for guidance on
the loads and load combination (static and dynamics loads) due to ground water or flood level.

Structural acceptance criteria, discussed in detail in DCD Subsections 3.8.1.5 and 3.8.4.5, state
that the design soil conditions are as provided in DCD Section 2.5, and the site-specific COL is to
assure the design criteria listed in DCD Chapter 2, Table 2.0-1 is met or exceeded. It is known
that the soil response characterization (such as the effective stress level) has strong relation with
the ground water or flood water level. The load combinations applicable to the design of the
seismic category I nuclear island basemat include acceptance criteria for overturning, asid, and
flotation were described in DCD Table 3.8.5-1. On the subject related to the liquid loads, normally,
the vertical and lateral pressures of liquids are treated as dead loads except for external
pressures due to ground water which are treated as live loads. Hydrodynamic loads due to
seismic sloshing are calculated per ASCE Standard 4-98, and included in earthquake load Es, as
described in DCD Section 3.8.

Typical loads and load combinations are detailed in DCD Subsection 3.8.4.3, such as the Liquid
Load and Earth Pressure (H), where the passive and active earth pressures are used in the
"Sliding Acceptance Criteria" evaluation, which is described below.

Sliding Acceptance Criteria

The factor of safety against sliding caused by wind or tornado is identified by the ratio:

Fsa, = [Fs + Fp] I Fh, not less than Fss, as determined from Table 3.8.5-1,
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where

Fs,, = Structure factor of safety against sliding caused by wind or tornado

Fs = Shear (or sliding) resistance along bottom of structure basemat

Fp = Resistance due to maximum passive soil pressure, neglecting any contribution of surcharge

Fh = Lateral force due to active soil pressure, including surcharge, and tornado or wind load, as
applicable

The factor of safety against sliding caused by earthquake is identified by the ratio:

Fsse = [ Fs + Fp ] [ Fd + Fh ], not less than Fssl as determined from Table 3.8.5-1

where

Fsse = Structure factor of safety against sliding caused by earthquake

Fs = Shear (or sliding) resistance along the bottom of the basemat

Fp = Resistance due to maximum passive soil pressure, neglecting any contribution of surcharge

Fd = Dynamic lateral force, including dynamic active earth pressures caused by seismic loads

Fh = Lateral force due to all loads except seismic loads

In the case of Fp evaluation, only the passive earth pressure was considered in the DCD. It is not
clear whether the active earth pressure was also considered in the opposite side of building.
Moreover, from the conservative standpoint, the active earth pressure also needs to be
considered in the Fp evaluation. The same argument is also applied for the Fh evaluation, where
both the passive and active earth pressures need to be considered, and from the conservative
view point only the passive earth pressure needs be considered.

As for Fd evaluation for sliding caused by earthquake, only the active soil pressure was
considered in the DCD. In reality due to cyclic nature of the seismic loading, the passive earth
pressure also needs to be considered.

3. Applicant References:

DCD Tier 2, Revision 1, Section 3.4.2, and Section 3.8.5.

4. Context

Structural integrity of Seismic Category I structures, which assures that SSCs important to safety
are protected, and not compromised according to GDC-2 in the Appendix A to Part 50 of 10 CFR.

5. Priority/Impact

Medium - information is essential to completing a technical review and resolving a safety issue.
The review can continue, but cannot be completed without the requested additional information.

6. Dependencies

Internal - There are interfaces with SRP Chapter 3.0, Section 3.4.2, and Section 3.8.5.

External - There are no external dependencies.
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ANSWER:

The parameters for establishing the factors of safety against sliding, FS8 , and FSse, are defined in
DCD Subsection 3.8.5.2. The sum of the shear resistance along the bottom of the basemat and
resistance due to maximum passive soil pressure, F, + Fp, is applicable in the numerator of the
equation as the soil resistance capacity. The lateral wind or tornado forces in the equation
denominator, Fh, include active soil pressure that may develop as a result of soil displacement on
the negative side of the structure foundation.

Similarly, the dynamic lateral force that occurs due to seismic loads, Fd, is additive with Fh in the
equation denominator as the total applied lateral load. The total lateral load is still based on the
situ, or active, soil pressures that may develop as a result of soil displacement on the negative
side of the structure foundation. No passive soil pressures are applicable as an applied load.
Therefore, Fd correctly identifies the dynamic lateral force as including dynamic active earth
pressures caused by seismic loads, and no change to the DCD is required.

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

4/9/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 219-1908 REVISION 0

SRP SECTION: 03.04.02 - Analysis Procedures

APPLICATION SECTION: 03.04.02

DATE OF RAI ISSUE: 02/26/09

QUESTION NO.: RAI 3.4.2-04:

1. RAI Text

The loads and load combinations are described in the Subsection 3.8.4.3 of the DCD. The
earthquake load is considered with both terms of Es and Ess. This may cause some confusion.
Furthermore, in the DCD Es was formally defined as Young's modulus, not earthquake load.
Thus, the staff requests the applicant to provide a consistent definition for earthquake load.

2. Concern:

Typical loads and load combinations are detailed in Subsection 3.8.4.3. Load combinations to be
utilized for the design of the containment internal structure include hydrostatic, pressure, and
thermal loads as summarized below. Hydrostatic loads reflect the water inventory and its location
during various plant conditions. Seismic category I concrete structures are designed for impulsive
and impactive loads in accordance with the ACI 349 Code (Reference 3.8-8 of the DCD), and
special provisions of Appendix C of the same code, with exceptions given in RG 1.142.

In Liquid Loads (F) category, hydrodynamic loads due to seismic sloshing are calculated per
ASCE Standard 4-98, and included as part of the earthquake load, which is defined as Es in the
DCD. However, in Earth Pressure (H) category, the dynamic soil pressure induced during an SSE
event, is considered as an earthquake load, in this case the earthquake load is defined as Ess.
which appears not to be self-consistent and Es may be confused with the term defined for
Young's modulus.

3. Applicant References:

DCD Tier 2, Revision 1, Section 3.4, and Section 3.8.

4. Context

Structural integrity of Seismic Category I structures, which assures that SSCs important to safety
are protected, and not compromised according to GDC-2 in the Appendix A to Part 50 of 10 CFR.

5. Priority/Impact
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Medium - information is essential to completing a technical review and resolving a safety issue.
The review can continue, but cannot be completed without the requested additional information.

6. Dependencies

Internal - There are interfaces with SRP Chapter 3.0, Section 3.4.2, and Section 3.8.5.

External - There are no external dependencies.

ANSWER:

The term E, in Subsection 3.8.4.3.2 was intended to refer in general to earthquake-induced
sloshing. To prevent misinterpretation, the term will be replaced by a reference to the seismic
load subsection.

Impact on DCD

See Attachment 1 for the mark-up of DCD Tier 2, Section 3.8, Revision 2, changes to be
incorporated.

Change the fourth sentence in Subsection 3.8.4.3.2 to: "Hydrodynamic loads due to
seismic sloshing are calculated per ASCE Standard 4-98 (Reference 3.8-34), and
included in the earthquake load as described in Subsection 3.8.4.3.6."

Impact on COLA

There is no impact on the COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's responses to the NRC's questions.
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3. DESIGN OF STRUCTURES, US-APWR Dý ATTACHMENT I

SYSTEMS, COMPONENTS, AND EQUIPMENT to RAI 219-1908

malevolent vehicle assault, aircraft impact, and accidental explosion are taken as Wt in
load combination 5 in accordance with RG 1.142 (Reference 3.8-19), Regulatory
Position 7. Externally generated loads are not normally postulated to occur
simultaneously with abnormal plant loads; however, the applicable loads and the related
load combinations are determined on a case-by-case basis.

3.8.4.3.1 Dead Loads (D)

Dead loads are taken as the weight of all permanent construction/installations including
fixed equipment and tanks. Uniform and/or concentrated dead loads are generally
utilized for design of individual members. Equivalent dead loads are used during global
analyses as conservative uniform load allowances of minor equipment and distribution
systems, including small bore piping.

3.8.4.3.1.1 Dead Loads (Uniform and/or Concentrated)

Dead loads include the weight of structures such as slabs, roofs, decking, framing
(beams, columns, bracing, and walls), and the weight of permanently attached major
equipment, tanks, machinery, cranes, elevators, etc. The deadweight of equipment is
based on its bounding operating condition including the weight of fluids. In addition,
permanently attached non-structural elements such as siding, partitions, and insulation
are included. Dead loads of cranes and elevators do not include the rated capacity lift or
impact.

3.8.4.3.1.2 Equivalent Dead Load (Uniform)

Equivalent dead load includes the weight of minor equipment not specifically included in
the dead load defined in Subsection 3.8.4.3 and the weight of piping, cables and cable
trays, ducts, and their supports. It also includes fluid contained within the piping and
minor equipment under operating conditions. Floors are checked for the actual
equipment loads. To account for permanently attached small equipment, piping,
ductwork and cable trays, a minimum equivalent dead load of 50 lb/ft2 is applied.
Where piping, ductwork, or cable trays are supported from platforms or walkway beams,
actual loads may be determined and used in lieu of a conservative loading.

For floors with a significant number of small pieces of equipment (e.g., electrical cabinet
rooms), the equivalent dead load is determined by dividing the total equipment weight by
the floor area that effectively supports the equipment within the room, plus an additional
50 lb/ft2.

3.8.4.3.2 Liquid Loads (F)

The vertical and lateral pressures of liquids are treated as dead loads except for external
pressures due to ground water which are treated as live loads. The effects of buoyancy
and flooding on SSCs are considered, where applicable. Structures supporting fluid
loads during normal operation and accident conditions are designed for the hydrostatic
as well as hydrodynamic loads. Hydrodynamic loads due to seismic sloshing are
calculated per ASCE Standard 4-98 (Reference 3.8-34), and included in the earthquake
load E-, as described in Subsection 3.8.4.3.6. For the purposes of evaluating flotation in
Subsection 3.8.5.3, Fb is the buoyant force of the design-basis flood or high ground
water table, whichever is greater.

Tier 2 3.8-49 i Revision 42


