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SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
209 (eRAI No. 9112) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
209 (eRAI No. 9112)," dated September 01, 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. 9112:

19-29

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. 9112

Zackary W. Rad
Director Regulatory Affairs
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Response to Request for Additional Information
Docket No. 52-048

 

eRAI No.: 9112
Date of RAI Issue: 09/01/2017

NRC Question No.: 19-29

Regulatory Basis

10 CFR 52.47(a)(27) states that a Design Certification (DC) application must contain a 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 DC application 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 (e.g.,
challenges to containment integrity caused by core- concrete interaction, steam explosion, high-
pressure melt ejection, hydrogen combustion, and containment bypass). For staff to make a
finding that the applicant has performed an adequate evaluation of the risk from severe
accidents in accordance with Standard Review Plan (SRP) 19.0, the applicant is requested to
respond to address the issues below.

Request for Additional Information
The FSAR presents MELCOR simulations for a range of accidents that show the pressure
difference between the reactor and containment is below 200 psi by the time core damage
starts. The FSAR cites NRC studies as the basis for a 200 psi criterion below which high
pressure melt ejection (HPME) is not a threat to containment. The FSAR states that HPME
challenges to containment include a) dispersed debris causing rapid heating of the containment
atmosphere and b) direct contact of the dispersed debris with the metal containment itself.

The NRC direct containment heating (DCH) issue resolution studies do not claim that 200 psi is
a pressure below which HPME challenges to containment are not credible. On the contrary,
“Severe Accident Risks: An Assessment for Five U.S. Nuclear Power Plants,” NUREG-1150,
December 1990, states that, while attempts have been made to define a cutoff pressure, the
technical basis for a cutoff pressure is weak. Also, more recent studies (e.g., “Direct
Containment Heating Experiments at Low Reactor Coolant System Pressure in the Surtsey Test
Facility,” NUREG/CR-5746, July 1999; “Direct Containment Heating Integral Effects Tests in
Geometries of European Nuclear Power Plants,” Nuclear Engineering and Design, April 2009)
suggest that a pressure of 145 psi or lower could threaten containment depending on the lower
head hole size.
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The applicability of these studies to the NuScale design is unclear, because the studies were for
large LWRs and required plant-specific analysis of containment loads supported by
experiments, including consideration of phenomenological uncertainties during late-phase melt-
progression. Containment loads for large LWRs are influenced by containment structures and
compartmentalization (e.g., cavity, instrument tunnel, seal table room) which can reduce the
containment overpressure challenge by trapping corium ejected from the reactor. Containment
loads for large LWRs also can be influenced by debris water interactions (e.g., steam spike
when debris enters water in the cavity) and atmosphere-structure heat transfer. The studies
used codes validated with geometry-specific tests for Surry, Zion, and Calvert Cliffs that were
generally representative of cavity and lower containment designs for operating PWRs using
appropriate modeling parameters.

As part of the RAI response, the applicant is requested to describe the NuScale Power Module's
susceptibility (or resistance) to both over-pressure and over-temperature challenges associated
with high pressure melt ejection including the potential vulnerability of the unwetted section of
the containment (i.e., above the reactor pool water line) to contact with core debris ejected from
the reactor following reactor vessel lower head failure.

NuScale Response:

As discussed in FSAR Section 19.2.3.2.1, failure of the reactor pressure vessel (RPV) after a
core damage accident involving an intact containment is not physically realistic. From the
perspective of demonstrating defense-in-depth, RPV failure at high pressure has been
evaluated and, as stated in FSAR Section 19.2.3.3.4, analysis indicates that high pressure melt
ejection (HPME) and the associated threat to the containment vessel (CNV) is physically
unrealistic due to the relatively small differential pressure between the RPV and CNV after core
relocation to the RPV lower head. Direct containment heating (DCH) is not evaluated because,
due to the low pressure differential between the RPV and CNV, there is no potential to drive
core debris into the CNV atmosphere.

While there are no NuScale-geometry-specific experimental data, published data regarding the
fundamental parameters for HPME are relevant to the NuScale design, notably the RPV
parameters such as fuel materials, RPV structure materials, coolant type, and RPV pressure.
The containment characteristics that are unique to the NuScale design mitigate the HPME and
DCH phenomena, and are discussed below.

Pressure Differential Between RPV and CNV

Severe accident sequences with core damage and failed containment isolation are considered
to be large release events; thus, HPME and DCH for these cases do not pose additional risk
from a probabilistic risk assessment perspective. Consequently, HPME and DCH are relevant
only after core damage has occurred concurrent with the successful isolation of the CNV. In
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such sequences, the RPV is nearly dry, having transferred primary coolant to the CNV as a
result of the severe accident, with the result that the liquid level in the CNV is much higher than
the bottom of the RPV, as illustrated in FSAR Figure 19.2-7. The emergency core cooling
system (ECCS), if available, ensures RPV-CNV pressure equalization. Therefore, the only
severe accidents that involve the potential for HPME and DCH are very small break loss-of-
coolant accidents (LOCAs), involving a partial piping break or leak, with complete failure of
ECCS and progression to core damage.

A characteristic of the NuScale design is that very small break LOCAs progress so slowly that
the surface area of the RPV in contact with the coolant in the CNV is sufficient to depressurize
the RPV without additional depressurization pathways, as demonstrated by MELCOR
simulations. In a small break LOCA with failed decay heat removal system (DHRS) and with all
ECCS valves failed closed (Case LCC-05T-03 discussed in FSAR Section 19.2.3.2) the RPV-
CNV pressure differential, measured in the upper heads of the RPV and CNV, increases from
less than 0.5 psid before core relocation to a maximum of less than 75 psid shortly after core
relocation, as illustrated around the 36 hour mark in FSAR Figure 19.2-11. This pressure
differential is caused by a momentary increase in steam generation from the liquid water in the
RPV lower head, and decreases to less than 30 psid within an hour after peak pressure is
observed. Shortly thereafter, the RPV and CNV reach pressure equilibrium. In this equilibrium
configuration, the pressure in the lower volume of the CNV exceeds that in the RPV due to the
hydrostatic head of water in the CNV, indicating that there is no driving force for HPME, if RPV
failure were postulated. Further, the MELCOR simulations indicate that the maximum RPV
lower head temperature remains below 350 degrees Fahrenheit for several hours. This also
makes credit for intervening structures to mitigate a containment challenge irrelevant, because
the driving forces for HPME are not present in the NuScale design.

These pressure and temperature conditions indicate that even for severe accident sequences
that are traditionally conducive to HPME, the small NuScale core with low decay heat and
effective heat sink prevent significant RPV-CNV pressure differential after core damage and
relocation have occurred.

Temperature Loads

Even if core debris were to breach the RPV lower head and directly impinge upon the CNV
shell, the CNV is partially submerged in the reactor pool to an elevation just below the upper
head. The direct contact of the CNV wall with the reactor pool below this elevation encourages
the rapid dissipation of heat and mitigates a potential temperature increase that could fail the
CNV wall. Due to the low pressure differential between the RPV and CNV, direct contact
between ejected core debris and the unwetted portion of the CNV is not physically realistic as
the ejected debris would have to travel through the height of water in the CNV to impact the
unwetted portion of the CNV.
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Summary

In summary, HPME is not physically realistic in the NuScale design, as stated in FSAR Section
19.2.3.3.4. Even if core debris were to breach the RPV, the low differential pressure between
the RPV and CNV would prevent HPME and associated challenges to the CNV. FSAR Section
19.2.3.3.4 has been revised to remove the 200 psid as the stated basis for the determination
that HPME is not physically realistic in the NuScale design.

(Note that the potential for a steam spike is addressed in FSAR Section 19.2.3.3.5.)

Impact on DCA:

FSAR Section 19.2.3.3.4 has been revised as described in the response above and as shown in
the markup provided in this response.



NuScale Final Safety Analysis Report Severe Accident Evaluation

Tier 2 19.2-27 Draft Revision 1

RAI 06.02.05-4

In summary, over-pressurizing the NuScale CNV due to hydrogen combustion is 
physically unrealistic due to the very limited oxygen concentration before and after 
postulated severe accidents. The post-deflagration pressures from conservative 
adiabatic isochoric complete combustion calculations are well below the CNV 
design pressure. Based on these results, containment structural integrity is 
maintained for a severe accident that releases more hydrogen than would be 
generated from 100 percent fuel clad-coolant reaction accompanied by hydrogen 
burning as required by10 CFR 50.44 (c)(5). In these calculations, oxygen, not 
hydrogen, is the limiting reactant for combustion.

19.2.3.3.3  Core Debris Coolability

As discussed in Section 19.2.3.2.1 and Section 19.2.3.2.2, core debris coolability is 
ensured in both the RPV and CNV lower heads. The NuScale design does not 
include concrete inside the CNV. Thus, molten core-concrete interaction is not 
applicable to the NuScale design. 

19.2.3.3.4 High-Pressure Melt Ejection

RAI 19-29

High-pressure melt ejection refers to the phenomenon of RPV failure at high 
pressure with the result that core debris is ejected and dispersed throughout the 
containment. A concern of HPME is the threat to the containment integrity due to 
direct containment heating causing a rapid heating of the containment 
atmosphere. Another potential threat to containment is associated with direct 
contact of the dispersed debris with the metal containment itself. Literature 
sources conclude that a pressure differential between the RPV and containment of 
200 psid is below the threshold for HPME effects provided in NUREG-1150 
(Reference 19.2-21), SAND90-2138 (Reference 19.2-22) and Binder (Reference 19.2-
23).Literature sources indicate that a significant pressure differential between the 
RPV and containment is required to cause HPME from the RPV. While there is not a 
commonly accepted value for the necessary pressure differential to support HPME, 
literature sources (Reference 19.2-21, Reference 19.2-22, and Reference 19.2-23) 
indicate that a pressure differential greater than 100 psid is required. As indicated 
below, HPME is not physically realistic for the NuScale design because a significant 
pressure differential between the RPV and CNV cannot exist at the time of core 
relocation.

RAI 19-29

In the NuScale Power Plant design, the passive DHRS and ECCS are designed to 
provide efficient primary system heat removal and to depressurize effectively 
effectively depressurize the RPV in response to an initiating event. If the RPV is not 
depressurized by these safety systems, depressurization occurs due to a loss of RCS 
inventory resulting from the initiating event (e.g., a LOCA or inadvertent valve 
opening). The inventory lost from the RCS is retained in the CNV and provides a 
heat transfer medium between the RPV and CNV, and then to the UHS. As a result 
of this heat transfer, pressures in the RPV and CNV move toward 
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equalizationequalize, making a significant pressure differential between the RPV 
and CNV physically unrealistic. 

The severe accident simulations presented in Section 19.2.3.2 were reviewed to 
evaluate the potential for high pressure melt ejection. Because every simulation 
results in the relocation of at least nine fuel assemblies to the RPV lower plenum, all 
have the potential for HPME. 

RAI 19-29

Figure 19.2-11 illustrates that after the time of core damagerelocation to the RPV 
lower head (as presented for each sequence in Section 19.2.3.2) the pressure 
differential between the RPV and CNV in every simulation is less than 200 psid, 
which is the lower threshold for HPME.75 psid. Further, the RPV and CNV reach 
pressure equilibrium well before the RPV lower head temperature increases to the 
point at which RPV failure could be postulated. In this equilibrium configuration, 
the pressure in the lower volume of the CNV exceeds that in the RPV due to the 
hydrostatic head of water in the CNV, indicating that there is no driving force for 
HPME, if RPV failure were postulated. Therefore, an HPME and the associated 
potential threat to containment integrity is physically unrealistic, regardless of 
break location or size.

19.2.3.3.5 Fuel-Coolant Interaction

The potential for an adverse interaction of molten fuel and coolant during a severe 
accident, either in the RPV ("in-vessel") or external to the RPV if molten fuel is not 
retained ("ex-vessel"), was evaluated. Fuel-coolant interaction can result in an 
energetic and rapid phase transition from liquid water to steam, referred to as a 
"steam explosion." During the transition, expanding fluids perform work, thereby 
challenging the integrity of the RPV or CNV. While traditional evaluations of steam 
explosions and empirical data suggest molten fuel is a requirement for a fuel-
coolant interaction, no molten fuel is expected from severe accident models in 
MELCOR. Regardless, an evaluation was performed based on the consideration of 
certain fundamental characteristics of energetic steam explosions, such as:

• a significant amount of molten corium above a water pool is required so that 
sufficient thermal energy exists to produce a steam explosion.

• a significant water pool is required so that sufficient inventory exists for an 
explosive transition from liquid water to steam.

• a larger fall height of debris into a deep water pool facilitates the breakup of 
debris. This initial breakup is a precursor to debris fragmentation, which is 
needed for rapid heat transfer associated with an energetic steam explosion.

• a large void (steam) fraction can prevent spontaneous occurrence of a steam 
explosion because a large steam fraction (large film thickness) makes debris-
liquid contact difficult. Thus, explosions in saturated water are more difficult to 
trigger than in subcooled water.

• the presence of non-condensable gases in the mixture (e.g., hydrogen 
production due to corium oxidation by the steam as would occur in a severe 
accident) has a cushioning effect that hinders film collapse during the 
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