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SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
79 (eRAI No. 8812) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
79 (eRAI No. 8812)," dated July 05, 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. 8812:

19-15

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. 8812
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Response to Request for Additional Information
Docket No. 52-048

 

eRAI No.: 8812
Date of RAI Issue: 07/05/2017

NRC Question No.: 19-15

10 CFR 52.47(a)(2) states that it is expected that the standard plant will reflect through its
design, construction, and operation, an extremely low probability for accidents that could result
in the release of radioactive fission products. 10 CFR 52.47(a)(4) states that each design
certification application (DCA) must contain an Final Safety Analysis Report (FSAR) that
includes an analysis and evaluation of the design and performance of systems, structures and
components (SSCs) with the objective of assessing the risk to public health and safety resulting
from operation of the facility and including determination of the margins of safety during normal
operations and transient conditions anticipated during the life of the facility, and the SSCs
provided for the prevention of accidents and the mitigation of the consequences of accidents. 10
CFR 52.47(a)(27) states that a DC application must contain an FSAR that includes description
of the design-specific probabilistic risk assessment (PRA) and its results.

SRP 19.0 Revision 3 states:
"For passive plant designs, the staff reviews the applicant’s use of the PRA to identify
“nonsafety-related,” SSCs that require regulatory treatment (i.e., to support the RTNSS
[Regulatory Treatment of Nonsafety Systems] program). Specifically this includes the following
evaluations performed by the applicant as described in SRP 19.3:
A.  Evaluation of the risk significance of nonsafety systems using the Focused PRA
B.  Evaluation of uncertainties associated with assumptions made in the PRA models of passive
systems
C.  PRA initiating event frequency evaluation."

SRP 19.0 Revision 3 also states
"The reviewer assures that the applicant has (1) identified all key T-H [Thermal-Hydraulic]
parameters that could affect the reliability of a passive system and introduce uncertainty into the
determination of success criteria, and (2) accounted for the uncertainty in the analyses that
establish the success criteria."

The staff reviewed NuScale report, ER-P010-3777-A, "Passive System Reliability Probabilistic
Risk Assessment Report". The staff also reviewed FSAR Table 19.1-11, "Phenomena Affecting
Emergency Core Cooling System Passive Performance," and FSAR Table 19.1-12,
"Phenomena Affecting Decay Heat Removal System Passive Performance." Non-condensable
gas is listed in each table as a key phenomena.
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1.  Regarding non-condensable gases in the containment vessel (CNV), the NRELAP base
model assumes a noncondensable quality of 90 percent air at 1 psia in the CNV. FSAR Table
7.1-4, "Engineered Safety Feature Actuation System Functions," states that the Containment
System Isolation (CSI) High Narrow Range Containment Pressure is 9.5 psia. Please document
in Chapter 19 of the FSAR the impact on passive system reliability with the Nuscale design
being operated at higher CNV pressure up to 9.5 psia and associated higher amounts of non-
condensable gas.

2.  Regarding gas accumulation in the Decay Heat Removal System (DHRS), FSAR Section 5.4
states that the DHRS has two liquid level switches at the split in the steam piping. In the passive
system reliability report, the volume between these switches and the DHRS actuation valves
that can fill with non- condensable gas coming out of solution during normal operation is 3.9842
cubic feet. FSAR Section 5.4 states that DHRS performance assumes a bounding mass of non-
condensable gas to be 0.422 kg. Please explain in Chapter 19 of the FSAR how the assumed
mass of gas in the passive system reliability report corresponds to the volume of gas discussed
in FSAR Section 5.4.

NuScale Response:

Part 1: Non-condensable gas effect on passive system reliability

As indicated in FSAR Tables 19.1-11 and 19.1-12, non-condensable gas is a key parameter for
passive safety system reliability (PSSR) for both the decay heat removal system (DHRS) and
the emergency core cooling system (ECCS). Each system exhibits a different response due to
the presence of non-condensable gases:

DHRS

Reactor pressure vessel (RPV) pressure is the key metric that indicates if heat transfer from the
RPV to the ultimate heat sink (UHS) using the DHRS is effective. Pressure in the containment
vessel (CNV) does not significantly affect RPV pressure when heat transfer to the UHS is
primarily through DHRS operation (i.e., the RPV pressure boundary is intact).

Passive reliability of the DHRS is evaluated using the success criterion that sufficient heat must
be removed to prevent RPV overpressurization. Reactor coolant system heat removal during
DHRS operation is dominated by the process of boiling in the tube side (i.e., secondary side) of
the steam generators and subsequent condensation in the DHRS condensers (which are
immersed in the UHS). Heat losses through the CNV by convection through the containment
atmosphere and radiative heat transfer from the RPV to the CNV surface also contribute to the
total heat removal from the RPV, but are much less significant than DHRS heat removal. Higher
non-condensable gas content and an associated higher pressure in the CNV increases
convective heat removal from the RPV surface through the CNV atmosphere, but is detrimental
to radiative heat transfer due to a decreased temperature differential between the RPV and
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CNV surfaces (however, as stated, this mechanism is a minor contributor to the overall heat
transfer to the UHS). Given the efficiency of heat removal via the secondary side DHRS, a
higher non-condensable gas content in the CNV during DHRS operation does not significantly
affect the key metric of peak RPV pressure, and is therefore not included in FSAR Table
19.1-12. By contrast, the presence of non-condensable gas in the DHRS condenser tubes can
significantly inhibit heat removal by condensation, and thus, is detrimental to peak RPV
pressure. FSAR Table 19.1-12 has been revised to clarify the effect of significant phenomena
on DHRS passive performance.

ECCS

The RPV water level is the key metric that indicates if the ECCS is effective in returning coolant
to the RPV. Higher pressure in the CNV is favorable to maintaining a high RPV water level.

Passive reliability of the ECCS is evaluated using the success criterion that sufficient RPV water
level must be maintained to prevent core damage. The ECCS function is most challenged when
heat removal through the CNV shell is maximized (thereby minimizing CNV pressure). During
long term ECCS recirculation, excessive heat transfer due to condensation on the CNV inside
wall can cause a significant pressure differential between the RPV and CNV. This pressure
differential has the potential to decrease the RPV water level. The presence of non-condensable
gases in the CNV reduces condensation heat transfer on the inside CNV wall, thereby
decreasing the RPV-CNV pressure differential. The resulting decreased RPV-CNV pressure
differential promotes flow from the CNV to the RPV through the recirculation valves, which
results in an increased coolant level in the RPV relative to the top of the core. Therefore, the
effect of a higher non-condensable gas content and associated pressure in the CNV on ECCS
passive reliability is beneficial with respect to the metric of RPV level. FSAR Table 19.1-11 has
been revised to clarify the effect of significant phenomena on ECCS passive performance.

For clarity, other parameters in FSAR Table 19.1-11 and Table 19.1-12 have been revised to
characterize the effect of variations on the passive reliability of the ECCS and DHRS,
respectively.

Part 2: Non-condensable accumulation in DHRS piping

The volumetric value cited in the question was used in a NuScale report that was based on an
earlier version of the design. The final NuScale analysis which supports the DHRS passive
system reliability that is presented in the FSAR is based on the non-condensable mass of 0.422
kg, as cited in FSAR Section 5.4.

Impact on DCA:

Table 19.1-11 and Table 19.1-12 have been revised as described in the response above and as
shown in the markup provided in this response.
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Tier 2 19.1-147 Draft Revision 1

RAI 19-15

Table 19.1-11: Phenomena Affecting Emergency Core Cooling System Passive Performance

Parameter Significance*

Decay power Decay heat level defines the required capacity of the ECCS. EnergyHigher energy 
production after shutdown affectsincreases the long-term ECCS heat removal 
requirements.

CNV convective heat transfer Wall-fluid heat transfer, particularly condensation, drives long-term circulation in the 
ECCSIncreased wall-fluid heat transfer decreases pressure in the CNV, reducing the RPV 
level.

RPV initial level Total RPV inventory affectsA lower initial RPV level reduces the available hydrostatic head 
for recirculation.

Non-condensable gas Non-condensable gas impacts the condensation rate of steam and the long term system 
pressureA lower non-condensable gas inventory increases the condensation rate of 
steam and decreases pressure in the CNV, which has the net effect of reducing the RPV 
level.

ECCS valve flow TheAn increased pressure drop across the ECCS valves impacts the long-term relative 
water level between the CNV and RPV(decreased flow capacity) maintains the RPV at 
higher pressure, reducing the RPV level.

Pool temperature TheA lower pool pool temperature impactsincreases heat transfer through the CNV and 
the long-term pressure in the CNVdecreases pressure in the CNV, reducing the RPV level.

*Note: Parameter significance is provided with respect to the passive reliability of the ECCS to facilitate liquid coolant 
recirculation to the RPV.
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RAI 19-15

Table 19.1-12: Phenomena Affecting Decay Heat Removal System Passive Performance

Parameter Significance*

Decay power Energy production after shutdown impacts the long-term heat removal requirements of 
the DHRSDecay heat level defines the required capacity of the DHRS. Higher energy 
production after shutdown increases the long-term DHRS heat removal requirements.

DHRS fluid inventory IA higher inventory level affectsdecreases the efficiency of the DHRS by reducing the 
condensation surface area and has the potentialand can further to exacerbate the effect 
of non-condensables.

DHRS condenser convective heat 
transfer

WDecreased wall-fluid heat transfer, particularly condensation, drivesdecreases heat 
removal in the DHRS, increasing RPV pressure.

Steam generator convective heat 
transfer

WDecreased wall-fluid heat transfer, particularly boiling, drivesdecreases heat transfer to 
the steam generator, increasing RPV pressure.

Steam generator plugging AffectsIncreased plugging decreases the heat transfer capacity of the steam generator, 
increasing RPV pressure.

Non-condensable gas in DHRS Noncondensable gas affects A higher non-condensable gas inventory in the DHRS 
condenser tubes decreases the condensation rate of steam, thereby decreasing heat 
transfer to the UHS and increasing RPV pressure.

*Note: Parameter significance is provided with respect to the passive reliability of the DHRS to remove sufficient decay heat 
to prevent RPV overpressurization.




