
Ak
MITSUBISHI HEAVY INDUSTRIES, LTD.

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

January 19, 2010

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-10010

Subject: MHI's Responses to US-APWR DCD RAI No. 485-3825

Reference: 1) "Request for Additional Information No. 485-3825 Revision 0, SRP Section:
3.6.3 - Leak-Before-Break Evaluation Procedures, Application Section:
3.6.3" dated 11/9/2009.

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. 485-3825, Revision 1."

Enclosed are the responses to 8 RAIs 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. Responses to Request for Additional Information No. 485-3825, Revision 1

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

1/18/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 485-3825 REVISION 1

SRP SECTION: 3.6.3 - Leak-Before-Break Evaluation Procedures

APPLICATION SECTION: 3.6.3

DATE OF RAI ISSUE: 11/9/2009

QUESTION NO. RAI 03.06.03-18:

In the original question RAI 3.6.3-3, the staff asked about the evaluations to demonstrate that
stress corrosion cracking will not impact the structural integrity of piping. The staff finds that the
applicant has addressed why SCC and PWSCC are not a potential source of pipe rupture and has
provided additional information on the selection of pipe material grades and weld alloys that are
resistant to cracking to PWSCC. However, there is a statement in the second paragraph on the
applicant's response (reference 1) that appears to indicate that materials susceptible to PWSCC
are used.. The applicant stated the following:

"The only material in existing PWR plants that has exhibited susceptibility to PWSCC is
Alloy 600 and its compatible weld filler metals, Alloy 82/182. These materials are found in
the dissimilar metal welds joining the ferritic nozzles to the stainless steel piping or
safe-ends."

The applicant should clarify if the second sentence above should read, "These materials are NOT
found in the dissimilar metal welds joining the ferritic nozzles to the stainless steel piping or
safe-ends in the US-APWR DCD." Or, similarly, "These materials are found in the dissimilar metal
welds of operating reactors joining the ferritic nozzles to the stainless steel filler metals, Alloy
82/182; but, are not used in the US-APWR plant." This would be consistent with the first paragraph
of the applicant's response which indicated that dissimilar metal welds joining the piping and
ferritic nozzles will be constructed with Alloy 52M/1 52 nickel-based weld filler metal. The staff finds
that the applicant's response is acceptable, but the answer appears to have an inconsistent
statement regarding the materials used in the dissimilar metal welds joining the ferritic nozzles to
the stainless steel piping that needs to be clarified.

Reference:
1. MHI's Response to US-APWR DCD RAI No. 210-1948; dated April 23, 2009; MHI
Ref: UAP-HF-09186; ADAMS accession number ML091170059

ANSWER:

The intent of the sentence in question was to state that the PWSCC-susceptible materials are
found in the dissimilar metal welds joining ferritic nozzles to stainless steel piping or safe-end of
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existing operating nuclear power plants only. Thus, for better clarity the sentence can be modified
to read as:

These materials are found in the dissimilar metal welds of operating nuclear reactors joining the
ferritic nozzles to stainless steel piping or safe-ends and will not be used in the US-APWR plant.

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

1/18/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 485-3825 REVISION 1

SRP SECTION: 3.6.3 - Leak-Before-Break Evaluation Procedures

APPLICATION SECTION: 3.6.3

DATE OF RAI ISSUE: 11/9/2009

QUESTION NO. RAI 03.06.03-19:

In the original question RAI 3.6.3-5, the staff requested additional information on the design
features and operational and maintenance controls that will be in place to prevent water hammer.
In its response (reference 1), the applicant provided clarifications and additional information on the
methods used to prevent water hammer. The applicant concluded that with these clarifications and
additional information and with the requirements that will be included in the operation manual, no
additional changes to the DCD or a COL is necessary. The information provided in the response is
consistent with the requirements necessary to prevent and mitigate water hammer and that
including strict venting requirements prior to operation in the operations manual will help to prevent
water hammer. However, the applicant stated that these requirements are items that will be
specified in the operations manual indicating they currently do not exist. During the design
certification stage, there is no means for the staff to confirm that these requirements have been
included in the operations manual, which will be written later. Therefore, the staff requests that the
applicant add an appropriate commitment (COL item or ITAAC or other) to insure that instructions
to prevent and mitigate water hammer for the RCL branch piping and Main Steam Lines included
in the LBB analyses will be included in the operations manual. Additionally, the applicant should
provide a discussion or commitment to minimize the use of elbows and miters to reduce the effects
of steam and water hammer.

The staff requests that the applicant provide the requested appropriate commitments to allow the
staff to complete its review requirements as identified in NUREG-0800 section 3.6.3.

Reference:
1. MHI's Response to US-APWR DCD RAI No. 210-1948; dated April 9,2009; MHI Ref:
UAP-HF-09148; ADAMS accession number ML091040323

ANSWER:

For RCL branch piping, MHI agrees to add new COL information item to provide operating and

maintenance procedures to address water hammer.

For Main Steam Lines, COL item 10.3(3) is included in DCD Revision 2.
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Impact on DCD

See Attachment 1 for the mark-up of DCD Tier 2, Section 3.6, changes to be incorporated.

" Change the last sentence of the fourth paragraph in Subsection 3.6.3.3.1 to the following:

"Water hammer is not experienced in RCL branch piping other than in these areas and the
piping is designed to preclude the voiding condition according to operation at a pressure
greater than the saturation pressure of the coolant. Furthermore, no valve that requires
immediate action, such as pressurizer safety valve or relief valve, is present in the piping.
Also, proper operating and maintenance procedures will be performed to prevent water
hammer. The COL Applicant is to develop a milestone schedule for implementation of the
operating and maintenance procedures for water hammer prevention. The procedures are
to address plant operating and maintenance requirements to provide adequate measures
to prevent water hammer due to a voided line condition."

" Change COL3.6(10) in Subsection 3.6.4 to the following: "The COL Applicant is to develop
a milestone schedule for implementation of the operating and maintenance procedures for
prevention of water hammer."

See Attachment 2 for the mark-up of DCD Tier 2, Section 1.8, changes to be incorporated.

Add COL3.6(10) in Table 1.8-2 (sheet 6 of 44) to the following: "The COL Applicant is to
determine the allowable dynamic bearing capacity based on site conditions, including the
properties of fill concrete placed to provide a level surface that matches the bottom of
foundation elevations, and to evaluate the bearing load to this capacity."

COL ITEM NO. COL ITEM

COL 3.6(8) Deleted

COL 3.6(9) Deleted

COL 3.6(10) The COL Applicant is to develop a milestone schedule for
implementation of the operating and maintenance procedures for
water hammer prevention.

COL 3.7(1) The COL Applicant is to confirm that the site-specific PGA at the
basemat level control point of the CSDRS is less than or equal to 0.3 g.

Impact on COLA

The resolution regarding COL 3.6(10) that describes milestone schecdule for implementation of the
procedure will be added to FSAR Subsection 3.6.3.

Impact on PRA

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

1/18/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 485-3825 REVISION 1

SRP SECTION: 3.6.3 - Leak-Before-Break Evaluation Procedures

APPLICATION SECTION: 3.6.3

DATE OF RAI ISSUE: 11/9/2009

QUESTION NO. RAI 03.06.03-20:

The original RAI 3.6.3-6 covered US-APWR section 3.6.3.3.5 which addresses low-cycle and high
cycle fatigue and states that the US-APWR is designed to address the potential for fatigue failures.
The applicant was asked what specific design features are used to reduce the potential for fatigue
failures in addition to the application of the ASME Code Section II1. The applicant was also asked
to clarify what operational controls are in place for vibration induced fatigue for the US-APWR
design and to provide additional information on the methods used to mitigate the potential for
fatigue failures.

In its response (reference 1), the applicant stated that to reduce the potential for low cycle fatigue
failures, the following design features are used:

1) water solid condition during startup and cool down, and
2) application of butt weld instead of socket weld.

The applicant also stated that because reactor coolant pump (RCP) vibration induces RCS piping
vibration, design features are used to monitor vibrations at shaft, lower and upper frames of the
RCP and to alarm when vibration exceeds the limit. This vibration monitoring and associated limits
will be specified and controlled in the RCP operating instruction manual. The staff finds that the
overall direction of the applicant's response is acceptable, but the applicants' response is
incomplete. The applicants' statement "water solid condition during startup and cool down" could
be described as an operational control/requirement, and from the brevity of the statement, it is
unclear how this reduces the potential for fatigue failures. The applicant should provide a more
complete description of the design features used to reduce the potential for fatigue failures and
provide additional detail on the design features used to monitor vibrations (other than the RCPs) in
the RCS piping. In addition, the applicant should also describe in more detail what measures will
be taken to minimize thermal stratification effects in the main steam line and the surge line piping.

Reference:
1. MHI's Response to US-APWR DCD RAI No. 210-1948; dated April 9, 2009; MHI Ref:
UAP-HF-09148; ADAMS accession number ML091040323
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ANSWER:

At the horizontal portion of the pressurizer surge line piping, thermal stratification is expected to
occur and disappear cyclically due to alternate in-surge flow and out-surge flow, and will cause
cyclic stress on pressurizer surge line piping and nozzle. This stress becomes larger if the
temperature difference between pressurizer and RCL hot leg becomes larger, such as plant
heat-up and cool-down. US-APWR applies water solid mode at plant heat-up and cool-down which
results in decrease of the cyclic stress.

Mainly, there are two kinds of operating mode at plant heat-up and cool-down as follows;

(1) Steam Bubble Mode
A Pressurizer steam region bubble is formed at the beginning of the startup and disappears at the
end of the cool-down in order to prevent low temperature overpressure. The temperature
difference between pressurizer and RCL hot leg becomes relatively large at this operating mode
(over 300oF).

(2) Water Solid Mode
A Pressurizer steam region bubble is formed after RCS temperature is increased to about 350'F at
plant startup and disappears after RCS temperature is decreased to about 350'F during plant cool
-down. The temperature difference between the pressurizer and RCL hot leg becomes relatively
small during this operating mode (about 100°F).

As described in DCD Tier 2 Revision 2, Subsection 3.9.2.1, vibration testing will be conducted for
RCL piping system as part of the initial test program (ITP). Vibration test is implemented to verify
that RCL piping will remain within acceptable limits when subjected to piping vibrations.

For the main steam line, no thermal stratification is expected to occur. For the surge line piping, it
is hard to prevent thermal stratification since it occurs due to in-surge flow and out-surge flow. The
US-APWR considers thermal stratification in the stress evaluation of surge line piping and nozzle,
and it is confirmed that cumulative usage factor of these portions of the piping are less than 1.

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

1118/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 485-3825 REVISION I

SRP SECTION: 3.6.3 - Leak-Before-Break Evaluation Procedures

APPLICATION SECTION: 3.6.3

DATE OF RAI ISSUE: 1119/2009

QUESTION NO. RAI 03.06.03-21:

The original RAI 3.6.3-9 commented on the reference the applicant cited as the source for the
Ramberg-Osgood stress-strain curve and the J-T curve used for the LBB evaluation of the main
steam piping. The staff asked for an alternative reference as an appropriate source for the
Ramberg-Osgood and J-T curves that will be applied to develop BAC curves for the US-APWR
main steam piping. In its response (reference 1), the applicant described an alternate procedure
which has been evaluated against ferritic piping and weld material data that are published in the
Pipe Fracture Encyclopedia, Test Data -Volume 3 (USNRC, December 1997) and summarized in
Appendix B of NUREG/CR-6004. The staff finds that the overall direction of the applicants'
response is acceptable as it did provide clarification and alternate references for material
properties for the main steam line piping. However, the applicants' response does not address
necessary corrections to the DCD. There was no discussion on revising the text and deleting the
incorrect reference (3B-16) to the ESBWR DCD in Appendix 3B of the USAPWR. The staff
requests that the applicant revise the US-APWR Appendix 3B to include the approach described in
their response to RAI 3.6.3-9 and to add references to the Pipe Fracture Encyclopedia, Test Data
-Volume 3 USNRC, December 1997 and to NUREG/CR-6004 Appendix B.

The staff requests that the applicant provide the requested revisions to allow the staff to complete
its review requirements as identified in NUREG-0800 section 3.6.3.

Reference:
1. MHI's Response to US-APWR DCD RAI No. 210-1948; dated April 9, 2009; MHI Ref:
UAP-HF-09148; ADAMS accession number ML091040323

ANSWER:

Revision 2 of DCD Appendix 3B includes the approach described in the response to RAI 3.6.3-9,
and NUREG/CR-6004 is included as Reference 3B-13. The Pipe Fracture Encyclopedia, Test Data
-Volume 3 USNRC, December 1997, forms the basis of the methodology in NUREG/CR-6004.

It is noted in the next to last paragraph of Subsection 3B.2.2.2 that the reference number for
NUREG/CR-6004 needs to be corrected to Reference 3B-13. In addition, Subsection 3B.2.2.2
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will directly reference Appendix B of the NUREG, and the Pipe Fracture Encyclopedia, Test Data -
Volume 3, will also be added as Reference 3B-14.

Impact on DCD

See Attachment 3 for the mark-up of DCD Tier 2, Appendix 3B, changes to be incorporated.

" The second sentence of the next to last paragraph of Subsection 3B.2.2.2 is to be
changed to the following: "Review of the curves against actual test data from the literature
(e.g. Appendix B of NUREG/CR-6004 [Reference 3B-13] and Pipe Fracture Encyclopedia,
Test Data - Volume 3 [Reference 3B-14]) has shown that the J-T curves should be
achievable."

" Add the following reference to the end of Section 3B.5:

3B-14 Pipe Fracture Encyclopedia, Test Data - Volume 3, U.S. Nuclear Regulatory
Commission, December 1997.

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

1/18/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 485-3825 REVISION 1

SRP SECTION: 3.6.3 - Leak-Before-Break Evaluation Procedures

APPLICATION SECTION: 3.6.3

DATE OF RAI ISSUE: 11/9/2009

QUESTION NO. RAI 03.06.03-22:

In original question RAI 3.6.3-10, the applicant was asked about the BAC curves of Figures 38-11
through 36-17 which show a lower cutoff on the normal stress axis that serves as a minimum
value of normal stress for the curve. Section 3B.3.1.1 of Appendix B of the DCD describes the
steps used to construct the BAC plots. The applicant's response (reference 1) does not appear to
be entirely consistent. The applicant clarified that they used an equation that results in a more
realistic but smaller stress value. However, the use of a more realistic smaller stress value does
not appear to be conservative when considering the BAC methodology. As stated in Appendix 3B
of the DCD, "The area below the BAC is a leak mode and that beyond the BAC is the failure
mode." Using an approach that results in a smaller stress value would appear to reduce the "failure
mode" area, which may not be conservative in all cases. The applicant also stated, "In the piping
design, the membrane stress is conservatively obtained by the equation included within the
associated NRC question" which is not consistent with the earlier discussion that a more realistic
smaller stress value using the closed end assumptions were used. The staff requests that the
applicant provide additional information to resolve these apparent inconsistencies in their
response and to clearly define the most conservative approach for calculating the membrane
stress.

The staff requests that the applicant provide the requested additional information to allow the staff
to complete its review requirements as identified in NUREG-0800 section 3.6.3.

Reference:
1. MHI's Response to US-APWR DCD RAI No. 210-1948; dated April 9, 2009; MHI Ref:
UAP-HF-09148; ADAMS accession number ML091040323

ANSWER:

In the BACs of Figures 38-11 through 38-17, the maximum stresses and the normal stresses are
not independent. Using a lower normal stress increases the leakage crack length which in turn
reduces the maximum allowable stress. Therefore, for a lower normal stress, the BAG shifts to the
left. This actually changes the domain of stress combinations where LBB can be applied rather
than reducing the failure area for a given range of normal stresses.
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Further, it is noted that the BAC is based on the smaller realistic stress for both the normal stress
case and the maximum stress case, thus resulting in the "failure mode" area that incorporates the
minimum normal stress that can exist for a given system (e.g., heatup/cooldown surge line BAC in
Figure 3B-13). Also, the statement that the membrane stress was calculated using the more
conservative Code method only applies to the ASME Code piping analysis, not the LBB analysis.
It is also noted that the BAC curves are based on nominal wall thickness, whereas the piping
assessment is based on the minimum wall thickness further assuring conservatism.

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

1/1812010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 485-3825 REVISION 1

SRP SECTION: 3.6.3 - Leak-Before-Break Evaluation Procedures

APPLICATION SECTION: 3.6.3

DATE OF RAI ISSUE: 11/9/2009

QUESTION NO. RAI 03.06.03-23:

In original RAI 3.6.3-11, the applicant was asked about the basis for performing the LBB evaluation
on the main steam piping. The BAC curve for the main steam piping addresses the operation
temperature of 535°F. Standard Review Plan 3.6.3 (Section 111.11.B.iv) cites the need for
calculations to address possible fracture at temperatures lower than the temperature of normal
operation (e.g., hot standby). These calculations would account for the possibility of reduced
toughness at the lower temperatures. The applicant was asked to provide additional information
on the basis for performing the LBB evaluation for the main steam piping only for the normal
operating temperature.

The staff finds that the overall direction of the applicants' response (reference 1) is acceptable, but
the applicants' response is incomplete. The applicant clarified the reduction in the loads for the
main steam line but did not directly address the question of material toughness. Specifically, the
reduced toughness of the main steam line material at lower temperatures. It is understood that the
pressures and the loads will be reduced at lower temperatures, however, the applicant should
clarify whether or not the reduced material toughness for lower temperature conditions would be a
concern even under the lower loads (e.g., is there a concern that the toughness is decreasing
faster than the loads). Additionally, the response does not clearly identify the basis for Pmax and
Mtmax. Are they based on material toughness or some other material limitation. The staff requests
the applicant clarify the responses concerning the main steam line material toughness and provide
the additional information to ensure NUREG-0800 section I1.11.B.iv has been properly addressed.

The staff requests that the applicant provide the additional information to allow the staff to
complete its review requirements as identified in NUREG-0800 section 3.6.3.

Reference:
1. MHI's Response to US-APWR DCD RAI No. 210-1948; dated April 9, 2009; MHI Ref:
UAP-HF-09148; ADAMS accession number ML091040323

ANSWER:

The Pmax and Mtmax are just the maximum pressure and maximum thermal expansion moment at
the lower temperature operating conditions. Thus, they relate to the loading, not material
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properties. Dead weight moment stress, normally expected to be quite small, would remain the
same with reduced operating temperatures. In addition, the probability of the design basis
earthquake occurring during the short duration of lower temperature conditions is quite low. The
table provided in the response was intended to demonstrate that load reduction would be very
significant and monotonic with reduced temperature. At the same time it is not expected that the
reduction in toughness would be nearly as significant.

Note that consideration of lower temperature conditions is a reasonable approach for reactor
coolant piping components, where the pressure and loading conditions might not be reduced for
conditions such as hot standby or conditions where the plant is transitioning from steam generator
to residual heat removal cooling.

From limited test data available (see the figure below obtained from Deqraded Pipinq Program
Experiment Number 4111-1 using SA-333 Grade 6 carbon steel
material in the PIPE Fracture Encyclopedia, Test Data - Volume 3, USNRC, December 1997) it is
clearly shown that the decrease in absorbed energy in a Charpy V-Notch impact test (a measure of
fracture toughness) is small except at very low (close to sub-zero) temperatures. Thus, any
decrease in fracture toughness is expected to be less than the reduction in loads.
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Impact on DCD

There is no impact on the DCD.
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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

1118/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 485-3825 REVISION 1

SRP SECTION: 3.6.3 - Leak-Before-Break Evaluation Procedures

APPLICATION SECTION: 3.6.3

DATE OF RAI ISSUE: 1119/2009

QUESTION NO. RAI 03.06.03-24:

In original question RAI 3.6.3-12, the staff identified that two BAC plots provided in Section 3.6.3
for the surge line. Figure 3B-11 is for normal operation at a pressure of 2235 psi and a temperature
of 6530 F, whereas Figure 3B-12 is for a pressure of 400 psi and a temperature of 449°F. The
applicant was asked about the significance of the loading condition at the lower temperature and
pressure used for Figure 3B-12. The staff requested additional information and the rationale for
selecting the loading condition.

In its response (reference 1), the applicant stated that this condition represents the time during
heatup and cooldown of the plant, where the pressurizer is heated (the saturation pressure at
449°F is 418 psia) and the reactor coolant loop piping temperature may be relatively low
(especially during heatup). For this condition, the maximum thermal stratification can exist in the
surge line piping. The applicant stated this curve is in the process of being revised to reflect that
the normal operating stress will be that associated with normal plant operation, since it is during
the normal plant operating conditions that the leakage must be detected, not taking credit for the
stratification stresses that will occur at the low temperature conditions. The staff finds that the
direction of the applicant's response is acceptable since it clarified the load conditions. However,
the response needs clarify that applicant will be selecting load combinations that will result in the
least favorable conditions for normal operations. In addition, consistent with NUREG-0800 section
111.11 .B.iv, the applicant should use material properties (toughness) that reflect the least favorable
conditions considering both normal operation and conditions like hot standby where pipe break
would present safety concerns similar to normal operation. The staff requests that the applicant
provide additional information and clarify, that the revised curve reflects the least favorable
conditions for stresses and material properties.

The staff requests that the applicant provide the additional information to allow the staff to
complete its review requirements as identified in NUREG-0800 section 3.6.3.

Reference:
1. MHI's Response to US-APWR DCD RAI No. 210-1948; dated April 9, 2009; MHI Ref:
UAP-HF-09148; ADAMS accession number ML091040323
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ANSWER:

The condition chosen for normal operation, with no stratification, is the condition where minimum
leakage would occur during plant normal operation. The loading combination considers only the
pressure, thermal expansion and dead weight stresses in the piping, leading to the minimum crack
opening displacement for purposes of leakage detection.

The BAC curves have been recently revised, recognizing that those originally submitted were
based on leakage determination at a transient condition at hot standby. Since the revised BACs for
low temperature hot standby and normal operation are almost the same, the one for the normal
operation (Figure 313-12 at 653'F) is more conservative than the BAC for the thermal stratification
case (Figure 313-13 at 449'F) as material properties becomes less favorable at higher
temperatures. Therefore, we propose to remove Figure 313-13 from the DCD and use only Figure
3B-1 2 for the surge line BAC for all load combinations (with or without thermal stratification).

The low temperature condition chosen for evaluation was consistent with the cond ition where a
steam bubble was being drawn (or collapsed) in the pressurizer giving rise to thermal stratification
loads in the surge line. For this condition, the properties used in the evaluation were at the
minimum temperatures, where material strength would be higher, reflecting a more favorable
condition for stresses as material properties change with temperature. For all conditions with
temperature greater than the low temperature conditions of Figure 313-13, the BAC of 313-12 would
be used.

Note that SRIP 3.6.3, Section 11.B.iv is not applicable to stainless steel materials. Since the
analysis for the surge line is based on limit load analysis, it is appropriate to use the Code
minimum yield and ultimate tensile strengths at normal operating conditions. It should also be
noted that the yield and ultimate strengths for stainless steel do not decrease at lower temperature,
such that use of the maximum temperature value is conservative.

Impact on DCD

See Attachment 4 for the mark-up of DCD Tier 2, Appendix 3B, changes to be incorporated.

0 Figure 313-13 is to be deleted.

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

1/18/2010

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 485-3825 REVISION I

SRP SECTION: 3.6.3 - Leak-Before-Break Evaluation Procedures

APPLICATION SECTION: 3.6.3

DATE OF RAI ISSUE: 11/9/2009

QUESTION NO. RAI 03.06.03-25:

Appendix 3B, Table 3B-1 and Figure 3B-5 which provide critical inputs to the LBB evaluation for
the main steam piping. This is the only piping in the submittal that is constructed of ferritic steel
and, as such, requires a more complex tearing instability analysis. The applicant was asked to
justify that these inputs provide a conservative or bounding basis for the LBB calculations. The
applicant was also asked to provide additional information and the steps that will be taken to verify
that the selected Ramberg-Osgood stress strain curve and (J-T) mat curve are suitable bounds for
the properties of the as-built main steam piping.

In its response (reference 1), the applicant described an alternate approach which has been
developed where minimum acceptable material properties will be specified for procurement of
main steam line piping materials and qualification of the welding processes. Fracture mechanics
instability analysis has been conducted for a range of material yield and ultimate tensile strength
properties based on the stress-strain curve shape using ASME Code minimum properties. From
this analysis, a minimum required J-T curve is developed that is a function of the actual measured
base metal yield and ultimate tensile strengths at the time of piping procurement. The procedure
has been evaluated against ferritic piping and weld material data that are published in the Pipe
Fracture Encyclopedia Test Data - Volume 3 (USNRC, December 1997) and summarized in
Appendix B of NUREG/CR-6004. The staff finds that the overall direction of the applicants'
response is acceptable as it provides clarification, and alternate references for material properties
for the main steam line piping. However, the applicants' response does not address necessary
corrections to the DCD. There was no discussion on revising the text and deleting the incorrect
reference (38-16) to the ESBWR DCD in Appendix 3B of the US-APWR. The staff requests the
applicant revise Appendix 3B to the US-APWR to include the approach described in their response
to RAI 3.6.3-14 and to add references to the Pipe Fracture Encyclopedia, Test Data - Volume 3
USNRC, December 1997 and to NUREG/CR-6004 Appendix B.

The staff requests that the applicant provide the additional information to allow the staff to
complete its review requirements as identified in NUREG-0800 section 3.6.3.
Reference:
1. MHI's Response to US-APWR DCD RAI No. 210-1948; dated April 9, 2009; MHI Ref:
UAP-HF-09148; ADAMS accession number ML091040323
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ANSWER:

Refer to the response for Question 3.6.3-21 of this RAI.

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.

This completes MHI's responses to the NRC's questions.
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assure integrity of piping and support design. However, LBB criteria are not applied to
these piping.

As to other RCL branch piping, water hammer has been reported for ECCS piping in the
past. In US-APWR, however, operational control is applied in a way that avoids water
hammer.

Water hammer is not experienced in RCL branch piping other than in these areas and
the piping is designed to preclude the voiding condition according to operation at a
pressure greater than the saturation pressure of the coolant. Furthermore, no valve that
requires immediate action, such as pressurizer safety valve or relief valve, is present in
the. piping. Also, proper operating and maintenance procedures will be performed to
prevent water hammer. The COL Applicant is to develop a milestone schedule for
implementation of the operating and maintenance procedures for water hammer
prevention. The procedures should address the plant operating and maintenance
procedures for adequate measures to avoid water hammer due to a voided line condition.

From the 'above reasons, water hammer is not anticipated to occur regarding RCL
branch piping that LBB criteria is applied.

Main Steam Piping

Steam hammer in the main stem line is prevented by the design features included in
system design. These features include prevention of slug formation by use of drain pots
and proper sloping of the line. The following system design provisions address concerns
regarding steam hammer within the main steam line and identify the significant dynamic
loads included in the main steam piping design.

Protection against the potential occurrence of steam hammer is provided through
operations and maintenance procedures that provide for slowly heating up (to avoid
condensate formation from hotter steam on colder surfaces), caution against fast closing
of the main steam isolation valves except when necessary, and emphasize proper
draining.

A turbine trip, which initiates a rapid closure of the stop valve, is a design condition
analyzed for the safety-related portion of main steam piping and associated components.
This stress analyses assure that rapid valve closure does not challenge the integrity of
piping. Therefore, the main steam piping is adequately designed to sustain steam
hammer or similar high frequency hydrodynamic events.

3.6.3.3.2 Creep Damage

Pipe materials are selected to satisfy operational temperature limits not to exceed 700'F
for ferritic steel piping and not to exceed 800'F for austenitic stainless steel piping.
Therefore, the piping is designed to operate at temperatures less than that for which
creep and creep-fatigue is a concern.

Tier 2 3.6-26 Revision 23
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COL 3.6(3)

COL 3.6(4)

COL 3.6(5)

COL 3.6(6)

COL 3.6(7)

COL 3.6(8)

COL 3.6(9)

COL 3.6(10)

Deleted

The COL Applicant is to implement the criteria for defining break and
crack locations and configurations for site-specific high-energy and
moderate-energy piping systems. The COL Applicant is to identify
the postulated rupture orientation of each postulated break location
for site-specific high-energy and moderate-energy piping systems.
The COL Applicant is to implement the appropriate methods to
assure that as-built configuration of site-specific high-energy and
moderate-energy piping systems is consistent with the design intent
and provide as-built drawings showing component locations and
support locations and types that confirms this consistency.

Deleted

Deleted

Deleted

Deleted

Deleted

The COL Applicant is to develop a milestone schedule for
implementation of the operating and maintenance procedures for
water hammer prevention.

3.6.5 References

3.6-1 Domestic Licensing of Production and Utilization Facilities, Energy. Title 10,
Code of Federal Regulations, Part 50, U.S. Nuclear Regulatory Commission,
Washington, DC.

3.6-2 Plant Design for Protection Against Postulated Piping Failures in Fluid
Systems Outside Containment, Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants. NUREG-0800, SRP 3.6.1, Rev.3,
U.S. Nuclear Regulatory Commission, Washington, DC, March 2007.

3.6-3 Determination of Rupture Locations and Dynamic Effects Associated with the
Postulated Rupture of Piping, Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants. NUREG-0800, SRP 3.6.2, Rev.2,
U.S. Nuclear Regulatory Commission, Washington, DC, March 2007.

3.6-4 Leak-Before-Break Evaluation Procedures, Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants. NUREG-0800,
SRP 3.6.3, Rev.1, U.S. Nuclear Regulatory Commission, Washington, DC,
March 2007.
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Table 1.8.2 Compilation of All Combined License Applicant Items
for Chapters 1-19 (sheet 6 of 44)

COL ITEM NO. COL ITEM

COL 3.6(6) Deleted

COL 3.6(7) Deleted

COL 3.6(8) Deleted

COL 3.6(9) Deleted

COL 3.6(10) The COL Applicant is to develop a milestone schedule for
implementation of the operating and maintenance procedures for
prevention of water hammer.

COL 3.7(1) The COL Applicant is to confirm that the site-specific PGA at the
basemat level control point of the CSDRS is less than or equal to 0. 3 g.

COL 3.7(2) The COL Applicant is to perform an analysis of the US-APWR standard
plant seismic category I design to verify that the site-specific FIRS at the
basemat level control point of the CSDRS are enveloped by the site-
independent CSDRS.

COL 3. 7(3) It is the responsibility of the COL Applicant to develop analytical models
appropriate for the seismic analysis of buildings and structures that are
designed on a site-specific basis including, but not limited to, the
following:

PSFSVs (seismic category I)

ESWPT (seismic category I)

UHSRS (seismic category I)

COL 3.7(4) To prevent non-conservative results, the COL Applicant is to review the
resulting level of seismic response and determine appropriate damping
values for the site-specific calculations of ISRS that serve as input for
the seismic analysis of seismic category I and seismic category II
subsystems.

COL 3.7(5) The COL Applicant is to assure that the horizontal FIRS defining the
site-specific SSE ground motion at the bottom of seismic category I or II
basemats envelope the minimum response spectra required by
10 CFR 50, Appendix S, and the site-specific response spectra obtained
from the response analysis.

Tier 2 1.8-10 Revision 32
Tier 2 1.8-10 Revision 32



ATTACHMENT 3
3, DESIGN OF STRUCTURES, US-APWR Desif to RAI 485-3825
SYSTEMS, COMPONENTS, AND EQUIPMENT

The required J-resistance curve relationship has been established based on the use of
ASME Code modulus of elasticity and minimum strength properties at 550°F -in the
fracture mechanics analysis. Review of the curves against actual test data from the
literature (e.g. ac documented in Appendix B of NUREG/CR-6004 - [Reference 3B-4131
and Pipe Fracture Encyclopedia, Test Data - Volume 3 [Reference 3B-141) has shown
that the J-T curves should be achievable. However, there is limited valid test data for
material representative of the main steam line and its thickness.

It has been established that higher stress factors (and the associated lower J-T curves)
will produce essentially equivalent results at the lower normal stress part of the BAC
curves, and use of higher strength materials produce slightly higher BAC curves at
higher stresses. Thus, use of Code minimum properties in establishing the BAC is
conservative.

3B.3 LBB Evaluation for the US-APWR

The LBB evaluation method applied is briefly described below according to SRP 3.6.3
(Reference 3B-2).

In the LBB concept, it is necessary to detect a leak at normal operation to prevent the
piping system from failure at the postulated maximum load. Therefore, both the stress
under normal operation and the maximum load are required for evaluation.

(1) Applied load

a. Load under normal operation

The evaluation of crack opening area for the estimation of the leak rate is
conducted using the stress under normal full power plant operation. The
load is produced by internal pressure, dead weight, and thermal expansion.

F FDw +Frh +F,

(3B.3-1)

M= ((3B.3-2)

MX (M)W + (M)TAh

my (MY)DW + (MY).h

M (7 )DW + (M7 )l
where

F = Axial force

M = Bending moment

The subscripts indicate the following loads

DW = Dead weight

Th = Thermal expansion

P = Internal pressure

Tier 2 313-110 Revision 2-3
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3B-5 Advances in Elastic-Plastic Fracture Mechanics. NP-3607, Final Report,
Electric Power Research Institute, 1984.

3B-6 Robert E. Henry, The Two-Phase Critical Discharge of Initially Saturated or
Subcooled Liquid. Nuclear Science and Engineering, Vol. 41, pp.336-342,
1970.

3B-7 Calculation of Leak Rates Through Cracks in Pipes and Tubes. NP-3395,
Electric Power Research Institute, 1983.

3B-8 Part D Properties, ASME Boiler and Pressure Vessel Code, Section II, 2001
(Addenda 2003), American Society of Mechanical Engineers.

3B-9 Elastic-Plastic Fracture Mechanics Analysis of Through-Wall and Surface
Flaws in Cylinders. NP-4496, Final Report, Electric Power Research Institute,
1988.

3B-10 Cofie, N.G., Miessi, G.A., and Deardorff, A.F., Stress-Strain Parameters in
Elastic-Plastic Fracture Mechanics, Transactions of the 1 0 th International
Conference on Structural Mechanics in Reactor Technology, Volume L -
Inelastic Behavior of Metals and Constitutive Laws of Materials, pp 91-96,
1989.

3B-11 State of the Art Report on Piping Fracture Mechanics, NUREG/CR-6540, U.S.
Nuclear Regulatory Commission, November 1997.

3B-12 Assessment of Short Through-Wall Circumferential Cracks in Pipe,
NUREG/CR-6235, U.S. Nuclear Regulatory Commission, April 1995.

3B-13 Probabilistic Pipe Fracture Evaluations for Leak-Rate Detection Applications.
NUREG/CR-6004, U.S. Nuclear Regulatory Commission, April 1995.

3B-14 Pipe Fracture Encyclopedia, Test Data - Volume 3, U.S. Nuclear Regulatory
Commission, December 1997.
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-. Table 3B-2 List of BACs for LBB Evaluation

Nominal Outside Thickness Temp Pressure Inside Pipe
System Subsystem Line No(s) Diameter Diameter (Inches) Material (OF)i (psig)) BAC Figure No.

( )(Inches) e Me ia Water Vapor

1 RCS Primary Loop Hot Leg 31"ID-RCS-2501R 311 37.12 3.06 SA182 F316 615 2248 X Figure 3B-6
____________________ A,B,C,D ____

2 RCS Primary Loop Hot Leg ABCD 311D 37.12 3.06 SA182 F316LN 615 2248 X Figure 3B-7

3 RCS Primary Loop Crossover Leg ABD-CD20 311ID 37.12 3.06 SA182 F316 551 2204 X Figure 3B-8A,B,C,D

4 RCS Primary Loop Cold Leg 31ID-RCS-2501R 311D 37.12 3.06 SA182 F316 551 2296 X Figure 3B-9
RCS rimry oop oldLegA,B,C,D

5 RCS Primary Loop Crossover Leg A,BCD 311D 37.12 3.06 SA182 F316LN 551 2204 X Figure 3B-10

6 RCS Primary Loop Cold Leg 31ABD-RCS-2501R 311D 37.12 3.06 SA182 F316LN 551 2296 X Figure 3B-11
____________________ A,BC,D ____

16"-RCS-51
7 RCS Surge Line B1-2501R 16 16 1.594 SA-312 TP316 653 2248 X Figure 3B-12

8 Figure 3B-13
8_ 

(deleted)

Residual Heat Removal System 10"-RCS-2501R
9 RCS (RHRS) Hot Leg Branch Line off A,B,C,D, Hot Leg Side 10 10.75 1.125 SA-312 TP316 615 2248 X Figure 3B-14

RCS

RHRS Cold Leg Branch Line off 8"- RCS -2501R
10 RCS A,B,C,D 8 8.625 0.906 SA-312 TP316 551 2296 X Figure 3B-15

(COLD LEG)

11 SIS Accumulator System 14"-RCS-2501R 14 14 1.406 SA-312 TP316 551 2296 X Figure 3B-16
A,B,C,D _____

12 RCS Pressurizer Spray Line 6"-RCS-2501R 6 6.625 0.719 SA-312 TP316 551 2296 X Figure 3B-17
______________ B,C I_____

13 MSS Main Steam Line 32"-MSS-1532 32 32 1.496 SA333 Gr.6 535 907 X Figure 3B-18
I ~ ~~~A,B,C,D

mci)CO
SG)CnZ
00
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0:3
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Notes: 1. Conditions from Reactor Coolant System UCU, Table 5.1-2.
2. Use conservative lower 2243 psig for leakage which is the pressurizer end pressure.
3. Use conservative higher 2296 condition of cold leg for critical flaw sizing and 2235 for leakage based on upper

portion connected to pressurizer steam space
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