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SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
92 (eRAI No. 8903) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
92 (eRAI No. 8903)," dated July 10, 2017

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

The Enclosure to this letter contains NuScale's response to the following RAI Question from
NRC eRAI No. 8903:

19-16

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

Enclosure 1: NuScale Response to NRC Request for Additional Information eRAI No. 8903
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Response to Request for Additional Information
Docket No. 52-048

 

eRAI No.: 8903
Date of RAI Issue: 07/10/2017

NRC Question No.: 19-16

Probabilistic Risk Assessment (PRA) and Severe Accident (SA) Analysis
10 CFR 52.47(a)(27) states that a design certification application (DCA) must contain an Final
Safety Analysis Report (FSAR) that includes a description of the design-specific Probabilistic
Risk Assessment (PRA) and its results. 10 CFR 52.47(a)(23) states that a DCA for light-water
reactor (LWR) designs must contain an FSAR that includes a description and analysis of design
features for the prevention and mitigation of severe accidents.

Design Basis Loss of Coolant Accident (DB-LOCA) Offsite Radiological Consequence
Assessment
10 CFR 52.47(a)(2)(iv) requires that an application for a design certification include a final safety
analysis report that provides a description and safety assessment of the facility. The safety
assessment analyses are done, in part, to show compliance with the radiological consequence
evaluation factors in 10 CFR 52.47(a)(2)(iv)(A) and 10 CFR 52.47(a)(2)(iv)(B) for offsite doses,
10 CFR Part 50, Appendix A, GDC 19 for control room radiological habitability, and the
requirements related to the technical support center in 10 CFR 50.47(b)(8) and (b)(11) and
Paragraph IV.E.8 of Appendix E to 10 CFR Part 50.

Request for additional information

ER-P060-5275-R0, “Severe Accident Evaluation Supporting Design Basis Source Term,”
documents the applicant’s MELCOR simulations for scenarios with spurious reactor
recirculation valve (RRV) actuation. The MELCOR simulations predict the following sequence of
events:

The water in the reactor flows into the containment as a result of the initial blowdown and1.
subsequent boil off.
The core becomes uncovered, and core damage begins.2.
The water in the containment gravity drains back into the reactor reflooding the core3.
terminating core damage and limiting the fission product release.

ER-P020-4896-R0, “Severe Accident Selection Methodology,” states that scenarios with
spurious RRV actuation and chemical and volume control system (CVCS) breaks at low
elevations were not selected for its PRA and SA analysis, because they allow water in the
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containment to reflood the core halting core damage and negating severe accident risk to the
containment.

Gravity draining of water from the containment to the reactor could be important to the PRA and
SA analysis and the DB-LOCA offsite radiological consequence assessment. Therefore, the
applicant is requested to either

Show that its modeling of water draining (by gravity) from the containment to the reactor isa.
realistic (e.g., experimental validation) or
Show that its PRA and SA analysis and DB-LOCA offsite radiological consequenceb.
assessment are insensitive to its modeling of gravity draining water from the containment
to the reactor.

NuScale Response:

As indicated in FSAR Table 19.1-6 (ECCS configuration “F20”), core damage is prevented for
sequences in which all three reactor vent valves (RVVs) fail to open but both reactor
recirculation valves (RRVs) open and inventory makeup to the reactor pressure vessel (RPV) is
successful; inventory makeup could occur directly to the RPV using the chemical and volume
control system (CVCS), or through the containment vessel (CNV) using the containment
flooding and drain system (CFDS) and then to the RPV through the RRVs. Best-estimate
modeling also indicates that core flooding after core damage will occur even in sequences
involving complete RVV failure to open and no inventory makeup (e.g., spurious RRV
actuation); return flow through the RRV is sufficient to halt the damage progression. The severe
accident simulations of open RRVs (with closed RVVs) illustrate that coolant flows from the RPV
into the CNV until core damage begins. After core damage begins and hydrogen is produced,
the majority of hydrogen is transported with the flow of steam into the CNV. As the CNV
pressurizes by hydrogen accumulation, the CNV is pressurized above the RPV pressure, which
along with the effects of gravity, results in coolant flow back into the RPV. The PRA results,
severe accident evaluation, and radiological source term assessment are insensitive to
uncertainty associated with the modeling of this phenomenon, as discussed below.

PRA

The PRA described in FSAR Section 19.1 credits return flow of reactor coolant through the
RRVs only in sequences in which (i) one or more RVVs are also open, or (ii) an active,
nonsafety-related system is providing makeup. In a sequence with open RRVs, failed RVVs,
and no makeup, core damage is assumed to occur. Therefore, these sequences already
contribute to the NuScale core damage frequency (CDF) and as discussed below, do not result
in a challenge to containment integrity; thus, they do not affect the large release frequency.

Severe Accident Evaluation

The severe accident evaluation described in FSAR Section 19.2 is insensitive to the return of
coolant through the RRVs.
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The primary issue for in-vessel retention (IVR) in the RPV related to modeling uncertainty
of return flow through RRVs, is whether the decay heat of the relocated fuel is greater
than that evaluated in the bounding evaluation for the IVR analysis. The bounding
evaluation is based on the minimum time to core damage and maximum amount of core
material relocated. NuScale has performed additional simulations that artificially prohibit
return flow through the RRVs; these simulations, which result in only partial fuel
relocation, do not result in a decay heat greater than the bounding evaluation reported in
FSAR Section 19.2.3.2.1. Thus, the evaluation of IVR is insensitive to the modeling of
RRV return flow.
Evaluation of fuel-coolant interaction (FCI) uses the core debris temperature at the time
of relocation as input. NuScale has performed a sensitivity study that showed success
with core debris temperature up to 3000 Kelvin (4940 degrees Fahrenheit); this
temperature is higher than the maximum temperature observed in the MELCOR
simulations presented in the FSAR, as well as additional NuScale simulations in which
the return flow through the RRV is artificially prohibited. Thus, the evaluation of FCI is
insensitive to the modeling of RRV return flow.
Hydrogen combustion is dependent on the amount of hydrogen produced during a
severe accident. Additional simulations performed by NuScale in which the return flow
through RRVs is artificially prohibited have produced less total hydrogen than the
maximum simulation presented in FSAR Section 19.2, severe accident sequence
TRN-07T-01. Sequence TRN-07T-01 represents a stuck open reactor safety valve with
all emergency core cooling system (ECCS) valves failed close, which is a very slow
progressing accident. For sequences with any ECCS valves open (to allow coolant
outflow from the RPV), core damage occurs earlier and there is less hydrogen
production. Thus, the evaluation of hydrogen combustion is insensitive to the modeling of
RRV return flow.
High pressure melt ejection (HPME) is dependent on the pressure differential between
the RPV and CNV. Additional simulations performed by NuScale in which the return flow
through RRVs is artificially prohibited do not results in significant changes from the
simulations presented in the FSAR with respect to the RPV-CNV pressure differential
until after core damage and fuel relocation. Thus, the evaluation of HPME is insensitive
to the modeling of RRV return flow.

Radiological Source Terms

Radiological source terms based on core damage accident evaluation are considered in two
areas.

In the Environmental Report (Part 3 of the DCA), offsite consequences have been
evaluated to determine whether severe accident mitigation design alternatives (SAMDAs)
are cost effective. Over 99 percent of the total averted cost is associated with a module
drop event due to its contribution to CDF; in this postulated accident all five ECCS valves
are open. Therefore, because of the importance of module drop in the SAMDA
evaluation, the evaluation is insensitive to the modeling of RRV return flow.
The design basis source term (DBST) discussed in FSAR Section 15.0.3 considers a set
of source term design basis accidents that include multiple initiating events and ECCS
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failure modes. The minimum times, for both the onset of core damage and the duration of
the release, are taken from an accident with open RRVs and return flow to the RPV. In
this context, the return flow is conservative because it reduces the release duration
without affecting the quantity of the released radioactive material. Essentially, a gradual
long-term release is condensed into a small window which increases dose. In addition,
the release fractions from fuel for additional simulations performed by NuScale in which
the return flow through RRVs is artificially prohibited are lower than those accidents
which comprise the DBST. Therefore the timing and source term associated with the
DBST are insensitive to the modeling of RRV return flow.

In summary, using best-estimate simulations, the return flow from the CNV to RPV through
open RRVs, is induced by hydrogen pressurization of the CNV and gravity. However, the PRA
results, severe accident evaluation, and radiological source term assessment are insensitive to
the modeling of this flow.

Impact on DCA:
There are no impacts to the DCA as a result of this response.




