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2. NuScale Topical Report, "Evaluation Methodology for Stability Analysis of
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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 Questions from
NRC eRAI No. 9624:

15.09-13
15.09-14

Enclosure 1 is the proprietary version of the NuScale Response to NRC RAI No. 9624 (eRAI
No. 9624). 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.

If you have any questions on this response, please contact Paul Infanger at 541-452-7351 or at
pinfanger@nuscalepower.com.

Sincerely,

Zackary W. Rad
Director, Regulatory Affairs
NuScale Power, LLC
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Response to Request for Additional Information
Docket: PROJ0769

eRAI No.: 9624

Date of RAI Issue: 10/22/2018

NRC Question No.: 15.09-13

Title 10 of the Code of Federal Regulations (10CFR), Part 50, Appendix A, General Design 

Criterion (GDC) for Nuclear Power Plants - Criterion 12—Suppression of reactor power 

oscillations requires that oscillations be either not possible or reliably detected and suppressed. 

The Design-Specific Review Standard (DSRS), 15.9.A, "Design-Specific Review Standard for 

NuScale SMR Design, Thermal Hydraulic Stability Review Responsibilities," indicates that the 

applicant's analyses should correctly and accurately identify all factors that could potentially 

cause instabilities and their consequences. The analyses should also demonstrate that design 

features that are implemented prevent unacceptable consequences to the fuel. The Standard 

Review Plan (SRP) 15.0.2 acceptance criteria with respect to accident scenario identification 

states that the process must include evaluation of physical phenomena to identify those that are

important in determining the figure of merit for the scenario.

As part of the final response to RAI 9093 Question 01-39, the applicant provided several page 

changes or revisions to stability topical report (TR), TR-0516-49417-P.

In order to make an affirmative finding associated with the above regulatory requirement 

important to safety, NRC staff requests NuScale address the following questions related to the 

TR page changes or revisions proposed as part of the above cited RAI response:

1. In the revised page indicating the change to Section 4.1, clarify the statement "to causing

reactor power oscillation." For example, if the applicant meant "to causing oscillations in the

reactor coolant system that could challenge specified acceptable fuel design limits" (or similar

wording), revise the TR accordingly.
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2. In the revised page showing the importance ranking for instability in the SG tubes, the revised

language states that "[d]ensity waves in the SG tubes are controlled by design via proper

throttling of individual tubes as verified by experimental data." However, the SG tubes are not

instrumented with flow measurement devices to experimentally confirm the limit-cycle oscillation

magnitude during any test that the staff can reasonably anticipate. Therefore clarify what is

meant by density waves being "controlled" by design. For example, replacing "controlled" with

"limited in oscillation magnitude" (or similar wording) is acceptable to staff. If the applicant relies

on analysis instead of experimental data to confirm the oscillation magnitude, revise the TR

accordingly.

3. In the revised page showing Bullet 4 of Section 5.2, the phrase "secondary flow oscillations

are controlled within acceptable limits by throttling the inlets of the SG tubes…" implies active

control of the SG inlet orifices, which is not possible. Revise the language to be consistent with

the design.

4. In the revised page showing Bullet 4 of Section 5.2, the applicant states that flow oscillations

in the SG tubes cannot be locked coherently in phase. If the secondary side includes dynamic

controllers to adjust steam line flow through a pressure regulating value or includes dynamic

control of feedwater flow with a flow regulating valve, then it is conceivable that these controllers

could result in the dynamic change of the secondary side pressure drop across the tubes.

Therefore, revise the page to remove the assertion that coherent oscillation is impossible.

5. In the revised page showing Bullet 4 of Section 5.2 the phrase "about 5 percent" is

ambiguous. Revising the TR to indicate "above 5 percent," or alternatively providing significant

justification for using "about 5 percent".

6. Explain what is meant by "to control instabilities" in the revised page showing Section

5.4.1.3. Alternatively replace the above phase with "to limit the oscillation magnitude of

instabilities" an acceptable revision. Revise the TR language accordingly.

NuScale Response:

On November 9, 2017 NuScale provided the original response to the NRC for request for 

additional information (RAI) 9093, Question 01-39 (ML17313B233).  On May 8, 2018, NuScale 

provided a supplemental response to the NRC for RAI 9093, Question 01-39 (ML18129A164).  

In these RAI response NuScale provided technical discussion regarding oscillation magnitude 
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and instability and provided changes to topical report (TR) TR-0516-49417-P, "Evaluation 

Methodology for Stability Analysis of theNuScale Power Module."

Based on these responses, the NRC developed new clarifying questions related to oscillations 

and instabilities.  Each of the NRC items is addressed separately below: 

1. The NuScale power module (NPM) reactor coolant system (RCS) natural circulation design

provides a configuration where thermal-hydraulic instabilities can be excluded.  As shown in the

attached markups, TR-0516-49417, Section 4.1 has been revised to clarify that both "power and

flow" oscillations are excluded.

2. By the phrase "controlled by design via the proper inlet throttling of individual tubes" NuScale

was not referring to an active component. Rather, "controlled by design via the proper inlet

throttling of individual tubes" was in reference to a properly sized flow restrictor that limits the

magnitude of oscillations.  To enhance understanding and clarity, NuScale has changed this

statement to:  "Density waves in SG tubes are limited in oscillation magnitude by designing

properly sized SG tube inlets.  This has been confirmed by analysis."  TR-0516-49417, Section

4.4 has been revised accordingly.

3. By the phrase "secondary flow oscillations are controlled within acceptable limits by throttling

the inlets of the SG tubes…" NuScale was not referring to an active component. Rather, this

statement was in reference to a properly sized flow restrictor that limits the magnitude of

oscillations. To enhance understanding and clarity, NuScale has changed this statement to:

"Secondary flow oscillations are maintained within acceptable amplitude limits by properly sizing

the inlets of the SG tubes for thermal and mechanical SG performance considerations."  TR-

0516-49417 Section 5.2 has been revised accordingly to replace "throttling" with "a properly

sizing the inlets of the SG tubes ..." to emphasize the passive nature of this design feature.

4. As discussed in responses 2 and 3 above, there are no dynamic controllers used to adjust

steam flow in the NuScale SG design.  Rather, the NuScale design utilizes a properly sized SG

inlet flow restrictor with sufficiently high loss coefficient to limit the magnitude of oscillations.

TR-0516-49417, Section 5.2 has been revised to remove the statement that "flow oscillations in

the SG tubes cannot be locked coherently in phase". NuScale's position remains that flow

instability is unlikely without cycling of feedwater pumps, feedwater flow control devices or main

steam line flow control devices.

5. The "about 5 percent" language was removed from TR-0516-49417, Section 5.2 in the

supplemental response to RAI 9093 dated May 8, 2018 (ML18129A164).
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6. As discussed in responses 2 and 3 above, "to control instabilities" was used to indicate the

function of the inlet flow restrictors in the SG tube design.  Based on these discussions, Final

Safety Analysis Report (FSAR), Section 5.4.1.3 has been revised to replace "to control

instabilities" with "to limit the oscillation magnitude of instabilities".

Markups for each of the changes described above are provided below.

Impact on Topical Report:

Topical Report TR-0516-49417, Evaluation Methodology for Stability Analysis of the NuScale 

Power Module, has been revised as described in the response above and as shown in the 

markup provided in this response. 
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4.0 Phenomenological Description of NuScale Power Module Stability 

4.1 Introduction 

As described in Section 3.0, the NPM is an integral PWR. The SG is integrated within the 
RPV and the primary coolant flow is driven by natural circulation, which is an important 
aspect of its passive design philosophy. The density difference between the relatively high 
temperature flow exiting the core and the lower temperature flow returning through the 
downcomer annulus where the SG is the heat sink creates the natural circulation driving 
head. This configuration presents {{ several flow circuits where thermal-hydraulic 
instabilities are demonstrably excluded during the design stage with regard to causing 
reactor power and flow oscillations. This section describes these flow circuits and the 
associated feedback and delay mechanisms to cover the phenomenological aspect of the 
stability behavior, and to put in perspective the subsequent mathematical and numerical 
studies that demonstrate NPM stability. 

The first flow circuit is the main circulation loop of the core coolant flow, which is subcooled 
as required for PWR operation. However, in the absence of a recirculation pump, the 
natural circulation head is dependent on the power level and flow rate, which is a feedback 
mechanism that may potentially lead to unstable flow oscillations.  

The second possible flow path for a potential instability is the closed path between two 
fuel assemblies or regions in the core also known as the parallel channel mode. In this 
mode, density waves in one region of the core oscillate out of phase with the flow in 
another region. This condition would maintain the core pressure drop boundary condition 
and the power and flow in each fuel assembly may oscillate if the necessary conditions 
for density wave instability exist. 

The third possible flow instability is in the secondary side of the SG where subcooled liquid 
water is pumped into the helical tubes, boiling occurs, and superheated steam exits at the 
other end. Density waves, which are common in parallel boiling channels, have been 
identified as a potential instability mode within the SG tubes and studied experimentally. 
}}2(a),(c),ECI 

Various feedback mechanisms are included, and special consideration is given to the 
possible coupling of the SG dynamics and the flow stability in the primary loop. Feedback 
coupling between the thermal-hydraulic phenomena and the neutron kinetics is important 
where coolant and fuel rod temperatures provide reactivity feedback, and the core power 
response affects the coolant temperature and the density head that drives the flow and 
influences its stability. Pure neutronic stability, without thermal-hydraulic feedback 
coupling, is addressed separately in dedicated neutronic analyses in the design 
certification. 

4.2 Background and Past Reactor Stability Studies 

Open literature contains extensive studies of the stability of nuclear systems, which is only 
a subset of the larger body of work when industrial activities in this area by reactor and 
fuel vendors are included. The primary focus of historical stability work has been for 
BWRs, where complex interactions of coolant density waves and nuclear reactivity may 
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}}2(a),(c) 

{{ 
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5.2 Assumptions and Limitations 

The modeling in PIM is by necessity an approximation of the actual RPV and the flow 
therein. The approximations are founded on basic assumptions regarding the geometry 
and the representation of the flow fields and various interactions and feedback 
mechanisms. Listing these assumptions and approximations is useful to put the results in 
the right perspective and guide the assessment of uncertainties and accuracy of the 
stability parameters. The major assumptions of the PIM code formulation are listed below 
with the corresponding justification and engineering judgment regarding their impact on 
the stability results. More details about modeling assumptions and their impact and 
justifications are given in the respective sections describing various submodels: 

1. The flow around the primary loop of the NPM is one-dimensional where the flow area
varies along the flow path. This one-dimensional approximation is understandable
given the geometry of the loop where the flow direction is streamlined along the length
of the various components, core, riser, and downcomer. Two-dimensional effects
would be manifest, for example, if there were pumps distributed azimuthally around
the downcomer where not all of the pumps may be running. Two-dimensional effects
would also be manifested if there were multiple independent SGs where the SG in one
region is operated differently from other regions. The effects are not possible in the
NPM.

2. The flow in the core is represented by a single channel and coolant flow in the reflector,
control rod guide tubes, and instrument tubes is included in the active core flow. This
assumption is reasonable given that the individual fuel assemblies are not confined in
canisters or channels like those of BWR fuel assemblies. The alternative
approximation of several parallel channels to represent the flow in the core would
neglect crossflow, which is not obstructed in PWR cores. The extent of this
approximation is neglecting the effect of planar power distribution in the core on the
generation of subcooled voids that may survive, enter the riser section, and affect the
density head. {{

 }}2(a),(c),ECI 
3. Power generation in the core is represented by a point kinetics model. Accordingly, the

axial power shape is invariant, which is a reasonable approximation given that only
minimal subcooled voiding is possible.

4. {{

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

 }}2(a),(c),ECI 
5. The flow in the primary coolant loop is modeled as non-equilibrium two-phase flow in

which a drift flux formulation accounts for mechanical (velocity) differences between
the liquid phase and the vapor phase if vapor exists. Thermal non-equilibrium allows
the liquid to be in a subcooled, saturated, or superheated state, but the vapor is
restricted to the saturation state. Closing relations governing mass, momentum, and
energy exchange between the phases and the solid structures are adaptations from
commonly used correlations. The algorithms do not account for the possibility of
reverse flow.

6. The flow in the secondary side of the SG is modeled {{

}}2(a),(c),ECI 
7. The pressurizer is not modeled. Pressure is specified by input and the dependence of

thermodynamic properties on pressure is uniform. This approximation implies that
pressure waves cannot be simulated where the sound speed is infinite. Given the long
transport times for fluid transit around the primary coolant loop and the low frequency
of the oscillations following any perturbation of the steady state, the impact of this
approximation on the stability calculation is negligible. {{

 }}2(a),(c) 
8. A simplified model for ambient heat losses along the downcomer to the containment

vessel and reactor provides representative estimates for this small effect on natural
circulation driving head, which has some contribution at low power conditions. The
reason it is included is to improve consistency with plant operating condition estimates
for SG exit conditions. Not including this small effect would result in hotter steam exit
conditions than plant operating estimates. Additionally, it is useful to include it for
module heatup calculations when the SG is not online and the system is being heated
by the CVCS heater.

9. The solid structures within the RPV, except the fuel rods in the core and the SG tubes,
are assumed to have no heat exchange with the circulating fluid. This assumption
essentially neglects the thermal inertia of the RPV, so it is conservative. This
assumption includes the effect of heat transfer from the riser or core into the cold leg,
which is similarly conservative.

10. The total core thermal power, flow rate, pressure, and inlet temperature are specified
initial conditions for the primary coolant and SG secondary side. The specified
conditions are based on plant performance operational predictions associated with
plant design activities, or as chosen for sensitivity studies. Preserving these specified
conditions means that the SG total heat transfer performance is effectively specified.
Therefore, the SG heat transfer modeling performed here defines the relative heat
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symmetrical heat removal from the reactor coolant flowing in the downcomer of the 
reactor vessel.

The primary coolant system operates at a higher pressure than the secondary system 
resulting in the SG tubes being in compression. This configuration reduces the 
likelihood of a tube failure and eliminates the potential for pipe whip due to tube-side 
jetting.

Feedwater enters the SG tubes at their lowest point. As it rises through the tubes, it 
undergoes a phase change and is heated above saturation temperature before exiting 
the SG tubes as superheated steam. The configuration keeps the steam-water interface 
fluid and the superheated steam at the top of the tubes separated from the subcooled 
liquid at their bottoms. This configuration minimizes the hydraulic instabilities that 
could introduce potential sources of water hammer.

RAI 01-39, RAI 15.09-13

To controllimit the oscillation magnitude of instabilities in individual SG tubes due to 
fluid brought to boiling conditions as it travels up the tubes, inlet flow restrictors are 
added at the feedwater inlet plenum interface. Analysis shows that SG secondary side 
flow oscillations are decoupled from primary side flow oscillations and thus secondary 
side flow instabilities do not cause reactor power oscillations. In-phase oscillation of 
secondary flow does not occur, and the out-of-phase oscillatory flow in individual 
tubes cancels out, so that the net secondary flow is not oscillating. NRELAP5 analysis 
shows that an inlet loss coefficient (K) of at least 900 ensures that the tube mass flow 
rate is stable with fluctuations of less than ±10 percent for all power levels above 5 
percent. Additional pressure loss is added to the inlet restriction to provide margin 
based on a comparison of the NRELAP5 results to test data.

RAI 05.04.02.01-6

The comprehensive vibration assessment program conforms to the guidance of 
Regulatory Guide (RG) 1.20, Revision 3. Based on the integral design of the NPM, the SG 
pressure retaining components are located within the fluid volume of the RPV, along 
with the reactor internal components. Therefore, the SGs, main steam piping up to and 
including the MSIV, SG supports, and the SG tube supports are included in the 
comprehensive vibration assessment plan. 

A set of flow-induced vibration screening criteria were developed for the 
comprehensive vibration assessment plan as described in Section 3.9. Under normal 
operating conditions, the flow energy available to excite tube vibration is low due to 
the low primary coolant flow rates in the NPM design. 

Based on an evaluation of the screening criteria, the following lists the flow-induced 
vibration mechanisms and susceptible SG components that require flow-induced 
vibration analysis:

• fluid elastic instability: SG tubes are susceptible.

RAI 05.04.02.01-6
• vortex shedding: SG tubes and lower SG supports are susceptible.

RAI 05.04.02.01-6



Response to Request for Additional Information
Docket: PROJ0769

eRAI No.: 9624

Date of RAI Issue: 10/22/2018

NRC Question No.: 15.09-14

Title 10 of the Code of Federal Regulations (10CFR), Part 50, Appendix A, General Design 

Criterion (GDC) for Nuclear Power Plants - Criterion 12—Suppression of reactor power 

oscillations requires that oscillations be either not possible or reliably detected and suppressed. 

The Design-Specific Review Standard (DSRS), 15.9.A, "Design- Specific Review Standard for 

NuScale SMR Design, Thermal Hydraulic Stability Review Responsibilities," indicates that the 

applicant's analyses should correctly and accurately identify all factors that could potentially 

cause instabilities and their consequences. The analyses should also demonstrate that design 

features that are implemented prevent unacceptable consequences to the fuel. The Standard 

Review Plan (SRP) 15.0.2 acceptance criteria with respect to accident scenario identification 

states that the process must include evaluation of physical phenomena to identify those that are

important in determining the figure of merit for the scenario.

The final RAI response to RAI 9093 Question 01-39 changes the current TR and Design 

Control Documents (DCD) requirement that "instability is precluded" to a new requirement that, 

"flow fluctuations are maintained within acceptable limits." The acceptable limits were not 

quantified in that RAI

response. The staff also notes that the applicant's response to RAI 9158, states "the steam 

generators are conservatively designed with flow orifices at the inlet that prevent flow 

oscillations for a given tube of more than +/- 10% at any core power level." This statement 

contradicts the new requirement imposed by the applicants "final" response to RAI 9093 which 

allows secondary side instabilities, within some acceptable limit, to occur.

In order to make an affirmative finding associated with the above regulatory requirement 

important to safety, NRC staff requests NuScale to revise the response to RAI 9158 so that it is 

consistent with the secondary side instability requirements stated in NuScales's final response 

to RAI 9093 Question 01-39. Specifically, the RAI 9158 response should be revised to indicate 
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that secondary side (SG) flow instabilities or oscillations are allowed within some acceptable 

limit. In addition, NuScale should provide conforming revisions and change pages for all 

such other instances in the NuScale DCD, stability TR, other TRs referenced by the DCD, or 

RAI responses that require the revision requested above.

NuScale Response:

NuScale reviewed this NRC request for additional information (RAI) and determined that a 

revision to the response to RAI 9158 is appropriate to clarify the NuScale description of 

secondary side (SG) flow instabilities or oscillations that are allowed.  The response to RAI 

9093, Question 01-39 does not require clarification.

The response to RAI 9158 was provided to the NRC on September 27, 2018 (ML18270A466).  

With this RAI response, NuScale is revising the RAI 9158, Question 15.00.02-1 response in the 

following manner. 

Part B of the response to RAI 9158, Question 15.00.02-1 stated in part:

{{  

 }}2(a),(c)

NuScale is revising this statement to indicate that secondary side (SG) flow instabilities or 

oscillations are allowed within acceptable limits. 

The above statement from the response to RAI 9158, Question 15.00.02-1, Part B is revised to 

read as follows:

{{ 

 }}2(a),(c)

Further, NuScale has made similar clarifications to Topical Report (TR) TR-0516-49417-P, 

Evaluation Methodology for Stability Analysis of the NuScale Power Module, Sections 4.3.3.1 

and A.1 to indicate that SG flow instabilities or oscillations are allowed within acceptable limits. 

See the attached markup of TR-0516-49417-P for details.
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Impact on Topical Report:

Topical Report TR-0516-49417, Evaluation Methodology for Stability Analysis of the NuScale 

Power Module, has been revised as described in the response above and as shown in the 

markup provided in this response. 
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possibilities exist: either the channels oscillate with a phase difference of 90 degrees from 
one to the next, or two groups of two channels each oscillate out of phase while the 
channels in each group oscillate in phase with one another. The parallel channel instability 
mode is not necessarily tied to density waves. The compound effect is purely geometrical 
if the channels are identical, but a richer spectrum of phenomena can be expected in the 
more general case in which the channels differ in geometry or the power level and 
distribution.  

Evaluation: {{ There are two subsystems in the NPM in which investigation of parallel 
channel instability is required. The first subsystem is the tubes of the SG where the tubes 
are connected in parallel to two common plena, and the flow inside them is two-phase and 
subject to density wave instability. Appendix A addresses SG instability with a focus on its 
interaction with the primary-side flow. 

The second subsystem where parallel channel instability needs to be investigated is the 
NPM core itself. The fuel assemblies in the core are not equipped with channels like BWR 
fuel assemblies. Crossflow is possible among neighboring fuel assemblies. As a 
conservative idealization for the sake of simplicity, the flow in each fuel assembly is 
assumed to be one-dimensional without lateral mixing, as if the fuel assemblies are 
channeled. The individual fuel assemblies are thus arranged in a parallel heated channel 
configuration subject to a common constant pressure drop between the upper and lower 
plena. }}2(a),(c),ECI It was shown in Reference 12.1.17 that this type of instability is 
dispositioned for PWR conditions using the simplified conservative model of Ishii 
(Reference 12.1.18). The neutron reactivity feedback is not needed for analyzing this 
mode as the destabilization leading to flow oscillations in a single channel does not 
significantly excite a reactor power response. 

Conclusion: Parallel channel instability in the {{ flow inside the tubes of the SG, if it occurs, 
is benign because it does not result in resonant coupling to the primary coolant flow or 
power oscillations. Sufficiently high inlet throttling to individual tubes prevents density 
wave oscillations.The SG tube inlet flow restrictor is designed to have a sufficiently large 
pressure loss coefficient so that the magnitude of possible flow oscillations is limited to 
meet SG performance criteria that is unrelated to primary coolant flow stability. This 
throttling guarantees smooth operation of the SG. Further consideration of the stability of 
the SG secondary flow is outside the scope of this report. }}2(a),(c),ECI  

The parallel channel instability in the NPM core has been shown not to be a concern and 
further consideration is not required in the stability analysis methodology. 

4.3.3.2 Instability Mode: Primary Circuit Flow Coupling to Secondary Side Steam 
Generator 

Description: {{ Density wave oscillations in the SG tubes (the secondary side), if they are 
in phase, would result in an oscillating heat transfer coefficient and a corresponding 
oscillation in the rate of heat removal from the primary coolant flow. The resulting 
fluctuations in the heat sink correspond to cold leg density fluctuations and the flow of the 
coolant in the primary circuit is induced to oscillate in response. Primary coolant flow 
oscillations also induce core power oscillations. The oscillating primary coolant  }}2(a),(c),ECI 
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Appendix A. Stability of the Flow in the Steam Generator Tubes 

A.1 Background

The SG is made up of many tubes helically wound to fit within the annulus space of the 
reactor pressure vessel. The top and bottom of each tube is connected to an upper (steam) 
plenum and lower (feedwater) plenum, respectively. The individual tubes of the SG are 
subjected to the same pressure drop between the two plena. 

In the SG, heat is transferred from primary-side single-phase fluid passing over the outside 
of the tubes to the secondary-side fluid within the individual tubes. The primary-side fluid 
enters the SG at the upper plenum at a temperature that exceeds the saturation 
temperature of the secondary side. The secondary-side flow enters each individual tube 
via the lower plenum in a subcooled state. The flow entering each tube is heated by the 
primary side and is brought to boiling as it travels upward. Heating continues with full 
conversion of the secondary-side fluid to steam, followed by heat transfer to single-phase 
steam. The exit condition of the secondary-side fluid from the tube at the upper plenum is 
superheated steam. The flow in individual tubes of the SG is subject to density wave 
instabilities depending on the fluid two-phase conditions (e.g., the total power transferred 
from the primary side), pressure, and inlet subcooling. Therefore, design considerations 
are made within the NPM SG to limit the magnitude of possible flow oscillationsprevent 
instabilities within individual tubes by increasing flow resistance at the inlet.lower plenum. 
However, as part of a comprehensive effort to address the overall stability performance of 
the NPM within the scope of GDC 10 and GDC 12, it is necessary to understand the effects 
of instabilities within the SG on the primary side, and particularly for the SAFDLs. 
Therefore, a parametric evaluation of the effects of flow oscillation on the primary side is 
provided. 

Considering the experience and the considerable literature on density waves in boiling 
systems, the flow is known to become less stable for higher power, higher inlet subcooling, 
and lower pressure (References A.1 and A.2). With regard to the axial power distribution, 
bottom peaking is known to be destabilizing. In the case of the heated tube, a considerable 
segment of the flow is in two-phase conditions and remains at a constant temperature, 
while the primary coolant temperature monotonically decreases as it travels downward. 
Therefore, the temperature difference driving heat transfer is smaller in the bottom of the 
tube, resulting in shifting the axial heating distribution upwards, which tends to have a 
stabilizing effect.  

The one unique feature of the helical-coil SG tubes that differs from the bulk of the 
published studies of density wave instabilities is that the SG tubes are not vertical. 
However, the helical tubes can be considered as inclined tubes assuming the impact of 
the centrifugal forces on the flow stability to be negligible, and thus the gravitational 
component of the pressure drop is scaled accordingly in the stability analysis. Therefore, 
only quantitative, not qualitative, differences are expected compared with the existing 
analysis and understanding of density waves in boiling channels.  
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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.

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 stability
analysis of the NuScale power module.

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.
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The information sought to be withheld is in the enclosed response to NRC Request for4.
Additional Information No. 9624, eRAI No. 9624. 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 December
20, 2018.

Zackary W. Rad




