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SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
178 (eRAI No. 9072) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
178 (eRAI No. 9072)," dated August 12, 2017

The purpose of this letter is to provide the NuScale Power, LLC (NuScale) response to the
referenced NRC Request for Additional Information (RAI).

The Enclosure to this letter contains NuScale's response to the following RAI Question from
NRC eRAI No. 9072:

03.12-9

This letter and the enclosed response make no new regulatory commitments and no revisions to
any existing regulatory commitments.

If you have any questions on this response, please contact Marty Bryan at 541-452-7172 or at
mbryan@nuscalepower.com.

Sincerely,

Zackary W. Rad
Director, Regulatory Affairs
NuScale Power, LLC

Distribution: Gregory Cranston, NRC, OWFN-8G9A
Samuel Lee, NRC, OWFN-8G9A
Marieliz Vera, NRC, OWFN-8G9A
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Response to Request for Additional Information
Docket No. 52-048

 

eRAI No.: 9072
Date of RAI Issue: 08/12/2017

NRC Question No.: 03.12-9

10 CFR 52.47 requires the FSAR include a description and evaluation of the SSCs sufficient to
permit the understanding of the system design and their relationship to safety evaluations.
Standard Review Plan (SRP) Section 3.12 specifies that when a piping system is to be broken
up into two parts with the input from the larger piping system used to analyze the smaller piping
system, the decoupling criteria provided in SRP Section 3.7.2 are applicable. NuScale FSAR
Tier 2, Subsection 3.7.3.3 and in part Subsection 3.12.4.4 specify decoupling criteria for piping
consistent with those in SRP Section 3.7.2. FSAR Subsection 3.12.4.4 introduces a choice of
two additional decoupling criteria for piping that are different from the guidance in SRP Section
3.7.2 and those specified in FSAR Subsection 3.7.3.3.

The following is requested from the applicant:

1. If the branch piping geometry is known, clarify whether the branch piping is included in the
piping analysis model with the header. If the branch piping geometry is not included, justify
the need to decouple the branch from the header.
 

2. For branch piping with known geometry for which decoupling is justified based on the item
above, SRP Section 3.12 indicates that decoupling criteria from SRP Section 3.7.2 should
be used, which are shown in FSAR Subsections 3.7.3.3 and 3.12.4.4. Clarify whether
these criteria, which are consistent with SRP 3.7.2, will be utilized in this case or provide a
technical justification for utilizing other criteria.
 

3. FSAR Section 3.12.4.4 includes as one of the decoupling criteria that the branch pipe may
be decoupled from the run pipe if the ratio of run to branch pipe moment of inertia is 25 to 1
or more. The Welding Research Council (WRC) Bulletin (BL) 300, “Technical Position on
Damping and on Industry Practice,” provides the technical justification for using the
moment of inertia ratio of 25 for decoupling with exceptions, which is based on engineering
experience and has been accepted by the NRC when justified in certain applications. Since
this decoupling criterion is in FSAR Section 3.12.4.4, refer to and add WRC BL 300 in the
FSAR Section 3.12 list of references and also show in FSAR 3.12.4.4 that, as shown in
WRC BL 300, if either of the two factors listed below apply, piping cannot be decoupled. If
an alternative to these two factors is selected, provide a technical justification.
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 a. If an anchor or fixed restraint on the branch pipe is located near the run pipe and
significantly restrains the movement of the run pipe, the branch pipe should be
included with the model of the run pipe, up to the anchor (or up to and including the
series of fixed restraints that effectively permits termination of the problem at some
point remote from the run pipe).
 

 b. The branch pipe should be included in the computer model of the run pipe if more
precise magnitudes of reactions are required at terminal points (i.e., equipment,
penetrations, etc.) to determine their (the reactions) acceptability.
 

4. In addition to the WRC BL 300 criterion mentioned above, FSAR Section 3.12.4.4 includes
an additional criterion for decoupling, that branch lines can be decoupled when the ratio of
run to branch pipe diameter is 3 to 1 or greater. Clarify the need for having these two
criteria in place and when one will be used versus the other. Provide a technical basis for
using this criterion.
 

5. FSAR Section 3.12.4.4 also discusses the pipe overlap method and states that:
 

 It is allowed to terminate the analytical model of a piping system at a location without a
structural anchor if decoupling criteria is satisfied or if adjacent analytical models
sufficiently overlap.
 

 Decoupling of piping is customarily used to decouple branch lines that are smaller
than the main run of pipe from the analysis math model of the main run and analyzed
separately. To aid in understanding how this method is used, provide an example
where the analytical model of a piping system can be terminated at a location without
a structural anchor (or nozzle used as an anchor) using pipe decoupling criteria (not
pipe overlap criteria).
 

6. In providing the overlap region methodology, FSAR 3.12.4.4 states that:
 

 In accordance with the recommendations of NUREG/CR-1980 (Reference 3.12-11)
the region of overlap is selected to be in a rigid (or relatively rigid) portion of the piping
system per Section 2 (conclusions and recommendations) of NUREG/CR- 1980 for
specific analysis criteria, including the required stiffness of the overlap region.
 

 Show that all of the conditions in NUREG/CR-1980, Section 2 are followed when applying
the structural overlap method and the three criteria specified in Section 2 of
NUREG/CR-1980 are used. Specifically, verify that there are at least four rigid restraints in
each of three mutually perpendicular directions in the overlap region (including the ends)
when the method is applied. For axial restraints only, this requirement may be relaxed to a
single restraint in any straight segment.
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NuScale Response:

The RAI requests clarification on how decoupling criteria and the overlap region methodology
are applied to the design of piping. The RAI contains six requests, which are addressed
individually.

Response to Request #1

FSAR Section 3.12.4.4 has been revised to clarify that for ASME Class 1, 2 and 3 piping,
decoupling criteria are only applied for small branch lines, such as instrument lines, for which
the routing is unknown. If the routing of the branch piping is known, it is included in the
applicable analysis.

Response to Request #2

For ASME Class 1, 2 and 3 piping, decoupling criteria is only applied for small branch lines,
such as instrument lines, for which the routing is unknown. The additional decoupling criteria
described in FSAR Subsections 3.7.3.3 and SRP 3.7.2 are therefore not applicable, because if
the routing of the piping is unavailable, the mass and natural frequencies of the smaller piping
cannot be determined. FSAR Section 3.12.4.4 has been revised to remove these additional
decoupling criteria. Applying the decoupling criteria given in WRC Bulletin 300, “Technical
Position on Damping and on Industry Practice,” is sufficient to determine the acceptability of
decoupling small branch lines.

Response to Request #3

FSAR Section 3.12.4.4 has been revised to add WRC Bulletin 300, “Technical Position on
Damping and on Industry Practice,” to the list of references. The two additional decoupling
criteria (below) contained in WRC Bulletin 300 have also been added to FSAR Section 3.12.4.4.

If an anchor or restraint on the branch pipe is located near the run pipe and significantly
restrains the movement of the run pipe, the branch pipe should be included with the model of
the run pipe, up to the anchor, or up to and including the series of restraints that effectively
permits termination of the model at some point remote from the run pipe.

The branch pipe should be included in the model of the run pipe if the branch is located near a
sensitive connection (e.g., equipment nozzle) and more precise magnitudes of reactions are
required to determine the acceptability of the loads at the connection.
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Response to Request #4

FSAR Section 3.12.4.4 has been revised to remove the criterion that branch lines can be
decoupled when the ratio of run to branch pipe diameters is 3 to 1 or greater. Providing two
separate criteria is unnecessary. Using the criterion that considers the moment of inertia of the
pipes is preferred because it considers the thicknesses of the pipes.

Response to Request #5

FSAR Section 3.12.4.4 has been revised to remove the statement, "It is allowed to terminate the
analytical model of a piping system at a location without a structural anchor if decoupling criteria
is satisfied or if adjacent analytical models sufficiently overlap." FSAR Section 3.12.4.4 has
been revised to clarify that for ASME Class 1, 2 and 3 piping, decoupling criteria is only used to
decouple small branch lines, such as instrument lines, when the routing of the branch line is
unknown.

Response to Request #6

FSAR Section 3.12.4.4 has been revised to clarify that all conditions and criteria contained in
Section 2 of NUREG/CR-1980 are followed when the structural overlap method is used. The
particular criterion that there be at least four rigid restraints in each of three mutually
perpendicular directions in the overlap region (including the ends) has been added to FSAR
Section 3.12.4.4.

Impact on DCA:

FSAR Section 3.12.4.4 has been revised as described in the response above and as shown in
the markup provided in this response.
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seismic input for an equivalent simply supported beam. This ensures that the piping 
system response remains representative during dynamic analyses. 

Torsional effects of eccentric masses (such as a valve operator) are accounted for in the 
modeling of piping systems if determined to be significant on a case by case basis. 

Rigid components of piping systems (natural frequencies above the ZPA frequency) are 
included in the piping model by placing lumped masses which are rigidly linked to the 
piping, with the lumped masses located coincident to the centers of gravity of these 
components. Any integral shield restraints (ISRs) on piping are included in the model as 
lumped masses. Flexible components are included by using beam elements and 
lumped masses to maintain representative dynamic response.

The mass of a piping support is included in the piping model (as opposed to a simple 
constrained boundary condition) if the support mass is greater than 10 percent of the 
total mass of the supported piping span. The subject span is defined as all piping 
components to the next support location in both directions from the support 
considered for inclusion in the model.

3.12.4.3 Piping Benchmark Program

AutoPIPE and ANSYS Comply with NRC benchmarks as described in Section 3.12.4.1. 

COL Item 3.12-1: A COL applicant that references the NuScale Power Plant design certification may 
use a piping analysis program other than the programs listed in Section 3.12.4.1; 
however, the applicant will implement a benchmark program using the models for 
NuScale Power Plant standard design.

3.12.4.4 Decoupling Criteria

RAI 03.12-9

Decoupling Criteria

The NuScale reactor design is compact, such that there is not a large amount of ASME 
Class 1, 2 and 3 piping associated with each NPM. Therefore, the piping runs are 
relatively short and analytical models are generally terminated at structural anchors, 
which effectively isolate the system from additional static and dynamic effects from 
beyond the anchor. These structural anchors are typically vessel nozzles, but may also 
be pipe supports which restrain all six degrees of freedom. It is allowed to terminate 
the analytical model of a piping system at a location without a structural anchor if 
decoupling criteria is satisfied or if adjacent analytical models sufficiently overlap. 
These methods are discussed below.Branch lines for which the routing is unknown can 
be decoupled from the analysis of the main ASME Class 1, 2, or 3 piping run using the 
criteria discussed below. 

RAI 03.12-9

All of the ASME Class 1 piping is located inside of the containment vessel, with the 
exception that the welds connecting the containment isolation valves to the nozzles 
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outside containment are also Class 1 for lines whichthat contain primary coolant. ASME 
Class 2 piping is located both inside containment and outside containment, but 
entirely within the NPM disconnect flanges (i.e., does not extend to the reactor 
building. Therefore, generally, Class 1 or Class 2 piping runs are completely modeled 
between anchors and do not require decoupling or any other model termination 
method, except for small branch lines, such as instrument lines, for which the routing is 
unknown. There is a small amount of ASME Class 3 piping connected to each NPM 
which extends to the Reactor Building. All Class 3 piping is small diameter (NPS 2-1/2 or 
smaller); thereforesimilarly, decoupling or overlap methods are used only for small 
branch lines, such as instrument lines, for which the routing is unknown.

RAI 03.12-9

An analytical model may be terminatedDecoupling methodology may only be applied 
at a location where the structural interaction between adjacent segments of piping is 
limited and can be sufficiently accounted for using standard methods. ThisTherefore, 
this approach may only be used at locations where there is a significant change in pipe 
size, such as branch lines of larger piping. Branch lines (such as instrument lines) 
whichthat are smaller than the main run of the analyzed piping may be excluded from 
the analysis if it is sufficiently small compared to the run pipe. Branch lines may be 
excluded from the run piping analysis if the nominal diameter of the branch is less than 
or equal to 1/3 of the run nominal diameter or if the moment of inertia of the branch 
line is less than or equal to 1/25th that of the run pipe. (Reference 3.12-18). Additional 
restrictions on the use of decoupling criteria, which are to be verified upon the 
completion of the detailed routing of the branch line, are as follows:

RAI 03.12-9
1) If an anchor or restraint on the branch pipe is located near the run pipe and 

significantly restrains the movement of the run pipe, the branch pipe should be 
included with the model of the run pipe, up to the anchor, or up to and including 
the series of restraints that effectively permits termination of the model at some 
point remote from the run pipe (Reference 3.12-18).

RAI 03.12-9
2) The branch pipe should be included in the model of the run pipe if the branch is 

located near a sensitive connection (e.g., equipment nozzle) and more precise 
magnitudes of reactions are required to determine the acceptability of the loads at 
the connection (Reference 3.12-18).

RAI 03.12-9
3) Decoupling is not permitted if there is a relatively large mass (e.g. large valve or 

fitting) on the branch line in the span between the connection to the run pipe and 
the nearest support.

RAI 03.12-9

These criteria ensure that the effects of the smaller decoupled line on the larger piping 
can generally be considered negligible. However, any stress intensification factors and 
stress indices associated with the connection of the smaller line are considered in the 
analysis of the larger piping. Also,Although the detailed routing of the line may be 
unavailable, the additional mass of the branch areis considered for inclusion in the 
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model of the larger piping to account for the decoupled line. When included, the 
added mass is at least half of the mass of the portion of the decoupled line up to the 
nearest support. Decoupling is not permitted if there is a relatively large mass (e.g. 
large valve or fitting) on the branch line in the span between the connection to the 
larger pipe and the nearest support.

RAI 03.12-9

Decoupling of portions of piping systems meets the following criteria from SRP 3.7.2 to 
ensure negligible error of the system dynamic response due to the decoupling. The 
mass ratios of the decoupled systems and subsystems, Rm, and the frequency ratio, Rf, 
are used as criteria to ensure negligible interaction:

Rm = Total mass of supported subsystem / Total mass of the supporting system 

Rf = Fundamental freq. of supported subsystem / Dominant freq. of the support system

The following criteria are acceptable:

i. If Rm < 0.01, decoupling can be done for any Rf

ii. If 0.01 ≤ Rm ≤ 0.1, decoupling can be done if 0.8 ≥ Rf ≥ 1.25

iii. If Rm > 0.1, a subsystem model should be included in the primary system model

RAI 03.12-9

A separate analysis of the smaller decoupled piping may still be required where the 
dynamic load inputs (e.g., at a branch connection point) are determined from the larger 
run piping analysis. The connection of the smaller line to the larger pipe is modeled as 
an anchor in the analysis of the smaller line, with any associated stress intensification 
factors and stress indices applied. Static displacements of the larger piping, including 
those due to weight, thermal expansion and contraction, and seismic loads, are applied 
at the connection. If the larger piping is determined to be rigid (i.e. the fundamental 
frequency is above the cutoff frequency), it is acceptable to apply response spectra at 
the connection which envelopesthat envelop those of the nearest supports on both 
the larger piping and the decoupled line. If the larger piping is not determined to be 
rigid, the inertial seismic loads (e.g. time histories, response spectra) for the decoupled 
line shall be generated from analysis of the larger piping, in order to account for 
amplification of the loads.

RAI 03.12-9

Overlap Region Methodology

It is always preferred to model an entire piping system with relevant connections and 
supports included in the same analysis. If it is not feasible to analyze a piping system as 
a single model then the structural overlap region methodology and conditions for the 
overlap region provided in NUREG/CR-1980 (Reference 3.12-11) aremay be used. As 
discussed above, the NuScale Power Plant is compact and no Class 1 or Class 2 piping 
haveanalyses include overlapping models. A limited amount of Class 2 or Class 3 or 



NuScale Final Safety Analysis Report
ASME Code Class 1, 2, and 3 Piping Systems, Piping Components and

Associated Supports

Tier 2 3.12-17 Draft Revision 1

B31.1 piping analyses may haveuse overlapping regionsmodels if the routing of the 
connecting B31.1 piping is not yet completed to the next anchor.

RAI 03.12-9

In accordance with the recommendations of NUREG/CR-1980 (Reference 3.12-11) the 
region of overlap is selected to be in a rigid (or relatively rigid) portion of the piping 
system per Section 2 (conclusions and recommendations) of NUREG/CR-1980 for 
specific analysis criteria, including the required stiffness of the overlap region.

RAI 03.12-9

AllWhen the structural overlap methodology is applied, all of the conditions and 
criteria in Section 2 of NUREG/CR-1980 (Reference 3.12-11) are satisfied. Particularly, it 
is required that there are at least four rigid restraints in each of three mutually 
perpendicular directions in the overlap region (including the ends) when the method is 
applied. For axial restraints only, this requirement may be relaxed to a single restraint in 
any straight segment. Additionally, all piping system analyses which include the 
overlap region are required to show acceptable results for the piping components and 
supports in the overlap region.

3.12.5 Piping Stress Analysis Criteria

3.12.5.1 Seismic Input Envelope Versus Site-Specific Spectra

The standard plant piping is evaluated using the certified seismic design response 
spectra (CSDRS) and the high frequency certified seismic design response spectra 
(CSDRS-HF) described in Section 3.7.1.1.

The floor response spectra are described in detail in Section 3.7.2.5. 

COL Item 3.12-2: A COL applicant that references the NuScale Power Plant design certification will 
confirm that the site-specific seismic response is within the parameters specified in 
Section 3.7. A COL applicant may perform a site-specific piping stress analysis in 
accordance with the methodologies described in this section, as appropriate.

3.12.5.2 Design Transients

The piping systems design considers the design transients as discussed in Section 3.9.1. 

3.12.5.3 Loadings and Load Combinations

Pressure

The design differential pressure between the inside and outside of the piping pressure 
boundary components (Pdes) is used for the analysis of all ASME Code Class 1, 2, and 3 
piping, as well as for ASME B31.1 piping. The minimum required piping wall thickness 
for ASME Code Class 1, 2, and 3 piping is calculated using NB-3640, NC-3640, and 
ND3640 at the design pressure using material properties from ASME Section II 
(Reference 3.12-17) Part D at the applicable design temperature. The design pressure of 
piping systems includes allowances for pressure addition sources (such as pumps), 
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3.12-15 MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, 
Selection, Application, and Installation - SP-58-2009.

3.12-16 NUREG/CR-1677, “Piping Benchmark Problems. Volume I and II.”

3.12-17 American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, 
2013 Edition, Section II, “Materials,” American Society of Mechanical Engineers. 

RAI 03.12-9
3.12-18 Welding Research Council, Inc., “Technical Position on Damping and on 

Industry Practice,” WRC Bulletin 300, December 1984, Shaker Heights, OH.




