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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 Question from
NRC eRAI No. 9351:

15.00.02-31

The responses to RAI Questions 15.00.02-32 and 15.00.02-33 were previously provided in
Reference 3. The topical report TR-0516-49416, "Non-loss-of Coolant-Accident Methodology"
contained export controlled information. The markup pages in the enclosed RAI response for
TR-0516-49416 are therefore labeled "Export Controlled," although these markup pages do not
contain any export controlled information.

Enclosure 1 is the proprietary version of the NuScale Response to NRC RAI No. 9351 (eRAI
No. 9351). 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. Enclosure 2 is the nonproprietary version of the NuScale response.

This letter and the enclosed responses make no new regulatory commitments and no revisions
to any existing regulatory commitments.
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Response to Request for Additional Information
Docket: PROJ0769

  
eRAI No.: 9351
Date of RAI Issue: 05/14/2018

NRC Question No.: 15.00.02-31
 

Topical report (TR) TR-0516-49416-P, “Non-Loss-of-Coolant Accident [Non-LOCA] Analysis
Methodology,” supports the conclusions in the NuScale Final Safety Analysis Report (FSAR),
which under 10 CFR 52.47 must describe the facility, present the design bases and the limits on
its operation, and present a safety analysis of the structures, systems, and components and of
the facility as a whole. Chapter 15 of the NRC’s “Standard Review Plan (SRP) for the Review of
Safety Analysis Reports for Nuclear Power Plants” (NUREG-0800) describes a subset of the
transient and accident events that should be considered in the safety analyses. Design-Specific
Review Standard for NuScale Small Modular Reactor Design (DSRS) Section 15.0,
“Introduction – Transient and Accident Analyses,” directs the staff to verify that the
implementation of models or codes is within the applicable ranges and conditions. Additionally,
10 CFR 50.43(e) states that applications that use simplified, inherent, passive, or other
innovative means to accomplish their safety functions will be approved only if sufficient data
exist on the safety features of the design to assess the analytical tools used for safety analyses
over a sufficient range of normal operating conditions, transient conditions, and specified
accident sequences.

 
Regulatory Guide (RG) 1.203, “Transient and Accident Analysis Methods,” describes a process
that the NRC staff considers acceptable for use in developing and accessing evaluation models
(EMs) used to analyze transient and accident behavior. Step 3 of RG 1.203 (Section 1.1.3)
discusses the identification of systems, components, phases, geometries, fields, and
processes that must be modeled. Step 4 (Section 1.1.4) discusses the identification and ranking
of key phenomena and processes and states that EM development and assessment should be
based on a credible and scrutable phenomena identification and ranking table (PIRT). The PIRT
should be used to determine the requirements for physical model development, scalability,
validation, and sensitivities studies. Ultimately, the PIRT is used to guide any uncertainty
analysis or in the assessment of overall EM adequacy. Furthermore, SRP Section 15.0.2,
“Review of Transient and Accident Analysis Methods,” states that models must be present for
all phenomena and components that have been determined to be important or necessary to
simulate the accident under consideration.
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TR-0516-49416-P, Section 6.1.1, discusses the fluid volume for the core and riser sections. The
NRELAP5 model represents the core and riser regions as {{

}}2(a),

(c) The staff observes there is potential for the hotter fluid leaving the core from the higher-power
core regions to result in a central plume/jet in the riser section that could cause recirculating or
convective regions to develop and thereby reduce the buoyancy and overall natural circulation
potential inside the primary circuit. This is important since it could reduce primary coolant flow
and core cooling.

  
TR-0516-49416-P, Section 6.1.1, also describes the NRELAP5 representation of the primary
fluid volumes and heat structures. It is not clear how several non-LOCA HIGH-ranked
phenomena, such as {{ 

}}2(a),(c), are captured in the NRELAP5 non-LOCA EM representation of the NuScale
Power Module (NPM). The transient multi-dimensional effects in the riser are not discussed,
and as noted above, these effects could reduce buoyancy and therefore reduce primary
flow.  Furthermore, the multi-dimensional effects in the reactor pool (RP) are not discussed {{ 

}}2(a),(c) , which is a concern because thermal stratification in the
RP may reduce heat transfer performance of the decay heat removal system (DHRS). The
DHRS is relied upon to mitigate most non-LOCA events.

  
In addition, the PIRT in the audited document ER-0000-2934, “Non-Loss-of-Coolant Accident
Phenomena Identification and Ranking Table for NuScale Power Plant,” discusses some HIGH-
ranked phenomena that appear to be applicable to the non-LOCA EM discussed in TR-0516-
49416-P, but the TR does not appear to discuss all the phenomena that are important to the non-
LOCA evaluation model.

  
Information Requested:

a. Table 5-1 in ER-0000-2934 lists the highly important phenomena with large uncertainties,
and Table 5-3 provides the recommended resolution methods for those phenomena. For
{{

}}2(a),(c). To demonstrate that these specific
phenomena are adequately addressed, the staff requests the applicant to provide
additional information for the staff to determine how this specific subset of highly important
phenomena with large uncertainties was assessed and resolved. Such information may
include CFD calculations, or bounding and/or multi-dimensional sensitivity calculations
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utilizing suitable computational tools (e.g., NRELAP5 with judicious nodalization), or
specific experiments appropriate for the phenomenon at hand. Based upon this
information, the staff requests the applicant to justify how the current nodalization captures
the potential for multi-dimensional flow effects resulting from a hot plume/jet caused by
regions of high power inside the reactor core and riser regions. Furthermore, based upon
the calculations or experiments, the staff requests the applicant to demonstrate that the
combined effect of cooler fluid entering the riser from the peripheral core regions, and heat
transfer from the riser boundary to the region of the steam generators and the
downcomer, would not produce a radially non-uniform temperature distribution inside the
riser region that causes non-negligible deleterious effects on natural circulation and
primary flow (e.g., formation of local convective cells). Subsequently, the staff requests
the applicant to reference the calculations or experimental information and update the TR
as appropriate.

b. The staff requests the applicant to provide detailed information on what NRELAP5
modeling considerations (e.g., nodalization, two-phase turbulent mixing models, etc.) are
used to address the HIGH-ranked phenomena in Table 5-3 of TR-0516-49416-P {{ 

 }}2(a),(c) and update TR-0516-49416-P as appropriate.

c. Significant thermal stratification is exhibited in the RP in some test results. ER-0000- 2934
also recommended resolution of {{ 

 }}2(a),(c). The staff requests additional
information to assess how the applicant assessed and resolved RP thermal stratification.
This information could include additional CFD calculations or multi- dimensional
sensitivity/bounding studies utilizing suitable computational tools (e.g., NRELAP5 with
judicious nodalization) to assess the 3-D flow and mixing behavior in the RP. The
applicant is also requested to justify how the NRELAP5 model of the NPM addresses or
bounds the multi-dimensional effects in the RP, including impacts on heat removal by the
DHRS, and to update TR-0516-49416-P as appropriate.

d. The staff requests the applicant to provide a comprehensive list of HIGH-ranked
phenomena applicable to the TR-0516-49416-P, and update TR-0516-49416-P as
appropriate.

NuScale Response:

NuScale Response to RAI Part (a):

Multidimensional effects exist in the NPM and are recognized as being of interest.  The inherent
natural circulation flow simulation limitation of the NPM led to the need to identify and develop
resolution methods for the highly important phenomena with large uncertainties.
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The RAI question requests 1) additional information be provided with respect to the assessment
and resolution methods selected and implemented for the highly important phenomena, 2) the
potential hot plume/riser multidimensional flow effect justification in the current analyses, and 3)
a demonstration as to whether the cooler fluid entering the riser and the heat transfer from the
riser boundary would result in the formation of local convective cells.

Additional information as to the assessment and resolution methods employed are based upon
the NPM being a natural circulation reactor and therefore, the primary loop flow rate is
determined from A) the total hydraulic resistance in the axial direction along the primary loop, B)
the coolant density distribution in the axial direction along the primary loop, and C) the non-
uniformity of the hydraulic resistance and coolant density in the lateral directions along the
primary loop.  This hydraulic resistance and coolant density non-uniformity, the
momentum/energy dissipation due to the multidimensional effects, are not obtainable from the
one-dimensional NRELAP5 model.

NPM design basis event evaluations {{ 

}}2(a),(c)
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{{ 

 }}2(a),(c)

In summation, the NuScale position is that NuScale performed CFD evaluations and confirmed
the multidimensional effects from the observations pertinent to the highly important phenomena.
 This allowed the use of a one-dimensional analysis strategy to be implemented to compensate
accordingly when performing design basis event analyses of record.  

Results obtained include Figures 1 and 2, the relative flow rate fraction at the top of the core and
the associated velocities respectively, which provide a visual representation of the structural
effects on the flow distribution and an indication of the phenomena requiring evaluation due to
those effects.  Figures 3 and 4 present temperature profiles for a illustrative representative slice
through the lower and upper portions of the lower riser respectively.

{{

}}2(a),(c)

Figure 1.         Core outlet flow distribution
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{{

}}2(a),(c)

Figure 2.         Vertical velocity contours through the upper core plate
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{{

}}2(a),(c)

Figure 3.         Lower riser temperature contours at y = 160 in.
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{{

}}2(a),(c)

Figure 4.         Lower riser temperature contours at y = 220 in.
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{{  

  }} 2(a),(c)
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NuScale Response to RAI Part (b):

The following bullets show the high-ranked phenomena associated with the riser, core, and
lower plenum.  {{

 }}2(a),(c) The updates described in part d) of this
comment incorporate the details regarding what NRELAP5 modeling considerations are used to
address these phenomena.

{{

}}2(a),(c)
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}}2(a),(c)
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}}2(a),(c)
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 }}2(a),(c)
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{{

 

 

}} 2(a),(c)

NuScale Response to RAI Part (c):

The response to eRAI 9374 question 15.00.02-24 concluded that thermal stratification of the
DHRS heat sink does not substantially degrade DHRS performance.  These conclusions were
derived from sensitivity studies that confirmed a minimal impact to the ability of the DHRS to
depressurize and cool the primary system due to thermal stratification in the reactor pool.  Thus,
the selected modelling of the reactor pool bounds the multi-dimensional effects of temperature
distribution in the reactor pool, including impacts on heat removal by the DHRS.
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NuScale Response to RAI Part (d):

During Step 4 of the PIRT process, the PIRT panel divided the non-LOCA event {{  

 }}2(a),(c) submitted for
DCA approval), or {{   }}2(a),(c) were not summarized
in the topical report.

As submitted for review in TR-0516-49416-P, the high-ranked phenomena were listed
individually as subsections to Section 5.1.4, where Table 5-3 provided the means by which each
phenomenon is addressed.  As this arrangement made the PIRT information difficult to
correlate, TR-0516-49416-P was reformatted to combine the information from Section 5.2 and
the original Table 5-3 information with the information presented in Section 5.1.4 as indicated at
the end of this response.  Therefore, the means by which each phenomenon was addressed
was moved from Table 5-3 to the corresponding subsection of Section 5.1.4.  In addition, the
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discussion for each high-ranked phenomenon was modified to identify where the phenomenon
of interest was addressed in other licensing documents.  Lastly, a new table was added to
Section 5.1.4 of TR-0516-49416-P to locate which subsection of the topical report each high-
ranked phenomena for the non-LOCA events is addressed.
 
Impact on Topical Report:

  
Topical Report TR-0516-49416, Non-Loss of Coolant Accident Analysis Methodology, has
been revised as described in the response above and as shown in the markup provided in this
response. 
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5.0 NRELAP5 Applicability for Non-LOCA Transient Analysis 

5.1 Non-LOCA Phenomena Identification and Ranking Table and Evaluation of High-
Ranked Phenomena 

5.1.1 Phenomena Identification and Ranking Table Process 

The PIRT process is a systematic way of gathering information from experts on a 
specific subject and ranking the importance of the information to meet some decision-
making objective. It has been applied to many nuclear technology issues to help guide 
research and develop activities to satisfy regulatory requirements. 

The purpose of the NuScale non-LOCA PIRT wasis to provide an assessment of the 
relative importance of phenomena and processes that may occur in the NuScale Power 
Module (NPM)module during non-LOCA events in relation to specified figures of merit 
(FOMs). This assessment is part of the process prescribed by Regulatory Guide 1.203 
(Reference 1). 

The current NuScale non-LOCA PIRT has beenwas developed by a panel of experts for 
the NPM and iswas built upon the state-of-knowledge at the time of its development. 
Non-LOCA events can be divided into several different event types based on the main 
effect on the reactor coolant system, as described in Section 5.1.24.1. A comprehensive, 
integrated PIRT was performed for the range of non-LOCA event types and phases of 
the event progression. The PIRT panel considered the NPM design to identify systems, 
components, and subcomponents of the design for which phenomena were assessed. 
The panel then followed the PIRT process to identify and rank phenomena. Phenomena 
were identified and ranked considering thetheir level of importance for each phenomena 
relative to identified FOMs for the different non-LOCA event types and phases of the 
transient progression. The panel also established a knowledge ranking for each of the 
phenomena. 

Following the development of the PIRT, additional insights from testing, code validation, 
plant calculations and analysis were established.  The following discussions of the PIRT 
phenomena, importance, knowledge rankings, and how the phenomena are addressed 
reflect these developments as appropriate.     

5.1.2 Non-LOCA Event Scenarios and Phases 

As described in Section 4.1, the non-LOCA events for the NPM are divided into five 
event categories based on the type of effect on the RCS. These categories are 
summarized below.  

1. increase in heat removal from the reactor coolant system  

2. decrease in heat removal by the secondary system  

3. reactivity and power distribution anomalies  
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4. increase in reactor coolant inventory  

5. decrease in reactor coolant inventory  

For the non-LOCA PIRT, the panel evaluated five design-basis non-LOCA events, one 
representative of each category: 

• Main steam line break inside containment: Representative of events that result in 
an increase in heat removal from the RCS (cooldown/depressurization events)  

• Feedwater line break inside containment: Representative of events that result in 
a decrease in heat removal from the RCS (heatup/pressurization events)  

• CRA withdrawal: Representative of events that result in a reactivity increase  

• CVCS malfunction: Representative of events that result in an increase in RCS 
inventory  

• SGTF: Representative of non-LOCA events that result in a decrease in RCS 
inventory  

The PIRT panel divided the short-term, non-LOCA event progression into three phases, 
generic for each transient type:  

Phase 1 – Pre-trip transient  

Phase 1 begins with the event initiation. The RCS power, pressure and flow rates 
increase or decrease from the normal power conditions, depending on the event type. 
The DHRS is inactive. This phase ends with actuation of the MPS response to the off-
normal NPM conditions. 

Phase 2 – Post-trip transition  

Phase 2 begins with MPS actuation of reactor trip and, for most non-LOCA events, 
actuation of the DHRS in response to faulted secondary heat removal conditions. In 
cases where DHRS is actuated, the DHRS actuation valves open and the normal 
secondary side flow paths from the feedwater system and to the main steam system 
(MSS) are isolated. The secondary side DHRS loop pressurizes as decay and residual 
heat isare transferred from the primary, causing and the DHRS loop inventory isto boiled 
off in the SGsteam generator and condense, to be condensed in the DHRS condenser. 
The reactor coolant system power and flow rates transition towards decay heat levels.  

Phase 3 – Stable natural circulation  

During phase 3, stable primary side natural circulation conditions exist with reactor 
coolant system power and flow rates reflecting decay power levels. In cases where 
DHRS is actuated, stable natural circulation in the DHRS loop is established. Secondary 
side flow rates and pressures in the DHRS loop decrease as the primary side pressure 
and temperature decrease.  
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Section 4.3 describes criteria for the short-term non-LOCA transient end conditions. 

5.1.3 Phenomena Identification and Ranking Table Figures-of-Merit and Phenomenon 
Ranking 

The PIRT panel identified figures-of-merit for each phase of the non-LOCA transient. The 
FOMs reflect the non-LOCA event acceptance criteria (see Section 4.2) and important 
factors relative to the NPMNuScale design.  

Phase 1 – Pre-trip transient  

• CHF – Demonstrating that margin to CHF is maintained for AOOs, or identifying 
the number of fuel rods that exceed CHF for IEs or postulated accidents is a 
primary non-LOCA acceptance criterion. The non-LOCA event analyses confirm 
that the plant system design is such that margin to CHF is maintained until the 
module protection system actuates to mitigate the event.  
In the NPMNuScale design, margin to CHF may be challenged during cooldown 
events or reactivity insertion events. margin to CHF may be challenged.  

• Primary pressure – The maximum primary system pressure is one of the non-
LOCA acceptance criteria to demonstrate acceptable RCS performance. The 
non-LOCA event analyses confirm that the plant system design is such that 
margin to the maximum primary system pressure limits is maintained until the 
module protection system actuates to mitigate the event.  
In the NuScaleNPM design, margin to the maximum primary system pressure 
limits may be challenged during heatup events or events that increase RCS 
inventory., margin to the maximum primary system pressure limits may be 
challenged.  

Phase 2 – Post-trip transition  

• CHF – See above.  

• Primary pressure – See above.  

• Secondary pressure – The maximum secondary system pressure is one of the 
non-LOCA acceptance criteria to demonstrate acceptable RCS performance.  
In the NuScaleNPM design, as the DHRS is actuated in Phase 2, the maximum 
secondary side pressure in the SG can occur.  

• Containment pressure – The maximum containment pressure is an indicator of 
containment integrity.  
In the NuScaleNPM design, vapor released into containment is condensed on 
the containment wall and heat is transferred through the containment wall directly 
to the reactor pool portion of the UHS. Non-LOCA events could result in mass 
and energy release into containment. The containment design is intended to 
effectively transfer heat to the UHS so that containment integrity is maintained.  
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Phase 3 – Stable natural circulation  

• CHF – See above.  

• Coolant mixture level – The RCS primary mixture level represents the boundary 
between a two-phase or single-phase liquid region below the level and a single-
phase vapor region above the level. This level indicates whether the primary side 
natural circulation flow path is maintained.  
In the NuScaleNPM design, depending on the initial and boundary condition 
assumptions such as initial RCS level and temperature, decay heat, and number of 
DHRS trains operating, the DHRS heat removal may provide sufficient cooling of the 
RCS that the increased primary side liquid density results in coolant volume 
shrinkage sufficient to decrease the RCS water level to below the top of the riser, 
resulting in interrupted natural circulation. If interruption of natural circulation occurs, 
it is the end of Phase 3, and it occurs well after reactor trip and engineered safety 
features have responded to the initiating event.  

• Subcriticality – Maintaining subcriticality following reactor trip limits the nuclear fuel 
heat source to decay heat levels. If the soluble boron concentration in the core is 
significantly reduced following reactor trip and the MPS response to the initiating 
event, then maintaining subcriticality could be adversely affected. While RCS 
cooldown following reactor trip also affects the net reactivity; extended DHRS, the 
non-LOCA analysis methodology is applicable to DHRS cooling shutdown 
evaluations only when the mixture level is above the top of the riser and primary side 
natural circulation flow is maintained.are excluded from this EM.  
In the NPMNuScale design, the boron in the primary system is limited to the soluble 
boron at the RCS critical boron concentration from normal operating conditions. 
During Phase 3 of the non-LOCA event progression, primary side natural circulation 
flow is maintained.  

Each phenomenon identified in the PIRT was assigned an importance ranking and 
knowledge level ranking. Table 5-1 and Table 5-2 describe the importance rankings and 
the knowledge level rankings considered by the PIRT panel. 

Table 5-1 Importance rankings 

Importance Ranking Definition
High (H) Significant influence on FOM
Medium (M) Moderate influence on FOM
Low (L) Small influence on FOM
Inactive (I) Phenomenon not present or negligible
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Table 5-2 Knowledge levels 

Knowledge Level Definition
4 Well-known/small uncertainty
3 Known/moderate uncertainty
2 Partially known/large uncertainty
1 Very limited knowledge/uncertainty cannot be characterized
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5.1.4 Highly Ranked Phenomena 

The following subsections summarize the phenomena listed in Table 5-3 that were 
ranked high importance by the PIRT panel in at least one of the three phases of the 
NuScale non-LOCA short-term transient response scenarios. The knowledge level 
assigned by the PIRT panel, and the systems and components where the phenomenon 
was ranked as high importance are also included. 

The non-LOCA PIRT was a comprehensive, integrated PIRT covering the range of 
non-LOCA event types and the phases of event progression.  The NPM systems, 
components, and relevant phenomena were considered in detail.  

As discussed in Section 1.1, NRELAP5 is the system thermal-hydraulics code used to 
simulate the NPM system response during the non-LOCA short-term transient event 
progression. The NRELAP5 assessments performed as part of the development of 
Reference 2 demonstrate the capability of the code to simulate the NPM response to 
LOCA events.  

The high-ranked phenomena identified by the PIRT process for the NPM non-LOCA 
transients were evaluated with respect to the high-ranked phenomena identified by the 
PIRT process for the NPM LOCA scenarios, and the code assessments performed as 
part of the development of Reference 2. A gap analysis was performed to identify high-
ranked phenomena for non-LOCA transients that were not assessed as part of the 
development of Reference 2.  

High-ranked phenomena for non-LOCA events which were not assessed as part of the 
development of Reference 2 were addressed in a variety of ways that included: 

1. Additional NRELAP5 code assessments performed against separate effects or 
integral effects test data.  

2. Code-to-code benchmark performed between NRELAP5 and an independent 
system thermal-hydraulics code.  

3. The phenomenon was addressed as part of the downstream subchannel 
analysis.  

4. The phenomenon was addressed by specifying appropriately conservative input 
to the system transient analysis.  

The following subsections also describe the means by which each high-ranked 
phenomenon for non-LOCA events was assessed. In this instance, the NRELAP5 
assessments performed as part of the development of Reference 2 were combined with 
one or more of the means described above to qualify NRELAP5 for the high rank non-
LOCA PIRT phenomena. Specific details related to the qualification of NRELAP5 
include:   
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1. The NRELAP5 assessment against Korea Advanced Institute of Science and 
Technology (KAIST) high pressure condensation data, as presented in 
Reference 2, is described in Section 5.3.1 for convenience.  

2. Separate effects testing of the full-length DHRS was performed at the NIST-1 
facility and the NRELAP5 assessment is summarized in Section 5.3.2.  

3. An integral effects test of the NPM response to a decrease in heat transfer from 
the secondary side, and integral effects test of DHRS operation was performed at 
the NIST-1 facility, and is summarized in Section 5.3.3.  

4. A code-to-code benchmark was performed to assess the NRELAP5 prediction of 
the NPM response to reactivity insertion events as described in Section 5.3.4.  

5. The NRELAP5 assessments against the SIET data (TF-1 and TF-2) and other 
legacy experiments are summarized in Reference 2. Due to the importance of 
heat transfer through the SG as part of the DHRS loop for non-LOCA transients, 
further review of these assessments is documented in Section 5.3.5.  
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Table 5-3 High-ranked phenomena for non-LOCA events 

Phenomenon Subsection
{{  

 }}2(a),(c) 
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}}2(a),(c) 

Phenomenon Subsection
{{ 

}}2(a),(c)

 

5.1.4.1 {{ 
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}}2(a),(c) 

5.1.4.2 {{  
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}}2(a),(c) 

5.1.4.3 {{ 
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5.2 Evaluation of Non-LOCA Phenomena Identification and Ranking Table High-
Ranked Phenomena 

The information in this section was moved to Section 5.1.4. Evaluation results of high 
ranked phenomena and text discussing how they were addressed were incorporated into 
the discussion of each of the phenomenon listed in Section 5.1.4. This section was not 
deleted to maintain accuracy in other documents which may have referenced material 
from this document in sections located after this section. 

The high-ranked phenomena identified in the NuScale non-LOCA PIRT for the short-
term transient progression are summarized in Section 5.1. The non-LOCA PIRT was a 
comprehensive, integrated PIRT for the range of non-LOCA event types and phases of 
the event progression. The NPM systems and components, and the relevant 
phenomena were considered in detail.  

As discussed in Section 1.1, NRELAP5 is the system thermal-hydraulics code that 
NuScale uses to simulate the NPM system response during the non-LOCA short-term 
transient event progression. The NRELAP5 code has been assessed with separate 
effects and integral effects tests as part of the code development and development of 
the NuScale LOCA evaluation model to demonstrate the capability to simulate the NPM 
response to LOCA events (Reference 2).  

The high-ranked phenomena identified by the PIRT process for the NPM non-LOCA 
transients were evaluated with respect to the high-ranked phenomena identified by the 
PIRT process for the NPM LOCA scenarios, and the NRELAP5 assessments performed 
as part of the NuScale LOCA evaluation model development. A gap analysis was 
performed to identify high-ranked phenomena for non-LOCA transients that are not 
assessed as part of the NuScale LOCA evaluation model development.  

High-ranked phenomena for non-LOCA events that are not assessed as part of the 
NuScale LOCA evaluation model development were addressed in different ways:  

1. Additional NRELAP5 code assessment performed against separate effects or 
integral effects test data  

2. Code-to-code benchmark performed between NRELAP5 and independent system 
thermal-hydraulics code  

3. Phenomenon is addressed as part of the downstream subchannel analysis  
4. Phenomenon is addressed by specifying appropriately conservative input to the 

system transient analysis  
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Table 5-4 summarizes the non-LOCA transient high-ranked phenomena and how the 
phenomena are addressed by NRELAP5 assessment or other approach. Following the 
development of the PIRT, additional insights from testing, code validation, plant 
calculations and analysis were obtained. The following discussions of how the 
phenomena are addressed reflect these developments as appropriate.  

As identified in Table 5 3, in addition to the NRELAP5 assessments performed as part of 
the LOCA evaluation model development, assessments were performed to demonstrate 
NRELAP5 qualification for high rank non-LOCA PIRT phenomena:  
1. The NRELAP5 assessment against Korea Advanced Institute of Science and 

Technology (KAIST) high pressure condensation data, which provides coverage of  
condensation inside tubes and heat transfer across tubes for the DHRS, is presented 
in Reference 2 and is described in Section 5.3.1 for convenience.  

1. Separate effects testing of the full-length DHRS was performed at the NIST-1 facility 
and the NRELAP5 assessment is summarized in Section 5.3.2.  

2. An integral effects test of the NPM response to a decrease in heat transfer from the 
secondary side, and integral effects test of DHRS operation was performed at the 
NIST-1 facility, and is summarized in Section 5.3.3. 

3. A code-to-code benchmark assessing the NRELAP5 prediction of the NPM response 
to reactivity insertion events was performed as discussed in Section 5.3.4.  

4. The NRELAP5 assessments against the SIET TF-1 and TF-2 data, among other 
legacy experiments, were summarized in Reference 2. These assessments are 
reviewed and discussed in Section 5.3.5 due to the importance of the SG heat 
transfer as part of the DHRS loop for non-LOCA transients.  
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Table 5-4 Evaluation of non-LOCA event high ranked phenomena 
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NuScale Power, LLC
1100 NE Circle Blvd., Suite 200 Corvalis, Oregon 97330, Office: 541.360.0500, Fax: 541.207.3928

www.nuscalepower.com

Enclosure 3:

Affidavit of Zackary W. Rad, AF-0818-61524



AF-0818-61524

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.

Public disclosure of the information sought to be withheld is likely to cause substantial3.
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 method by which NuScale develops its non-loss of
coolant accident analysis methodology.

NuScale has performed significant research and evaluation to develop a basis for this
method 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.



AF-0818-61524

The information sought to be withheld is in the enclosed response to NRC Request for4.
Additional Information No. 9351, eRAI 9351. 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 August 22,
2018.

Zackary W. RadZackary W Rad




