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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

4/17/2009

US-APWR Design Certification .

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION 1

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-5:

DCD 3.12.3.3 describes Independent Support Motion (ISM) Method and stated that "The modal
and directional responses are then combined as discussed in Subsection 3.12.3.2.4 and
3.12.3.2.5, respectively". Subsection 3.12.3.2.4 stated that 'A 10% grouping method is used for
combining the response of closely spaced modes as delineated in Regulatory Position C1.1 of
RG 1.92, Rev.1".

Volume 4, Section 2 of NUREG-1061 presented industry and NRC's position. NUREG-1061
clearly stated that group responses for each direction should be combined by the absolute sum
method, and modal and directional responses should be combined by the SRSS method without
considering closely spaced frequencies.

The staff noted that the modal and spatial combination methods described in RG 1.92 apply only
when using the uniform support motion (USM) method for response spectrum analysis of multi-
supported systems. The staff requests applicant to provide technical justification for its ISM
method. Otherwise the applicant has to provide an acceptable ISM method which will address all
of the provisions (for groups, modes, spatial and inertial and seismic anchor motions (SAM)
combination methods) contained in NUREG-1061.

ANSWER:

DCD Subsection 3.12.3.3 will be revised during the next revision to incorporate the position of
NUREG-1061, Volume 4, Section 2 so that group responses are combined by absolute
summation method, and inter-modal and inter-spatial responses are combined by the SRSS
method. DCD Subsection 3.12.3.2.6, Seismic Anchor Motions (SAMs), will also be revised as
noted in the Answer to RAI 03.12-6 to address the analysis of SAM associated with the ISM
method.
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Impact on DCD

See Attachment 1 for a mark-up of DCD Tier 2, Section 3.12, Revision 2, changes to be
incorporated.

* Change the third and fourth sentences in the second paragraph of Subsection 3.12.3.3 to
the following: "The responses caused by each support group are combined by the
absolute summation method. The modal and directional responses are then combined as
discussed in Section 2 of NUREG-1061, Volume 4 (Reference 3.12-40)."

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

4/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION 1
SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and

Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-6:

SRP 3.9.2, subsection 11.2(G) identified the method/formula to obtain of the maximum relative
support displacements for seismic anchor movement (SAM) effects. US-APWR DCD Section
3.12.3.2.6 did not provide the method/formula in determining the maximum relative movements
for SAM. Describe the method/formula for obtaining the maximum relative support displacements.

ANSWER:

DCD Subsection 3.12.3.2.6 will be modified to provide the method used in determining the
maximum relative movements for seismic anchor motion (SAM), and to describe the method for
obtaining the maximum relative support displacements.

Impact on DCD

See Attachment 1 for a mark-up of DCD Tier 2, Section 3.12, Revision 2, changes to be
incorporated.

Change Subsection 3.12.3.2.6 to the following:

"3.12.3.2.6 Seismic Anchor Motions

The analysis of seismic anchor motions (SAMs) is a static analysis and is performed
using the same piping model used to analyze the inertial effects in a dynamic analysis.

When piping is analyzed using the USM method, effects of SAM in each of the three
different spatial directions are analyzed separately considering all dynamic supports to be
active. The three resulting solutions are combined by the SRSS rule to obtain cumulative
effect of support displacements.

For piping supported by a single concrete building, the SAM at all elevations above the
foundation basemat are considered to be in phase. Support movements relative to the
foundation basemat are used in the analysis.
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If the above can not be justified or when supports are attached to different structures
(within a building) on the same foundation basemat, the relative phasing characteristics
retained from the building seismic analysis are used in the piping analysis using the
maximum relative movements (considering phase) between various supports.

Alternatively, data can be used based on the building seismic analysis modes having
significant seismic movements. For each building mode, the movements of support
attachment locations are tabulated. Using those tabulated movements for each mode and
each spatial direction, separate static analyses are performed. Intermodal combinations
followed by interspatial combinations are performed using the SRSS rule to obtain the
cumulative effect of support displacements.

Where supports are located within different structures or buildings on different foundation
mats, the seismic motions at these locations are assumed to move 180 degrees out-of-
phase in the most unfavorable combination.

The results of USM floor response spectra analysis and the SAM analysis are combined
by absolute summation method for use in various load combinations in the design and/or
analysis of pipe supports and piping.

When piping is analyzed using the ISM method, the methodology of Volume 4, Section 2,
paragraph 2.4 of NUREG-1061 (Reference 3.12-40) is used. In this method, the analysis
is performed assuming that when one group of supports is moving, the other groups of
supports are at rest. For each spatial direction, responses from movement of each group
are combined by the absolute summation method. The combination of interspatial
responses is performed by the SRSS rule to obtain the cumulative effect of support
displacements. The results of ISM floor response spectra analysis and SAM analysis are
combined by the SRSS rule for use in various load combinations in the design and/or
analysis pipe supports and piping.

When the one piping system is supported by different buildings, the part of piping
supported by one building is treated as one group including the piping portion supported
by different floors in the building.

The relative displacements between groups are assumed to move 180 degrees out-of-
phase as specified in NUREG-1061 (Reference 3.12-40)."

" Change the second sentence in the second paragraph of Subsection 3.12.3.3 to the
following: "Each support group is made up of supports that have similar time-history
input."

" Insert the following as Reference 3.12-40 in Subsection 3.12.8:

"3.12-40 Evaluation of Potential for Pipe Breaks, Report of U.S. NRC Piping Review
Committee. NUREG-1061, Volume 4, U.S. Nuclear Regulatory Commission,
Washington, DC, 1984."

Impact on COLA

There is no impact on the COLA.
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Impact on PRA

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

4/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION I

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03104/09

QUESTION NO. 03.12-7:

In DCD Section 3.12.4.4, MHI states that if the amplified response spectra at the branch
connection point can not be developed," ...movements of the connection point from the seismic
inertia analysis of the pipe run are analyzed as anchor movements and the solution is added to
the seismic analysis of the decoupled branch line by absolute summation." Provide technical
justification for this approach.

ANSWER:

The method described in the DCD Subsection 3.12.4.4 has been general practice in the industry
whenever amplified spectra can not be developed.

DCD Subsection 3.12.4.4 indicates that the envelope floor response spectrum used for the
seismic analysis of the decoupled branch line also includes the floor response spectra applicable
for the connection point or the nearest restraints on the pipe run as a component of the response
spectrum. It is noted that the response at the connection point is influenced by the input floor
response spectra used for the pipe run analysis, and will not differ significantly from the floor
response spectra applicable for the elevations in the near vicinity. Use of the same floor response
spectra as a component of the enveloped spectra for the decoupled pipe branch analysis ensures
that any seismic behavior of the connection point is also captured in the enveloped response,
spectra used for the decoupled pipe branch analysis.

Absolute addition of the solutions from the static analysis of connection movements resulting from
the seismic inertia analysis of the run pipe to the solutions from the seismic inertia analysis of the
decoupled branch pipe ensures conservatism.

The analysis described above is not related to the analysis of the effects of seismic anchor
motion.
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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

4/1712009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

NO. 260-2023 REVISION 1RAI NO.:

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-8:

For fatigue analysis of RCL piping presented in DCD Section 3.9.3.1.4, MHI states that the
procedure is repeated to create the next most severe alternating stress range and until the
combinations have an allowed number of cycles less than 1011. Clarify if the allowed number of
cycles should be greater than 1011.

ANSWER:

MHI agrees that the allowable number of cycles should be greater than 1011. This inadvertent
error will be corrected in the next revision of the DCD.

Impact on DCD

See Attachment 2 for a mark-up of DCD Tier 2, Section 3.9, Revision 2, changes to be
incorporated.

Change the next-to-last sentence in the last paragraph of Subsection 3.9.3.1.4 to: "The
procedure is repeated to create the next most severe alternating stress range, until the
combinations have an allowable number of cycles greater than 1011."

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

4/1712009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION 1

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-9:

For design basis pipe break (DBPB) loads in DCD Section 3.12.5.3.7, MHI states that DBPB
loads are considered in Level D service load combinations. However, in SRP Section 3.9.3 the
staff recommends to include DBPB in the Level C service load combinations. Clarify if DBPB will
be included in the service level C load combinations.

ANSWER:

As discussed in the answer to RAI 1293-04 in Request for Additional Information No. 107-1293,
the Service Level C pipe break is defined to be a maximum of 1 in. diameter pipe size in a Class
1 branch line small break LOCA. This is somewhat larger than the DBPB identified in SRP
Section 3.9.3 Appendix A, which is equivalent to a 3/8th in. diameter break (i.e., the break size in
a Class 1 branch line that results in the loss of reactor coolant at a rate less than or equal to the
capability of the reactor coolant makeup system). Postulated breaks in 1 in. diameter piping and
smaller piping, in accordance with guidance in SRP 3.6.2, do not require the analysis of the
dynamic mechanical loadings from the ruptured pipe on reactor coolant system components and
therefore are not included in US-APWR DCD Tier 2, Section 3.9.3, Table 3.9-3, which gives the
loading combinations for mechanical loads.

Impact on DCD
There is no impact on the DCD.

Impact on COLA

There is no impact on the COLA.
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Impact on PRA

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

4/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION 1

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-10:

In DCD Section 3.12.5.9, MHI claims that for US-APWR there is no problem that would occur due
to the thermal stresses caused by thermal stratification or temperature changes in the closed
branch piping connected to RCS. The US-APWR piping design provides the following three
approaches against thermal oscillations induced by leaking valves in an unisolable piping
connected to the RCS: installation of double isolation valves, leakage detection by measuring the
downstream temperature for a single valve configuration, or permitting continuous leakage
through the valve gland packing in a gate valve configuration (as indicated in DCD Tables 3.12-7
and 3.12-8). It is not clear how each of these three approaches would ensure mitigating the
effects of thermal oscillations induced by leaking valves. Explain how the suggested approaches
will mitigate the effects of thermal oscillation in an unisolable piping connected to the RCS.

ANSWER:

The three approaches to the mitigation of the effects of thermal oscillations induced by leaking
valves are outlined and discussed individually below.

1. Installation of double isolation valves

This approach decreases the possibility of leakage to the downstream of the isolation
valves, which results in prevention of thermal stratification or oscillation.

2. Leakage detection by measuring the downstream temperature for a single valve
configuration

In the case of a single isolation valve configuration, leakage detection is performed by
measuring the downstream (from RCS) temperature of the isolation valve. If leakage
occurs, the valve can be repaired before occurrence of fatigue failure caused by thermal
stratification or oscillation resulting from valve leakage.

3.12-11



3. Permitting continuous leakage through the valve gland packing in a gate valve
configuration

NRC Bulletin No. 88-08 Supplement 3 describes this approach. If gland leak occurs at
the gate valve closure and disk position is not appropriate, there is a possibility of cyclic
fatigue failure. By permitting continuous gland leakage, the cyclic.fatigue phenomenon is
eliminated since cyclic expansion and contraction of valve disk does not occur.

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

4/17/2009

US-APWR Design Certification .

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION I

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-11:

Notes 5 and 6 to DCD Table 3.12-5 indicate that for ASME Code, Section III, Class 1, 2 and 3
piping, when slug-flow water hammer loads are only combined with pressure, weight and other
sustained mechanical loads, the Equation 9 stress does not exceed the smaller of 1.8 Sy and
2.25 Sm for Class 1 piping and 1.8 Sy and 2.25 Sh for Class 2/3 piping. These limits correspond to
Service Level C stress limits. As indicated in chapter 7 of NUREG-1367, slug flow may produce
collapse and thus constitutes a threat to functional capability and therefore, it suggests no
increase in Code Equation 9 stress limits. Also, since slug flow is difficult to anticipate in the
design stage, the piping design should include drains and vents, and operating procedures
should be implemented so that the possibility of slug flow is minimized. Clarify if the safety related
piping design incorporates drains and vents to minimize the effects of slug flow loads, and
operating procedures are to be implemented so that the possibility of slug flow is minimized.

ANSWER:

System low point drains and high point vents will be provided during piping layout (piping
isometrics or orthographic drawings) of the safety related piping and operating procedures that
emphasize proper draining will be implemented so that that possibility of slug flow is minimized.
Steam hammer in main steam 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
main steam line. Safety related systems susceptible to gas accumulation, such as the Emergency
Core Cooling, Residual Heat Removal, and Containment Spray Systems, will be sufficiently filled
with water to ensure that the systems can reliably perform their intended functions under all
LOCA and non-LOCA conditions. Gas accumulation control and management will be provided in
operating and testing procedures to verify and ensure the piping is sufficiently filled with water.

Refer to DCD Section 3.6.3.3 for details relating to piping design features to minimize the
potential for water hammer induced loads.
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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

4/1712009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION 1

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-12:

Typically, supports are designed separately from the piping analysis, with design methods to
match the assumed analysis constraints. As such, the supports should be designed to minimize
their effects on the piping analysis and not invalidate the piping analysis assumptions. For cases
when assumptions made in the piping analysis deviate from those of the support design, either
the support is redesigned in accordance with the assumptions made in the piping analysis, or the
piping system is reanalyzed using the actual parameters used in the design of the pipe supports.
Clarify whether US-APWR standard plant pipe supports are designed to these requirements;

,otherwise discuss the criteria for reconciling piping analysis assumptions that deviate from the as-
built pipe support design.

ANSWER:

US-APWR, allows two methods of pipe stress and pipe support analysis: (1) Traditional Method
or De-Coupled Analysis or (2) Integrated Method or Coupled Analysis.

In the traditional method, the piping and pipe supports are analyzed separately: First the pipe
stress analysis is performed with the pipe supports modeled with certain assumptions pertaining
to pipe support stiffness and mass. For ASME Class 2 and Class 3 piping, a rigid support
stiffness and estimated support mass based on preliminary conceptual support design are used
in the analysis. ASME Class 1 piping also follows the same logic except by performing iterations
of the actual support stiffness and support mass based on preliminary support design instead of
rigid stiffness and estimated support mass. After the piping analysis is completed, the supports
are designed making sure all pipe stress related criteria are satisfied, such as the pipe stress
code check, nozzle allowable, valve acceleration, etc. During the support design phase, structural
adequacy of the support is verified based on the applicable support design criteria. The support
design for the SSE loading condition is completed such as to limit -deflection of the support in the
direction of the load to less than 1/8 inch. The self weight excitation of the support in the un-
loaded direction is also accounted for in the support design analysis. In the case of ASME Class
1 piping, the same process follows, except if the stiffness or mass of the support changes from
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the one used in the piping analysis based on actual support design, the piping analysis is revised.
In such a reanalysis, the actual stiffness of each and every support is used.

In the integrated method, the piping and pipe supports are modeled together in one coupled
model and analyzed together in one single analysis. The piping and pipe supports are code
checked in the same run by the computer program, according to their respective. applicable code.
The computer analysis accounts for any stiffness and mass-related interactions that exist
between the pipe and the pipe supports. Since support components are modeled in the combined
analysis with their own stiffness, and the mass characteristics and self excitation are also
accounted for, a separate deflection check similar to that in the traditional method is not required.

For the as-built condition, if any pipe supports differ from the as-designed condition in any way
that affects the stress analysis, then the pipe stress analysis is re-run to reconcile these
discrepancies, regardless of which one of the two analytical methods are used.

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

4/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION 1

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-13:

(a) In DCD Section 3.12.6.1, MHI states that for Service Levels A, B and C, the seismic Category
I pipe supports will be designed in accordance with Subsection NF of the ASME Code and for
Service Level D, Appendix F of Section III of the ASME Code will be utilized. However, DCD
Section 3.12.6.2.2 states that all piping supports designed in accordance with the rules of
Subsection NF of the Code up to the building structure interface are defined by the jurisdictional
boundaries in Subsection NF-1 130 of the ASME Codes.

(i) Since Appendix F of the Section III provides only the Service Level D limits for
evaluation of loading [per Code Table NF-3523(b)-1 for stress limit factors] for Class 1, 2, 3
and MC type supports, clarify if the seismic Category I pipe supports will be designed to
ASME Subsection NF for all four Service Level A, B, C and D loads, while using the
acceptance stress limits by the Appendix F for Service Level D supports.

(ii) Also, clarify if the Subsection NF will be used to manufacture, install and testing of all
seismic Category I pipe supports. If not, which other standard will be used.

(iii) In DCD Section 3.9.3.4 MHI states that the building structure component supports
(connecting the NF support boundary component to the existing building structure) are
designed in accordance with ANSI/AISC N690 (1994 edition), "Nuclear Facilities - Steel
Safety-Related Structures for Design, Fabrication and Erection." Clarify if this standard is
also applicable to piping support design.

(b) MHI states that non-seismic Category I pipe supports are designed using guidance from the
AISC Manual of Steel Construction. This manual is used to design steel constructions in frame
type or other structural element of component supports. Based on DCD Section 3.12.1, ASME
Code B31.1 is being used for a certain seismic Category II piping. The design of all supports for
the non-nuclear piping (that typically uses B31.1 for piping analysis) should satisfy the
requirements of ASME/ANSI B31.1 Power Piping Code, Paragraph 120 for loads on pipe
supporting elements and Paragraph 121 for design of pipe supporting elements. Clarify if this is
applicable to US-APWR pipe support design, otherwise explain how the AISC manual will be
used to design component supports (e.g., clamps, springs).
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ANSWER:

The responses to these questions are outlined and discussed individually below.

(a) (i) Yes, seismic Category I pipe supports will be designed in accordance with, ASME
Subsection NF for all four Service Level A, B, C and D loads, while using the acceptance
stress limits. by the Appendix F for Service Level D supports. The DCD will be revised in
the next revision to clarify the applicable codes.

(a) (ii) Yes, Subsection NF will be used to manufacture, install and test all seismic Category I
pipe supports.

(a) (iii) No, this ANSI/AISC N690 is not applicable to the piping support design. Pipe supports
will be designed to ASME Subsection NF.

(b) The design of all supports for the non-nuclear piping (that typically uses B31.1 for piping
analysis) shall satisfy the requirements of ASME/ANSI B31.1 Power Piping Code, Paragraph
120 for loads on pipe supporting elements, and Paragraph 121 for design of pipe supporting
elements. However, as stipulated in ASME/ANSI B31.1 Power Piping Code, Paragraph
120.2.4, supplementary steel used in pipe supports, will be designed per the AISC Manual of
Steel Construction. The DCD will be revised in the next revision to clarify this code
application.

Impact on DCD

See Attachment 1 for a mark-up of DCD Tier 2, Section 3.12, Revision 2, changes to be
incorporated.

* Change the first paragraph of Subsection 3.12.6.1 to the following:

"Seismic category I pipe supports are designed in accordance with subsection NF of the
ASME Code, Section III, 2001 Edition (Reference 3.12-32) for Level A, B, C, and D
service conditions, however the acceptable stress limits permitted by the nonmandatory
Appendix F of Section III of the ASME Code, 2001 Edition (Reference 3.12-33) are
utilized for Service Level D supports."

* Change the sixth paragraph of Subsection 3.12.6.1 to the following:

"Non-seismic category piping supports are designed in accordance with the requirements
of ASME/ANSI B31.1 Power Piping Code (Reference 3.12-1), Paragraph 120 for loads
on pipe supporting elements and Paragraph 121 for design of pipe supporting elements.
Pipe support supplementary steel are designed using the guidelines in the "Manual of
Steel Construction, 9 th Edition", AISC (Reference 3.12-23). However, material properties
from later editions may be used as necessary."

Impact on COLA

There is no impact on the COLA.
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Impact on PRA

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

4/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION 1

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-14:

In DCD Section 3.12.6.2.1, MHI states that for piping analyzed to B31.1, the jurisdictional
boundary guidance of ND-3611 will be utilized. Clarify if the reference guidance should be ND-
1132 instead of ND-3611.

ANSWER:

MHI agrees that the reference guidance should be ND-1132 instead of ND-3611. This
inadvertent error will be corrected in the next revision of the DCD.

Impact on DCD

See Attachment 1 for a mark-up of DCD Tier 2, Section 3.12, Revision 2, changes to be
incorporated.

Change the second paragraph of Subsection 3.12.6.2.1 to the following:

"For piping analyzed per the requirements of ASME B31.1 (Reference 3.12-1), the
jurisdictional boundary guidance of ASME Code, Section III, Subsection ND-1132 is
followed."

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

4/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION 1

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-15:

(a) In DCD Section 3.12.6.3.9, MHI provided a minimum design load criteria that will be used for
all supports so that uniformity is obtained in the load carrying capability of the supports. All
supports will be designed for the largest of the following three loads: 100% (instead of 125% per
WRC Bulletin 353) of the Level A condition load, the weight of a standard ASME B31.1 span of
water filled, schedule 80 pipe, and minimum value of 150 pounds. Provide the technical basis for
these criteria.

(b) DCD Table 3.12-4 provides the specific load combinations that will be used in the design of
pipe supports. Clarify how the building settlement loading is addressed for piping supports.

ANSWER:

The responses to these questions are outlined and discussed individually below.

(a) The 125% increase in design load recommended by WRC Bulletin 353 is to provide margin
for any future changes only during the initial design phase. This is a good design practice for
the initial design, .and the guidance is intended to be incorporated in the US-APWR design
manual. However, the WRC Bulletin 353 guidance is not applicable within the DCD because
it is not intended for all design' phases and therefore this rule would impose an unnecessary
conservatism for the final design, rendering the initial design rule ineffective.

The technical basis for the criteria is as follows: The applicable code is satisfied by assuring
that at all times, the design load will never be less than the Level A condition load as required
by the code. The other two restrictions imposed in excess of code requirements provide
some uniformity in the design:

(i) The one pipe span criteria will assure that supports on the same piping do not go below
certain design standards, for example a support that somehow gets a very small load due
to the proximity of other supports, does not end up with small steel size for a large pipe.
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(ii) The 150 pound rule generally controls during the design of small bore piping, and
enhances the sturdiness of span lengths.

b) Loading due to building settlement was inadvertently omitted in DCD Table 3.12-1 symbols
and definitions, and Table -3.12-4 pipe support load combinations, even though building
settlement was included in DCD Table 3.12-3 for. Class 2 and 3 piping. Tables 3.12-1 and.
3.12-4 will be revised during the next revision of the DCD to include loading due to building
differential settlement in all of the load combinations used for the design of pipe supports.

Impact on DCD

See Attachment 1 for a mark-up of DCD Tier 2, Section 3.12, Revision 2, changes to be
incorporated.

Insert the following as the fifteenth row in Table 3.12-1:

a

ISET IBuildinl Settlement

Replace Table 3.12-4 with the following:

Condition Design Loading Combinations

Level A DL + LDMS + LDFN + THMTL + F + SET
Service

Level B DL + LDMS + LDFU + THMTL + W + SET
Service

Level C DL + LDMs + LDFE + THMTL + WT + SET
Service
Level D DL + LDMS + LDFF + THMTL + SET

Service

DL + LDMS + LDFF + THMTL + DBPB + SET

DL + LDMS + LDFF + THMTL + SRSS(DBPB + SET +

(SSEI + SSEA + SE))(1), (2), (3)

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

4/17/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 260-2023 REVISION 1

SRP SECTION: 03.12 - ASME Code Class 1, 2, and 3 Piping Systems and
Piping Components and Their Associated Supports

APPLICATION SECTION: 03.12

DATE OF RAI ISSUE: 03/04/09

QUESTION NO. 03.12-16:

In DCD Appendix 3C.2.2.1, MHI states that the stiffness of the upper and intermediate lateral
supports includes the SG shell flexibility. Describe the method/procedure to account for SG shell
flexibility in determining the stiffness of the upper and intermediate lateral supports.

In DCD Appendix 3C.2.2.2, MHI states that the value of the support stiffness of the RCP lateral
support also includes flexibility of the RCP casing. Describe the method/procedure to account for
RCP casing flexibility in determining the stiffness of the lateral supports.

In DCD Appendix 3C.4, MHI states that RCL static analyses are modeled to include the RV
supports, and the column supports of SG, and the RCP as active RCL supports. Clarify if the SG
lower lateral supports are included in RCL static analyses.

In DCD Figure 3.8.3-2 indicated the RV and hot leg piping thermal growth is directly restrained by
the SG lower lateral support. The staff noted that this arrangement may cause significant thermal
stresses and loading in the RV and SG nozzles, Clarify this design strategy.

ANSWER:

As consideration of the SG shell flexibility in the stiffness of SG upper and intermediate lateral
support, MHI carried out the finite element method (FEM) analysis for the model of SG shell and
SG upper and intermediate lateral support. The flexibility of the SG shell and the deformation of
SG upper and intermediate lateral support are analyzed by the FEM, and calculated the value of
stiffness from these results. Technical Report MUAP-09002, Revision 0, "Dynamic Analysis of
the Coupled RCL-R/B-PCCV-CIS Lumped Mass Stick Model," provide the model of FEM analysis
in Section 6.2, Figure 6-11 and Figure 6-12.

The RCP lateral supports connect the flange side of the RCP casing. The flange part of the RCP
casing is sufficiently rigid compared with the tie-rod, and is to be a rigid part. Therefore, only the
stiffness of tie-rod is considered for RCP lateral support.
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SG lower lateral supports are not include in RCL static analysis, because of static analysis does
not affect the SG lower lateral support.

SG lower lateral support will be installed to not restrain thermal expansion. The gap between SG
and SG lower lateral support will be adjusted so that support will come in contact with SG only
during the operating condition. In DCD Figure 3.8.3-2 shows the plant operating condition.

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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3.12.3.2.4 Modal Combination

Guidance on combining the individual modal results due to each response spectrum in a
dynamic analysis is provided in RG 1.92, Rev.1 (Reference 3.12-11).

Low frequency (non-rigid) modes: For piping systems with no closely spaced modes,-
the SRSS method is applied to obtain the representative maximum response of each
element, for each direction of excitation as delineated in Regulatory Position C1.1 of RG
1.92, Rev.1 (Reference 3.12-11). A 10% grouping method is used for combining the
responses of closely spaced modes as delineated in Regulatory Position C1.1 of RG
1.92, Rev.1 (Reference 3.12-11).

High frequency (rigid) modes: Piping system modes with frequencies greater than the
ZPA cutoff frequency are considered as high frequency or rigid range modes. The
response from high frequency modes must be included in the response of the piping
system, if it results in an increase in the dynamic response of more than 10%. The
guidance for including the missing mass effects is provided in SRP 3.7.2 (Reference
3.12-12), as well as in RG 1.92, Rev.2 (Reference 3.12-13).

The PIPESTRESS computer program is used for analyzing most of the piping systems.
This program uses the left-out-force (LOF) method in order to calculate the effect of the
high frequency rigid modes. The LOF method is described in the "PIPESTRESS Theory
Manual" (Reference 3.12-14) and the "Outline of Dynamic Analysis for Piping Systems"
(Reference 3.12-15).

3.12.3.2.5 Directional Combination

The responses due to each of the three spatial input components of motion are
combined using the SRSS method as provided in Regulatory Position C2.1 of RG 1.92,
Rev.1 (Reference 3.12-11).

3.12.3.2.6 Seismic Anchor Motions

Where supports are locr-ated- w~ithin differenAt strucGtures or at flexible eqiment
connectons, the_ e-ffecr-ts- of differFential displacements of equipment or StFructulres to- %Whic
the piping sylstemf attacohes during a SSE are also considered.

The analysis of these seismic anchor motions (SAMs) is pefeFmed as a static analysis
with all dynaMiG suppo... active and is performed usinq the same piping model used to
analyze the inertial effects in a dynamic analysis. The results of this analysis are
combineP-d, V.with the pip•ig ystem seismic,. ine-ia analysis results by absluteg summation.

W~here supports -are locrated- within -A single structure, the seismnic motfions are cniee
to be inphase and the relative displacement hAbetween8Q the support locationsJ_ is;

consieredin the analysis. V'here supports are located within different structures, the
simicmtions. At theseA loantionsl a;re assumerd to move 18 deres ot of pase

while pepfepming the analysis.

When pipinq is analyzed using the USM method, effects of SAM in each of the three
different spatial directions are analyzed separately considering all dynamic supports to
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SYSTEMS, COMPONENTS, AND EQUIPMENT to RAI 260-2023

be active. The three resulting solutions are combined by the SRSS rule to obtain
cumulative effect of support displacements.

For piping supported by a single concrete building, the SAM at all elevations above the
foundation basemat are considered to be in phase. Support movements relative to the
foundation basemat are used in the analysis.

If the above can not be lustified or when supports are attached to different structures
(within a building) on the same foundation basemat, the relative phasing characteristics
retained from the building seismic analysis are used in the piping analysis using the
maximum relative movements (considering phase) between various supports.

Alternatively, data can be used based on the building seismic analysis modes having
significant seismic movements. For each building mode, the movements of support
attachment locations are tabulated. Using those tabulated movements for each mode
and each spatial direction, separate static analyses are performed. Intermodal
combinations followed by interspatial combinations are performed using the SRSS rule
to obtain the cumulative effect of support displacements.

Where supports are located within different structures or buildings on different
foundation mats, the seismic motions at these locations are assumed to move 180
degrees out-of-phase in the most unfavorable combination.

The results of USM floor response spectra analysis and the SAM analysis are combined
by absolute summation method for use in various load combinations in the design and/or
analysis of pipe supports and piping.

When piping is analyzed using the ISM method, the methodology of Volume 4, Section 2,
paragraph 2.4 of NUREG-1061 (Reference 3.12-40) is used. In this method, the-analysis
is performed assuming that when one group of supports is moving, the other groups of
supports are at rest. For each spatial direction, responses from movement of each group
are combined by the absolute summation method. The combination of interspatial
responses is performed by the SRSS rule to obtain the cumulative effect of support
displacements. The results of ISM floor response spectra analysis and SAM analysis are
combined by the SRSS rule for use in various load combinations in the design and/or
analysis pipe supports and piping.

When the one piping system is supported by different buildings, the part of piping
supported by one building is treated as one group including the piping portion supported
by different floors in the building.

The relative displacements between groups are assumed to move 180 degrees out-of-
phase as specified in NUREG-1061 (Reference 3.12-40).

3.12.3.3 Response Spectra Method (or Independent Support Motion Method)

ISM may be used when piping systems are supported by multiple support structures or
at multiple levels within a structure.

Tier 2 3.12-5 Revision 42
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The supports are divided into support groups. Each support group is made up o
supports that have the-same similar time-history input. Each support group is considered
to be in a random-phase relationship to the other support groups. The responses caused
by each support group are combined by the SRSS absolute summation method. The
modal and directional responses are then combined as discussed in SubseetieR
3.12.3.2.4 and 3.12.3.2.5, Ferepetiv'ly Section 2 of NUREG-1061, Volume 4 (Reference
3.12-40).

Floor response spectrum curves used for ISM are generated using damping values

identified in the Table 3 of RG 1.61, Rev.1 (Reference 3.12-10).

3.12.3.4 Time-History Method

Seismic analysis of piping systems is not performed using the time-history method.

The time-history method may be used to evaluate the effects on piping due to
hydrodynamic loads caused by water/steam hammer, relief/safety valve discharge thrust,
or any other dynamic loading associated with fluid flow transients. The time-history
analysis may be performed using modal superposition method or the direct integration
method.

3.12.3.5 Inelastic Analyses Methods

Inelastic analyses methods are not used to qualify piping for the US-APWR design.

3.12.3.6 Small-Bore Piping Method

Class 1 piping 1 inch nominal pipe size (NPS) and smaller, and Class 2 and 3 piping 2
inch NPS and smaller are considered as small bore piping.

For small-bore piping, either the equivalent static load method or the modal response
spectrum method are used. The modal response spectrum method was described in the
preceding paragraphs.

The equivalent static load method is consistent with the guidelines of SRP 3.9.2.11.2 (ii)
(Reference 3.12-16). In this simplified analysis, the mass of piping, its contents, and any
in-line equipment are considered as lumped masses at respective centers of gravity.
Static forces are determined by multiplying the contributing mass by a seismic
acceleration (G factor) at each location. Static analysis is performed using the static
forces applied at those mass locations. Considering that the piping systems are multiple
degree of freedom systems and have a significant number of frequencies in the
amplified region of the response spectrum curve, the seismic acceleration used as a
G factor equals 1.5 times the peak acceleration of the enveloped floor response
spectrum. This static force analysis is performed for all three spatial directions of seismic
excitation. The solutions from these static analyses are combined by the SRSS method.

Alternatively, a handbook using the above methods for simplified design of small bore
piping may be developed.
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3.12.6.1 Applicable Codes

Seismic category I pipe supports are designed in accordance with subsection NF of the
ASME Code, Section III, 2001 Edition (Reference 3.12-32) for Level A, B, aPd C and D
service conditions. For Lcvel D scr-ice condition, however the acceptable stress limits
permitted by the Nnonmandatory Appendix F of'Section III of the ASME Code, 2001
Edition (Reference 3.12-33) is are utilized for Service Level 0 supports.

ASME Code, Section III, Subsection NF (Reference 3.12-32) details varying
requirements of ASME Code, Section III, Class 1, 2, and 3 support structures, that is
further classified into plate and shell type supports, linear type supports, and standard
piping products. The welding requirements for A500, grade tube steel from AWS D1.1
(Reference 3.12-34) are utilized.

The construction of ASME Code, Section III, Class 1 (Reference 3.12-32) linear-type
piping supports (excluding snubbers) follow the rules of ASME Code, Section III,
Subsection NF as supplemented by the stipulations of Section C., Regulatory Position of
RG 1.124, Rev.2 (Reference 3.12-35).

The construction of ASME Code, Section III, Class 1 plate-and-shell-type piping
supports (excluding snubbers) follow the rules of ASME Code, Section III, Subsection
NF (Reference 3.12-32) as supplemented by the stipulations of Section C., Regulatory
Position of RG 1.130, Rev.2 (Reference 3.12-36).

Seismic category II piping supports are also designed per the requirements of ASME
Code, Section III, Subsection NF (Reference 3.12-32).

Non-seismic category piping supports are designed in accordance with the requirements
of ASME/ANSI B31.1 Power Piping Code (Reference 3.12-1), Paragraph 120 for loads
on pipe supporting elements and Paraqraph 121 for design of pipe supporting elements.
Pipe support supplementary steel are desiqned using the guidelines in the "Manual of
Steel Construction, 9 th Edition", AISC (Reference 3.12-23). However, material properties
from later editions may be used as necessary.

Expansion anchors and other steel embedments in concrete are designed for concrete
strength in accordance with "Code Requirements for Nuclear Safety Related Concrete
Structures", ACI 349 (Reference 3.12-37).

Pipe support catalog items, which are fabricated/manufactured to later code editions
than identified in the above paragraphs, may be used on a site-specific basis. This use
of the later codes shall be reconciled to the code of record identified in the above
paragraphs.

3.12.6.2 Jurisdictional Boundaries

3.12.6.2.1 Pipe Supports and Attachment Points

The jurisdictional boundary between a pipe and its support structure follows the
guidance of ASME Code, Section III, Subsections NB-1132, NC-1132, or ND-1132
(Reference 3.12-2).
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For piping analyzed per the requirements of ASME B31.1 (Reference 3.12-1), te
jurisdictional boundary guidance of ASME Code, Section III, Subsection ND-3•611 ND-
1132 is followed.

3.12.6.2.2 Subsection NF Boundaries

The jurisdictional boundary between the pipe support and the building structure follow
the guidance of Subsection NF-1130 of the ASME Code, Section III (Reference 3.12-32)

3.12.6.3 Loads and Load Combinations

The load combinations for the piping support design are defined based on the four Level
A, B, C, and D service conditions. The load combinations used for all four levels always
includes the effects of thermal expansion and sustained loads for all conditions. The
combination of loads imposed by thermal expansion and other loading such as weight
may be less than the individual loading imposed by weight alone, as the summation is
algebraic. In such a case, the cold condition asan installed condition where weight alone
is the load acting on the system is also considered for support loads.

The following subsections provide a description of the various loads considered in the
design load combinations. Table 3.12-4 provides the load combinations used in the
design of the pipe supports.

3.12.6.3.1 Dead Weight Loads

The loads are based on the dead weight loading case of the associated piping stress
analysis and generally include the weight of the piping system and its contents, and any
pipe support components attached directly to the pipe (e.g., clamps or integral
attachments). In addition, the dead weight of the support components is considered. In
Table 3.12-4, dead weight loads are designated by DL.

3.12.6.3.2 Thermal Expansion Loads

Piping analysis may include several thermal expansion loading cases associated with
the four service levels. Support loads from these loading conditions are designated as
THMTL, corresponding to the appropriate Level A, B, C, and D service conditions.

3.12.6.3.3 Friction Loads

Friction loads are the result of movement of the pipe across the surface of a support
member. Such loads are manually calculated. In Table 3.12-4, friction loads are
designated by F.

3.12.6.3.4 Wind Loads

Piping exposed to the environment (e.g., yard piping) may be subjected to wind loads.
Such piping is analyzed for design basis wind loads. In Table 3.12-4, support loads due
to wind are designated by W. All safety-related piping systems are located inside wind
protected structures; therefore are not subject to wind and tornado loading.

Tier 2 3.12-17 Revision 42
Tier 2 3.12-17 Revision 42



3. DESIGN OF STRUCTURES, _US'APWI_- ATTACHMENT 1SYSTEMS, COMPONENTS, A ND_ EQUIPMENTr I- to RAI 260-2023

3.12-27 Thermal Stresses In Piping Connected To Reactor Coolant Systems.
Bulletin No. 88-08 including Supplement 3, U.S. Nuclear Regulatory
Commission, Washington, DC, 1988.

3.12-28 Cracking In Feedwater Piping. NRC IE Bulletin No. 79-13, Rev.2,
U.S. Nuclear Regulatory Commission, Washington, DC, 1979:.

3.12-29 Pressurizer Surge Line Thermal Stratification. NRC Bulletin No. 88-11,
U.S. Nuclear Regulatory Commission, Washington, DC, 1988.

3.12-30 ASME Boiler and Pressure Vessel Code, Section III, Division 1 -Appendices,
Nonmandatory Appendix 0, 1992 Edition.

3.12-31 Functional Capability of Piping Systems. NUREG-1367, U.S. Nuclear
Regulatory Commission, Washington, DC, November 1992.

3.12-32 ASME Boiler and Pressure Vessel Code, Section III, Division 1,Subsection
NF, 2001 Edition, The American Society Of Mechanical Engineers.

3.12-33 ASME Boiler and Pressure Vessel Code, Section III, •Division 1 -Appendices,
Nonmandatory Appendix F, 2001 Edition.

3.12-34 Structural Welding Code - Steel. AWS D1.1/D1.1M, 2006, American Welding
Society.

3.12-35 Service Limits and Loading Combinations for Class 1 Linear-Type Supports.
Regulatory Guide 1.124, Rev.2, U.S. Nuclear Regulatory Commission,
Washington, DC, February 2007.

3.12-36 Service Limits and Loading Combinations for Class 1 Plate-and-Shell-Type
Component Supports. Regulatory Guide 1.130, Rev.2, U.S. Nuclear
Regulatory Commission, Washington, DC, March 2007.

3.12-37 Code Requirements for Nuclear Safety Related Concrete Structures."
ACI-349, American Concrete Institute, 2001.

3.12-38 Anchoring Components and Structural Supports in Concrete. Regulatory
Guide 1.199, U.S. Nuclear Regulatory Commission, Washington, DC,
November 2003.

3.12-39 IEEE Recommended Practice for Seismic Qualification of Class 1E
Equipment for Nuclear Power Generating Stations, IEEE Std 344-2004,
Appendix D, Institute of Electrical and Electronic Engineers Power
Engineering Society, New York, New York, June 2005.

3.12-40 Evaluation of Potential for Pipe Breaks. Report of U.S. NRC Piping Review
Committee. NUREG-1061, Volume 4, U.S. Nuclear Regulatory Commission,
Washin-gton, DC, 1984.
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Table 3.12-1 ASME Code, Section III, Class 1, 2, 3,
CS and Support Load Symbols and Definitions

[Load Symbol Load Definition
Dead Load (The dead weight consists of the weight of the piping, insulation,

DL and other loads permanently imposed upon the piping)

P Design Pressure
PR Range of Service Pressure
PM Maximum Service Pressure
F Friction Loads

ASME Service Level A (Normal) and Service Level B (Upset) Miscellaneous
THMTL Thermal Loads with Thermal Stratification and Thermal Cycling Effects
THDISCON Thermal Discontinuity Loads
THGRAD Thermal Radial Gradient Loads
LDM Design Mechanical Loads
LDMS Design Mechanical Loads (sustained)
SSEI Safe-Shutdown Earthquake Inertia Loads
SSEA Safe-Shutdown Earthquake Anchor Loads
SE SE is Support self weight excitation, the effect of the acceleration of the support

mass caused by building inertial loads such as SSEI
SET Building Settlement

ASME Service Level A (Normal) Dynamic Fluid Loads associated with hydraulic
LDFN transients such as relief/safety valve open or water/steam hammer

ASME Service Level B (Upset) Dynamic Fluid Loads associated with hydraulic
LDFU transients such as relief/safety valve open or water/steam hammer

ASME Service Level C (Emergency) Dynamic Fluid Loads associated with
LDFE hydraulic transients such as relief/safety valve open or water/steam hammer

ASME Service Level D (Faulted) Dynamic Fluid Loads associated with hydraulic
LDFF transients such as relief/safety valve open or water/steam hammer
DBPB Design Basis Pipe Breaks, include LOCA and non-LOCA
LOCA Loss-of-Coolant Accident

Static displacement of pre-stressed concrete containment vessel -

emergency condition
Static displacement of pre-stressed concrete containment vessel -

SCVF faulted condition
W Design Basis Wind Load
WT Tornado Wind Load
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Table 3.12-4 Loading Combinations for Piping Supports

Condition Design Loading Combinations
Level A Service DL + Logs + LDFN + THMTL + F + SET

Level B Service DL + LDMS + LDFU + THMTL + W + SET

Level C Service DL + LDMS + LDFE + THMTL + WT+ SET

Level D Service DL + LDMS + LDFF + THMTL + SET

DL + LDMS + LDFF + THMTL + DBPB + SET

DL + LDMS + LDFF + THMTL + SRSS(DBPB + SET +

(SSEI + SSEA + SE))(),' (2), (3)

Notes:

1. SRSS

2. Dynamic loads are combined by the SRSS.

3. Combine SSEI, SSEA, and SE by absolute sum method. SE is support self weight excitation, the effect
of the acceleration of the support mass caused by building inertial loads such as SSEI.

4. If, during operation, the system normally carries a medium other than water (air, gas, steam), sustained
loads should be checked for weight loads during hydrostatic testing as well as normal operation weight
loads.
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3.12. The RCL analysis for the SSE presented in Appendix 3C uses the time-history
direct integration, time history modal analysis, or response spectra modal analysis
methods for seismic dynamic analysis.

A coupled model including mass and stiffness of the RCL, R/B, PCCV, and Containment
Internal Structure is seismically evaluated using a time-history analysis with dynamic
input defined from the CSDRS (Subsection 3.7.1). Subsection 3.7.2.3 provides
additional discussion on coupled modeling.

Per Subsection 3.6.3, the main RCS piping and the surge line are qualified to LBB
criteria; thus, eliminating postulated breaks in that piping. The LBB criteria are used to
evaluate RCS piping 6 inches or larger. Additionally, external loads are applied to the
RCS piping for connecting piping that does not meet the LBB requirements. The RCS
analysis for pipe breaks uses time-history or equivalent static analysis to determine the
structural response due to jet impingement loads, thrust loads, and subcompartment
pressure loads.

Section 3.9.1 discusses the various thermal and pressure transients that can occur as a
result of plant operations. For the RCS thick-walled piping, a time-varying temperature
distribution will occur across the pipe wall section and requires evaluation in accordance
with ASME Code Section III, Subsection NB (Reference 3.9-1).

Through-wall heat transfer gradient occurs due to a time dependent convective heat
transfer between the inner pipe fluid surface and the outer pipe surface. The outer pipe
surface is assumed in an isothermal condition and the inner pipe surface assumes the
RCS fluid temperature. The average wall temperature, Ta, is an integrated temperature
distribution .over time that results from fluid temperature fluctuations. This average
temperature distribution over time is used to determine load sets related to cumulative
fatigue usage. In accordance with ASME Code, Section III, Subsection NB-3653
(Reference 3.9-1), peak incremental stress intensities are calculated from thermal,
pressure, and moment load sets are developed and combined to yield the highest
alternating stress intensity ranges. An incremental usage factor is developed based on
the ASME material fatigue curves. The procedure is repeated to create the next most
severe alternating stress range, until the combinations have an allowable number of
cycles le&s greater than 1011. The cumulative fatigue usage factor is the summation of all
incremental usage factors at this cycle limit.

3.9.3.1.5 ASME Code, Section III, Class 2 and 3 Components

The ASME Code, Section III (Reference 3.9-1), Subsections NC and ND provide the
required stress qualification criteria for ASME Code, Section III, Class 2 and 3
components including vessels, valves, and pumps. Table 3.9-3 provides the loading
combinations used in qualification of these components. The load definitions from Table
3.9-3 are located in Table 3.9-5. Table 3.9-8 provides the stress criteria for these
components. Section 3.12 provides stress evaluation criteria and analysis methods that
are specific to Class 2 and 3 piping.

Code Class 2 and 3 components that are subject to thermal cyclic effects or dynamic
cyclic loads are subject to fatigue evaluations per NUREG-0800, SRP 3.9.3
(Reference 3.9-27). Fatigue analyses of components and supports are completed in
accordance with the ASME Code, Section III requirements and are based on a 60 year
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