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SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
62 (eRAI No. 8862) on the NuScale Design Certification Application

REFERENCE: U.S. Nuclear Regulatory Commission, "Request for Additional Information No.
62 (eRAI No. 8862)," dated June 14, 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 Enclosures to this letter contain NuScale's response to the following RAI Questions from
NRC eRAI No. 8862:

06.02.05-1
06.02.05-2

Enclosure 1 is the proprietary version of the NuScale Response to NRC RAI No. 62 (eRAI No.
8862). NuScale requests that the proprietary version be withheld from public disclosure in
accordance with the requirements of 10 CFR § 2.390. The enclosed affidavit (Enclosure 3)
supports this request. 

This letter and the enclosed responses make no new regulatory commitments and no revisions
to any existing regulatory commitments.

If you have any questions on this response, please contact Marty Bryan at 541-452-7172 or at
mbryan@nuscalepower.com.

Sincerely,

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

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

eRAI No.: 8862
Date of RAI Issue: 06/14/2017

NRC Question No.: 06.02.05-1

10 CFR Part 50.44, “Combustible gas control for nuclear power reactors” subpart (c),
“Requirements for Future Water-Cooled Reactor Applicants and Licensees,” requires in part that
all containments must have the capability to ensure a mixed atmosphere during design-basis
and significant beyond design basis accidents.

As part of the topical report TR-0716-50424, “Combustible Gas Control”, which supports FSAR
Section 6.2.5, a justification is provided for containment mixing in the annular region of the
containment, but not the upper portion of the containment where the geometry more closely
resembles a dome. Documents audited by the staff provided a qualitative argument comparing
the conditions in this region to those the annular region. From this argument, it is not clear to the
NRC staff that conditions in the upper region of the containment lend themselves to the same
degree of turbulence argued to be present in the annular region. Provide a detailed justification
regarding why the entirety of containment, including the dome region, is well mixed. The topical
report should be updated to reflect this justification. Additionaly, provide a mark-up of FSAR
changes to support a sufficient explanation for the basis of the statement.

NuScale Response:

The content of TR-0716-50424 Section 2.4 has been revised to provide a detailed justification
regarding why the entirety of containment, including the dome region, is well mixed. The revised
content of Section 2.4 is provided by the following text. The change to Section 2.4 is also
presented in redline/strikeout fashion.

2.4 Containment Mixing

The NuScale design ensures a mixed atmosphere throughout the CNV during and after DBEs
and BDBEs. This mixing minimizes the possibility of locally high concentrations of combustible
gas for which combustion could cause loss of containment integrity. Adequate mixing of the
containment is ensured by virtue of its partially immersed design with no sub-compartments that
could facilitate separation, coupled with the dynamic nature of events that include discharge to



NuScale Nonproprietary

the containment (e.g., LOCAs or spurious valve opening).

The containment is initially maintained at a vacuum, making the degree of initial mixing
irrelevant to mixing during an accident. During the reactor vessel depressurization phase of the
event, the driving forces of the reactor coolant release combined with the initial steam
expansion and subsequent condensation in containment create a turbulent condition and mixed
environment. Subsequent to the initial release into containment, the turbulence of steam release
and condensation subsides to a near steady state condition. Decay heat from the core
continues to drive steam flow through the upper RPV to the ECCS vent valves and this drives
natural convection flows of gases and vapors in the containment space due to temperature
differences between the RPV and CNV surfaces (see Figure 2-1). The steam flow and heat from
the top of the RPV head drives a continuous buoyant jet in the containment space between the
RPV head and the CNV head. The buoyant jet reaches the top of the CNV enclosure where the
vapors and gases are cooled by the lower temperature surfaces of the containment head
surface. The CNV top head heat transfer is limited by the insulation on the outer surfaces but
regardless the inner wall temperatures are lower than the temperature of gases in the flow from
the RPV head. The flow spreads out radially in a layer over the inner CNV head and moves
down the CNV vertical walls due to convective cooling and due to condensation of steam on the
CNV inner surfaces. Steam condensation entrains additional ambient gases into the boundary
layer flow. A downward flowing wall jet forms (of boundary layer thickness) on the cooler CNV
vertical surfaces, and the flow increases as the boundary layer flow reaches the lower
temperature portions of the CNV shell which are submerged in the pool. The downward flowing
wall jet stops at the containment liquid level but the opposing higher temperature vertical
surfaces of the RPV develop an upward flowing wall jet which directs vapors and gases back up
toward the vessel head region. This continuous circulating flow of vapors and gases in
containment, driven by core decay heat, precludes any large regions of stagnant fluid in which
gases could develop significant concentration gradients due to molecular weight differences
alone.

Containment atmosphere conditions were evaluated throughout the first 72 hours of an event to
determine the degree of mixing present due to convective turbulence alone. This evaluation
neglects steam mass flow out of the RPV (through the ECCS vent valves) and neglects steam
condensation; both of these mechanisms would further increase containment circulation flow
compared to flow generated only by single phase natural convection due to surface temperature
differences between the vessels. Convection forces in the CNV are evaluated by computing the
Rayleigh number. Containment is evaluated as two separate regions; the annular region
between the RPV and CNV vertical walls is evaluated as a rectangular enclosure with opposing
vertical hot and cold walls, and the vessel head region is evaluated as a rectangular enclosure
with opposing horizontal hot and cold plates. These simplified geometries are representative of
the two containment regions which comprise the entire containment free volume during DBEs
and BDBEs. Both of these containment regions have various through service piping and
structural discontinuities, notably the control rod drive mechanisms in the head region, but gas
flow is not significantly obstructed by any large compartments or large plates (compared to the
total volume of these regions) which could prevent mixing of gases between or within these
regions. Rectangular enclosures with opposing hot and cold walls or plates have been
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investigated extensively and the convection flows are characterized based on the Rayleigh
number for various enclosure configurations. The Rayleigh number is a product of the Grashof
number and the Prandtl number for the fluid. The Grashof number (and therefore the Rayleigh
number) is a measure of the ratio of the thermal buoyancy forces to the viscous forces acting on
the fluid under natural convection (Reference 5.1.21, page 565). The conditions at 72 hours are
evaluated to examine if turbulent convective mixing exists in the CNV. Flows are higher at all
times less than 72 hours due to higher decay heat. The wall temperatures and fluid properties
yield a Rayleigh number (based on cell width, as described in Reference 5.1.22) from {{ 

 }}  for the annular region depending on the noncondensable gas concentration, 
where 5.0E+4 is observed to exhibit turbulent boundary layer flows on opposing hot and cold 
vertical walls (Reference 5.1.22). For the region between the vessel heads, the wall 
temperatures and fluid properties yield a Rayleigh number from {{  }}2(a),(c)

depending on the noncondensable gas concentration. Rayleigh values greater than 1708 result
in advection within cavities heated from below, and for Rayleigh values greater than 5.0E+4 the
plumes transition from regularly spaced rolls to turbulent fluid motion (Reference 5.1.22).
Therefore both regions of containment develop significant convection forces; turbulent plumes
are generated above the RPV head and turbulent boundary layer flows are generated in the
annular region between the vessels. The Rayleigh number for enclosures with opposing hot and
cold walls is a function of the length between the walls to third power and is only directly
proportional to the temperature difference of the walls. Therefore the magnitude of convection
forces (indicated by the Rayleigh number) is relatively insensitive to temperature differences for
the enclosure sizes of the NuScale containment.

The analysis shows that decay heat and containment cooling drives continuous circulation of
gases in containment throughout the first 72 hours of a DBE or BDBE. Additionally, boundary
layer flows on the vertical walls of the RPV and CNV and the buoyant flows from the top of the
RPV head are in the turbulent regime. These convective forces provide effective mixing of
gases throughout the entire containment volume.

The turbulence caused by convective mixing described above will eventually subside as well. As
turbulence subsides later in the event, later than 72 hours after an initiating event, continued
mixing is ensured through convection and molecular diffusion characteristics of the NPM heat
transfer design. Convective mixing is ensured for relevant events because both it and radiolysis
are driven by decay heat. There are no partitions or sub-compartments to impede these natural
mixing forces. The containment’s compact and partially immersed design ensures that the entire
volume is adjacent to a heat transfer surface (see Figure 2-1).
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Figure 2-1 Radiolytic transport and containment mixing schematic

Impact on DCA:
Technical Report TR-0716-50424, Combustible Gas Control, Revision 0 has been revised as
described in the response above and as shown in the markup provided in this response.
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eRAI No.: 8862
Date of RAI Issue: 06/14/2017

NRC Question No.: 06.02.05-2

10 CFR Part 50.44, “Combustible gas control for nuclear power reactors” subpart (c),
“Requirements for Future Water-Cooled Reactor Applicants and Licensees,” requires in part that
all equipment required to establish safe shutdown and ensure containment function must have
the capability to withstand a hydrogen burn and detonation resulting from at least the hydrogen
generated following a fuel clad-coolant reaction involving 100 percent of the fuel cladding,
unless such detonations can be shown to be unlikely to occur. Following such a hydrogen burn,
this equipment must continue to perform its function during design-basis and significant beyond
design basis accidents.

 

FSAR Section 6.2.5.1 states that “Systems and components within containment that are relied
upon to establish and maintain safe shutdown or support containment structural integrity are
evaluated for the impact of combustion loading.” No further clarity is provided in Section 6.2.5,
and statements in Section 19.2.3.3.8, “Equipment Survivability”, indicate only that containment
integrity is maintained by ensuring the containment penetrations and seals remain intact and
that post accident monitoring continue to function. Provide, in FSAR section 19.2.3.3.8, an
inventory of systems, and components required to maintain and establish safe shutdown and
support containment structural integrity, as well as the titles of any NuScale references
demonstrating systems required other than the containment vessel and penetrations will
continue to function following a hydrogen combustion event. Additionally, provide a mark-up of
the FSAR section changes.

NuScale Response:

FSAR Section 19.2.4 has been revised to add a discussion entitled "Combustible Gas Control"
that summarizes analyses performed to demonstrate that hydrogen combustion does not pose a
credible risk to the containment vessel. A listing of components required to maintain
containment integrity and support safe shutdown is contained in TR-0716-50424, Revision 0,
"Combustible Gas Control Technical Report"; the discussion added to Section 19.2.4 includes
this technical report as a reference.
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TR-0716-50424, Revision 0, Section 3.3.5 indicates that all containment systems, structures
and components (SSC) that comprise the containment pressure boundary must maintain their
structural integrity in response to combustion loads to ensure containment integrity.

TR-0716-50424, Revision 0, Table 3-16 provides the following tabulated inventory of
components, in addition to the containment vessel, needed to establish safe shutdown and
maintain containment integrity, along with their performance requirements. The technical report
describes how the combustion loads are applied to these components and how they are
evaluated for functionality.

Component Performance Requirement
CIVs Remain closed
ECCS main valves Remain open
ECCS trip and reset valve Preserve containment structural integrity
Electrical penetration assemblies Preserve containment structural integrity
Cables and wiring Do not generate debris

TR-0716-50424, Revision 0 demonstrates containment vessel structural integrity is not
challenged by bounding combustion events, propagated by combustible gas concentrations
generated within the first 72 hours of any design basis or beyond design basis event.

TR-0716-50424, Revision 0, Section 3.3.5.5 evaluates cables and wiring in the containment
vessel for potential debris generation following a combustion event and concludes theses
components remain intact under combustion loads.

The component design specifications for the CIVs, ECCS valves and electrical penetration
assemblies (EPAs), identify the required loads and the acceptance criteria based on the
assigned service level limit that ensure their performance requirements are met. Therefore,
structural integrity and core cooling capability of these components is ensured through the
specification of appropriate loads in the ASME design specifications.

All documents addressing combustion loading for the above components, are included in the
Design Certification Application, or have been provided for staff review during the containment
and ventilation audit. As previously discussed, the containment vessel along with cables and
wiring internal to the containment vessel, are evaluated by TR-0716-50424, Revision 0 which
has been submitted for review as part of the Design Certification Application. The following
documents specify the loading combinations for the CIVs, ECCS valves and EPAs. These
documents have been provided for NRC staff review in the containment and ventilation audit
folder:

ASME Design Specification for CNV Electrical Penetration Assemblies
ASME Design Specification for Primary Systems Containment Isolation Valves
ASME Design Specification for Emergency Core Cooling Valves
ASME Design Specification for Containment Vessel
ASME Design Specification for Reactor Pressure Vessel (RPV Nozzles for the RVVs
combustion event loading)
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Impact on DCA:

FSAR Section 19.2 has been revised as described in the response above and as shown in the
markup provided with this response.
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19.2.4 Containment Performance Capability

As discussed in SECY 90-016, SECY 93-087 and associated staff requirements memoranda 
(Reference 19.2-4, Reference 19.2-5, Reference 19.2-13, and Reference 19.2-14), 
containment performance with regard to severe accidents is evaluated using deterministic 
and probabilistic approaches. 

Deterministic Evaluation of Ultimate Pressure Capacity

An evaluation of the ultimate pressure capacity of the CNV is provided in Section 3.8. The 
evaluation demonstrates that the ultimate pressure capacity significantly exceeds the 
design pressure. The results of severe accident MELCOR simulations, as presented in 
Section 19.2.3.2 confirm that the CNV withstands the pressures associated with severe 
accidents, which are less than both the design pressure and the ultimate failure pressure, 
including the pressure associated with potential hydrogen generation, consistent with 
requirements in 10 CFR 50.34(f)(3)(v)(A)(1) and 10 CFR 50.44. The design of the UHS 
prevents the CNV pressure from increasing significantly after 24 hours, thereby ensuring 
the CNV continues to provide a barrier against the uncontrolled release of fission products. 
Further, the CNV is shown to maintain structural integrity from potential hydrogen 
combustion, eliminating the need to manage combustible gases in order to maintain 
control of the containment boundary in the event of a severe accident. Finally, NuScale has 
no safety-related low-pressure injection that requires venting to atmosphere. Thus, a 
containment vent is unnecessary in the NuScale design.

Probabilistic Evaluation of Containment Performance

Using a probabilistic approach, the conditional containment failure probability (CCFP) 
should not exceed 0.1. This criterion has been applied to the NuScale module in the 
following manner.

• The criterion is applied to internal and external event scenarios when a module is
operating at power. During low power and shut down operation, the containment may
not be credited in some plant operating states; thus, the criterion is not a useful
indicator of containment performance.

• The CCFP is defined as the ratio of the probability of CDF with containment failure over
the probability of CDF without containment failure. As discussed in earlier sections, the
only physically realistic mode of containment failure is bypass or failure of containment
isolation.

The composite CCFP for a module is calculated to be less than 0.1, which meets the safety 
goal, as discussed in Section 19.1.

RAI 06.02.05-2

Combustible Gas Control

Containment performance is also ensured by achieving combustible gas control. During 
normal plant operation, combustible gas control is achieved by maintaining a near vacuum 
in the CNV by the CES. As discussed in Section 19.2.3.3.2, during severe accident conditions 
combustible gas control is initially provided by the steam-inert environment and later by 
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the large production of hydrogen which reduces oxygen concentration below combustible 
limits. Additionally, an adiabatic isochoric complete combustion analysis was performed to 
evaluate the ability of the CNV to cope with combustible gases generated by radiolysis 
occurring for weeks after a severe accident. The analysis showed the resulting containment 
pressure was calculated to be  below the CNV design pressure which demonstrates that 
hydrogen combustion does not pose a credible risk to the NuScale CNV. A listing of SSCs 
that are required to remain functional following a hydrogen combustion event to support 
containment integrity and core cooling is provided in Section 3.3.5 of TR-0716-50424, 
Revision 0, "Combustible Gas Control" Technical Report (Reference 6.2-3).

Summary of Containment Performance

Consistent with SECY-93-087, deterministic and probabilistic evaluations of containment 
capability have been performed. The deterministic evaluation of containment capability in 
comparison to potential severe accident challenges confirms that the CNV is a leak-tight 
barrier for a period of at least 24 hours following the onset of core damage for the most-
likely severe accident sequences. The probabilistic evaluation demonstrates that the 
reliability of containment isolation in response to severe accident meets the safety goal, as 
confirmed by the composite CCFP.

19.2.5 Accident Management

Accident management refers to the actions taken during the course of a beyond design 
basis accident by the plant operating and technical staff to: 

• prevent core damage

• terminate the progress of core damage if it begins and retain the core within the RPV

• maintain containment integrity as long as possible

• minimize offsite releases

The inherent design characteristics (e.g., fail-safe equipment position and design 
simplicity) and thermal-hydraulic characteristics (e.g., passive cooling) of the NuScale 
design are such that there are no operator actions required to place an NPM in a safe 
configuration for postulated design basis accidents. That is, operator actions during 
postulated accidents are associated with monitoring the module or providing backup in 
the event of multiple component failures. Section 19.2.5.1 summarizes the capability of the 
NuScale design with respect to the different stages of a postulated accident. 
Section 19.2.5.2 summarizes the programmatic structure for accident management.

19.2.5.1 Accident Management Design Capability

The capability to manage the course of a severe accident at each stage is summarized 
below.

Prevention of Core Damage

The Level 1 PRA discussed in Section 19.1 demonstrates the very low CDF is dominated 
by beyond design basis accidents involving incomplete actuation of the ECCS. In such 
sequences, inventory makeup to the RPV is required to prevent core damage. Potential 
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NuScale Power, LLC
AFFIDAVIT of Zackary W. Rad

I, Zackary W. Rad, state as follows:

I am the Director, Regulatory Affairs of NuScale Power, LLC (NuScale), and as such, I1.
have been specifically delegated the function of reviewing the information described in this
Affidavit that NuScale seeks to have withheld from public disclosure, and am authorized to
apply for its withholding on behalf of NuScale.
I am knowledgeable of the criteria and procedures used by NuScale in designating2.
information as a trade secret, privileged, or as confidential commercial or financial
information. This request to withhold information from public disclosure is driven by one or
more of the following:

The information requested to be withheld reveals distinguishing aspects of a processa.
(or component, structure, tool, method, etc.) whose use by NuScale competitors,
without a license from NuScale, would constitute a competitive economic
disadvantage to NuScale.
The information requested to be withheld consists of supporting data, including testb.
data, relative to a process (or component, structure, tool, method, etc.), and the
application of the data secures a competitive economic advantage, as described more
fully in paragraph 3 of this Affidavit.
Use by a competitor of the information requested to be withheld would reduce thec.
competitor's expenditure of resources, or improve its competitive position, in the
design, manufacture, shipment, installation, assurance of quality, or licensing of a
similar product.
The information requested to be withheld reveals cost or price information, productiond.
capabilities, budget levels, or commercial strategies of NuScale.
The information requested to be withheld consists of patentable ideas.e.

3. Public disclosure of the information sought to be withheld is likely to cause substantial
harm to NuScale's competitive position and foreclose or reduce the availability of profit-
making opportunities. The accompanying Request for Additional Information response
reveals distinguishing aspects about the methodology by which NuScale develops its
combustible gas control .

NuScale has performed significant research and evaluation to develop a basis for this
methodology and has invested significant resources, including the expenditure of a
considerable sum of money.

The precise financial value of the information is difficult to quantify, but it is a key element
of the design basis for a NuScale plant and, therefore, has substantial value to NuScale.

If the information were disclosed to the public, NuScale's competitors would have access to
the information without purchasing the right to use it or having been required to undertake
a similar expenditure of resources. Such disclosure would constitute a misappropriation of
NuScale's intellectual property, and would deprive NuScale of the opportunity to exercise
its competitive advantage to seek an adequate return on its investment.
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The information sought to be withheld is in the enclosed Request for Additional Information4.
RAI Set Number 62 - eRAI No. 8862 - RAI Question No. 06.02.05-1 and 06.02.05-2. The
enclosure contains the designation "Proprietary" at the top of each page containing
proprietary information. The information considered by NuScale to be proprietary is
identified within double braces, "{{ }}" in the document.
The basis for proposing that the information be withheld is that NuScale treats the5.
information as a trade secret, privileged, or as confidential commercial or financial
information. NuScale relies upon the exemption from disclosure set forth in the Freedom of
Information Act ("FOIA"), 5 USC § 552(b)(4), as well as exemptions applicable to the NRC
under 10 CFR §§ 2.390(a)(4) and 9.17(a)(4).
Pursuant to the provisions set forth in 10 CFR § 2.390(b)(4), the following is provided for6.
consideration by the Commission in determining whether the information sought to be
withheld from public disclosure should be withheld:

The information sought to be withheld is owned and has been held in confidence bya.
NuScale.
The information is of a sort customarily held in confidence by NuScale and, to the bestb.
of my knowledge and belief, consistently has been held in confidence by NuScale.
The procedure for approval of external release of such information typically requires
review by the staff manager, project manager, chief technology officer or other
equivalent authority, or the manager of the cognizant marketing function (or his
delegate), for technical content, competitive effect, and determination of the accuracy
of the proprietary designation. Disclosures outside NuScale are limited to regulatory
bodies, customers and potential customers and their agents, suppliers, licensees, and
others with a legitimate need for the information, and then only in accordance with
appropriate regulatory provisions or contractual agreements to maintain
confidentiality.
The information is being transmitted to and received by the NRC in confidence.c.
No public disclosure of the information has been made, and it is not available in publicd.
sources. All disclosures to third parties, including any required transmittals to NRC,
have been made, or must be made, pursuant to regulatory provisions or contractual
agreements that provide for maintenance of the information in confidence.
Public disclosure of the information is likely to cause substantial harm to thee.
competitive position of NuScale, taking into account the value of the information to
NuScale, the amount of effort and money expended by NuScale in developing the
information, and the difficulty others would have in acquiring or duplicating the
information. The information sought to be withheld is part of NuScale's technology that
provides NuScale with a competitive advantage over other firms in the industry.
NuScale has invested significant human and financial capital in developing this
technology and NuScale believes it would be difficult for others to duplicate the
technology without access to the information sought to be withheld.

I declare under penalty of perjury that the foregoing is true and correct. Executed on 8/14/2017.

Zackary W. Rad

that the foregoinggg is tttrururue annnd d d cocc
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