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SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
177 (eRAI No. 9071) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
177 (eRAI No. 9071)," 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. 9071:

03.12-8

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.: 9071
Date of RAI Issue: 08/12/2017

NRC Question No.: 03.12-8

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.
ASME BPV Section III, mandated by 10 CFR 50.55a, requires that piping be appropriately
evaluated for seismic loads.
Accordingly, SRP Section 3.9.2.II.2.A(ii), states that an equivalent static load method is
acceptable for piping seismic analysis if certain criteria are met.

FSAR Table 1.9-3 shows that FSAR Subsection 3.12.3 is prepared in conformance with SRP
3.12 Subsection II.A. SRP 3.12 Subsection II.A(vi), “Small Bore Piping Method” discusses small
bore piping and its methods of evaluation. The NuScale FSAR Section 3.12 has no subsection
pertaining to and makes no mention of small bore piping and its methods of evaluation. NuScale
FSAR Tier 2, Section 3.12.3.7, “Equivalent Static Load Method,” indicates that the equivalent
static load method can be used for seismic analysis of piping and it does not differentiate
between small bore and large bore piping.

Revise FSAR Tier 2, Section 3.12.3.7, “Equivalent Static Load Method,” to demonstrate1.
that all the criteria in SRP Section 3.9.2.II.2.A(ii) will be met when using the equivalent
static load method.
 
Identify in the FSAR whether the equivalent static load method for seismic analysis will be2.
used for both large bore and small bore piping and list the ASME classes that it will be
used for.
 
Provide a definition for the NuScale small bore piping, along with the method and criteria3.
for its design and analysis.

NuScale Response:

The RAI question requests clarification on how the equivalent static load method is applied to
the design of piping. The question requests are addressed individually.



 

NuScale Nonproprietary
 

Response to Request #1

FSAR Section 3.12.3.7 has been revised to state that the equivalent static load method is not
used for ASME Code Class 1, 2, and 3 piping.

Response to Request #2

FSAR Section 3.12.3.7 has been revised to state that the equivalent static load method is not
used for ASME Code Class 1, 2 and 3 piping.

Response to Request #3

For the NuScale design, no distinction is made between “small bore piping” and “large bore
piping.” All ASME Code Class 1, 2, and 3 piping is designed and analyzed using the same
methods and criteria.

Impact on DCA:

FSAR Tier 2 Section 3.12.3.7 has been revised as described in the response above and as
shown in the markup provided in this response.
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3.12 ASME Code Class 1, 2, and 3 Piping Systems, Piping Components and Associated 
Supports

3.12.1 Introduction

This section addresses the design of the piping systems and piping supports used in 
Seismic Category I, Seismic Category II, and nonsafety-related systems. The information in 
this section primarily addresses ASME Class 1, 2, and 3 piping systems. The analysis of the 
piping also considers interaction of non-Seismic Category I piping and associated supports 
with Seismic Category I piping and associated supports.

RAI 03.12-8

NuScale has adapted a graded level of detail approach in piping design. This approach is 
discussed in the March 4, 2014 NRC white paper - Piping Level of Detail for Design 
Certification (Reference 3.12-12). Piping system designs (e.g., layout, pipe size) for the 
systems within the NuScale Power Module (NPM) are generally complete and the 
requirements for the design, analysis, materials, fabrication, inspection, examination, 
testing, certification, packaging, shipping, and installation of these systems are 
documented in an ASME design specification for Class 1, 2, & 3 piping. The highest level of 
detail is complete for Class 1 reactor coolant pressure boundary (RCPB) piping (NPS 2) 
inside containment and Class 2 main steam, feedwater and decay heat removal system 
(DHRS) lines up to the first 6-way rigid restraint beyond the containment isolation valves. 
Preliminary analyses are performed for all of these systems in order to confirm the 
adequacy of the piping layout and support locations. Preliminary analyses consider 
deadweight, thermal expansion/contraction and seismic loads (either static or dynamic). 
For preliminary analyses, ASME Class 2 rules may be used for ASME Class 1 piping. 
Additionally, detailed stress analyses are performed for two representative systems, the 
RCS discharge line and the feedwater line. The RCS discharge piping is selected because it 
is representative of the ASME Class 1 piping with respect to deadweight, seismic, thermal 
transient and fatigue loading. The discharge line is longer than the other Class 1 lines, with 
more seismic supports and longer spans between restraints. Therefore, this analysis 
presents the more challenging analysis case. The feedwater line is selected because it 
experiences bounding loads for all Class 2 systems with respect to the leak-before-break 
(LBB) analysis. Detailed stress analyses include loads from deadweight, seismic (dynamic), 
thermal expansion/contraction, and for Class 1 lines, fatigue (including environmentally 
assisted fatigue evaluation in conformance to Regulatory Guide (RG) 1.207. The results of 
these analyses confirm the acceptability of the piping designs.

3.12.2 Codes and Standards

10 CFR 50, Appendix A, General Design Criterion (GDC) 1 requires that structures, systems, 
and components (SSC) must be designed to quality standards commensurate with the 
importance of the safety functions to be performed. GDC 2 requires that SSC be designed 
to withstand the effects of natural phenomena such as earthquakes, tornadoes, and floods 
without the loss of their safety function. GDC 4 requires that the nuclear power plant SSC 
be designed to accommodate the effects of and be compatible with the environmental 
conditions associated with normal operation, maintenance, testing, and postulated 
accidents, including loss-of-coolant accidents (LOCAs). GDC 14 requires that reactor 
coolant pressure boundary of the primary piping systems being designed, fabricated, 
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piping system are combined, respectively as described in Section 3.12.3.2. Per NUREG-
1061, Volume 4 (Reference 3.12-2), consideration of closely spaced modes need not be 
taken into account; therefore, modal results are combined using the SRSS method 
described in Section 3.12.3.2.4. Responses for modes below the ZPA are treated as 
periodic responses, while the residual rigid response is calculated using the missing 
mass method as described in Section 3.12.3.2.6. The low frequency response (periodic 
response) and the high frequency response (residual rigid response) are combined 
using the SRSS method. If the responses due to anchor motions are combined with 
inertial effects, the SRSS method is used as described in Section 3.12.3.2.9; however, the 
response due to anchor motions may be evaluated separately from inertial effects per 
ASME Section III NB-3656(b), NC-3655(b), or ND-3655(b). Damping values from 
Regulatory Guide 1.61 Revision 1 shall beare used when performing analysis using the 
ISM method. See Section 3.12.3.2.2Section 3.12.3.5 for discussion of appropriate 
damping.

RAI 03.12-6

If the ISM method is used for piping systems supported at multiple locations on the 
NPM, the criteria presented in NUREG-1061, Volume 4 is followed. 

3.12.3.4 Time-History Method

RAI 03.12-8

Seismic analysis of piping systems may also be performed using the time history 
method (as opposed to the response spectrum method or the equivalent static 
method). The time history method can provide more realistic results for multiply-
supported systems but it requires increased analytical effort. Therefore, the time 
history method of analysis for seismic input is generally reserved for major 
components. Analysis of piping system response or component response due to other 
transient loads such as water hammer, steam hammer, and impingement may also be 
performed using the time history method (see Section 3.12.5.3). 

Time history analysis can be performed by direct integration of the coupled equations 
of motion or by modal superposition. When the time history method is used to analyze 
the seismic response of NuScale piping systems the modal superposition method is 
used. The modal superposition method is performed by decoupling the multiple 
degree-of-freedom equations of motion by changing the equations of motion from 
normal (displacement) coordinates to modal coordinates. The equations are solved 
linearly as single degree-of-freedom equations and then the results for all modes are 
combined at each time step. Regulatory Guide 1.92 Revision 1 provides acceptable 
procedures for combining modal responses. Regulatory Guide 1.92 Revision 3 provides 
acceptable procedures for combining periodic and rigid modal responses of piping 
components and for including “missing mass” contribution (above the ZPA frequency). 
Contribution of mass above the ZPA frequency is included in modal superposition time 
history analyses as described in Regulatory Position C.1.4 of Regulatory Guide 1.92 
Revision 3. As stated in C.1.4.1 of RG1.92 Revision 3, the missing mass contribution, 
scaled to the instantaneous acceleration, is algebraically summed with the transient 
solution at the corresponding time.
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Time step sensitivity evaluations are performed for piping systems which are analyzed 
by the time history method to show that the selected time step provides acceptable 
convergence.

Damping of piping systems using the time history method of analysis is per 
Section 3.12.3.2.2.

For time history analysis where the three components of earthquake motion are 
calculated separately, the representative maximum response of a piping component 
can be determined by taking the SRSS of the maximum responses for each of the three 
spatial components. As stated in Regulatory Position C.2.2 of RG 1.92 Revision 3, if the 
three components of the earth motion are statistically independent, the maximum 
response of a piping component can be obtained from algebraic summation of the 
three component responses at each time step. Alternatively, if the three components 
of input motion are statistically independent, a single time history analysis may be 
performed with all three components of earthquake motion applied simultaneously; 
this effectively achieves algebraic summation.

3.12.3.5 Damping Values

RAI 03.12-6

When performing analysis of piping systems by the USM or ISM methods, damping 
values are applied per RG 1.61. For analysis of NuScale piping systems, the single 
damping value of 4 percent (for all frequencies) is used in accordance with RG 1.61. 
Frequency dependent damping is not used, though it is conditionally permitted by RG 
1.61. If the analysis of a piping model includes other non-piping components (such as 
supports or structural elements which have different damping values per RG 1.61), then 
composite modal damping values are determined using the techniques discussed in 
Section 3.12.3.2.2.

3.12.3.6 Inelastic Analysis Method

Inelastic analysis methods are not used for any NuScale piping system analysis. 

3.12.3.7 Equivalent Static Load Method

RAI 03.12-8

One method of analyzing seismic effects on a piping system is to use an equivalent 
static load method. This is a simplified analysis method in which a constant 
acceleration force is applied to lumped masses of piping system components at their 
center of gravity locations. Bounding seismic acceleration values are determined for 
each direction based on the dynamic properties of the system. The static acceleration 
values are applied to the piping system model in each of the three orthogonal 
directions to obtain the response forces and resulting component stresses. Analyses 
results from each of the three directions are combined by the SRSS method.The 
equivalent static load method of seismic analysis is not used for ASME Code Class 1, 2 
and 3 piping.

RAI 03.12-8
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Linear equivalent static analyses of seismic loads on piping systems is discussed in 
Section 3.7.3

3.12.3.8 Non-seismic/Seismic Interaction (II/I)

The majority of the Seismic Category I piping is located inside of, or outside of and 
attached to, the containment vessel. All piping, vessels, components and structures 
inside containment are Seismic Category I. Therefore, the NuScale Power Plant has few 
Seismic II/I considerations. 

For those few cases, such as on the top of the containment where it is not possible or 
practical to isolate the seismic piping, non-seismic piping which is located in proximity 
to the seismic Category I piping is classified as seismic Category II and is analyzed and 
qualified to the same seismic criteria as the seismic Category I piping thereby 
precluding adverse interaction during the SSE.

The dynamic effects of non-seismic piping which is attached to seismic Category I 
piping are accounted for by including some portion of the connected non-seismic 
piping (and supports) in the model of the Category I piping. The non-seismic piping 
attached to seismic Category I piping is designed such that the adverse interaction 
during the SSE is precluded. The attached non-Category I piping, up to the first anchor 
beyond the interface is designed not to cause a failure of the Category I piping during 
the SSE.

Interaction Evaluation

Non-seismic piping and components may be located in proximity to safety-related 
piping without being classified as seismic Category II if an interaction evaluation is 
performed to verify that no adverse interaction with the functionality of seismic 
Category I components will occur due to the failure of the non-seismic piping during 
seismic events. Non-seismic piping components are assumed to fail by being put into a 
freefall condition, and interactions with safety-related components are evaluated 
based on their relative locations.

For non-seismic piping systems, all non-seismic supports are assumed to fail and the 
flanged connections are also assumed to fail. Non-seismic piping which is welded is 
assumed to fail at rigid constraint locations. These assumptions for interaction 
evaluations are made to give the most bounding interaction effects. 

3.12.3.9 Seismic Category I Buried Piping

The NuScale design does not include any ASME Code Class 1, 2, or 3 piping which is 
directly buried in soil.

Note, that for the NuScale design the only ASME BPVC Section III Class 1, 2, or 3 piping 
that is not directly connected or within an NPM is the ASME Class 3 assured makeup 
line to the reactor pool which provides a means to add inventory to the pool via 
temporary equipment for long term beyond design basis event support.




