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SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
83 (eRAI No. 8899) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
83 (eRAI No. 8899)," dated July 07, 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 Questions from
NRC eRAI No. 8899:

19.01-1
19.01-2
19.01-3
19.01-5
19.01-6
19.01-7
19.01-8
19.01-9
19.01-10
19.01-11
19.01-12
19.01-13
19.01-14
19.01-15
19.01-16
19.01-17
19.01-18
19.01-19
19.01-20

The response to question 19.01-4 will be provided by January 18, 2018.
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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 Darrell Gardner at 980-349-4829 or
at dgardner@nuscalepower.com.

Sincerely,

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

Distribution: Gregory Cranston, NRC, OWFN-8G9A
Samuel Lee, NRC, OWFN-8G9A
Rani Franovich, NRC, OWFN-8G9A
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Director Regulatory Affairs
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Response to Request for Additional Information
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-1

10 CFR 52.47(a)(27) states that a Design certification application (DCA) must contain a Final
Safety Analysis Report (FSAR) that includes a description of the design-specific probabilistic
risk assessment (PRA) and its results. In SECY 93-087, the Commission approved use of the
seismic margin approach (SMA) for DCAs in lieu of a seismic PRA. Per the guidance in
DC/COL-ISG-20, “Interim Staff Guidance on Implementation of a Probabilistic Risk Assessment-
Based Seismic Margin Analysis for New Reactors,” and Regulatory Guide 1.200, the seismic
fragility calculation should use the response spectrum shape defined as the DCA’s Certified
Seismic Design Response Spectra (CSDRS).

In FSAR Section 19.1.5.1.1.2, “Seismic Input Spectrum,” only the peak ground acceleration
(pga) for the seismic input spectrum is described. The staff requests that the applicant include a
definition of the review level earthquake (RLE), including the shape and magnitude, in the
FSAR. The applicant should also clarify the following FSAR statements related to the seismic
input.

In  FSAR  Section  19.1.5.1.1.1,  “Seismic  Analysis  Methodology  and  Approach,”  the
applicant  states,  “The  SMA  analysis  must  be  performed  relative  to  a  review  level
earthquake of 1.67 times the safe shutdown earthquake (SSE).” The staff requests that the
applicant clarify that the RLE is defined relative to the CSDRS.
In FSAR Section 19.1.5.1.1.2, “Seismic Input Spectrum,” the applicant states, “The
component fragility is referenced to the peak ground acceleration defining the uniform
hazard response spectra for a site, which is the [safe shutdown earthquake (SSE)].”  An
identical statement also exists on page 19.1-59 of the FSAR.  Because a DCA does not
contain site-specific information, the staff requests that the applicant describe the
applicability of the uniform hazard response spectra (UHRS) to the PRA-based SMA.
In the same FSAR statement referenced above, the staff notes that reference is made only
to the component fragility. The staff requests that the applicant clarify that the RLE is the
seismic input for the fragility evaluation of structures, systems, and components (SSCs).

NuScale Response:

The NuScale response is provided as follows:
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The review level earthquake (RLE) is defined relative to the certified seismic design
response spectrum (CSDRS) peak ground acceleration (PGA), with a scaling factor of
1.67. The PGA of the CSDRS is the safe shutdown earthquake (SSE). FSAR Section
19.1.5.1.1.1 has been modified to clarify this relationship.
The CSDRS input is used for the evaluation of fragilities in the NuScale seismic margin
assessment (SMA) in lieu of a site-dependent uniform hazard response spectra (UHRS).
Analyses performed with the CSDRS as input are performed in the same manner as an
analysis considering a site UHRS. The CSDRS is addressed in FSAR Section 3.7.1.1.1.
Because the performed analysis is site-independent, all uses of the terms "UHRS" and
"uniform hazard response spectra" have been removed from FSAR Section 19.1.
The RLE and associated CSDRS are the seismic inputs for the fragility evaluation of
structures, systems, and components (SSCs). FSAR Sections 19.1.5.1.1.2 and
19.1.5.1.1.3 have been modified to clarify the applicability to SSCs.

Impact on DCA:

FSAR Sections 19.1.5.1.1.1, 19.1.5.1.1.2 and 19.1.5.1.1.3 have been revised as described in
the response above and as shown in the markup provided in this response.
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The SMA covers full power and LPSD operating conditions and includes Level 1 (core 
damage) and Level 2 (large release) consequences.

19.1.5.1.1 Description of the Seismic Risk Evaluation

There are two main tasks associated with performing a PRA-based SMA: seismic 
fragility analysis (structures and components), and seismic plant response analysis 
(accident sequence analysis and plant level response). The following sections 
summarize the SMA approach:

• Seismic Analysis Methodology and Approach (Section 19.1.5.1.1.1).

• Seismic Input Spectrum (Section 19.1.5.1.1.2).

• Seismic Fragility Evaluation (Section 19.1.5.1.1.3).

• Seismic Risk Accident Sequence and System Modeling (Section 19.1.5.1.1.4).

19.1.5.1.1.1 Seismic Analysis Methodology and Approach

RAI 19.01-1, RAI 19.01-7

The PRA-based SMA for the NuScale power plantNuScale Power Module (NPM) 
(single module) is performed in accordance with the applicable NRC guidance 
documents DC/COL-ISG-020 (Reference 19.1-56), and with the applicable 
PRA-based SMA guidance in thePart 5 of ASME-ANS Ra-Sa-2009 
(Reference 19.1-2) as endorsed by RG1.200. As discussed in DC/COL-ISG-020, 
the purpose of a PRA-based SMA is to provide an understanding of significant 
seismic vulnerabilities and other seismic insights, thus establishing the seismic 
robustness of a standard design. The SMA analysis must be performed 
relativeConsistent with  DC/COL-ISG-020, the seismic margin is evaluated with 
respect to a review level earthquake (RLE) of 1.67 times the safe shutdown 
earthquake (SSE). The peak ground acceleration of the certified seismic design 
response spectra (CSDRS) is the SSE.

19.1.5.1.1.2 Seismic Input Spectrum

RAI 19.01-1

ComponentStructure, system, and component fragility is referenced to the 
peak ground acceleration definingof the uniform hazard response spectra for a 
siteCSDRS, which is the SSE (0.5g). The certified seismic design response 
spectra (CSDRS) envelopes this spectrum for the NuScale design with an SSE of 
0.5g. 

19.1.5.1.1.3 Seismic Fragility Evaluation

RAI 19.01-2, RAI 19.01-17

A seismic fragility analysis is completed as part of an SMA. Fragility describes 
the probability of failure of a component under specific capacity and demand 
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module. Generic capacities and NuScale-specific response factors were used for 
components either located outside the module or components that do not 
show a substantial impact on the plant risk profile.

For generic capacity fragility calculations, a spectral acceleration capacity was 
used. This capacity describes the spectral acceleration level (in g) where a 
component is expected to fail at a 50 percent probability, consistent with 
Reference 19.1-18. To convert this value to a peak ground acceleration (PGA)-
grounded capacity, the nominal value is divided by the demand response 
factor. The adjusted capacity is then used with the existing randomness and 
modelling uncertainty values to produce a PGA-grounded fragility curve.

RAI 19.01-1

In fragility development summaries and implementation guides, fragility is 
calculated based on floor response. This means componentSSC fragility is 
referenced to the peak ground acceleration defining the uniform hazard 
response spectra for the site, the SSE. The CSDRS envelopes these spectra for 
the NuScale design with an SSE of 0.5gof the seismic input spectrum (CSDRS), 
the SSE (0.5g). Component fragility is then determined as a function of the 
design loads on equipment, equipment placement, and site response.

The HCLPF is the acceleration level where there is a 95 percent confidence of 
less than 5 percent failure probability. The HCLPF can also be approximated as 
the acceleration with a one percent probability of failure on the mean fragility 
curve.

Demand response factors convert peak ground accelerations to the 
accelerations experienced by components at different locations. For 
components assigned generic capacities, the local equipment seismicity is 
scaled up from the peak ground acceleration by using a demand scale factor. 
This factor is calculated by dividing the peak clipped spectral accelerations by 
the corresponding CSDRS values in the frequency range of interest, and 
selecting the maximum ratio. As a result, the implicit safety factors used in the 
evaluation of the generic spectral acceleration capacity are compared with the 
design-specific ISRS in evaluating the SSC fragility.

This methodology was chosen so that NuScale-specific response data is 
reflected in the evaluation of component fragility. 

19.1.5.1.1.4 Systems and Accident Sequence Analysis

Plant response analysis maps the consequences of seismic initiators combined 
with seismic and random failures. This analysis produces event trees with 
seismically induced initiating events, component and structural events, and 
non-seismic unavailability.

The SAPHIRE computer code is used for quantification of the logic models 
utilized in the NuScale SMA.
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-2

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific  PRA and its  results  in  lieu of  a  seismic  PRA.  SECY 93-087 approves an
alternative approach to seismic PRA for the DCA and ISG-20 provide guidance on the methods
acceptable to the staff to demonstrate acceptably low seismic risk for a DC.

In FSAR Tier 2, Section 19.1.5, the staff identified the use of the terms “PRA-critical” and “Non-
critical.” The staff requests that the applicant provide a definition of the terms “PRA-critical” and
“non-critical” that are consistent with their usage as listed below and applicability to the PRA-
based SMA.
The terms are used in the following sections.

· “Non-critical”

· Section 19.1.5.1.1.3, Page 19.1-54

· “PRA-critical”

· Section 19.1.5.1.1.3, Page 19.1-58

· Section 19.1.5.1.1.3, Page 19.1-59

· Section 19.1.5.1.2, Page 19.1-63

· Section 19.1.5.1.2, Page 19.1-64

Additionally in Section 19.1.5.1.1.3, the 2nd paragraph describes the methodologies used to
determine the seismic capacity and demand for the SMA. The staff requests that the applicant
clarify if the 1st sentence in that paragraph is referring to PRA-critical structures and
components. The applicant should also clarify if non-critical components are modeled in the
SMA and whether there are any non-critical structures.

NuScale Response:

The term “PRA-critical” is used to denote structures, systems, and components (SSCs) that
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contribute to the seismic margin. Contributing SSCs are determined by applying the MIN-MAX
method and the screening assumption that cutsets containing both seismic and random failures
do not contribute to the seismic margin if the product of all random failure probabilities is less
than 1E-2. FSAR Section 19.1.5.1.1.3 has been modified to define “PRA-critical”.

The first sentence of the paragraph cited in the question does refer to PRA-critical SSCs. The
seismic margins assessment (SMA) also includes seismic failures that do not contribute to the
seismic margin, i.e., “non-critical” SSCs. All of the structures that are modeled in the SMA
contribute to the seismic margin (i.e., are PRA-critical). There are no non-critical structures
modeled in the SMA. (However, note that one failure mode of the PRA-critical corbel structure,
the bearing failure mode, is not PRA-critical because the failure mode does not lead directly to
core damage. Other PRA-critical equipment is available to prevent core damage.) The first
sentence of the cited paragraph in FSAR Section 19.1.5.1.1.3 has been modified for
clarification.

Impact on DCA:

FSAR Section 19.1.5.1.1.3 has been revised as described in the response above and as shown in 
the markup provided in this response.
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The SMA covers full power and LPSD operating conditions and includes Level 1 (core 
damage) and Level 2 (large release) consequences.

19.1.5.1.1 Description of the Seismic Risk Evaluation

There are two main tasks associated with performing a PRA-based SMA: seismic 
fragility analysis (structures and components), and seismic plant response analysis 
(accident sequence analysis and plant level response). The following sections 
summarize the SMA approach:

• Seismic Analysis Methodology and Approach (Section 19.1.5.1.1.1).

• Seismic Input Spectrum (Section 19.1.5.1.1.2).

• Seismic Fragility Evaluation (Section 19.1.5.1.1.3).

• Seismic Risk Accident Sequence and System Modeling (Section 19.1.5.1.1.4).

19.1.5.1.1.1 Seismic Analysis Methodology and Approach

RAI 19.01-1, RAI 19.01-7

The PRA-based SMA for the NuScale power plantNuScale Power Module (NPM) 
(single module) is performed in accordance with the applicable NRC guidance 
documents DC/COL-ISG-020 (Reference 19.1-56), and with the applicable 
PRA-based SMA guidance in thePart 5 of ASME-ANS Ra-Sa-2009 
(Reference 19.1-2) as endorsed by RG1.200. As discussed in DC/COL-ISG-020, 
the purpose of a PRA-based SMA is to provide an understanding of significant 
seismic vulnerabilities and other seismic insights, thus establishing the seismic 
robustness of a standard design. The SMA analysis must be performed 
relativeConsistent with  DC/COL-ISG-020, the seismic margin is evaluated with 
respect to a review level earthquake (RLE) of 1.67 times the safe shutdown 
earthquake (SSE). The peak ground acceleration of the certified seismic design 
response spectra (CSDRS) is the SSE.

19.1.5.1.1.2 Seismic Input Spectrum

RAI 19.01-1

ComponentStructure, system, and component fragility is referenced to the 
peak ground acceleration definingof the uniform hazard response spectra for a 
siteCSDRS, which is the SSE (0.5g). The certified seismic design response 
spectra (CSDRS) envelopes this spectrum for the NuScale design with an SSE of 
0.5g. 

19.1.5.1.1.3 Seismic Fragility Evaluation

RAI 19.01-2, RAI 19.01-17

A seismic fragility analysis is completed as part of an SMA. Fragility describes 
the probability of failure of a component under specific capacity and demand 
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parameters and their uncertainties. It should be noted that all SSC modeled in 
the internal events PRA were included in fragility analysis, with the exception of 
basic events that are not subject to seismic-induced failure (i.e., 
phenomenological events, filters, control logic components). No pre-screening 
was performed to establish a seismic equipment list (SEL) or safe shutdown 
equipment list (SSEL). The terminology "PRA-critical" is used to denote SSCs 
that contribute to the seismic margin. Contributing SSCs are determined by 
applying the MIN-MAX method and the screening assumption described in 
Table 19.1-40. 

RAI 19.01-2

Seismic capacities for PRA-critical structures and components modeled in the 
SMA are obtained by performing detailed fragility analysis using either the 
hybrid method or the separation of variables method described in 
Reference 19.1-21, Reference 19.1-57, and Reference 19.1-58. For non-critical 
components, fragilities are evaluated using generic capacity values and design-
specific response spectra to calculate the demand.

RAI 19.01-10 

The controlling failure mode of these structural events and their direct 
consequences are shown in Table 19.1-35. All structural events identified in 
Table 19.1-35, except corbel bearing failure, lead directly to core damage and 
large release. For components, seismic failures are either considered functional 
failures (all modes) or mapped to specific equivalent random failures (such as a 
valve failing to open on demand).

Seismic Structural Events

Structural events are modeled as basic events in the PRA model with median 
failure acceleration and uncertainty parameters. Structural events differ from 
component failures in that they do not correspond to any random event in the 
internal events PRA. In nearly all cases, the consequences of structural events 
are assumed to lead to both core damage and large release without 
opportunity for mitigation. This is a simplifying assumption for modeling 
catastrophic failure mechanisms.

The selection of structural failures to model is based on a qualitative 
assessment of the external mechanisms that can damage the reactor module. 
Structures selected for analysis meet one of the following criteria:

• Structures directly in contact with the reactor module: This applies to the
module passive support skirt ring attached to the reactor pool floor, and
the lateral support lug-corbel interface;

• Structures directly connected to the module interface: The reactor bay
walls, pool wall and pool floor. The latter two are bounded in terms of
fragility by the RXB outer wall failure;

• Structures located above the module, where collapse could lead to physical 
damage to the module. These include the Reactor Building crane (RBC) and
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-3

10 CFR 52.47(a)(27) states that a DCA  must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the
seismic margin approach (SMA) for DCAs in lieu of a seismic PRA. As specified in ISG-20, a
PRA-based SMA for a DCA provides results that include all identified seismically initiated
accident sequences, the Seismic Equipment List with High Confidence of Low Probability of
Failure (HCLPF) values and associated failure  modes, and plant and sequence HCLPFs, as
well as risk insights for seismic events.

The staff reviewed Table 19.1-38 and noted that approximately 20 SSCs have HCLPFa.
values below 0.88g. Some of these are addressed in the text of the report, for instance, the
reactor module corbel bearing failure HCLPF capacity. The staff requests that the applicant
provide additional information in the FSAR to clarify that these SSCs do not contribute to
the plant level HCLPF capacity or otherwise provide justification for HCLPF capacities
below 0.88g. The staff additionally requests that the applicant include a column in Table
19.1-38 that includes the HCLPF capacities for the listed SSCs.
In FSAR Section 19.1.5.1.2, Subheading, “Significant Component Failure Modes,” theb.
applicant states, “Moreover, component fragilities reported in Table 19.1-38 show a high
degree of component seismic robustness.” The staff requests that the applicant quantify
what is meant by seismic robustness. The applicant should also clarify whether this
statement applies to PRA-critical SSCs only or all SSCs listed in Table 19.1-38.

NuScale Response:

a. Most seismic failure modes do not contribute to the seismic margin. There are no structures,
systems, and components (SSCs) with high confidence of low probability of failure (HCLPF)
values less than the 0.84g plant level HCLPF value which are seismic margin contributors.
Contribution to the seismic margin is defined as follows:

Does not contribute: The specified failure mode for the SSC does not preclude safe
shutdown using reactor safety valve (RSV) and emergency core cooling system (ECCS)
valve opening. Inventory loss following a seismically-induced loss-of-coolant accident
(LOCA) outside containment remains isolable using the containment isolation valves
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(CIVs).
Contributes: Cutsets containing the failure of this SSC contain contributions from random
failure modes of greater than or equal to 0.01.

The necessity for this criterion stems from the use of passive, highly-reliable accident mitigation
components (RSVs, CIVs and ECCS valves) that have a very low probability of seismically-
induced failure at the plant HCLPF level. This means that random failures are more likely than
seismic failures following an earthquake for these SSCs. Because random component failures
do not have fragility calculations and associated HCLPF values, a threshold is used to
determine whether combinations of seismic and random failures within a core damage
sequence are credible contributors to the seismic margin.

FSAR Table 19.1-38 has been revised to include HCLPF capacities for the listed SSCs.
(Additional changes to Table 19.1-38 have also been made for clarity and in response to
Questions 19.01-8, 19.01-9 and 19.01-17.)

b. In FSAR Section 19.1.5.1.1.1, the term seismic robustness is introduced consistent with its
use in DC/COL-ISG-020. NuScale evaluates seismically robust SSCs as those with a low
probability of failure relative to the SSC that controls the plant-level HCLPF (defined via the
MIN-MAX method).

For clarity, the phrase “high degree of seismic robustness” as used in FSAR Revision 0 Section
19.1.5.1.2 was replaced in a prior FSAR change (Reference NuScale letter LO-0717-54957
dated August 3, 2017) with “very low seismic failure probabilities”.

Impact on DCA:

FSAR Table 19.1-38 has been revised as described in the response above and as shown in the
markup provided in this response.
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RAI 19.01-3, RAI 19.01-9, RAI 19.01-17

Table 19.1-38: Seismic Correlation Class Information

Component Comp ID Elev (ft) Location Am (g) βr (g) βu (g) Seismic Transfer Event

AIR OPERATED CONTROL VALVE ACV 100 CHILL 9 0.32 0.52 ACV---100-CHILL-FCR-SEIS
AIR OPERATED CONTROL VALVE ACV 100 RXB 4.41 0.32 0.52 ACV---100-RXB---FTO-SEIS
AIR OPERATED CONTROL VALVE ACV 100 RXM 22.13 0.27 0.37 ACV---100-RXM---FTC-SEIS
AIR OPERATED CONTROL VALVE ACV 100 RXM 0.57 0.32 0.52 ACV---100-RXM---FTO-SEIS
AIR OPERATED VALVE AOV 100 CHILL 9 0.32 0.52 AOV---100-CHILL-FTO-SEIS
AIR OPERATED VALVE AOV 100 RXB 4.41 0.32 0.52 AOV---100-RXB---FTC-SEIS
AIR OPERATED VALVE AOV 100 RXB 0.57 0.32 0.52 AOV---100-RXB---FTO-SEIS
AIR OPERATED VALVE AOV 100 RXM 22.13 0.27 0.37 AOV---100-RXM---FTC-SEIS
AIR OPERATED VALVE AOV 100 RXM 0.57 0.32 0.52 AOV---100-RXM---FTO-SEIS
AIR OPERATED VALVE AOV 50 RXB 7.74 0.32 0.52 AOV---50--RXB---FTO-SEIS
BATTERY BAT 75 RXB 4.37 0.24 0.39 BAT---75--RXB---FOP-SEIS
BATTERY CHARGER BCH 86 RXB 2.11 0.24 0.39 BCH---86--RXB---FOP-SEIS
BIO SHIELD BAY WALL ANCHOR BOLT (NORMAL OPERATION) BIOBN 125 RXB 4.89 0.28 0.35 BIOBN-125-RXB---BSF-SEIS
BIO SHIELD BAY WALL ANCHOR BOLT REFUELING OPERATIONS) BIOBR 125 RXB 2.73 0.28 0.35 BIOBR-125-RXB---BSF-SEIS
HORIZONTAL BIO SHIELD SLAB (NORMAL OPERATION) BION 125 RXB 11.62 0.28 0.37 BION--125-RXB---OPB-SEIS
BIO SHIELD POOL WALL ANCHOR BOLT (NORMAL OPERATION) BIOPN 125 RXB 5.37 0.28 0.35 BIOPN-125-RXB---BTF-SEIS
BIO SHIELD POOL WALL ANCHOR BOLT (REFUELING) BIOPR 125 RXB 3.05 0.28 0.35 BIOPR-125-RXB---BTF-SEIS
HORIZONTAL BIO SHIELD SLAB (REFUELING) BIOR 125 RXB 4.05 0.28 0.41 BIOR--125-RXB---OPB-SEIS
REACTOR POOL BAY WALL BYW NA RXB 2.47 0.19 0.42 BYW-------RXB---IPS-SEIS
HIGH VOLTAGE CIRCUIT BREAKER CBH 100 HVSWG 2.8 0.24 0.39 CBH---100-HVSWG-FTC-SEIS
LOW VOLTAGE CIRCUIT BREAKER CBL 100 LVSWG 5.9 0.24 0.39 CBL---100-LVPDC-FTC-SEIS
MEDIUM VOLTAGE CIRCUIT BREAKER CBM 100 MVSWG 2.8 0.24 0.39 CBM---100-MVSWG-FTC-SEIS
CHECK VALVE CKV 100 CHILL 9 0.32 0.52 CKV---100-CHILL-FTO-SEIS
CHECK VALVE CKV 100 RXB 4.41 0.32 0.52 CKV---100-RXB---FTO-SEIS
CHECK VALVE CKV 100 RXM 0.62 0.32 0.52 CKV---100-RXM---FTC-SEIS
CHECK VALVE CKV 100 RXM 0.57 0.32 0.52 CKV---100-RXM---FTO-SEIS
CHECK VALVE CKV 50 RXB 7.74 0.32 0.52 CKV---50--RXB---FTO-SEIS
REACTOR MODULE CORBEL CORB 75 RXB 1.94 0.21 0.42 CORB--75--RXB---BGF-SEIS
REACTOR MODULE CORBEL CORB 75 RXB 2.67 0.21 0.38 CORB--75--RXB---IPS-SEIS
CONTROL ROD GUIDE TUBE CRDGT 75 RXM 3.63 0.28 0.4 CRDGT-75--RXM---DEF-SEIS
REACTOR BUILDING CRANE CRN 145 RXB 2.64 0.28 0.39 CRN---145-RXB---RWF-SEIS



N
uScale Final Safety A

nalysis Report
Probabilistic Risk A

ssessm
ent

Tier 2
19.1-203

D
raft Revision 1

COMBUSTION TURBINE GENERATOR CTG 100 SITE 0.65 0.17 0.28 CTG---100-SITE--FTR-SEIS
DIESEL GENERATOR DGN 100 SITE 0.65 0.17 0.28 DGN---100-SITE--FTR-SEIS
AC BUS EBA 100 HVSWG 5.9 0.24 0.39 EBA---100-HVSWG-FOP-SEIS
AC BUS EBA 100 LVSWG 2.8 0.24 0.39 EBA---100-LVPDC-FOP-SEIS
DC BUS EBD 86 RXB 3.55 0.24 0.39 EBD---86--RXB---FOP-SEIS
HYDRAULICALLY OPERATED VALVE HOV 100 RXM 22.13 0.27 0.37 HOV---100-RXM---FTC-SEIS
HYDRAULICALLY OPERATED VALVE HOV 100 RXM 0.57 0.32 0.52 HOV---100-RXM---FTO-SEIS
HYDRAULICALLY OPERATED VALVE HOV 50 RXM 9.52 0.27 0.37 HOV---50--RXM---FOP-SEIS
HYDRAULICALLY OPERATED VALVE HOV 50 RXM 9.52 0.27 0.37 HOV---50--RXM---FTO-SEIS
HYDRAULICALLY OPERATED VALVE HOV 75 RXM 17.45 0.27 0.37 HOV---75--RXM---FOP-SEIS
HYDRAULICALLY OPERATED VALVE HOV 75 RXM 17.45 0.27 0.37 HOV---75--RXM---FTO-SEIS
HEAT EXCHANGER HTX 50 RXB 6.81 0.32 0.51 HTX---50--RXB---HXF-SEIS
HEAT EXCHANGER HTX 50 RXM 2.34 0.32 0.51 HTX---50--RXM---HXF-SEIS
MOTOR CONTROL CENTER MCC 86 RXB 3.55 0.24 0.39 MCC---86--RXB---FOP-SEIS
MOTOR DRIVEN PUMP MDP 100 CHILL 4.7 0.27 0.43 MDP---100-CHILL-FTR-SEIS
MOTOR DRIVEN PUMP MDP 100 RXB 2.3 0.27 0.43 MDP---100-RXB---FTR-SEIS
MOTOR DRIVEN PUMP MDP 50 RXB 4.05 0.27 0.43 MDP---50--RXB---FTR-SEIS
MOTOR OPERATED VALVE MOV 100 RXM 22.13 0.27 0.37 MOV---100-RXM---FTC-SEIS
MOTOR OPERATED VALVE MOV 100 RXM 0.57 0.32 0.52 MOV---100-RXM---FTO-SEIS
MANUAL SWITCH MSW 75 CRB 4.78 0.24 0.39 MSW---75--CRB---FTC-SEIS
REACTOR BUILDING WALL RBW NA RXB 2.27 0.2 0.32 RBW-------RXB---OPS-SEIS
ALL ECCS REACTOR RECIRCULATION VALVES RRV2 50 RXM 3.32 0.24 0.32 RRV2--50--RXM---FTC-SEIS
REACTOR SAFETY VALVE RSV 75 RXM 3.37 0.24 0.32 RSV---75--RXM---FTC-SEIS
REACTOR SAFETY VALVE RSV 75 RXM 3.37 0.24 0.32 RSV---75--RXM---FTO-SEIS
RTS CIRCUIT BREAKER RTB 75 RXB 3.69 0.24 0.39 RTB---75--RXB---FOP-SEIS
ALL ECCS REACTOR VENT VALVES RVV3 75 RXM 2.38 0.28 0.5 RVV3--75--RXM---FTC-SEIS
STEAM GENERATOR TUBE SGT 50 RXM 2.53 0.28 0.36 SGT---50--RXM---BRK-SEIS
SOLENOID OPERATED VALVE SOV 50 RXM 3.32 0.24 0.41 SOV---50--RXM---FTO-SEIS
SOLENOID OPERATED VALVE SOV 75 RXM 3.23 0.28 0.53 SOV---75--RXM---FTO-SEIS
TRANSFORMER TFM 100 HVSWG 2.1 0.24 0.39 TFM---100-HVSWG-FOP-SEIS
TRANSFORMER TFM 100 LVSWG 2.1 0.24 0.39 TFM---100-LVPDC-FOP-SEIS
TRANSFORMER TFM 100 MVSWG 2.1 0.24 0.39 TFM---100-MVSWG-FOP-SEIS
TRANSFORMER TFM 100 SITE 0.3 0.29 0.47 TFM---100-SITE--CIF-SEIS

Table 19.1-38: Seismic Correlation Class Information (Continued)

Component Comp ID Elev (ft) Location Am (g) βr (g) βu (g) Seismic Transfer Event
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Seismically Induced Initiating Events
CORB--75--RXB---

BGF-SEIS
CORB 75 RXB RXM Supports - Corbel Corbel Bearing Failure 2.05 0.21 0.42 0.73 No DS

HTX---50--RXB---
HXF-SEIS4

HTX 50 RXB CVCS Heat Exchanger Heat Exchanger Failure 6.81 0.32 0.51 1.74 No Generic

RRV2--50--RXM---
FTC-SEIS

RRV2 50 RXM All ECCS Reactor Recirculation 
Valves

Fails to Close 3.32 0.24 0.32 1.32 No DS
Fails to Remain Closed

Spuriously Open
RSV---75--RXM---

FTC-SEIS4
RSV 75 RXM All Reactor Safety Valves Fails to Close 3.37 0.24 0.32 1.34 No DS

Fails to Remain Closed
Fails to Reclose

Spuriously Open
RVV3--75--RXM---

FTC-SEIS
RVV3 75 RXM All ECCS Reactor Vent Valves Fails to Close 2.38 0.28 0.5 0.66 No DS

Fails to Remain Closed
Spuriously Open

SGT---50--RXM---
BRK-SEIS4

SGT 50 RXM Steam Generators Tube/Support Failure 2.53 0.28 0.36 0.88 No DS

TFM---100-SITE--
CIF-SEIS

TFM 100 SITE Offsite Power Transformer Ceramic Insulator Failure 0.3 0.29 0.47 0.09 No Generic

Structural Failure Events
BIOBN-125-RXB---

BSF-SEIS
BIOBN 125 RXB Bioshield Bay Wall Anchor Bolts Bolt Shear Failure - Normal Operation 4.89 0.28 0.35 1.73 Yes DS

BIOBR-125-RXB---
BSF-SEIS

BIOBR 125 RXB Bioshield Bay Wall Anchor Bolts Bolt Shear Failure - Refueling Adjacent 
Module

2.73 0.28 0.35 0.97 Yes DS

BION--125-RXB---
OPB-SEIS

BION 125 RXB Horizontal Bioshield Out of Plane Bending - Normal 
Operation

11.62 0.28 0.37 3.99 Yes DS

BIOPN-125-RXB---
BTF-SEIS

BIOPN 125 RXB Bioshield Pool Wall Anchor Bolts Bolt Tension Failure - Normal 
Operation

5.37 0.28 0.35 1.91 Yes DS
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BIOPR-125-RXB---
BTF-SEIS

BIOPR 125 RXB Bioshield Pool Wall Anchor Bolts Bolt Tension Failure - Refueling 
Adjacent Module

3.05 0.28 0.35 1.08 Yes DS

BIOR--125-RXB---
OPB-SEIS

BIOR 125 RXB Horizontal Bioshield Out of Plane Bending - Refueling 
Adjacent Module

4.05 0.28 0.41 1.3 Yes DS

BYW-------RXB---IPS-
SEIS

BYW NA RXB RXM Bay Wall In-Plane Shear Failure 2.47 0.19 0.42 0.91 Yes DS

CORB--75--RXB---
IPS-SEIS

CORB 75 RXB RXM Supports - Corbel Corbel Shear Failure 2.83 0.21 0.41 1.02 Yes DS

CRN---145-RXB---
RWF-SEIS

CRN 145 RXB Reactor Building Crane Seismic Restraint Weldment Failure 2.64 0.28 0.39 0.88 Yes DS

RBW-------RXB---
OPS-SEIS

RBW NA RXB Exterior Reactor Building Wall Out of Plane Shear Failure 2.27 0.2 0.32 0.97 Yes DS

Component Failure Events
ACV---100-CHILL-

FCR-SEIS
ACV 100 CHILL DWS Recirc Control Valve Fails to Control 9 0.32 0.52 2.26 No Generic

ACV---100-RXB---
FTO-SEIS

ACV 100 RXB CFDS Flow Control Valve Fails to Open 4.41 0.32 0.52 1.11 No Generic

ACV---100-RXM---
FTC-SEIS

ACV 100 RXM FWS Regulating Valve Fails to Close 22.13 0.27 0.37 7.72 No DS

ACV---100-RXM---
FTO-SEIS

ACV 100 RXM CVCS Control Valve Fails to Open 0.57 0.32 0.52 0.14 No Generic

AOV---100-CHILL-
FTO-SEIS

AOV 100 CHILL DWS Pump Isolation Valve Fails to Open 9 0.32 0.52 2.26 No Generic

AOV---100-RXB---
FTC-SEIS

AOV 100 RXB CFDS Drain Valve Fails to Close 4.41 0.32 0.52 1.11 No Generic

AOV---100-RXB---
FTO-SEIS

AOV 100 RXB CVCS Module Heatup Isolation 
Valve, CFDS Flooding Valve

Fails to Open 0.57 0.32 0.52 0.14 No Generic

AOV---100-RXM---
FTC-SEIS

AOV 100 RXM MSS Secondary Isolation Valve Fails to Close 22.13 0.27 0.37 7.72 No DS

AOV---100-RXM---
FTO-SEIS

AOV 100 RXM CFDS Isolation Valve Fails to Open 0.57 0.32 0.52 0.14 No Generic
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AOV---50--RXB---
FTO-SEIS

AOV 50 RXB CVCS DWS Supply Isolation 
Valve

Fails to Open 7.74 0.32 0.52 1.94 No Generic

BAT---75--RXB---
FOP-SEIS

BAT 75 RXB RXM Batteries Fails to Operate 4.37 0.24 0.39 1.55 No Generic

BCH---86--RXB---
FOP-SEIS

BCH 86 RXB RXM Battery Chargers Fails to Operate 2.11 0.24 0.39 0.75 No Generic

CBH---100-HVSWG-
FTC-SEIS

CBH 100 HVSWG High Voltage Supply Circuit 
Breakers

Fails to Close 2.8 0.24 0.39 0.99 No Generic

CBL---100-LVPDC-
FTC-SEIS

CBL 100 LVPDC Low Voltage Circuit Breakers Fails to Close 5.9 0.24 0.39 2.09 No Generic

CBM---100-MVSWG-
FTC-SEIS

CBM 100 MVSWG 4KV Circuit Breakers Fails to Close 2.8 0.24 0.39 0.99 No Generic

CKV---100-CHILL-
FTO-SEIS

CKV 100 CHILL DWS Check Valve Fails to Open 9 0.32 0.52 2.26 No Generic

CKV---100-RXB---
FTO-SEIS

CKV 100 RXB CFDS Check Valve Fails to Open 4.41 0.32 0.52 1.11 No Generic

CKV---100-RXM---
FTC-SEIS

CKV 100 RXM CVCS Check Valve Fails to Close 0.57 0.32 0.52 0.14 No Generic

CKV---100-RXM---
FTO-SEIS

CKV 100 RXM CVCS Check Valve Fails to Open 0.57 0.32 0.52 0.14 No Generic

CKV---50--RXB---
FTO-SEIS

CKV 50 RXB DWS Check Valve Fails to Open 7.74 0.32 0.52 1.94 No Generic

CRDGT-75--RXM---
DEF-SEIS

CRDGT 75 RXM Control Rod Guide Tubes Tube Deformation 3.63 0.28 0.4 1.19 No DS

CTG---100-SITE--
FTR-SEIS

CTG 100 SITE Combustion Turbine Generator Fails to Run 0.65 0.17 0.28 0.31 No Generic
Fails to Start

DGN---100-SITE--
FTR-SEIS

DGN 100 SITE Backup Diesel Generators Fails to Run 0.65 0.17 0.28 0.31 No Generic
Fails to Start

EBA---100-HVSWG-
FOP-SEIS

EBA 100 HVSWG 13KV AC Bus Fails to Operate 5.9 0.24 0.39 2.09 No Generic

EBA---100-LVPDC-
FOP-SEIS

EBA 100 LVPDC BDG Distribution Bus Fails to Operate 2.8 0.24 0.39 0.99 No Generic

Table 19.1-38: Seismic Correlation Class Information (Continued)
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EBD---86--RXB---
FOP-SEIS

EBD 86 RXB DC Bus Power Channel Fails to Operate 3.55 0.24 0.39 1.26 No Generic

HOV---100-RXM---
FTC-SEIS

HOV 100 RXM CVCS, CES, FWS, MSS 
Containment Isolation Valves

Fails to Close 22.13 0.27 0.37 7.72 Yes DS

HOV---100-RXM---
FTO-SEIS

HOV 100 RXM CVCS, CFDS
Containment Isolation Valves, 

DHRS Actuation Valves

Fails to Open 0.57 0.32 0.52 0.14 No Generic

HOV---50--RXM---
FOP-SEIS

HOV 50 RXM ECCS Reactor Recirculation 
Valves

Fails to Operate (Passive Actuation) 9.52 0.27 0.37 3.32 Yes DS

HOV---50--RXM---
FTO-SEIS

HOV 50 RXM ECCS Reactor Recirculation 
Valves

Fails to Open (Valve Body 
Deformation)

9.52 0.27 0.37 3.32 Yes DS

HOV---75--RXM---
FOP-SEIS

HOV 75 RXM ECCS Reactor Vent Valves Fails to Operate (Passive Actuation) 17.45 0.27 0.37 6.09 Yes DS

HOV---75--RXM---
FTO-SEIS

HOV 75 RXM ECCS Reactor Vent Valves Fails to Open (Valve Body 
Deformation)

17.45 0.27 0.37 6.09 Yes DS

HTX---50--RXB---
HXF-SEIS4

HTX 50 RXB CVCS Heat Exchanger Heat Exchanger Failure 6.81 0.32 0.51 1.74 No Generic

HTX---50--RXM---
HXF-SEIS

HTX 50 RXM DHRS Heat Exchangers Heat Exchanger Failure 2.34 0.32 0.51 0.6 No Generic

MCC---86--RXB---
FOP-SEIS

MCC 86 RXB Low Voltage Motor Control 
Center

Fails to Operate 3.55 0.24 0.39 1.26 No Generic

MDP---100-CHILL-
FTR-SEIS

MDP 100 CHILL DWS Pumps Fails to Run 4.7 0.27 0.43 1.49 No Generic

MDP---100-RXB---
FTR-SEIS

MDP 100 RXB CFDS Makeup Pumps Fails to Run 2.3 0.27 0.43 0.73 No Generic

MDP---50--RXB---
FTR-SEIS

MDP 50 RXB CVCS Makeup Pumps Fails to Run 4.05 0.27 0.43 1.28 No Generic

MOV---100-RXM---
FTC-SEIS

MOV 100 RXM CVCS MOV Recirculation Valve Fails to Close 22.13 0.27 0.37 7.72 No Generic

MOV---100-RXM---
FTO-SEIS

MOV 100 RXM CVCS MOV Injection Valve Fails to Open 0.57 0.32 0.52 0.14 No Generic

Table 19.1-38: Seismic Correlation Class Information (Continued)
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MSW---75--CRB---
FTC-SEIS

MSW 75 CRB Manual Division Actuation 
Switches

Fails to Close 4.78 0.24 0.39 1.7 No Generic

RSV---75--RXM---
FTC-SEIS4

RSV 75 RXM All Reactor Safety Valves Fails to Close 3.37 0.24 0.32 1.34 No DS
Fails to Remain Closed

Fails to Reclose
Spuriously Open

RSV---75--RXM---
FTO-SEIS

RSV 75 RXM All Reactor Safety Valves Fails to Open 3.37 0.24 0.32 1.34 Yes DS

RTB---75--RXB---
FOP-SEIS

RTB 75 RXB Reactor Trip Circuit Breaker Fails to Operate 3.69 0.24 0.39 1.31 No Generic

SGT---50--RXM---
BRK-SEIS4

SGT 50 RXM Steam Generators Tube/Support Failure 2.53 0.28 0.36 0.88 No DS

SOV---50--RXM---
FTO-SEIS

SOV 50 RXM ECCS Reactor Recirculation 
Valve Trip Valve Solenoids

Fails to Open 3.32 0.24 0.41 1.14 No DS

SOV---75--RXM---
FTO-SEIS

SOV 75 RXM ECCS Reactor Vent Valve Trip 
Valve Solenoids

Fails to Open 3.23 0.28 0.53 0.85 No DS

TFM---100-HVSWG-
FOP-SEIS

TFM 100 HVSWG 13KV High Voltage Main Power 
Transformer

Fails to Operate 2.1 0.24 0.39 0.75 No Generic

TFM---100-LVPDC-
FOP-SEIS

TFM 100 LVPDC Low Voltage Transformer Fails to Operate 2.1 0.24 0.39 0.75 No Generic

Table 19.1-38: Seismic Correlation Class Information (Continued)
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TFM---100-MVSWG-
FOP-SEIS

TFM 100 MVSWG 13KV/4KV Auxiliary Transformer Fails to Operate 2.1 0.24 0.39 0.75 No Generic

Notes:
1 All HCLPF values are determined via 5% failure probability on the 95% probability of exceedance fragility curve.
2 Contribution to the seismic margin is determined via a systematic methodology considering the MIN-MAX HCLPF determination and random CCDP product > 1% criterion 

described in Table 19.1-40.
3 The methods used to evaluate component fragilities are identified as either “DS” (design-specific) or “Generic”. Design-specific fragilities include an evaluation of both the 

equipment capacity and demand relative to a specific structure or piece of equipment. Generic fragilities constitute fragilities determined via a library/database search of 
similar equipment types. Such generic fragilities are augmented with ISRS information to include ground motion amplification specific to the NPM and the NuScale reactor 
building. All component failure modes identified as critical have design-specific fragilities.

4 Three seismically-induced component failure modes are also identified as seismically induced initiating events (HTX---50--RXB---HXF-SEIS, RSV---75--RXM---FTC-SEIS, and 
SGT---50--RXM---BRK-SEIS). In accident sequences initiated by failure of this equipment, the equipment is not available for mitigation.
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NuScale Nonproprietary

Response to Request for Additional Information
Docket No. 52-048

 

eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-5

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the SMA
for DCAs in lieu of a seismic PRA.

The staff reviewed FSAR Tier 2, Section 19.1.5, and finds that the DCA lacks information on
equipment qualified via tests. As described in Section 5.1.2 of ISG-20, a description of the
procurement specifications (including the enhanced required response spectra (RRS)) should
be provided in the DCA. The staff requests that the applicant address the RRS in the DCA or
otherwise justify that the procured equipment qualified via tests will have adequate margin.

NuScale Response:

The enhanced required response spectra (RRS) is not used in fragility analysis performed for
the DCA.

As indicated in Section 5.1.2 of DC/COL-ISG-020, two methods, separation of variables and
conservative deterministic failure margin, are acceptable for determining seismic fragility. As
discussed in FSAR Section 19.1.5.1.1.3, the separation of variables method was used for
structures, systems, and components (SSCs) contributing to the seismic margin (as described
in the response to Question 19.01-2). Fragilities for the remaining SSCs are augmented with
amplification factors derived from NuScale-specific in-structure response spectra to describe the
demand on SSCs.

The separation of variables methodology implemented for the DCA was based on available
design information for SSCs. When detailed procurement specifications (including the RRS)
become available, verification will be required to ensure that the seismic margin predicted by the
separation of variables methodology remains valid. COL Item 19.1-8 requires the COL applicant
to confirm the applicability of assumptions for the as built/as operated probabilistic risk
assessment.

FSAR Table 19.1-40 has been revised to clarify procurement requirements for equipment
qualified by testing. In addition, the assumption in Table 19.1-40 regarding design-specific



NuScale Nonproprietary

fragilities has been clarified to reflect applicability to SSC failures that contribute to the seismic
margin.

Impact on DCA:

FSAR Table 19.1-40 has been revised as described in the response above and as shown 
in the markup provided in this response.
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Table 19.1-40: Key Assumptions for the Seismic Margin Assessment

Assumption Basis
Structures are screened out if they are not directly in contact with the reactor module and do not have the potential 
to collapse on top of it. 

Engineering judgment 

Systems and components are screened if they are not included in the internal events PRA models (full power and 
low power and shutdown).

Common engineering practice

Seismic sequences are mapped to those in the internal events PRA but augmented with seismically induced SSC 
initiating events and seismically induced SSC failures.

Common engineering practice and consistent with the 
ASME/ANS PRA Standard.

Intra-module component groups have 100 percent correlation provided all components share the same elevation 
class, general component type and same failure mode. Components not meeting these shared criteria are treated 
as independent.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Different component failure modes (for the same component or different components of the same type) are not 
modelled as correlated when the specific seismic failure mode is identified, i.e. “seismic failure to open”. When the 
event is labeled as a functional failure, all failure modes are included and considered correlated.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Seismic component failures are not modelled for fail-safe signal logic, which includes sensors, transmitters, relays, 
equipment interface modules, safety function modules, actuation priority logic modules, hard-wired modules, 
scheduling and bypass modules, and scheduling and voting modules. As such, seismically-induced signal logic 
failures of the MPS are not considered credible.

Common engineering practice 

Design-specific fragilities are used for PRA-significant seismic failure eventsfailures that contribute to the seismic 
margin, including valves located inside the reactor module and structural events. 

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and engineering judgment.

For SSC that do not contribute significantly to the seismic safety margin, such as components credited in the PRA 
but not associated with a specific module, design-specific response factors combined with generic capacity values 
are used. 

Engineering judgment and common engineering 
practice.

Fragility parameters acquired from generic sources, including capacity, randomness, and uncertainty values, are 
assumed valid and relevant to the NuScale design.

Common engineering practice

Systems are assumed to fail at the ground motion in which they have an 84 percent probability of failure. For 
ground motions with lower failure probabilities, the success logic is treated as a probability of 1.0.

Simplifying conservative assumption to avoid duplication 
of success logic in SAPHIRE.

Structural events (e.g., RXB wall), are postulated to directly lead to core damage and large release. The term 
“structural event” is used in lieu of “structural failure”. One exception is a structural failure of the reactor module 
corbel bearing failure, which is postulated as a LOCA outside containment.

Bounding simplification and engineering judgment.

Control room failure is not included in the SMA because a control room collapse is bounded by the effects of a 
LOOP that occurs at lower ground motions with higher frequencies. A LOOP results in ECCS valve actuation; a 
control room collapse results in a signal loss and subsequent ECCS valve actuation. 

Bounding assumption

The controlling failure mode of the RBC, which is designed with seismic restraints, is the yielding of the bridge 
seismic restraint weldments. The bounding consequence of crane failure during low power operations is a collapse 
of the crane structure on top of the module, leading to core damage and large release.

Bounding assumption
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During low power and shutdown conditions, the state-specific risk to the module is during the transport phase 
before and after refueling, when the crane is bearing the load of the module. Other events involving the crane can 
be screened because the likelihood of the crane being over the module (and not bearing the load of the module) is 
bounded by the full-power assessment.

Engineering judgment

Failure of the bridge seismic restraints, rather than the bridge girders, is expected to be the controlling failure mode 
of the crane bridge. Because the seismic restraints do not bear any additional weight from a loaded module, the 
effect on weldment failure is expected to be negligible.

Common engineering practiceEngineering judgement

CutsetsIn the MIN-MAX method, cutsets containing both seismic and random failures are screened if the product of 
all random failure probabilities is below 1E-2 because the HCLPF is defined as a 1percent failure probability on the 
mean fragility curve. Thus, it is reasonable to use this value as a screening criterion for the probability of non-
seismic failures in the same cutset.

Common engineering practice and consistent with ISG-
020.

In a cutset containing multiple seismic failures, the highest HCLPF value determines the cutset HCLPF. Common engineering practice, application of the MIN-
MAX method.

Because the dominant structural events are assumed to lead core damage and a large release, the plant-level core 
damage HCLPF is the same as the large release HCLPF.

Bounding assumption

Recovery, including the recovery of offsite power, is not credited in the SMA. Bounding assumption
Extreme stress was considered for operator actions following a seismic event. Engineering judgment
Fragilities developed via the separation of variables methodology are assumed to be representative of fragilities 
determined via qualification testing. The separation of variables methodology is based on the same SSC design 
information, specifications, and analysis as would be used to develop testing information during procurement.

Engineering judgment

The CFT and RFT do not contribute to the seismic margin because the core geometry remains coolable after the 
CNV top is removed, even if the CFT or RFT were to become damaged by an earthquake.

Engineering judgment

The MLA is modeled as part of the RBC structure and design safety margins preclude it from being the controlling 
seismic failure.

Engineering judgment

The control rod guide tubes are assumed to be the controlling seismically induced failure associated with the 
reactor internals. Therefore, seismically induced damage to reactor internals is not considered in the seismic 
margin.

Engineering judgment

Displacement-induced stresses that result in leakage in piping outside containment are assumed to be isolable by 
closure of the containment isolation valves.

Engineering judgment

Table 19.1-40: Key Assumptions for the Seismic Margin Assessment (Continued)

Assumption Basis
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-6

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the SMA
for DCAs in lieu of a seismic PRA.

In FSAR Section 19.1.5.1.2 “Uncertainties,” the applicant states, “For PRA-critical SSC that are
the subject of detailed fragility, uncertainty parameters are also assigned to each sub-factor that
contributes to the overall safety factor.” The staff requests that the applicant describe whether
the method used to assign uncertainties to each sub-factor is consistent with the derivation of
the overall safety factor as described in EPRI TR-103959 or provide additional information on
the methods used to determine uncertainty parameters.

NuScale Response:

FSAR Section 19.1.5.1.2 describes an uncertainty analysis executed within the SAPHIRE code
using randomness (βR) and modeling uncertainty (βU) parameters to perform fragility curve
sampling. The determination of these uncertainty parameters for each fragility calculation sub-
factor is performed in accordance with EPRI TR-103959 and EPRI TR-1019200.

FSAR Section 19.1.5.1.2 has been revised to reference the EPRI reports with regard to
uncertainty evaluation.

Impact on DCA:

FSAR Section 19.1.5.1.2 has been revised as described in the response above and as 
shown in the markup provided in this response.
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resulting in their actuation on loss of power or control. As such, very few 
component failures have the potential to contribute to seismic risk.

Moreover, component fragilities reported in Table 19.1-38 show very low seismic 
failure probabilitiesa high degree of component seismic robustness. The fail-safe 
design of PRA-critical components means that the only credible seismic failures of 
the valves required to achieve safe shutdown involves physical deformation of the 
valves themselves, which only occurs under extreme stresses concentrations. As a 
result, component failures (either seismic or random) do not contribute 
significantly to the potential for core damage or releases following a seismic event. 
Rather, similar to the internal events PRA, CCF of key functions have the most 
potential for controlling risk, e.g., common cause events leading to failure of 
reactor trip, ECCS valve CCFs and failures to isolate containment (in response to 
seismically induced SGTF or breakspipe break outside containment).

Significant Operator Actions

The SMA model implements HFE probabilities in the same manner as the internal 
events PRA. Individual system-specific HFE events are first inserted into cutsets 
using sequence logic; no seismic-specific operator actions were added to the SMA 
models. 

The internal events human error probabilities of each HFE in the SMA models are 
multiplied by a factor of 5 for the SMA, to account for the assumed "extreme stress" 
environment associated with any seismic event (per SPAR-H methodology, NUREG/
CR-6883, Reference 19.1-22). This is performed regardless of ground motion, 
meaning the HEPs at lower ground motion levels are conservative.

RAI 19-3

The NuScale design incorporates a significant amount of passive safety features, 
requiring little or no operator intervention to initiate or maintain operation. As a 
result, seismic cutsets containing HFEs also include other seismically induced or 
random failures that limit the importance of operator actions. Despite the increase 
in seismic HEPs described above,There are no recovery actions credited in the SMA. 
Although the HEPs are increased for the SMA, there are no operator actions that 
play a substantial role in contributing to, or mitigating, the conditional core 
damage probability results for the SMA.

Key Assumptions

Table 19.1-41 summarizes the key assumptions associated with the SMA.

Uncertainties

RAI 19.01-6

Parameters representing aleatory and epistemic uncertainty are used directly in 
evaluating the plant-level HCLPF. Each SSC in the SMA is modeled with a lognormal 
uncertainty distribution using randomness (βr) and epistemic uncertainty (βu) 
parameters. For PRA-critical SSC that are the subject of detailed fragility, 
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uncertainty parameters are also assigned to each sub-factor that contributes to the 
overall safety factor. The determination of these uncertainty parameters for each 
fragility calculation sub-factor is performed in accordance with EPRI TR-103959 
(Reference 19.1-57) and EPRI TR-1019200 (Reference 19.1-58).

The SMA contains uncertainty from many sources, including:

• Ground motion variability

• Uncertainty in soil-structure interaction

• Uncertainty in structural response factors

• Spectral shape (motion frequency) uncertainty

• SSC capacity uncertainty (material strength and inelastic energy absorption)

The modeling of seismic uncertainty is divided into two composite factors, βr and 
βu. Both βr and βu are included in each seismic event, along with the median 
capacity Am. 

RAI 19-5

In addition to parametric uncertainty, the completeness of the selection of SSCs is a 
consideration in the performance of the SMA. 

With respect to evaluation of structures, the SMA specifically considers the capacity 
and effects of failure of:

• Structures directly in contact with the reactor module

• Structures directly connected to the module interface

• Structures located above the module

RAI 19-5

After the plant-level HCLPF is determined, uncertainty analysis is performed by 
setting the seismic demand to the HCLPF level, sampling each event in the SMA 
(fragilities and random events), and re-calculating the CCDP. Results are compared 
to the HCLPF definition (95 percent confidence of less than 5 percent probability of 
failure or 1 percent failure probability on the mean fragility curve). 

RAI 19-5

The CCDP uncertainty distribution demonstrated agreement between the 
controlling failure HCLPF (seismic restraint weldment) evaluated with the MIN-MAX 
method. Results from the uncertainty analysis confirm that the HCLPF value is 
reasonable. 

Sensitivity Studies

No sensitivities were performed for the SMA.

Key Insights
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NRC Question No.: 19.01-7

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the SMA
for DCAs in lieu of a seismic PRA.

The staff reviewed Table 19.1-40, and noted that for row eight, which describes the fragility
evaluation of SSC that do not contribute significantly to the seismic safety margin, the basis is
engineering judgement and common engineering practice. The staff requests that the applicant
justify the approach and explain whether it is consistent with the American Society of
Mechanical Engineers (ASME)/American Nuclear Society (ANS) PRA Standard (ASME/ANS
RA-Sa-2009, “Addenda to ASME/ANS Ra-S-2008 Standard for Level 1/Large Early Release
Frequency Probabilistic Risk Assessment for Nuclear Power Plant Applications"). The staff
requests that this justification include a description of the basis for determining which SSCs do
not contribute significantly to the seismic safety margin.

NuScale Response:

Contribution to the seismic margin is based on the likelihood of core damage if a structure,
system, and component (SSC) seismic failure, and all lower fragility SSC failures, were to occur.
As stated in the response to Question 19.01-2, a threshold of 1E-2 for the product of all random
failures in the sequence cutset is used to determine margin contribution.

The NuScale approach is consistent with DC/COL ISG-20. DC/COL ISG-20 (Section 5.1.2)
allows for the development of SSC margin calculations for failure modes including the use of
plant-specific data supplemented with justified generic data. Seismically-induced failure modes
for NuScale SSCs were developed using an iterative identification process. No screening of
high-capacity failure modes against a review level earthquake was performed in the NuScale
seismic margins assessment (SMA). Fragility calculations determined using the separation of
variables approach with plant-specific modeling of capacity and demand were used for SSCs
that met the threshold for contributing to the seismic margin. Generic data (FSAR References
19.1-21, 19.1-57, 19.1-58) were used as surrogate evaluations of capacity for SSCs that did not
meet the threshold. These generic fragilities were then compared with NuScale-specific
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estimates of demand from in-structure response spectra. The resultant evaluation includes a
response factor that accounts for amplification of ground motions from the base of the building
to SSC locations.

Evaluations of SSC fragility performed with generic data are conservative because there is
reduced margin to component capacity relative to the calculation defining generic equipment.
Corresponding high confidence of low probability of failure (HCLPF) ground motions for
generically defined fragilities may be lower than the plant-level HCLPF threshold of of 0.84g.
Such fragilities do not contribute to the seismic margin either because they must occur in
conjunction with random failure events with probabilities below the 1 percent threshold, or in
conjunction with other seismic failures with lower probabilities. As such, no SSCs evaluated
using generic data contribute to the seismic margin.

Table 19.1-40, Row 8, has been clarified, e.g., to refer to "seismic margin" versus "seismic
safety margin". FSAR Section 19.1.5.1.1.1 has been updated to reflect DC/COL ISG-020 as the
primary guidance document for the NuScale PRA-based SMA.

Impact on DCA:

FSAR Section 19.1.5.1.1.1 and Table 19.1-40 have been revised as described in the response 
above and as shown in the markup provided in this response.
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The SMA covers full power and LPSD operating conditions and includes Level 1 (core 
damage) and Level 2 (large release) consequences.

19.1.5.1.1 Description of the Seismic Risk Evaluation

There are two main tasks associated with performing a PRA-based SMA: seismic 
fragility analysis (structures and components), and seismic plant response analysis 
(accident sequence analysis and plant level response). The following sections 
summarize the SMA approach:

• Seismic Analysis Methodology and Approach (Section 19.1.5.1.1.1).

• Seismic Input Spectrum (Section 19.1.5.1.1.2).

• Seismic Fragility Evaluation (Section 19.1.5.1.1.3).

• Seismic Risk Accident Sequence and System Modeling (Section 19.1.5.1.1.4).

19.1.5.1.1.1 Seismic Analysis Methodology and Approach

RAI 19.01-1, RAI 19.01-7

The PRA-based SMA for the NuScale power plantNuScale Power Module (NPM) 
(single module) is performed in accordance with the applicable NRC guidance 
documents DC/COL-ISG-020 (Reference 19.1-56), and with the applicable 
PRA-based SMA guidance in thePart 5 of ASME-ANS Ra-Sa-2009 
(Reference 19.1-2) as endorsed by RG1.200. As discussed in DC/COL-ISG-020, 
the purpose of a PRA-based SMA is to provide an understanding of significant 
seismic vulnerabilities and other seismic insights, thus establishing the seismic 
robustness of a standard design. The SMA analysis must be performed 
relativeConsistent with  DC/COL-ISG-020, the seismic margin is evaluated with 
respect to a review level earthquake (RLE) of 1.67 times the safe shutdown 
earthquake (SSE). The peak ground acceleration of the certified seismic design 
response spectra (CSDRS) is the SSE.

19.1.5.1.1.2 Seismic Input Spectrum

RAI 19.01-1

ComponentStructure, system, and component fragility is referenced to the 
peak ground acceleration definingof the uniform hazard response spectra for a 
siteCSDRS, which is the SSE (0.5g). The certified seismic design response 
spectra (CSDRS) envelopes this spectrum for the NuScale design with an SSE of 
0.5g. 

19.1.5.1.1.3 Seismic Fragility Evaluation

RAI 19.01-2, RAI 19.01-17

A seismic fragility analysis is completed as part of an SMA. Fragility describes 
the probability of failure of a component under specific capacity and demand 
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RAI 19.01-2, RAI 19.01-5, RAI 19.01-7, RAI 19.01-8, RAI 19.01-11, RAI 19.01-14, RAI 19.01-16

Table 19.1-40: Key Assumptions for the Seismic Margin Assessment

Assumption Basis
Structures are screened out if they are not directly in contact with the reactor module and do not have the potential 
to collapse on top of it. 

Engineering judgment 

Systems and components are screened if they are not included in the internal events PRA models (full power and 
low power and shutdown).

Common engineering practice

Seismic sequences are mapped to those in the internal events PRA but augmented with seismically induced SSC 
initiating events and seismically induced SSC failures.

Common engineering practice and consistent with the 
ASME/ANS PRA Standard.

Intra-module component groups have 100 percent correlation provided all components share the same elevation 
class, general component type and same failure mode. Components not meeting these shared criteria are treated 
as independent.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Different component failure modes (for the same component or different components of the same type) are not 
modelled as correlated when the specific seismic failure mode is identified, i.e. “seismic failure to open”. When the 
event is labeled as a functional failure, all failure modes are included and considered correlated.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Seismic component failures are not modelled for fail-safe signal logic, which includes sensors, transmitters, relays, 
equipment interface modules, safety function modules, actuation priority logic modules, hard-wired modules, 
scheduling and bypass modules, and scheduling and voting modules. As such, seismically-induced signal logic 
failures of the MPS are not considered credible.

Common engineering practice 

Design-specific fragilities are used for PRA-significant seismic failure eventsfailures that contribute to the seismic 
margin, including valves located inside the reactor module and structural events. 

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and engineering judgment.

For SSC that do not contribute significantly to the seismic safety margin, such as components credited in the PRA 
but not associated with a specific module, design-specific response factors combined with generic capacity values 
are used. 

Engineering judgment and common engineering 
practice.

Fragility parameters acquired from generic sources, including capacity, randomness, and uncertainty values, are 
assumed valid and relevant to the NuScale design.

Common engineering practice

Systems are assumed to fail at the ground motion in which they have an 84 percent probability of failure. For 
ground motions with lower failure probabilities, the success logic is treated as a probability of 1.0.

Simplifying conservative assumption to avoid duplication 
of success logic in SAPHIRE.

Structural events (e.g., RXB wall), are postulated to directly lead to core damage and large release. The term 
“structural event” is used in lieu of “structural failure”. One exception is a structural failure of the reactor module 
corbel bearing failure, which is postulated as a LOCA outside containment.

Bounding simplification and engineering judgment.

Control room failure is not included in the SMA because a control room collapse is bounded by the effects of a 
LOOP that occurs at lower ground motions with higher frequencies. A LOOP results in ECCS valve actuation; a 
control room collapse results in a signal loss and subsequent ECCS valve actuation. 

Bounding assumption

The controlling failure mode of the RBC, which is designed with seismic restraints, is the yielding of the bridge 
seismic restraint weldments. The bounding consequence of crane failure during low power operations is a collapse 
of the crane structure on top of the module, leading to core damage and large release.

Bounding assumption
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Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-8

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. SECY 93-087 approves an alternative approach to seismic
PRA for the DCA and ISG 20 provide guidance on the methods acceptable to the staff to
demonstrate acceptably low seismic risk for a DC.

The staff reviewed FSAR Section 19.1.5.1.1.3, Subsection “NuScale Power Module Supports,”
and could not find information it  needs to verify the adequacy of the PRA-based SMA. The
FSAR states, “Corbel bearing failure is expected to crush the corbel concrete in compression,
causing minor axial rotation of the module resulting in a displacement assumed to be no more
than 1 inch for the CNV. Because the flexibility in the piping is in the section between the
isolation valve and the wall penetration, there is no credible mechanism for the bearing failure
displacement to cause piping on top of the CNV to shear off the vessel.” The staff  requests that
the applicant describe the analysis that provides the technical basis for concluding that minor
axial rotation of the module results in a displacement assumed to be no more than 1 inch. The
applicant should also clarify how the flexibility in the  piping prevents the piping on top of the
CNV from shearing off of the vessel. The staff additionally requests that the applicant identify
the entries in Table 19.1-38 that correspond to the containment isolation valves (CIVs) for this
sequence.

NuScale Response:

The one-inch displacement upper bound is based on engineering judgement relating to the
corbel bearing failure mechanism. Compressive cracking occurs without shearing of the corbel;
as a result, there is limited physical displacement of the module.

This limited displacement, along with flexibility in the pipe segments, joints, and elbows, means
that the induced stresses will concentrate in these locations instead of at the isolation valves.
This precludes pipe shearing at the isolation valve location. The consequence of corbel bearing
failure is therefore modeled as an isolable loss-of-coolant accident outside containment.
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The containment isolation valves are identified in Table 19.1-38 as "HOV---100-RXM---FTC-
SEIS, CVCS, CES, FWS, MSS Containment Isolation Valves". Accordingly, FSAR Section
19.1.5.1.1.3 and FSAR Table 19.1-40 have been revised to more accurately reflect the effect of
module displacement on the corbel bearing failure mode.

Impact on DCA:

FSAR Section 19.1.5.1.1.3 and FSAR Table 19.1-40 have been revised as described in the
response above and as shown in the markup provided in this response.
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the bioshield. The roof of the RXB and the pool wall fragility is bounded by 
the outer wall fragility analysis.

Figure 1.2-5 provides perspective on the locations of structural failures 
included in the SMA.

Reactor Building Crane

The RBC is located over the reactor pool and is suspended by girders. It runs the 
length of the reactor pool and is used primarily for raising and transporting 
NPMs to and from the refueling bay.

The crane is designed with seismic restraints. Catastrophic bridge girder failure 
is preceded by failures of these bridge seismic restraints through yielding of the 
restraint weldments. Therefore, failure of the bridge seismic restraints is the 
controlling failure mode. The bounding consequence of crane failure is a 
collapse of the crane structure, which is assumed to impact the top of the 
module, and lead to core damage and large release. This modeling 
simplification is required because the bioshield, CNV and RPV integrity are not 
credited following a crane collapse.

Reactor Building Wall

The fragility of the RXB as a whole is modeled by a fragility analysis of the 
structural location experiencing maximal loads (both seismic and normal). 
Failure is assumed to lead to building collapse, core damage and large release.

The RXB is modeled using the controlling failure mode of out-of-plane shear 
cracking at the base of the outer East-West wall. The outer walls have the 
highest elevation and fewest lateral supports.

NuScale Power Module Supports

The two supporting interfaces between the CNV and the reactor pool are:

• The support lugs and wall corbels;

• The support skirt and pedestal.

The support lug and corbel analysis revealed two controlling failure modes 
with different consequences: bearing failure of the lugs on the corbel concrete 
and corbel shear failure. 

RAI 19.01-8

Corbel bearing failure is expected to crush the corbel concrete in compression, 
causing minor axial rotation of the module resulting in a displacement 
assumed to be no more than 1 inch for the CNV. Any RXM displacement is 
assumed to induce pipe stress concentrations and is modeled as  leakage 
outside of the CIVs. Because the flexibility in the piping is in the section 
between the isolation valve and the wall penetration, there is no credible 
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RAI 19.01-2, RAI 19.01-5, RAI 19.01-7, RAI 19.01-8, RAI 19.01-11, RAI 19.01-14, RAI 19.01-16

Table 19.1-40: Key Assumptions for the Seismic Margin Assessment

Assumption Basis
Structures are screened out if they are not directly in contact with the reactor module and do not have the potential 
to collapse on top of it. 

Engineering judgment 

Systems and components are screened if they are not included in the internal events PRA models (full power and 
low power and shutdown).

Common engineering practice

Seismic sequences are mapped to those in the internal events PRA but augmented with seismically induced SSC 
initiating events and seismically induced SSC failures.

Common engineering practice and consistent with the 
ASME/ANS PRA Standard.

Intra-module component groups have 100 percent correlation provided all components share the same elevation 
class, general component type and same failure mode. Components not meeting these shared criteria are treated 
as independent.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Different component failure modes (for the same component or different components of the same type) are not 
modelled as correlated when the specific seismic failure mode is identified, i.e. “seismic failure to open”. When the 
event is labeled as a functional failure, all failure modes are included and considered correlated.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Seismic component failures are not modelled for fail-safe signal logic, which includes sensors, transmitters, relays, 
equipment interface modules, safety function modules, actuation priority logic modules, hard-wired modules, 
scheduling and bypass modules, and scheduling and voting modules. As such, seismically-induced signal logic 
failures of the MPS are not considered credible.

Common engineering practice 

Design-specific fragilities are used for PRA-significant seismic failure eventsfailures that contribute to the seismic 
margin, including valves located inside the reactor module and structural events. 

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and engineering judgment.

For SSC that do not contribute significantly to the seismic safety margin, such as components credited in the PRA 
but not associated with a specific module, design-specific response factors combined with generic capacity values 
are used. 

Engineering judgment and common engineering 
practice.

Fragility parameters acquired from generic sources, including capacity, randomness, and uncertainty values, are 
assumed valid and relevant to the NuScale design.

Common engineering practice

Systems are assumed to fail at the ground motion in which they have an 84 percent probability of failure. For 
ground motions with lower failure probabilities, the success logic is treated as a probability of 1.0.

Simplifying conservative assumption to avoid duplication 
of success logic in SAPHIRE.

Structural events (e.g., RXB wall), are postulated to directly lead to core damage and large release. The term 
“structural event” is used in lieu of “structural failure”. One exception is a structural failure of the reactor module 
corbel bearing failure, which is postulated as a LOCA outside containment.

Bounding simplification and engineering judgment.

Control room failure is not included in the SMA because a control room collapse is bounded by the effects of a 
LOOP that occurs at lower ground motions with higher frequencies. A LOOP results in ECCS valve actuation; a 
control room collapse results in a signal loss and subsequent ECCS valve actuation. 

Bounding assumption

The controlling failure mode of the RBC, which is designed with seismic restraints, is the yielding of the bridge 
seismic restraint weldments. The bounding consequence of crane failure during low power operations is a collapse 
of the crane structure on top of the module, leading to core damage and large release.

Bounding assumption
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During low power and shutdown conditions, the state-specific risk to the module is during the transport phase 
before and after refueling, when the crane is bearing the load of the module. Other events involving the crane can 
be screened because the likelihood of the crane being over the module (and not bearing the load of the module) is 
bounded by the full-power assessment.

Engineering judgment

Failure of the bridge seismic restraints, rather than the bridge girders, is expected to be the controlling failure mode 
of the crane bridge. Because the seismic restraints do not bear any additional weight from a loaded module, the 
effect on weldment failure is expected to be negligible.

Common engineering practiceEngineering judgement

CutsetsIn the MIN-MAX method, cutsets containing both seismic and random failures are screened if the product of 
all random failure probabilities is below 1E-2 because the HCLPF is defined as a 1percent failure probability on the 
mean fragility curve. Thus, it is reasonable to use this value as a screening criterion for the probability of non-
seismic failures in the same cutset.

Common engineering practice and consistent with ISG-
020.

In a cutset containing multiple seismic failures, the highest HCLPF value determines the cutset HCLPF. Common engineering practice, application of the MIN-
MAX method.

Because the dominant structural events are assumed to lead core damage and a large release, the plant-level core 
damage HCLPF is the same as the large release HCLPF.

Bounding assumption

Recovery, including the recovery of offsite power, is not credited in the SMA. Bounding assumption
Extreme stress was considered for operator actions following a seismic event. Engineering judgment
Fragilities developed via the separation of variables methodology are assumed to be representative of fragilities 
determined via qualification testing. The separation of variables methodology is based on the same SSC design 
information, specifications, and analysis as would be used to develop testing information during procurement.

Engineering judgment

The CFT and RFT do not contribute to the seismic margin because the core geometry remains coolable after the 
CNV top is removed, even if the CFT or RFT were to become damaged by an earthquake.

Engineering judgment

The MLA is modeled as part of the RBC structure and design safety margins preclude it from being the controlling 
seismic failure.

Engineering judgment

The control rod guide tubes are assumed to be the controlling seismically induced failure associated with the 
reactor internals. Therefore, seismically induced damage to reactor internals is not considered in the seismic 
margin.

Engineering judgment

Displacement-induced stresses that result in leakage in piping outside containment are assumed to be isolable by 
closure of the containment isolation valves.

Engineering judgment

Table 19.1-40: Key Assumptions for the Seismic Margin Assessment (Continued)

Assumption Basis
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Response to Request for Additional Information
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-9

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. SECY 93-087 approves an alternative approach to seismic
PRA for the DCA, and ISG 20 provides guidance on the methods acceptable to the staff to
demonstrate acceptably low seismic risk for a DC.

During its audit of the NuScale PRA (ML17087A109), the staff reviewed ER-P040-7026-R0,
“Seismic Margin Assessment  Notebook,” Appendix J, and discovered that the applicant
identified a chemical volume and control system (CVCS) isolation valve (ISV) as a PRA-critical
component. The staff requests that the applicant identify the valves listed in Table 19.1-38 that
correspond to the CVCS ISVs. Additionally, the staff requests that the applicant identify other
generically named SSCs in Table 19.1-38.

NuScale Response:

In the response to Question 19.01-3, NuScale updated FSAR Table 19.1-38 to include system
and component specific identifiers within seismic correlation classes. The table indicates the
generic component identifier in column “Component ID” with the NuScale specific components
in column “NuScale component”. For the chemical and volume control system (CVCS)
containment isolation valves, the table indicates the generic component identifier “HOV” for a
hydraulic-operated valve, which is used in the CVCS, as indicated in the seismic transfer events
“HOV---100-RXM---FTC-SEIS” and “HOV---100-RXM---FTO-SEIS”.

Impact on DCA:

FSAR Table 19.1-38 has been revised as described in the response above and as shown in the
markup provided in this response.
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RAI 19.01-3, RAI 19.01-9, RAI 19.01-17

Table 19.1-38: Seismic Correlation Class Information

Component Comp ID Elev (ft) Location Am (g) βr (g) βu (g) Seismic Transfer Event

AIR OPERATED CONTROL VALVE ACV 100 CHILL 9 0.32 0.52 ACV---100-CHILL-FCR-SEIS
AIR OPERATED CONTROL VALVE ACV 100 RXB 4.41 0.32 0.52 ACV---100-RXB---FTO-SEIS
AIR OPERATED CONTROL VALVE ACV 100 RXM 22.13 0.27 0.37 ACV---100-RXM---FTC-SEIS
AIR OPERATED CONTROL VALVE ACV 100 RXM 0.57 0.32 0.52 ACV---100-RXM---FTO-SEIS
AIR OPERATED VALVE AOV 100 CHILL 9 0.32 0.52 AOV---100-CHILL-FTO-SEIS
AIR OPERATED VALVE AOV 100 RXB 4.41 0.32 0.52 AOV---100-RXB---FTC-SEIS
AIR OPERATED VALVE AOV 100 RXB 0.57 0.32 0.52 AOV---100-RXB---FTO-SEIS
AIR OPERATED VALVE AOV 100 RXM 22.13 0.27 0.37 AOV---100-RXM---FTC-SEIS
AIR OPERATED VALVE AOV 100 RXM 0.57 0.32 0.52 AOV---100-RXM---FTO-SEIS
AIR OPERATED VALVE AOV 50 RXB 7.74 0.32 0.52 AOV---50--RXB---FTO-SEIS
BATTERY BAT 75 RXB 4.37 0.24 0.39 BAT---75--RXB---FOP-SEIS
BATTERY CHARGER BCH 86 RXB 2.11 0.24 0.39 BCH---86--RXB---FOP-SEIS
BIO SHIELD BAY WALL ANCHOR BOLT (NORMAL OPERATION) BIOBN 125 RXB 4.89 0.28 0.35 BIOBN-125-RXB---BSF-SEIS
BIO SHIELD BAY WALL ANCHOR BOLT REFUELING OPERATIONS) BIOBR 125 RXB 2.73 0.28 0.35 BIOBR-125-RXB---BSF-SEIS
HORIZONTAL BIO SHIELD SLAB (NORMAL OPERATION) BION 125 RXB 11.62 0.28 0.37 BION--125-RXB---OPB-SEIS
BIO SHIELD POOL WALL ANCHOR BOLT (NORMAL OPERATION) BIOPN 125 RXB 5.37 0.28 0.35 BIOPN-125-RXB---BTF-SEIS
BIO SHIELD POOL WALL ANCHOR BOLT (REFUELING) BIOPR 125 RXB 3.05 0.28 0.35 BIOPR-125-RXB---BTF-SEIS
HORIZONTAL BIO SHIELD SLAB (REFUELING) BIOR 125 RXB 4.05 0.28 0.41 BIOR--125-RXB---OPB-SEIS
REACTOR POOL BAY WALL BYW NA RXB 2.47 0.19 0.42 BYW-------RXB---IPS-SEIS
HIGH VOLTAGE CIRCUIT BREAKER CBH 100 HVSWG 2.8 0.24 0.39 CBH---100-HVSWG-FTC-SEIS
LOW VOLTAGE CIRCUIT BREAKER CBL 100 LVSWG 5.9 0.24 0.39 CBL---100-LVPDC-FTC-SEIS
MEDIUM VOLTAGE CIRCUIT BREAKER CBM 100 MVSWG 2.8 0.24 0.39 CBM---100-MVSWG-FTC-SEIS
CHECK VALVE CKV 100 CHILL 9 0.32 0.52 CKV---100-CHILL-FTO-SEIS
CHECK VALVE CKV 100 RXB 4.41 0.32 0.52 CKV---100-RXB---FTO-SEIS
CHECK VALVE CKV 100 RXM 0.62 0.32 0.52 CKV---100-RXM---FTC-SEIS
CHECK VALVE CKV 100 RXM 0.57 0.32 0.52 CKV---100-RXM---FTO-SEIS
CHECK VALVE CKV 50 RXB 7.74 0.32 0.52 CKV---50--RXB---FTO-SEIS
REACTOR MODULE CORBEL CORB 75 RXB 1.94 0.21 0.42 CORB--75--RXB---BGF-SEIS
REACTOR MODULE CORBEL CORB 75 RXB 2.67 0.21 0.38 CORB--75--RXB---IPS-SEIS
CONTROL ROD GUIDE TUBE CRDGT 75 RXM 3.63 0.28 0.4 CRDGT-75--RXM---DEF-SEIS
REACTOR BUILDING CRANE CRN 145 RXB 2.64 0.28 0.39 CRN---145-RXB---RWF-SEIS
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COMBUSTION TURBINE GENERATOR CTG 100 SITE 0.65 0.17 0.28 CTG---100-SITE--FTR-SEIS
DIESEL GENERATOR DGN 100 SITE 0.65 0.17 0.28 DGN---100-SITE--FTR-SEIS
AC BUS EBA 100 HVSWG 5.9 0.24 0.39 EBA---100-HVSWG-FOP-SEIS
AC BUS EBA 100 LVSWG 2.8 0.24 0.39 EBA---100-LVPDC-FOP-SEIS
DC BUS EBD 86 RXB 3.55 0.24 0.39 EBD---86--RXB---FOP-SEIS
HYDRAULICALLY OPERATED VALVE HOV 100 RXM 22.13 0.27 0.37 HOV---100-RXM---FTC-SEIS
HYDRAULICALLY OPERATED VALVE HOV 100 RXM 0.57 0.32 0.52 HOV---100-RXM---FTO-SEIS
HYDRAULICALLY OPERATED VALVE HOV 50 RXM 9.52 0.27 0.37 HOV---50--RXM---FOP-SEIS
HYDRAULICALLY OPERATED VALVE HOV 50 RXM 9.52 0.27 0.37 HOV---50--RXM---FTO-SEIS
HYDRAULICALLY OPERATED VALVE HOV 75 RXM 17.45 0.27 0.37 HOV---75--RXM---FOP-SEIS
HYDRAULICALLY OPERATED VALVE HOV 75 RXM 17.45 0.27 0.37 HOV---75--RXM---FTO-SEIS
HEAT EXCHANGER HTX 50 RXB 6.81 0.32 0.51 HTX---50--RXB---HXF-SEIS
HEAT EXCHANGER HTX 50 RXM 2.34 0.32 0.51 HTX---50--RXM---HXF-SEIS
MOTOR CONTROL CENTER MCC 86 RXB 3.55 0.24 0.39 MCC---86--RXB---FOP-SEIS
MOTOR DRIVEN PUMP MDP 100 CHILL 4.7 0.27 0.43 MDP---100-CHILL-FTR-SEIS
MOTOR DRIVEN PUMP MDP 100 RXB 2.3 0.27 0.43 MDP---100-RXB---FTR-SEIS
MOTOR DRIVEN PUMP MDP 50 RXB 4.05 0.27 0.43 MDP---50--RXB---FTR-SEIS
MOTOR OPERATED VALVE MOV 100 RXM 22.13 0.27 0.37 MOV---100-RXM---FTC-SEIS
MOTOR OPERATED VALVE MOV 100 RXM 0.57 0.32 0.52 MOV---100-RXM---FTO-SEIS
MANUAL SWITCH MSW 75 CRB 4.78 0.24 0.39 MSW---75--CRB---FTC-SEIS
REACTOR BUILDING WALL RBW NA RXB 2.27 0.2 0.32 RBW-------RXB---OPS-SEIS
ALL ECCS REACTOR RECIRCULATION VALVES RRV2 50 RXM 3.32 0.24 0.32 RRV2--50--RXM---FTC-SEIS
REACTOR SAFETY VALVE RSV 75 RXM 3.37 0.24 0.32 RSV---75--RXM---FTC-SEIS
REACTOR SAFETY VALVE RSV 75 RXM 3.37 0.24 0.32 RSV---75--RXM---FTO-SEIS
RTS CIRCUIT BREAKER RTB 75 RXB 3.69 0.24 0.39 RTB---75--RXB---FOP-SEIS
ALL ECCS REACTOR VENT VALVES RVV3 75 RXM 2.38 0.28 0.5 RVV3--75--RXM---FTC-SEIS
STEAM GENERATOR TUBE SGT 50 RXM 2.53 0.28 0.36 SGT---50--RXM---BRK-SEIS
SOLENOID OPERATED VALVE SOV 50 RXM 3.32 0.24 0.41 SOV---50--RXM---FTO-SEIS
SOLENOID OPERATED VALVE SOV 75 RXM 3.23 0.28 0.53 SOV---75--RXM---FTO-SEIS
TRANSFORMER TFM 100 HVSWG 2.1 0.24 0.39 TFM---100-HVSWG-FOP-SEIS
TRANSFORMER TFM 100 LVSWG 2.1 0.24 0.39 TFM---100-LVPDC-FOP-SEIS
TRANSFORMER TFM 100 MVSWG 2.1 0.24 0.39 TFM---100-MVSWG-FOP-SEIS
TRANSFORMER TFM 100 SITE 0.3 0.29 0.47 TFM---100-SITE--CIF-SEIS

Table 19.1-38: Seismic Correlation Class Information (Continued)

Component Comp ID Elev (ft) Location Am (g) βr (g) βu (g) Seismic Transfer Event
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Seismically Induced Initiating Events
CORB--75--RXB---

BGF-SEIS
CORB 75 RXB RXM Supports - Corbel Corbel Bearing Failure 2.05 0.21 0.42 0.73 No DS

HTX---50--RXB---
HXF-SEIS4

HTX 50 RXB CVCS Heat Exchanger Heat Exchanger Failure 6.81 0.32 0.51 1.74 No Generic

RRV2--50--RXM---
FTC-SEIS

RRV2 50 RXM All ECCS Reactor Recirculation 
Valves

Fails to Close 3.32 0.24 0.32 1.32 No DS
Fails to Remain Closed

Spuriously Open
RSV---75--RXM---

FTC-SEIS4
RSV 75 RXM All Reactor Safety Valves Fails to Close 3.37 0.24 0.32 1.34 No DS

Fails to Remain Closed
Fails to Reclose

Spuriously Open
RVV3--75--RXM---

FTC-SEIS
RVV3 75 RXM All ECCS Reactor Vent Valves Fails to Close 2.38 0.28 0.5 0.66 No DS

Fails to Remain Closed
Spuriously Open

SGT---50--RXM---
BRK-SEIS4

SGT 50 RXM Steam Generators Tube/Support Failure 2.53 0.28 0.36 0.88 No DS

TFM---100-SITE--
CIF-SEIS

TFM 100 SITE Offsite Power Transformer Ceramic Insulator Failure 0.3 0.29 0.47 0.09 No Generic

Structural Failure Events
BIOBN-125-RXB---

BSF-SEIS
BIOBN 125 RXB Bioshield Bay Wall Anchor Bolts Bolt Shear Failure - Normal Operation 4.89 0.28 0.35 1.73 Yes DS

BIOBR-125-RXB---
BSF-SEIS

BIOBR 125 RXB Bioshield Bay Wall Anchor Bolts Bolt Shear Failure - Refueling Adjacent 
Module

2.73 0.28 0.35 0.97 Yes DS

BION--125-RXB---
OPB-SEIS

BION 125 RXB Horizontal Bioshield Out of Plane Bending - Normal 
Operation

11.62 0.28 0.37 3.99 Yes DS

BIOPN-125-RXB---
BTF-SEIS

BIOPN 125 RXB Bioshield Pool Wall Anchor Bolts Bolt Tension Failure - Normal 
Operation

5.37 0.28 0.35 1.91 Yes DS
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BIOPR-125-RXB---
BTF-SEIS

BIOPR 125 RXB Bioshield Pool Wall Anchor Bolts Bolt Tension Failure - Refueling 
Adjacent Module

3.05 0.28 0.35 1.08 Yes DS

BIOR--125-RXB---
OPB-SEIS

BIOR 125 RXB Horizontal Bioshield Out of Plane Bending - Refueling 
Adjacent Module

4.05 0.28 0.41 1.3 Yes DS

BYW-------RXB---IPS-
SEIS

BYW NA RXB RXM Bay Wall In-Plane Shear Failure 2.47 0.19 0.42 0.91 Yes DS

CORB--75--RXB---
IPS-SEIS

CORB 75 RXB RXM Supports - Corbel Corbel Shear Failure 2.83 0.21 0.41 1.02 Yes DS

CRN---145-RXB---
RWF-SEIS

CRN 145 RXB Reactor Building Crane Seismic Restraint Weldment Failure 2.64 0.28 0.39 0.88 Yes DS

RBW-------RXB---
OPS-SEIS

RBW NA RXB Exterior Reactor Building Wall Out of Plane Shear Failure 2.27 0.2 0.32 0.97 Yes DS

Component Failure Events
ACV---100-CHILL-

FCR-SEIS
ACV 100 CHILL DWS Recirc Control Valve Fails to Control 9 0.32 0.52 2.26 No Generic

ACV---100-RXB---
FTO-SEIS

ACV 100 RXB CFDS Flow Control Valve Fails to Open 4.41 0.32 0.52 1.11 No Generic

ACV---100-RXM---
FTC-SEIS

ACV 100 RXM FWS Regulating Valve Fails to Close 22.13 0.27 0.37 7.72 No DS

ACV---100-RXM---
FTO-SEIS

ACV 100 RXM CVCS Control Valve Fails to Open 0.57 0.32 0.52 0.14 No Generic

AOV---100-CHILL-
FTO-SEIS

AOV 100 CHILL DWS Pump Isolation Valve Fails to Open 9 0.32 0.52 2.26 No Generic

AOV---100-RXB---
FTC-SEIS

AOV 100 RXB CFDS Drain Valve Fails to Close 4.41 0.32 0.52 1.11 No Generic

AOV---100-RXB---
FTO-SEIS

AOV 100 RXB CVCS Module Heatup Isolation 
Valve, CFDS Flooding Valve

Fails to Open 0.57 0.32 0.52 0.14 No Generic

AOV---100-RXM---
FTC-SEIS

AOV 100 RXM MSS Secondary Isolation Valve Fails to Close 22.13 0.27 0.37 7.72 No DS

AOV---100-RXM---
FTO-SEIS

AOV 100 RXM CFDS Isolation Valve Fails to Open 0.57 0.32 0.52 0.14 No Generic

Table 19.1-38: Seismic Correlation Class Information (Continued)
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AOV---50--RXB---
FTO-SEIS

AOV 50 RXB CVCS DWS Supply Isolation 
Valve

Fails to Open 7.74 0.32 0.52 1.94 No Generic

BAT---75--RXB---
FOP-SEIS

BAT 75 RXB RXM Batteries Fails to Operate 4.37 0.24 0.39 1.55 No Generic

BCH---86--RXB---
FOP-SEIS

BCH 86 RXB RXM Battery Chargers Fails to Operate 2.11 0.24 0.39 0.75 No Generic

CBH---100-HVSWG-
FTC-SEIS

CBH 100 HVSWG High Voltage Supply Circuit 
Breakers

Fails to Close 2.8 0.24 0.39 0.99 No Generic

CBL---100-LVPDC-
FTC-SEIS

CBL 100 LVPDC Low Voltage Circuit Breakers Fails to Close 5.9 0.24 0.39 2.09 No Generic

CBM---100-MVSWG-
FTC-SEIS

CBM 100 MVSWG 4KV Circuit Breakers Fails to Close 2.8 0.24 0.39 0.99 No Generic

CKV---100-CHILL-
FTO-SEIS

CKV 100 CHILL DWS Check Valve Fails to Open 9 0.32 0.52 2.26 No Generic

CKV---100-RXB---
FTO-SEIS

CKV 100 RXB CFDS Check Valve Fails to Open 4.41 0.32 0.52 1.11 No Generic

CKV---100-RXM---
FTC-SEIS

CKV 100 RXM CVCS Check Valve Fails to Close 0.57 0.32 0.52 0.14 No Generic

CKV---100-RXM---
FTO-SEIS

CKV 100 RXM CVCS Check Valve Fails to Open 0.57 0.32 0.52 0.14 No Generic

CKV---50--RXB---
FTO-SEIS

CKV 50 RXB DWS Check Valve Fails to Open 7.74 0.32 0.52 1.94 No Generic

CRDGT-75--RXM---
DEF-SEIS

CRDGT 75 RXM Control Rod Guide Tubes Tube Deformation 3.63 0.28 0.4 1.19 No DS

CTG---100-SITE--
FTR-SEIS

CTG 100 SITE Combustion Turbine Generator Fails to Run 0.65 0.17 0.28 0.31 No Generic
Fails to Start

DGN---100-SITE--
FTR-SEIS

DGN 100 SITE Backup Diesel Generators Fails to Run 0.65 0.17 0.28 0.31 No Generic
Fails to Start

EBA---100-HVSWG-
FOP-SEIS

EBA 100 HVSWG 13KV AC Bus Fails to Operate 5.9 0.24 0.39 2.09 No Generic

EBA---100-LVPDC-
FOP-SEIS

EBA 100 LVPDC BDG Distribution Bus Fails to Operate 2.8 0.24 0.39 0.99 No Generic

Table 19.1-38: Seismic Correlation Class Information (Continued)
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EBD---86--RXB---
FOP-SEIS

EBD 86 RXB DC Bus Power Channel Fails to Operate 3.55 0.24 0.39 1.26 No Generic

HOV---100-RXM---
FTC-SEIS

HOV 100 RXM CVCS, CES, FWS, MSS 
Containment Isolation Valves

Fails to Close 22.13 0.27 0.37 7.72 Yes DS

HOV---100-RXM---
FTO-SEIS

HOV 100 RXM CVCS, CFDS
Containment Isolation Valves, 

DHRS Actuation Valves

Fails to Open 0.57 0.32 0.52 0.14 No Generic

HOV---50--RXM---
FOP-SEIS

HOV 50 RXM ECCS Reactor Recirculation 
Valves

Fails to Operate (Passive Actuation) 9.52 0.27 0.37 3.32 Yes DS

HOV---50--RXM---
FTO-SEIS

HOV 50 RXM ECCS Reactor Recirculation 
Valves

Fails to Open (Valve Body 
Deformation)

9.52 0.27 0.37 3.32 Yes DS

HOV---75--RXM---
FOP-SEIS

HOV 75 RXM ECCS Reactor Vent Valves Fails to Operate (Passive Actuation) 17.45 0.27 0.37 6.09 Yes DS

HOV---75--RXM---
FTO-SEIS

HOV 75 RXM ECCS Reactor Vent Valves Fails to Open (Valve Body 
Deformation)

17.45 0.27 0.37 6.09 Yes DS

HTX---50--RXB---
HXF-SEIS4

HTX 50 RXB CVCS Heat Exchanger Heat Exchanger Failure 6.81 0.32 0.51 1.74 No Generic

HTX---50--RXM---
HXF-SEIS

HTX 50 RXM DHRS Heat Exchangers Heat Exchanger Failure 2.34 0.32 0.51 0.6 No Generic

MCC---86--RXB---
FOP-SEIS

MCC 86 RXB Low Voltage Motor Control 
Center

Fails to Operate 3.55 0.24 0.39 1.26 No Generic

MDP---100-CHILL-
FTR-SEIS

MDP 100 CHILL DWS Pumps Fails to Run 4.7 0.27 0.43 1.49 No Generic

MDP---100-RXB---
FTR-SEIS

MDP 100 RXB CFDS Makeup Pumps Fails to Run 2.3 0.27 0.43 0.73 No Generic

MDP---50--RXB---
FTR-SEIS

MDP 50 RXB CVCS Makeup Pumps Fails to Run 4.05 0.27 0.43 1.28 No Generic

MOV---100-RXM---
FTC-SEIS

MOV 100 RXM CVCS MOV Recirculation Valve Fails to Close 22.13 0.27 0.37 7.72 No Generic

MOV---100-RXM---
FTO-SEIS

MOV 100 RXM CVCS MOV Injection Valve Fails to Open 0.57 0.32 0.52 0.14 No Generic

Table 19.1-38: Seismic Correlation Class Information (Continued)
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MSW---75--CRB---
FTC-SEIS

MSW 75 CRB Manual Division Actuation 
Switches

Fails to Close 4.78 0.24 0.39 1.7 No Generic

RSV---75--RXM---
FTC-SEIS4

RSV 75 RXM All Reactor Safety Valves Fails to Close 3.37 0.24 0.32 1.34 No DS
Fails to Remain Closed

Fails to Reclose
Spuriously Open

RSV---75--RXM---
FTO-SEIS

RSV 75 RXM All Reactor Safety Valves Fails to Open 3.37 0.24 0.32 1.34 Yes DS

RTB---75--RXB---
FOP-SEIS

RTB 75 RXB Reactor Trip Circuit Breaker Fails to Operate 3.69 0.24 0.39 1.31 No Generic

SGT---50--RXM---
BRK-SEIS4

SGT 50 RXM Steam Generators Tube/Support Failure 2.53 0.28 0.36 0.88 No DS

SOV---50--RXM---
FTO-SEIS

SOV 50 RXM ECCS Reactor Recirculation 
Valve Trip Valve Solenoids

Fails to Open 3.32 0.24 0.41 1.14 No DS

SOV---75--RXM---
FTO-SEIS

SOV 75 RXM ECCS Reactor Vent Valve Trip 
Valve Solenoids

Fails to Open 3.23 0.28 0.53 0.85 No DS

TFM---100-HVSWG-
FOP-SEIS

TFM 100 HVSWG 13KV High Voltage Main Power 
Transformer

Fails to Operate 2.1 0.24 0.39 0.75 No Generic

TFM---100-LVPDC-
FOP-SEIS

TFM 100 LVPDC Low Voltage Transformer Fails to Operate 2.1 0.24 0.39 0.75 No Generic

Table 19.1-38: Seismic Correlation Class Information (Continued)
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TFM---100-MVSWG-
FOP-SEIS

TFM 100 MVSWG 13KV/4KV Auxiliary Transformer Fails to Operate 2.1 0.24 0.39 0.75 No Generic

Notes:
1 All HCLPF values are determined via 5% failure probability on the 95% probability of exceedance fragility curve.
2 Contribution to the seismic margin is determined via a systematic methodology considering the MIN-MAX HCLPF determination and random CCDP product > 1% criterion 

described in Table 19.1-40.
3 The methods used to evaluate component fragilities are identified as either “DS” (design-specific) or “Generic”. Design-specific fragilities include an evaluation of both the 

equipment capacity and demand relative to a specific structure or piece of equipment. Generic fragilities constitute fragilities determined via a library/database search of 
similar equipment types. Such generic fragilities are augmented with ISRS information to include ground motion amplification specific to the NPM and the NuScale reactor 
building. All component failure modes identified as critical have design-specific fragilities.

4 Three seismically-induced component failure modes are also identified as seismically induced initiating events (HTX---50--RXB---HXF-SEIS, RSV---75--RXM---FTC-SEIS, and 
SGT---50--RXM---BRK-SEIS). In accident sequences initiated by failure of this equipment, the equipment is not available for mitigation.
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NuScale Nonproprietary

Response to Request for Additional Information
Docket No. 52-048

 

eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-10

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results.
SECY 93-087 approves an alternative approach to seismic PRA for the DCA and ISG 20
provide guidance on the methods acceptable to the staff to demonstrate acceptably low seismic
risk for a DC.

The staff reviewed FSAR Section 19.1.5.1.2 and identified the following statement, “Thisa.
leaves corbel shear failure and Reactor Building Crane (RBC) failure as having the limiting
HCLPFs.” Because structural events are assumed to lead to core damage, and Table
19.1-35 appears to identify the Reactor Building Wall and the Reactor Bay Wall (also see
RAI 8899, Question 30006) as more limiting than corbel shear failure, the staff requests
that the applicant clarify what is meant by this statement in the context of Table 19.1-35.
The staff reviewed Key Insights in FSAR Section 19.1.5.1.2 and noted the followingb.
passage: “A structural failure sequence involving collapse of the reactor crane is the most
important contributor to the seismic margin. Other sequences include one or more random
failures after the seismic event. These failures occur among the same general components
and sequences that lead to core damage in the internal events PRA” The staff requests
that the applicant clarify in the FSAR whether other structural events, in addition to
collapse of the reactor crane, are important contributors to the seismic margin.

NuScale Response:

a. In NuScale letter LO-0717-54957 dated August 3, 2017, corrected structural fragility
parameters and results were provided in revised Table 19.1-35. The table identifies the reactor
bay wall failure and reactor building crane failure as having the limiting high confidence of low
probability of failure (HCLPF) values. NuScale letter LO-0717-54957 also corrected the text in
Section 19.1.5.1.2 to reflect the reactor bay wall and reactor building crane as having the
limiting HCLPF values.

b. All structural events, except corbel bearing failure, result in core damage and large release.
This is noted under the sub-heading "Significant Structural Failures" in Section 19.1.5.1.2. In
addition, FSAR Section 19.1.5.1.1.3 has been modified to clarify this point.
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Impact on DCA:

FSAR Section 19.1.5.1.1.3 has been revised as described in the response above 
and as shown in the markup provided in this response.
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parameters and their uncertainties. It should be noted that all SSC modeled in 
the internal events PRA were included in fragility analysis, with the exception of 
basic events that are not subject to seismic-induced failure (i.e., 
phenomenological events, filters, control logic components). No pre-screening 
was performed to establish a seismic equipment list (SEL) or safe shutdown 
equipment list (SSEL). The terminology "PRA-critical" is used to denote SSCs 
that contribute to the seismic margin. Contributing SSCs are determined by 
applying the MIN-MAX method and the screening assumption described in 
Table 19.1-40. 

RAI 19.01-2

Seismic capacities for PRA-critical structures and components modeled in the 
SMA are obtained by performing detailed fragility analysis using either the 
hybrid method or the separation of variables method described in 
Reference 19.1-21, Reference 19.1-57, and Reference 19.1-58. For non-critical 
components, fragilities are evaluated using generic capacity values and design-
specific response spectra to calculate the demand.

RAI 19.01-10 

The controlling failure mode of these structural events and their direct 
consequences are shown in Table 19.1-35. All structural events identified in 
Table 19.1-35, except corbel bearing failure, lead directly to core damage and 
large release. For components, seismic failures are either considered functional 
failures (all modes) or mapped to specific equivalent random failures (such as a 
valve failing to open on demand).

Seismic Structural Events

Structural events are modeled as basic events in the PRA model with median 
failure acceleration and uncertainty parameters. Structural events differ from 
component failures in that they do not correspond to any random event in the 
internal events PRA. In nearly all cases, the consequences of structural events 
are assumed to lead to both core damage and large release without 
opportunity for mitigation. This is a simplifying assumption for modeling 
catastrophic failure mechanisms.

The selection of structural failures to model is based on a qualitative 
assessment of the external mechanisms that can damage the reactor module. 
Structures selected for analysis meet one of the following criteria:

• Structures directly in contact with the reactor module: This applies to the
module passive support skirt ring attached to the reactor pool floor, and
the lateral support lug-corbel interface;

• Structures directly connected to the module interface: The reactor bay
walls, pool wall and pool floor. The latter two are bounded in terms of
fragility by the RXB outer wall failure;

• Structures located above the module, where collapse could lead to physical 
damage to the module. These include the Reactor Building crane (RBC) and
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-11

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. SECY 93-087 approves an alternative approach to seismic
PRA for the DCA and ISG 20 provide guidance on the methods acceptable to the staff to
demonstrate acceptably low seismic risk for a DC.

The staff reviewed FSAR Section 19.1.5 and Table 19.1-38 and noted that the reactor internals
and core assembly are not included as a component in Table 19.1-38. The staff determined it
needs additional information to verify the adequacy of the fragility evaluation. Specifically, the
staff requests that the applicant provide the basis for why the reactor internals and core
assembly are  not included in the fragility analysis. The applicant should consider the
configuration of the reactor internals and core assembly for at power and low power/shutdown
conditions when providing the basis.

NuScale Response:

Seismically-induced failure of the reactor internals and core assembly is assumed to be
bounded by failure of the control rod guide tubes (CRGTs), which have resonance frequencies
close to the peak spectral range of the seismic input spectrum. This results in higher seismic
demands than is expected for other reactor internals. Because these failures result in an
anticipated transient without scram (ATWS), with core damage prevention from the reactor
safety and emergency core cooling system valves, additional fragility analyses were not
performed. This discussion also applies to low power conditions, and shutdown conditions when
the module is in the operating bay.

During shutdown conditions when the module is either being transported by the reactor building
crane (RBC), or located in the containment flange tool (CFT) or reactor flange tool (RFT), the
following observations are made:

The control rods fully are inserted.
During transport, the containment vessel (CNV) is flooded and the fuel cannot become
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uncovered because the module remains vertical and attached to the RBC.
While in the CFT or RFT, the fuel remains submerged and cooling is provided via natural
circulation from the reactor pool.

As such, apart from the CRGTs, no fragility analyses were performed for reactor internals or the
core assembly for full power or low power and shutdown operating states. This assumption has
been clarified in FSAR Table 19.1-40.

Impact on DCA:

FSAR Table 19.1-40 has been revised as described in the response above and as shown in 
the markup provided in this response.
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RAI 19.01-2, RAI 19.01-5, RAI 19.01-7, RAI 19.01-8, RAI 19.01-11, RAI 19.01-14, RAI 19.01-16

Table 19.1-40: Key Assumptions for the Seismic Margin Assessment

Assumption Basis
Structures are screened out if they are not directly in contact with the reactor module and do not have the potential 
to collapse on top of it. 

Engineering judgment 

Systems and components are screened if they are not included in the internal events PRA models (full power and 
low power and shutdown).

Common engineering practice

Seismic sequences are mapped to those in the internal events PRA but augmented with seismically induced SSC 
initiating events and seismically induced SSC failures.

Common engineering practice and consistent with the 
ASME/ANS PRA Standard.

Intra-module component groups have 100 percent correlation provided all components share the same elevation 
class, general component type and same failure mode. Components not meeting these shared criteria are treated 
as independent.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Different component failure modes (for the same component or different components of the same type) are not 
modelled as correlated when the specific seismic failure mode is identified, i.e. “seismic failure to open”. When the 
event is labeled as a functional failure, all failure modes are included and considered correlated.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Seismic component failures are not modelled for fail-safe signal logic, which includes sensors, transmitters, relays, 
equipment interface modules, safety function modules, actuation priority logic modules, hard-wired modules, 
scheduling and bypass modules, and scheduling and voting modules. As such, seismically-induced signal logic 
failures of the MPS are not considered credible.

Common engineering practice 

Design-specific fragilities are used for PRA-significant seismic failure eventsfailures that contribute to the seismic 
margin, including valves located inside the reactor module and structural events. 

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and engineering judgment.

For SSC that do not contribute significantly to the seismic safety margin, such as components credited in the PRA 
but not associated with a specific module, design-specific response factors combined with generic capacity values 
are used. 

Engineering judgment and common engineering 
practice.

Fragility parameters acquired from generic sources, including capacity, randomness, and uncertainty values, are 
assumed valid and relevant to the NuScale design.

Common engineering practice

Systems are assumed to fail at the ground motion in which they have an 84 percent probability of failure. For 
ground motions with lower failure probabilities, the success logic is treated as a probability of 1.0.

Simplifying conservative assumption to avoid duplication 
of success logic in SAPHIRE.

Structural events (e.g., RXB wall), are postulated to directly lead to core damage and large release. The term 
“structural event” is used in lieu of “structural failure”. One exception is a structural failure of the reactor module 
corbel bearing failure, which is postulated as a LOCA outside containment.

Bounding simplification and engineering judgment.

Control room failure is not included in the SMA because a control room collapse is bounded by the effects of a 
LOOP that occurs at lower ground motions with higher frequencies. A LOOP results in ECCS valve actuation; a 
control room collapse results in a signal loss and subsequent ECCS valve actuation. 

Bounding assumption

The controlling failure mode of the RBC, which is designed with seismic restraints, is the yielding of the bridge 
seismic restraint weldments. The bounding consequence of crane failure during low power operations is a collapse 
of the crane structure on top of the module, leading to core damage and large release.

Bounding assumption
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During low power and shutdown conditions, the state-specific risk to the module is during the transport phase 
before and after refueling, when the crane is bearing the load of the module. Other events involving the crane can 
be screened because the likelihood of the crane being over the module (and not bearing the load of the module) is 
bounded by the full-power assessment.

Engineering judgment

Failure of the bridge seismic restraints, rather than the bridge girders, is expected to be the controlling failure mode 
of the crane bridge. Because the seismic restraints do not bear any additional weight from a loaded module, the 
effect on weldment failure is expected to be negligible.

Common engineering practiceEngineering judgement

CutsetsIn the MIN-MAX method, cutsets containing both seismic and random failures are screened if the product of 
all random failure probabilities is below 1E-2 because the HCLPF is defined as a 1percent failure probability on the 
mean fragility curve. Thus, it is reasonable to use this value as a screening criterion for the probability of non-
seismic failures in the same cutset.

Common engineering practice and consistent with ISG-
020.

In a cutset containing multiple seismic failures, the highest HCLPF value determines the cutset HCLPF. Common engineering practice, application of the MIN-
MAX method.

Because the dominant structural events are assumed to lead core damage and a large release, the plant-level core 
damage HCLPF is the same as the large release HCLPF.

Bounding assumption

Recovery, including the recovery of offsite power, is not credited in the SMA. Bounding assumption
Extreme stress was considered for operator actions following a seismic event. Engineering judgment
Fragilities developed via the separation of variables methodology are assumed to be representative of fragilities 
determined via qualification testing. The separation of variables methodology is based on the same SSC design 
information, specifications, and analysis as would be used to develop testing information during procurement.

Engineering judgment

The CFT and RFT do not contribute to the seismic margin because the core geometry remains coolable after the 
CNV top is removed, even if the CFT or RFT were to become damaged by an earthquake.

Engineering judgment

The MLA is modeled as part of the RBC structure and design safety margins preclude it from being the controlling 
seismic failure.

Engineering judgment

The control rod guide tubes are assumed to be the controlling seismically induced failure associated with the 
reactor internals. Therefore, seismically induced damage to reactor internals is not considered in the seismic 
margin.

Engineering judgment

Displacement-induced stresses that result in leakage in piping outside containment are assumed to be isolable by 
closure of the containment isolation valves.

Engineering judgment

Table 19.1-40: Key Assumptions for the Seismic Margin Assessment (Continued)

Assumption Basis
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-12

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the SMA
for DCAs in lieu of a seismic PRA.

During an audit of the PRA (ML17087A109), the staff reviewed ER-P040-7026-R0,a.
“Seismic Margin Assessment Notebook,” Appendix J. The applicant summarized the
contractor-supplied fragility calculations for PRA-critical SSCs. The staff identified the
emergency core cooling system (ECCS) reactor vent valves (RVVs) as PRA-critical.
Because these valves are PRA-critical components, the staff requests that the applicant
provide additional information that demonstrates the ECCS RVVs do not contribute to the
plant level seismic margin.
Based on the staff’s review of ER-P040-7026-R0 during its audit of the PRAb.
(ML17087A109), the staff identified inconsistencies between the HCLPF capacities
calculated by separate contractors for the ECCS RVVs. The results are summarized
below.

Capacity (Am) Uncertainty (βc) HCLPF (g)
1 17.45 0.46 6.09
2 2.38 0.57 0.66

The HCLPF value in FSAR Tier 2 Table 19.1-38 corresponds to the lower HCLPF capacity in
the table above. The staff requests that the applicant describe the differences in the calculations
that contributed to a variance (by an order of magnitude) on the evaluation of HCLPF capacity
for the ECCS RVVs

NuScale Response:

The emergency core cooling system (ECCS) reactor vent valves (RVVs) contribute to thea.
seismic margin because an incomplete ECCS actuation would lead to core damage after
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reactor trip. However, they have a high seismic capacity, and thus do not appear in the
top seismic margin cutsets.
There are two separate failure modes for the RVVs. The first row corresponds to a failureb.
to open following a passive ECCS demand. This failure mode has a much higher seismic
capacity because it models valve body deformation due to a seismic event as the failure
that prevents the valve from passively opening. The second fragility calculation
corresponds to a failure to function during and after an earthquake. This fragility was
applied to the spurious opening failure mode, which does not contribute to the seismic
margin.

Impact on DCA:
There are no impacts to the DCA as a result of this response.
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-13

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the
SMA) for DCAs in lieu of a seismic PRA.

During its audit of the PRA (ML17087A109), the staff reviewed ER-P040-7026-R0, “Seismic
Margin Assessment Notebook,” Appendix J. The applicant summarized the contractor-supplied
fragility calculations for PRA-critical SSCs. The staff identified inconsistencies between the
HCLPF capacities calculated by separate contractors for the Control Rod Guide Tube (CRGT).
The results are summarized below.

Capacity (Am) Uncertainty (βc) HCLPF (g)
1 3.63 0.49 1.19
2 1.17 0.50 0.37

The data provided in FSAR Tier 2 Table 19.1-38 corresponds to the 1st row above. Because the
calculated HCLPF varies substantially between the contractors and the CRGT is a PRA-critical
component, the staff requests that the applicant justify the use of the selected HCLPF capacity
given that the median capacities supplied by the separate contractors vary from 1.17 to 3.63
and the HCLPF capacity from 0.37g to 1.19g. The applicant should also describe whether the
CRGT contributes to the plant level seismic margin.

NuScale Response:

The supporting documentation for both control rod guide tube (CRGT) fragility evaluations
identifies substantial differences between evaluations. The calculation resulting in a high
confidence of low probability of failure (HCLPF) of 0.37g (a capacity of 1.17g with a composite
uncertainty of 0.50) represents an evaluation considering generic data to support an estimate of
equipment capacity and in-structure response spectra (ISRS) to describe equipment demand.
The evaluation resulting in a HCLPF of 1.19g (a capacity of 3.63g with a composite uncertainty
of 0.49) was determined via a finite element analysis with ISRS to describe the combination of
capacity and demand. Consequently, the latter analysis uses more NuScale-specific CRGT
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design information and is deemed a more representative evaluation of equipment fragility.

Although anticipated transient without scram (ATWS) sequences are not significantly different
from non-ATWS sequences in the NuScale design, a fragility calculation was performed for the
CRGTs. Even after CRGT failure and consequential ATWS, core damage will be prevented with
depressurization of the reactor by the reactor safety valves (RSVs) and emergency core cooling
system (ECCS) valves. As a result, the CRGTs do not contribute to the seismic margin.

Impact on DCA:
There are no impacts to the DCA as a result of this response.
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-14

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the
seismic margin approach (SMA) for DCAs.

During its audit of the PRA (ML17087A109), staff reviewed ER-P040-7026-R0, “Seismic Margin
Assessment Notebook,” Appendix J. The applicant summarized the contractor-supplied fragility
calculations for PRA-critical SSCs. The staff  identified differences between the contractor-
supplied HCLPF capacities for the RBC. The results are summarized below.

Capacity (Am) Uncertainty (βc) HCLPF (g)
1 2.64 0.48 0.88
2 2.33 0.50 0.74

The HCLPF capacity provided in the FSAR corresponds to the higher HCLPF capacity (in row 1
above) supplied by the contractors. The failure modes considered are for the bridge and trolley
seismic restraint assemblies. The controlling HCLPF capacity is determined to correspond to
the seismic bridge restraint weldment.

A note is provided below Table J.10 in relation to the lower HCLPF capacity (in row 2 above).
The note states that “The fragility for the reactor building crane is with respect to a bridge girder
failure in shear. Upon further evaluation, catastrophic bridge girder failure will be preceded by
bridge seismic restraint failure. Due to this realization, failure of the bridge seismic restraints are
the controlling failure mode, rather than the bridge girder.” This information is also summarized
in Section 19.1.5.1.1.3, Subsection “Reactor Building Crane.”

Based on the staff’s review of ER-P-040-7026-R0, Appendix J, during its audit of the PRA
(ML17087A109), the staff needs additional information to understand the basis for eliminating
bridge girder failure in shear as a controlling failure mode for the RBC fragility evaluation.
Because the RBC is PRA-critical and controls the plant level HCLPF capacity, the staff requests
that the applicant provide further justification for eliminating the bridge girder failure in shear in
the RBC fragility evaluation.
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NuScale Response:

The bridge girder failure in shear was not included in the reactor building crane (RBC) fragility
evaluation because:

The RBC bridge girders span the width of the reactor building pool and rest on rail ledges
that extend beyond the pool width. As a result, the bridge girders are longer than the pool
is wide. This dimensional constraint means that some amount of relative movement
between opposing crane support walls or a twisting crane motion atop the rails is
required for crane collapse.

The design analysis of the RBC includes an elastic analysis. Steel ductility prevents
complete material failure without significant engineering strain such that the girders
cannot overcome the distance constraint between the walls.

As a result, the fragility for the RBC bridge weldments was judged to be more representative of
RBC fragility than bridge girder failure in shear, as indicated in the FSAR Table 19.1-40, which
has been modified to clarify that engineering judgment has been applied in determining the RBC
controlling failure mode. Additionally, the second part of the assumption has been deleted for
clarification because the RBC weldment fragility is evaluated with a loaded module, so there is
no intent to distinguish between a loaded and unloaded configuration.

Impact on DCA:

FSAR Table 19.1-40 has been revised as described in the response above and as shown in the 
markup provided in this response.
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Table 19.1-40: Key Assumptions for the Seismic Margin Assessment

Assumption Basis
Structures are screened out if they are not directly in contact with the reactor module and do not have the potential 
to collapse on top of it. 

Engineering judgment 

Systems and components are screened if they are not included in the internal events PRA models (full power and 
low power and shutdown).

Common engineering practice

Seismic sequences are mapped to those in the internal events PRA but augmented with seismically induced SSC 
initiating events and seismically induced SSC failures.

Common engineering practice and consistent with the 
ASME/ANS PRA Standard.

Intra-module component groups have 100 percent correlation provided all components share the same elevation 
class, general component type and same failure mode. Components not meeting these shared criteria are treated 
as independent.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Different component failure modes (for the same component or different components of the same type) are not 
modelled as correlated when the specific seismic failure mode is identified, i.e. “seismic failure to open”. When the 
event is labeled as a functional failure, all failure modes are included and considered correlated.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Seismic component failures are not modelled for fail-safe signal logic, which includes sensors, transmitters, relays, 
equipment interface modules, safety function modules, actuation priority logic modules, hard-wired modules, 
scheduling and bypass modules, and scheduling and voting modules. As such, seismically-induced signal logic 
failures of the MPS are not considered credible.

Common engineering practice 

Design-specific fragilities are used for PRA-significant seismic failure eventsfailures that contribute to the seismic 
margin, including valves located inside the reactor module and structural events. 

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and engineering judgment.

For SSC that do not contribute significantly to the seismic safety margin, such as components credited in the PRA 
but not associated with a specific module, design-specific response factors combined with generic capacity values 
are used. 

Engineering judgment and common engineering 
practice.

Fragility parameters acquired from generic sources, including capacity, randomness, and uncertainty values, are 
assumed valid and relevant to the NuScale design.

Common engineering practice

Systems are assumed to fail at the ground motion in which they have an 84 percent probability of failure. For 
ground motions with lower failure probabilities, the success logic is treated as a probability of 1.0.

Simplifying conservative assumption to avoid duplication 
of success logic in SAPHIRE.

Structural events (e.g., RXB wall), are postulated to directly lead to core damage and large release. The term 
“structural event” is used in lieu of “structural failure”. One exception is a structural failure of the reactor module 
corbel bearing failure, which is postulated as a LOCA outside containment.

Bounding simplification and engineering judgment.

Control room failure is not included in the SMA because a control room collapse is bounded by the effects of a 
LOOP that occurs at lower ground motions with higher frequencies. A LOOP results in ECCS valve actuation; a 
control room collapse results in a signal loss and subsequent ECCS valve actuation. 

Bounding assumption

The controlling failure mode of the RBC, which is designed with seismic restraints, is the yielding of the bridge 
seismic restraint weldments. The bounding consequence of crane failure during low power operations is a collapse 
of the crane structure on top of the module, leading to core damage and large release.

Bounding assumption
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During low power and shutdown conditions, the state-specific risk to the module is during the transport phase 
before and after refueling, when the crane is bearing the load of the module. Other events involving the crane can 
be screened because the likelihood of the crane being over the module (and not bearing the load of the module) is 
bounded by the full-power assessment.

Engineering judgment

Failure of the bridge seismic restraints, rather than the bridge girders, is expected to be the controlling failure mode 
of the crane bridge. Because the seismic restraints do not bear any additional weight from a loaded module, the 
effect on weldment failure is expected to be negligible.

Common engineering practiceEngineering judgement

CutsetsIn the MIN-MAX method, cutsets containing both seismic and random failures are screened if the product of 
all random failure probabilities is below 1E-2 because the HCLPF is defined as a 1percent failure probability on the 
mean fragility curve. Thus, it is reasonable to use this value as a screening criterion for the probability of non-
seismic failures in the same cutset.

Common engineering practice and consistent with ISG-
020.

In a cutset containing multiple seismic failures, the highest HCLPF value determines the cutset HCLPF. Common engineering practice, application of the MIN-
MAX method.

Because the dominant structural events are assumed to lead core damage and a large release, the plant-level core 
damage HCLPF is the same as the large release HCLPF.

Bounding assumption

Recovery, including the recovery of offsite power, is not credited in the SMA. Bounding assumption
Extreme stress was considered for operator actions following a seismic event. Engineering judgment
Fragilities developed via the separation of variables methodology are assumed to be representative of fragilities 
determined via qualification testing. The separation of variables methodology is based on the same SSC design 
information, specifications, and analysis as would be used to develop testing information during procurement.

Engineering judgment

The CFT and RFT do not contribute to the seismic margin because the core geometry remains coolable after the 
CNV top is removed, even if the CFT or RFT were to become damaged by an earthquake.

Engineering judgment

The MLA is modeled as part of the RBC structure and design safety margins preclude it from being the controlling 
seismic failure.

Engineering judgment

The control rod guide tubes are assumed to be the controlling seismically induced failure associated with the 
reactor internals. Therefore, seismically induced damage to reactor internals is not considered in the seismic 
margin.

Engineering judgment

Displacement-induced stresses that result in leakage in piping outside containment are assumed to be isolable by 
closure of the containment isolation valves.

Engineering judgment

Table 19.1-40: Key Assumptions for the Seismic Margin Assessment (Continued)

Assumption Basis
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Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-15

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. SECY 93-087 approves an alternative approach to seismic
PRA for the DCA and ISG 20 provide guidance on the methods acceptable to the staff to
demonstrate acceptably low seismic risk for a DC.

Based on the staff’s review of NuScale FSAR Tier 2, Section 19.1.5, the staff needs additional
information to confirm the validity of the applicant’s HCLPF capacities. The staff expectation at
the DC stage is that the design of structures within the scope of DC is essentially complete. To
evaluate the application, the staff requests that the applicant demonstrate that the seismic
margin of 1.67 times the CSDRS is met for the seismic Category I structures against seismic-
induced sliding and overturning.

NuScale Response:

As listed in Table 3.2-1, there are two Category I structures, the reactor building (RXB) and the
control building (CRB). Consistent with FSAR Section 3.8.5, the RXB and CRB are deeply
embedded structures with significant margin in the factor of safety against overturning and
negligible induced displacements from sliding. As such, significant margin also exists in a best-
estimate fragility evaluation of 1.67 times the certified seismic design response spectrum
(CSDRS) for foundation stability. Therefore, sliding and overturning failure modes do not
contribute to the seismic margin.

Impact on DCA:
There are no impacts to the DCA as a result of this response.
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eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-16

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results.
SECY 93-087 approves an alternative approach to seismic PRA for the DCA, and ISG 20
provides guidance on the methods acceptable to the staff to demonstrate acceptably low
seismic risk for a DC. In accordance with ISG 20, the operating modes to be considered include
at power, low power, and shutdown.

The staff reviewed FSAR Tier 2 Section 19.1.6.3, “Safety Insights from the External Events
Probabilistic Risk Assessment for Low Power and Shutdown Operation” and noted that the
Containment Vessel Flange Tool (CFT) and the Reactor Vessel Flange Tool (RFT) are not
included in the SMA even though in FSAR Section 9.1.5 (1) the RFT and the Module Lifting
Adapter are classified as Seismic Category I and (2) the CFT is classified as Seismic Category
II. The RFT, the CFT, and the Module Lifting Adapter are not listed in FSAR Table 3.3-2. The
staff requests that the applicant include the RFT, the Module Lifting Adapter, and the CFT in the
SMA and in FSAR Table 3.3-2 or justify why these components are not listed in the table.

NuScale Response:

Note: The RAI refers to FSAR Table 3.3-2; NuScale interprets the question as referring to FSAR
Table 3.2-1 “Classification of Structures, Systems, and Components”.

The three components mentioned are represented in Table 3.2-1. The module lifting adapter
(MLA) is included under the sub-header "RBC, Reactor Building Cranes". While the containment
flange tool (CFT) and reactor flange tool (RFT) include additional components (e.g., alignment
guides), they are represented by their primary components as the containment vessel (CNV)
support stand and the reactor pressure vessel (RPV) support stand, respectively; they are
included in Table 3.2-1 under the sub-header "MAEB, Module Assembly Equipment - Bolting".

Fragilities for the CFT and RFT do not appear in the seismic margin assessment (SMA)
because of the limited consequences of their seismic failure. After the module is placed in the
CFT and the CNV flange bolts are de-tensioned, the inventory of the ultimate heat sink (UHS) is
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available for cooling the core through the open emergency core cooling system (ECCS) valves.
Therefore, core cooling is assured by natural circulation even if the CFT were to fail seismically.
When the module is in the RFT, the RPV head is removed, core cooling is provided by the UHS,
irrespective of a seismically-induced RFT failure. As such, the CFT and RFT do not contribute to
the seismic margin.

The MLA is an integral part of the reactor building crane (RBC). The RBC failure due to an MLA
failure is not the controlling seismic failure; the RBC failure is controlled by the seismic restraint
weldments. The MLA is designed with significant safety factors for lifting load and thus, seismic
failure is not judged to be credible as controlling RBC failure.

FSAR Table 19.1-40 has been modified to address the modeling of the CFT, RFT, and MLA in
the SMA.

Impact on DCA:

FSAR Table 19.1-40 has been revised as described in the response above and as shown in the
markup provided in this response.
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RAI 19.01-2, RAI 19.01-5, RAI 19.01-7, RAI 19.01-8, RAI 19.01-11, RAI 19.01-14, RAI 19.01-16

Table 19.1-40: Key Assumptions for the Seismic Margin Assessment

Assumption Basis
Structures are screened out if they are not directly in contact with the reactor module and do not have the potential 
to collapse on top of it. 

Engineering judgment 

Systems and components are screened if they are not included in the internal events PRA models (full power and 
low power and shutdown).

Common engineering practice

Seismic sequences are mapped to those in the internal events PRA but augmented with seismically induced SSC 
initiating events and seismically induced SSC failures.

Common engineering practice and consistent with the 
ASME/ANS PRA Standard.

Intra-module component groups have 100 percent correlation provided all components share the same elevation 
class, general component type and same failure mode. Components not meeting these shared criteria are treated 
as independent.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Different component failure modes (for the same component or different components of the same type) are not 
modelled as correlated when the specific seismic failure mode is identified, i.e. “seismic failure to open”. When the 
event is labeled as a functional failure, all failure modes are included and considered correlated.

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and bounding assumption. 

Seismic component failures are not modelled for fail-safe signal logic, which includes sensors, transmitters, relays, 
equipment interface modules, safety function modules, actuation priority logic modules, hard-wired modules, 
scheduling and bypass modules, and scheduling and voting modules. As such, seismically-induced signal logic 
failures of the MPS are not considered credible.

Common engineering practice 

Design-specific fragilities are used for PRA-significant seismic failure eventsfailures that contribute to the seismic 
margin, including valves located inside the reactor module and structural events. 

Common engineering practice, consistent with the 
ASME/ANS PRA Standard, and engineering judgment.

For SSC that do not contribute significantly to the seismic safety margin, such as components credited in the PRA 
but not associated with a specific module, design-specific response factors combined with generic capacity values 
are used. 

Engineering judgment and common engineering 
practice.

Fragility parameters acquired from generic sources, including capacity, randomness, and uncertainty values, are 
assumed valid and relevant to the NuScale design.

Common engineering practice

Systems are assumed to fail at the ground motion in which they have an 84 percent probability of failure. For 
ground motions with lower failure probabilities, the success logic is treated as a probability of 1.0.

Simplifying conservative assumption to avoid duplication 
of success logic in SAPHIRE.

Structural events (e.g., RXB wall), are postulated to directly lead to core damage and large release. The term 
“structural event” is used in lieu of “structural failure”. One exception is a structural failure of the reactor module 
corbel bearing failure, which is postulated as a LOCA outside containment.

Bounding simplification and engineering judgment.

Control room failure is not included in the SMA because a control room collapse is bounded by the effects of a 
LOOP that occurs at lower ground motions with higher frequencies. A LOOP results in ECCS valve actuation; a 
control room collapse results in a signal loss and subsequent ECCS valve actuation. 

Bounding assumption

The controlling failure mode of the RBC, which is designed with seismic restraints, is the yielding of the bridge 
seismic restraint weldments. The bounding consequence of crane failure during low power operations is a collapse 
of the crane structure on top of the module, leading to core damage and large release.

Bounding assumption
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During low power and shutdown conditions, the state-specific risk to the module is during the transport phase 
before and after refueling, when the crane is bearing the load of the module. Other events involving the crane can 
be screened because the likelihood of the crane being over the module (and not bearing the load of the module) is 
bounded by the full-power assessment.

Engineering judgment

Failure of the bridge seismic restraints, rather than the bridge girders, is expected to be the controlling failure mode 
of the crane bridge. Because the seismic restraints do not bear any additional weight from a loaded module, the 
effect on weldment failure is expected to be negligible.

Common engineering practiceEngineering judgement

CutsetsIn the MIN-MAX method, cutsets containing both seismic and random failures are screened if the product of 
all random failure probabilities is below 1E-2 because the HCLPF is defined as a 1percent failure probability on the 
mean fragility curve. Thus, it is reasonable to use this value as a screening criterion for the probability of non-
seismic failures in the same cutset.

Common engineering practice and consistent with ISG-
020.

In a cutset containing multiple seismic failures, the highest HCLPF value determines the cutset HCLPF. Common engineering practice, application of the MIN-
MAX method.

Because the dominant structural events are assumed to lead core damage and a large release, the plant-level core 
damage HCLPF is the same as the large release HCLPF.

Bounding assumption

Recovery, including the recovery of offsite power, is not credited in the SMA. Bounding assumption
Extreme stress was considered for operator actions following a seismic event. Engineering judgment
Fragilities developed via the separation of variables methodology are assumed to be representative of fragilities 
determined via qualification testing. The separation of variables methodology is based on the same SSC design 
information, specifications, and analysis as would be used to develop testing information during procurement.

Engineering judgment

The CFT and RFT do not contribute to the seismic margin because the core geometry remains coolable after the 
CNV top is removed, even if the CFT or RFT were to become damaged by an earthquake.

Engineering judgment

The MLA is modeled as part of the RBC structure and design safety margins preclude it from being the controlling 
seismic failure.

Engineering judgment

The control rod guide tubes are assumed to be the controlling seismically induced failure associated with the 
reactor internals. Therefore, seismically induced damage to reactor internals is not considered in the seismic 
margin.

Engineering judgment

Displacement-induced stresses that result in leakage in piping outside containment are assumed to be isolable by 
closure of the containment isolation valves.

Engineering judgment

Table 19.1-40: Key Assumptions for the Seismic Margin Assessment (Continued)

Assumption Basis
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Response to Request for Additional Information
Docket No. 52-048

eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-17

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the SMA
for DCAs in lieu of a seismic PRA.

In reviewing FSAR Tier 2 Section 19.1.5, the staff identified several statements that require
clarification. The staff requests that the applicant clarify the following descriptions:

a. In FSAR Tier 2 Section 19.1.5.1.2, “Results from the Seismic Risk Evaluation,” the applicant
states, “SMAs are required to show that the plant level HCLPF is greater than 1.67 times the
design basis SSE, which equates to a 0.84g peak ground acceleration for NuScale.” The staff
requests that the applicant clarify that the design basis SSE and the SSE are the same.

b. In FSAR Tier 2, Table 19.1-35, the parameters associated with the “reactor module supports
– corbel bearing failure” do not produce the HCLPF in the table. The βu uncertainty value is also
inconsistent with that provided in Table 19.1-38. The staff requests that the applicant clarify
which are the correct parameters and HCLPF capacity.

c. In FSAR Tier 2, Table 19-1-38, the applicant provides the seismic correlation class
information, which includes structural fragility parameters. The staff requests that the applicant
confirm that, consistent with Section 19.1.5.1.1.3, which states that all SSC modeled in the
internal events PRA were included in the fragility analysis, Table 19.1-38 comprehensively
includes these SSCs.

d. In FSAR Tier 2, Table 19.1-35, the values provided for the reactor bay wall median capacity
and uncertainties are inconsistent with the HCLPF capacity provided. The staff requests that the
applicant clarify the correct HCLPF capacity, median capacity and uncertainties in Table
19.1-35 and Table 19.1-38.

NuScale Response:

a.) The "design basis SSE" and the safe shutdown earthquake (SSE) are the same. The FSAR
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has been modified to delete “design basis” when coupled with “SSE”.

b.) In NuScale letter LO-0717-54957 dated August 3, 2017, Table 19.1-35 was updated to
reflect the fragility parameter corrections associated with ”reactor module supports-corbel
bearing failure”.

c.) In response to Question 19.01-3, Table 19.1-38 has been updated. The revised table
includes subheadings and correlation of generic structures, systems and components (SSCs)
identifiers to NuScale-specific SSCs to provide additional insights. The table is consistent with a
revision to the statement in FSAR 19.1.5.1.1.3. The FSAR statement has been modified to
reflect that all SSCs modeled in the internal events PRA are included in the fragility analysis,
with the exception of phenomenological basic events, filters, and control logic components.

d.) In NuScale letter LO-0717-54957 dated August 3, 2017, Table 19.1-35 was updated to
reflect the high confidence of low probability of failure (HCLPF) correction for ”reactor bay wall”.
In response to Question 19.01-3, Table 19.1-38 has been updated; the updated table includes
fragility parameter values for the reactor bay wall that are consistent with Table 19.1-35.

Impact on DCA:

FSAR Section 19.1.5.1.2 has been revised as described in the response above and as shown in 
the markup provided in this response.
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The SMA covers full power and LPSD operating conditions and includes Level 1 (core 
damage) and Level 2 (large release) consequences.

19.1.5.1.1 Description of the Seismic Risk Evaluation

There are two main tasks associated with performing a PRA-based SMA: seismic 
fragility analysis (structures and components), and seismic plant response analysis 
(accident sequence analysis and plant level response). The following sections 
summarize the SMA approach:

• Seismic Analysis Methodology and Approach (Section 19.1.5.1.1.1).

• Seismic Input Spectrum (Section 19.1.5.1.1.2).

• Seismic Fragility Evaluation (Section 19.1.5.1.1.3).

• Seismic Risk Accident Sequence and System Modeling (Section 19.1.5.1.1.4).

19.1.5.1.1.1 Seismic Analysis Methodology and Approach

RAI 19.01-1, RAI 19.01-7

The PRA-based SMA for the NuScale power plantNuScale Power Module (NPM) 
(single module) is performed in accordance with the applicable NRC guidance 
documents DC/COL-ISG-020 (Reference 19.1-56), and with the applicable 
PRA-based SMA guidance in thePart 5 of ASME-ANS Ra-Sa-2009 
(Reference 19.1-2) as endorsed by RG1.200. As discussed in DC/COL-ISG-020, 
the purpose of a PRA-based SMA is to provide an understanding of significant 
seismic vulnerabilities and other seismic insights, thus establishing the seismic 
robustness of a standard design. The SMA analysis must be performed 
relativeConsistent with  DC/COL-ISG-020, the seismic margin is evaluated with 
respect to a review level earthquake (RLE) of 1.67 times the safe shutdown 
earthquake (SSE). The peak ground acceleration of the certified seismic design 
response spectra (CSDRS) is the SSE.

19.1.5.1.1.2 Seismic Input Spectrum

RAI 19.01-1

ComponentStructure, system, and component fragility is referenced to the 
peak ground acceleration definingof the uniform hazard response spectra for a 
siteCSDRS, which is the SSE (0.5g). The certified seismic design response 
spectra (CSDRS) envelopes this spectrum for the NuScale design with an SSE of 
0.5g. 

19.1.5.1.1.3 Seismic Fragility Evaluation

RAI 19.01-2, RAI 19.01-17

A seismic fragility analysis is completed as part of an SMA. Fragility describes 
the probability of failure of a component under specific capacity and demand 
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parameters and their uncertainties. It should be noted that all SSC modeled in 
the internal events PRA were included in fragility analysis, with the exception of 
basic events that are not subject to seismic-induced failure (i.e., 
phenomenological events, filters, control logic components). No pre-screening 
was performed to establish a seismic equipment list (SEL) or safe shutdown 
equipment list (SSEL). The terminology "PRA-critical" is used to denote SSCs 
that contribute to the seismic margin. Contributing SSCs are determined by 
applying the MIN-MAX method and the screening assumption described in 
Table 19.1-40. 

RAI 19.01-2

Seismic capacities for PRA-critical structures and components modeled in the 
SMA are obtained by performing detailed fragility analysis using either the 
hybrid method or the separation of variables method described in 
Reference 19.1-21, Reference 19.1-57, and Reference 19.1-58. For non-critical 
components, fragilities are evaluated using generic capacity values and design-
specific response spectra to calculate the demand.

RAI 19.01-10 

The controlling failure mode of these structural events and their direct 
consequences are shown in Table 19.1-35. All structural events identified in 
Table 19.1-35, except corbel bearing failure, lead directly to core damage and 
large release. For components, seismic failures are either considered functional 
failures (all modes) or mapped to specific equivalent random failures (such as a 
valve failing to open on demand).

Seismic Structural Events

Structural events are modeled as basic events in the PRA model with median 
failure acceleration and uncertainty parameters. Structural events differ from 
component failures in that they do not correspond to any random event in the 
internal events PRA. In nearly all cases, the consequences of structural events 
are assumed to lead to both core damage and large release without 
opportunity for mitigation. This is a simplifying assumption for modeling 
catastrophic failure mechanisms.

The selection of structural failures to model is based on a qualitative 
assessment of the external mechanisms that can damage the reactor module. 
Structures selected for analysis meet one of the following criteria:

• Structures directly in contact with the reactor module: This applies to the
module passive support skirt ring attached to the reactor pool floor, and
the lateral support lug-corbel interface;

• Structures directly connected to the module interface: The reactor bay
walls, pool wall and pool floor. The latter two are bounded in terms of
fragility by the RXB outer wall failure;

• Structures located above the module, where collapse could lead to physical 
damage to the module. These include the Reactor Building crane (RBC) and
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When the bioshield is removed from an operating bay prior to NPM 
transport for refueling, piping penetrations atop the CNV, as well as the 
DHRS piping and heat exchangers on the side of the NPM, could be 
impacted by a falling or swinging object. However, the module is shut 
down and flooded prior to its bioshield being removed. In this 
configuration, safe shutdown is maintained by conduction from the RPV 
through to the CNV and reactor pool.

RAI 19-4
c) Flexibility of attached lines and cables

Seismically-induced pipe breaks outside containment are modeled in the
SMA and encompass the effects of pipe leaks caused by stresses induced
by structural displacements or failing objects.

RAI 19-4

The NPM is not precluded from achieving safe shutdown as a result of a loss 
of electrical power or signaling logic. As such, the SMA model does not 
credit systems requiring electrical power at ground motion levels sufficient 
to cause both loss of offsite power and failure of backup power sources.

19.1.5.1.2 Results from the Seismic Risk Evaluation 

RAI 19.01-17

Seismic risk is quantified in terms of a plant-level HCLPF g-value. SMAs are required 
to show that the plant level HCLPF is greater than 1.67 times the design basis SSE, 
which equates to a 0.84g peak ground acceleration for NuScale. 

The SMA cutsets are assessed using the MIN-MAX method to determine the 
sequence level fragility. In this method, a group of inputs combined using OR logic 
(such as different sequences) is assigned the minimum fragility of the group. 
Conversely, inputs combined with AND logic (such as seismic events within a 
sequence) are determined by the maximum fragility of the group. The MIN-MAX 
method is evaluated at the sequence level. This means that the lowest HCLPF 
cutset value within a sequence determines the seismic margin. In a cutset 
containing multiple seismic failures, the highest HCLPF value determines the cutset 
HCLPF.

The resulting HCLPF acceleration for the NuScale design is 0.88g. Structural events 
are the leading contributor to the seismic margin because of their immediate 
consequences and relatively low PGA-grounded median capacities as compared to 
component failures. Table 19.1-35 summarizes the fragility analysis for each of the 
structural events. Each of the structural event parameters has been calculated 
using design specific fragilities. From Table 19.1-35, the structural event with the 
lowest HCLPF is corbel support bearing failure at 0.68g. While this structural event 
results in a pipe break outside containment, it is isolable and the seismic capacity of 
the isolation valves results in a much higher HCLPF for these sequences involving 
the corbel bearing failure. This leaves corbel shearreactor bay wall failure and RBC 
failure as having the limiting HCLPFs. The SMA assumes that failure of major 
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Response to Request for Additional Information
Docket No. 52-048

eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-18

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the SMA
for DCAs in lieu of a seismic PRA. Per the guidance in DC/COL-ISG- 20, combined operating
license (COL) action items ensure a coherent and consistent process for the quality of PRA-
based seismic margin assessment to adequately meet 10 CFR 52.47(a)(27).

Based on the staff’s review of NuScale FSAR Tier 2 Section 19.1.5 and COL Item 19.1-7, the
staff finds that additional information is needed by the COL application to incorporate the DC by
reference. Consistent with DC/COL-ISG-20, Section 5.1.4, the staff requests the applicant to
address the following and include this information in the FSAR:

a. A COL applicant should ensure that the PRA-based seismic margin analysis and its results
remain valid and reflect the site- specific and plant-specific information for the site. The NRC
staff requests that the applicant should evaluate site-specific effects such as soil liquefaction
and slope failure as applicable.
b. A COL holder should verify the plant- and sequence-level HCLPF capacity based on the as-
designed, as-built configuration of the plant before the initial loading of reactor fuel. This
includes a seismic walk-down of the as-built plant.
c. A COL holder should ensure the failure of non-seismic Category I SSCs does not impact
Seismic Category I SSCs for the review level earthquake. Explain how this will be confirmed by
the COL holder.

NuScale Response:

As indicated by combined license (COL) Item 19.1-7, a COL applicant that references the
NuScale design must evaluate the risk associated with external hazards that are not bounded
by the design certification. COL Item 19.1-8 also requires a COL applicant that references the
NuScale design to confirm the applicability of assumptions and data used in the FSAR, and
modify as necessary for the as-built/as-operated probabilistic risk assessment. NuScale
believes that these COL items encompass the specific aspects cited in Question 19.01-18 that
would be required for a COL applicant when updating a seismic margin assessment (SMA) to



NuScale Nonproprietary

reflect the as-built configuration.

Impact on DCA:
There are no impacts to the DCA as a result of this response.
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Response to Request for Additional Information
Docket No. 52-048

eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-19

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the
(SMA for DCAs in lieu of a seismic PRA.

During its audit of the NuScale PRA (ML17087A109), In ER-P040-7026, “Seismic Margin
Assessment Notebook,” Section 6.8, “Multi-Module Implications”, the applicant states that
possible further refinements could be made to the SMA once additional information is available.
The staff requests that the applicant clarify whether this additional information is from more
complete NuScale design features or site-specific features and whether these are
enhancements that NuScale intends to incorporate into the SMA.

NuScale Response:

The reference to “additional information” refers to site-specific considerations. There are no
enhancements currently planned for the seismic margin assessment (SMA) discussed in the
FSAR.

Impact on DCA:
There are no impacts to the DCA as a result of this response.
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Response to Request for Additional Information
Docket No. 52-048

 

eRAI No.: 8899
Date of RAI Issue: 07/07/2017

NRC Question No.: 19.01-20

10 CFR 52.47(a)(27) states that a DCA must contain an FSAR that includes a description of the
design-specific PRA and its results. In SECY 93-087, the Commission approved use of the SMA
for DCAs in lieu of a seismic PRA.

In FSAR Section 19.1.5.1.1.3, Subheading “Reactor Building Crane,” the applicant states, “The
bounding consequence of crane failure is a collapse of the crane structure, which is assumed to
impact the top of the module, and lead to core damage and large release.” And in FSAR Section
19.1.7.3, “Insights Regarding External Events for Multi-Module Operation at Full Power,” the
applicant states, “The bounding structural event is weldment failure on the crane bridge seismic
restraints; the crane is assumed to be bearing load for the calculation of this fragility. Crane
failure does not affect all modules simultaneously.”

During an audit of the PRA (ML17087A109), in ER-P040-7026-R0, “Seismic Margin
Assessment Notebook,” Appendix J, staff noted that the same event is described as follows:
“Significant portions of the crane (or the entire crane) are assumed to make contact with the
reactor building pool during such an event. If such an event were to occur while the crane were
over the reactor modules, core damage leading to large release is assumed.”

Based on the staff’s review of the above statements, the staff requests that the applicant
provide additional information to support the assumption that failure of the crane does not
impact multiple modules at the same time or, alternatively, include in the FSAR insights
regarding external events for multi-module operation at full power assuming that crane failure
impacts multiple modules.

NuScale Response:

The discussion in FSAR Section 19.1.5.1.1.3 refers to the evaluation of potential seismic effects
on a single module. The discussion in FSAR Section 19.1.7.3 does not explicitly define the
effects of a crane collapse, but implies that multiple modules could be affected. Although the
physical footprint of the crane structure spans multiple modules, catastrophic crane collapse into
the reactor pool with resultant damage to multiple modules is highly unlikely based on the
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following:

A postulated earthquake’s peak acceleration is generally too short in duration relative to
the period of seismic loading necessary to significantly affect the crane bridge structure.
The crane bridge is a large structure with varying weight distributions (depending on the
location of the module lifting adapter); thus, the simultaneous failure of multiple seismic
restraints is unlikely.
The length of the crane bridge girders is greater than the width between opposing pool
walls; thus, the girders would remain on the wall ledge in the event of a seismically-
induced crane collapse.

FSAR Section 19.1.7.3 has been modified to clarify the potential for collapse of the crane
structure to affect multiple modules.

Impact on DCA:

FSAR Section 19.1.7.3 has been revised as described in the response above and as shown in 
the markup provided in this response.
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19.1.7.3 Insights Regarding External Events for Multi-Module Operation at Full Power

Some external events have the potential to cause damage in multiple modules 
because of their site-wide effect in a common time frame. The potential for a seismic 
event, internal fire, internal flood, external flood or high winds to cause damage to 
multiple modules is discussed below. Table 19.1-82 summarizes the potential coupling 
effects associated with external events on systems modeled in the PRA. The table 
summarizes whether an additional contribution to system unavailability is included in 
the PRA model due to the external event. For example, the table indicates that an area 
was identified in which a fire could affect the DHRS for multiple modules if multiple hot 
shorts occur. Thus, an additional contribution to the DHRS unavailability for the 
multiple module evaluation is included in the PRA model to reflect this possibility. 
Conversely, no internal flood was found that could affect the RSVs for multiple 
modules. Thus, there is no contribution to RSV unavailability due to internal flooding 
for the multiple module evaluation. 

Some external events have the potential to cause damage in multiple modules 
because of their site-wide effect in a common time frame. The potential for a seismic 
event, internal fire, internal flood, external flood, or high wind to cause damage to 
multiple modules is discussed below.

Seismic event

Earthquakes, by their nature, affect multiple modules simultaneously. The modeling of 
multi-module seismic effects is outside the scope of a margin assessment. It should be 
noted, however, that bounding a single module core damage scenario as applying to 
all modules is likely conservative for the higher likelihood, lower severity earthquakes. 
As ground accelerations become larger and larger, the conditional probability of 
inducing core damage in the first module, as well as multiple modules, approaches 1.0. 
At lower severity earthquakes, differences among modules regarding building 
geometry, earthquake shear wave direction, and variances in configuration could all be 
used to reduce the correlation among seismically-induced failures and limit the 
number of modules affected.

RAI 19.01-20

A plant level HCLPF is provided in Section 19.1.5.1.2. The bounding structural event is 
weldment failure on the crane bridge seismic restraints; the crane is assumed to be 
bearing load for the calculation of this fragility. Crane failure does not affect all modules 
simultaneously.Although the physical footprint of the crane structure spans multiple 
modules, catastrophic crane bridge collapse into the reactor pool with resultant 
damage to multiple modules is highly unlikely based on the following:

RAI 19.01-20
• A postulated earthquake's peak acceleration is generally too short in duration

relative to the period of seismic loading necessary to significantly affect the crane
bridge structure.

RAI 19.01-20
• The crane bridge is a large structure with varying weight distributions (depending

on the location of the module lifting adapter); thus, simultaneous failures of
multiple seismic restraints is unlikely.
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RAI 19.01-20
• The length of the crane bridge girders is greater than the width between opposing

pool walls; thus, the girders would remain on the wall ledge in the event of a
seismically-induced crane collapse.

Structural events potentially affecting all modules require low likelihood seismic events 
with high ground acceleration. The seismic capacities of the walls and other structures 
evaluated for the SMA are higher than that of the crane weldment.

Internal Fire

In terms of initiating an upset to steady-state operations, multiple areas in the plant 
contain equipment that, if subjected to the effects of a fire, may result in a trip of 
multiple modules. This trip could be a direct response based on a loss of equipment or 
could be initiated by operators.

The system insights show that the only susceptibility to a common internal fire event is 
through the backup power supply system and the nonsafety-related makeup systems, 
CVCS and CFDS. When these systems are subjected to the effects of a fire, they are not 
credited in this assessment.

An internal fire may create the demand for more than one module to shut down, but 
given the fail-safe design of the decay heat removal system, ECCS, and CIVs, there are 
no multi-module dependencies in the design that result in an elevated conditional 
probability of core damage or large release given core damage in the first module.

Internal Flood

In terms of initiating an upset to steady-state operations, multiple areas in the plant 
contain equipment that, if flooded, may result in a trip of multiple modules. This trip 
could be a direct response based on a loss of equipment or could be initiated by 
operators.

The system insights show that the only susceptibility to a common internal flooding 
event is through the nonsafety-related makeup systems, CVCS and CFDS. Neither of 
these systems are credited in the building where this flood would need to occur.

An internal flood may create the demand for more there one module to shut down, but 
given the fail-safe design of the decay heat removal system, ECCS, and CIVs, there are 
no multi-module dependencies in the design that result in an elevated conditional 
probability of core damage or large release given core damage in the first module.

External Flood

In terms of initiating an upset to steady-state operations, operators are expected to 
perform a controlled shutdown on all operating modules when thresholds are reached 
that indicate an external flood could affect plant SSC. If there were insufficient warning, 
a LOOP initiating event at full power could occur for all modules.




