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July 13, 2018 Docket: PROJ0769

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
One White Flint North
11555 Rockville Pike
Rockville, MD 20852-2738

SUBJECT: NuScale Power, LLC Response to NRC Request for Additional Information No.
9351 (eRAI No. 9351) on the NuScale Topical Report, "Non-Loss of Coolant
Accident Analysis Methodology," TR-0516-49416, Revision 1

REFERENCES: 1.  U.S. Nuclear Regulatory Commission, "Request for Additional Information
No. 9351 (eRAI No. 9351)," dated May 14, 2018

2. NuScale Topical Report, "Non-Loss of Coolant Accident Analysis
Methodology," TR-0516-49416, Revision 1, dated August 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. 9351:

15.00.02-32
15.00.02-33

The response to question 15.00.02-31 will be provided by August 22, 2018. 

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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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

Distribution: Gregory Cranston, NRC, OWFN-8G9A
Samuel Lee, NRC, OWFN-8G9A
Rani Franovich, NRC, OWFN-8G9A

Enclosure 1: NuScale Response to NRC Request for Additional Information eRAI No. 9351,
proprietary
Enclosure 2: NuScale Response to NRC Request for Additional Information eRAI No. 9351,
nonproprietary
Enclosure 3: Affidavit of Zackary W. Rad, AF-0718-60878
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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.: 15.00.02-32

TR-0516-49416-P supports the conclusions in the NuScale 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.

RG 1.203 describes the evaluation model development and assessment process (EMDAP),
which the NRC staff considers acceptable for use in developing and accessing EMs used to
analyze transient and accident behavior. Step 18 of the EMDAP discusses preparing input and
performing calculations to assess system interactions: “The ability of the EM to model system
interactions should also be evaluated in this step, and plant input decks should be prepared for
the target applications. Sufficient analyses should be performed to determine parameter ranges
expected in the nuclear power plant.”

Table 7-14 of TR-0516-49416-P provides the initial condition biases for the increase in
feedwater flow event. The {{ 

 }}2(a),(c), ostensibly based upon this statement in TR-
0516- 49416-P, Section 7.2: {{ 

 }}2(a),(c) No basis is
provided to justify that these bias directions are bounding for MCHFR.

In addition, it appears the statement that the {{ 

 }}2(a),(c). TR Table 7-15 determines
the bounding increase in feedwater flow when {{ 

 }}2(a),(c). TR Table 7-16
determines the bounding increase in feedwater flow when {{ 

 }}2(a),(c). Based upon the
information presented in Tables 7-15 and 7-16, it is not clear how the SG inventory is minimized
or maximized by this combination of parameter biases. Further, it appears that some other
combination, such as {{ 

 }}2(a),(c), could provide a more limiting combination since this
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combination could lead to a larger secondary heat removal capacity, thereby providing lower
temperature fluid to the core inlet.

In Table 7-14, {{ 

 }}2(a),(c) It therefore appears that the bias in the SG tube plugging level
was determined by {{ 

}}2(a),(c) .

Information Requested:

Provide additional justification, such as a single-effects sensitivity study, thata.
demonstrates that the bias directions selected for {{

 }}2(a),(c) are
bounding for MCHFR, and that the limiting bias methodology is used for the FSAR
analysis.
Provide the basis for the conclusion that the {{b.

 }}2(a),(c) and that the combination of parameters in
TR Table 7-16 maximizes the SG liquid inventory.
Provide the final steady-state SG secondary side pressure, temperature distribution,c.
and liquid and vapor masses for the cases in Tables 7-15 and 7-16. Confirm that the
combinations of bias directions in Tables 7-15 and 7-16 encompass the limiting bias
parameters for the increase in feedwater flow event and that these define the
methodology used for the FSAR analysis.
Describe the methodology used to represent steam generator tube plugging for thed.
FSAR analysis and provide a justification, such as a sensitivity study, that
demonstrates that the biased low condition is limiting for the increase in feedwater
flow event.

In addition to these requests, please update TR-0516-49416-P as appropriate, based on your
responses.

NuScale Response:

Response to RAI request a):

As discussed in Section 4.3.5 of TR-0516-49416-P, the conservative bias directions to
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minimize the CHFR are identified in TR-0915-17564-P, Revision 1 (Subchannel Analysis
Methodology) to be:

maximum reactor power (higher power increases the actual heat flux)
maximum core exit pressure (consistent with TR-0116-21012-P Revision 1 (NuScale
Power Critical Heat Flux Correlations))
maximum core inlet temperature (higher temperature reduces energy addition needed
to raise coolant to saturated conditions).
minimum system flow rate (minimum flow is conservative as there is less coolant flow
in the reactor core available for heat transfer)

When applied to the parameters identified in the request:
the initial reactor coolant system (RCS) average temperature is biased to the high
condition to maximize the core inlet temperature for a given core ΔT;
the initial RCS flow rate is biased to the low condition to minimize the system flow
rate;
the initial pressurizer pressure is biased to the high condition to maximize the core
exit pressure; and,
the initial pressurizer level is biased to the high condition to maximize the core exit
pressure.

These conservative bias directions are consistent with the inputs listed in FSAR Table 15.1-5
for evaluating the increase in feedwater flow event for MCHFR.

Response to RAI request b):

Upon further evaluation, the conclusion that maximum SG inventory leads to a more limiting
CHF condition would be more accurately characterized as the individual biases to the SG
boundary conditions can influence the transient progression leading to more severe results.
Table B-1 evaluates this further with individual sensitivity results that primarily confirm the
limiting biasing conditions of high RCS temperature, low RCS flow and high pressurizer
(PZR) pressure and level for MCHFR as described in response a). Additionally these results
show a much smaller individual influence of the secondary parameter biases on MCHFR.
However, SG initial level itself has no clear bias direction.
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Table B-1 Single-Parameter Bias impact on SG Level

{{

}}2(a),(c)

The sensitivities supporting the TR-0516-49416-P development looked at combined biases
that corresponded to the limiting RCS initial conditions of high initial core power, high RCS
temperature, high PZR pressure and level and low RCS flowrate. Additionally the combined
“high” or “low” SG level biases were evaluated which showed a clear trend that low FW
temperature, high steam pressure and low SG heat transfer were limiting for CHF as shown
in Tables 7-15 and 7-16 of TR-0516-49416-P. Further evaluation of the sensitivity results
show that the SG biases worked together to enhance or suppress SG steaming rates such
that the “low level” set of biases caused a trip on low steam superheat and not high steam
pressure. The temperature sensors were modeled with a longer response time and therefore
the reactor trip is delayed for the low steam superheat as opposed to the high steam
pressure, which lead to a higher overall power response causing the limiting results.

As shown in Table B-1, low feedwater temperature and high steam pressure were
individually more limiting however the individual steam generator heat transfer bias was less
conclusive. To further evaluate this, the SG heat transfer bias was evaluated in combination
with all the limiting biases identified in Table B-1. The specific biases are presented in Table
B-2 and are more consistent with the FSAR analysis and therefore not directly comparable to
the results previously presented in TR-0516-49416-P Tables 7-15 and 7-16.
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Table B-2 Single-Parameter Bias impact on SG Heat Transfer

Case Name Power
[%]

RCS
Flow
[kg/s]

Avg RCS
Temp. [°F]

PZR
Pressure

[psia]

PZR
Level
[%]

MS
Pressure

[psia]

Initial
FW

Temp
[°F]

SG Heat
Transfer

[%]

Sdy_IA
(Bias Direction)

102%
(High)

535
(Low)

555.0
(High)

1920
(High)

68
(High)

535
(High)

290
(Low)

-30%
(Low)

Sdy_IA_BiasA (Bias
Direction)

102%
(High)

535
(Low)

555.0
(High)

1920
(High)

68
(High)

535
(High)

290
(Low)

0%
(Nom)

Sdy_IA_BiasB (Bias
Direction)

102%
(High)

535
(Low)

555.0
(High)

1920
(High)

68
(High)

535
(High)

290
(Low)

+30%
(High)

The steady state and null transient verifications were performed consistent with Section 7.1.1
of TR-0516-49416-P. Additional transient cases at different feedwater flow increase
percentages were run for the baseline biased initializations described in Table B-3 to have
consistent data near the point of limiting MCHFR.

Table B-3 Low SG Heat Transfer Cases Summary {{ 

}}2(a),(c)

Table B-4 Nominal SG Heat Transfer Cases Summary {{ 

}}2(a),(c)
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Table B-5 High SG Heat Transfer Cases Summary {{

}}2(a),(c)

An examination of the results (Tables B-3 through B-5) shows that nominal SG heat transfer
was slightly more limiting than the low SG heat transfer originally identified in
TR-0516-49416-P when only high and low SG heat transfer results were evaluated in
conjunction with other SG parameters. The high heat transfer cases are less limiting
because those cases resulted in a high steam pressure reactor trip instead of the low steam
superheat trip.

Based on the above discussions, TR-0516-49416-P is revised to denote that the higher initial
steam pressure and low feedwater pressure must be in conjunction with the initial core
power level biased high and the initial RCS flow rate biased low. The SG heat transfer bias
direction is changed to varied to ensure this parameter is evaluated each time the FSAR is
updated.
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Response to RAI request c):

As discussed in the response to part b) of this request, and particularly, as shown in Table
B-1, there is no consistent biasing for a particular initial SG inventory which consistently
produced limiting MCHFR results. However, the SG parameter biases for steam pressure
and feedwater temperature in Tables 7-15 and 7-16 were confirmed as limiting, and the SG
heat transfer bias was determined to be varied for each case evaluated to produce limiting
MCHFR results. Therefore, the additional event results requested are no longer relevant for
biasing sensitivity discussions.

Response to RAI request d):

The technique used to simulate plugged steam generator tubes for TR-0516-49416-P
includes: 1) reducing the flow area of the tube related control volumes; 2) reducing the flow
area of inlet and outlet junctions to the tube related control volumes; and, 3) reducing the
heat structure surface area factors for the active tube components. A separate heat structure
for the plugged tubes was not used because the short-term system response is not sensitive
to the energy stored in the plugged tubes.

A sensitivity case was run to evaluate the effect on MCHFR of plugging 10% of the tubes in
each steam generator. The base case for the increase in feedwater flow event scenario
(Table B-1 in part b) of this response) was used for this evaluation b. The results, provided
as the last entry in Table B-1, indicate that the predicted MCHFR is less limiting (higher) with
steam generator tube plugging. Therefore, biasing steam generator tube plugging to the low
condition is appropriately conservative.

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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7.2.2 Increase in Feedwater Flow 

The methodology used to simulate a postulated increase in feedwater flow for the NPM, 
and an evaluation of the resulting representative plant response against the acceptance 
criteria for an AOO listed in Table 7-4, are presented below. 

A description of the event including biases and conservatisms, sensitivity studies, single 
active failure, and loss of power scenarios, challenging case, and acceptance criteria 
evaluation are presented in the following sections. 

7.2.2.1 General Event Description 

A feedwater system malfunction that causes an increase in feedwater flow results in an 
unplanned overcooling of the RCS. The subsequent decrease in RCS temperature 
increases core reactivity due to moderator feedback which raises reactor power. 
Decreasing average RCS temperature will also prompt the control rod controller to 
withdraw the regulating bank from the core if automatic control is enabled. Rising reactor 
power will cause RTS actuation on the high power signal. The feedwater flow increase 
can also cause RTS actuation on low steam line superheat or high steam line pressure. 
DHRS actuates on the low steam line superheat or high steam line pressure signals.  

Closure of the FWIVs following DHRS actuation isolates the SGs from the feedwater 
source, ending the overcooling event. Core decay heat drives natural circulation which 
transfers thermal energy from the RCS to the reactor pool via the DHRS. Passive DHRS 
cooling is established and the transient calculation is terminated with the NPM in a safe, 
stable condition. Table 7-12 lists the relevant acceptance criteria, SAF, and LOP 
scenarios. 

A rapid (step) increase in feedwater flow is simulated. The limiting MCHFR occurs when 
the event is initiated from full power conditions, {{ 

 }}2(a),(c) For overcooling events, the high power 
analytical limit is increased, for example from 120 percent to 125 percent RTP. This is to 
account for the decalibration of the excore neutron detectors as downcomer density 
increases in response to a cooldown event. The increase is based on an appropriate 
decalibration factor (change-in-power-per-change-in-temperature) and considering the 
downcomer temperature decrease during the overcooling events. 

{{ 

 }}2(a),(c). Additional sensitivity studies are 
performed on other parameters, as necessary, to identify the case(s) with a potentially 
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Table 7-14 Initial conditions, biases, and conservatisms – increase in feedwater flow 

Parameter Bias / Conservatism Basis 
Initial reactor power RTP biased upwards to 

account for measurement 
uncertainty. 

{{  }}2(a)(c) 

Initial RCS average temperature Biased to the high condition. {{  }}2(a)(c) 
Initial RCS flow rate Biased to the low condition. {{  }}2(a)(c) 
Initial PZR pressure Biased to the high condition. {{  }}2(a)(c) 
Initial PZR level Biased to the high condition. {{ . }}2(a)(c) 
Initial feedwater temperature Low.  {{  

 

 

 }}2(a)(c) 
Initial fuel temperature Nominal. {{ 

 }}2(a)(c) 
MTC Biased to EOC conditions.  {{  

 }}2(a)(c) 
Kinetics Biased to the EOC condition. {{ 

 }}2(a)(c) 
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Parameter Bias / Conservatism Basis 
Automatic rod control Enabled. {{ 

 

 }}2(a)(c) 
Decay heat Biased to the low condition. {{  

 }}2(a)(c) 
Initial SG pressure(1) High  {{  

 

 }}2(a)(c) 
SG heat transfer Low {{ 

 }}2(a)(c) 
PZR spray  Disabled {{ 

 }}2(a)(c)  
Letdown  Disabled {{ 

 }}2(a)(c) 
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Parameter Bias / Conservatism Basis 
  Letdown  Disabled.  {{  

 }}2(a)(c)  

Steam Pressure Control  
  Turbine throttle valves  
 
 
 
 
 

  Turbine bypass valves  

  
Enabled.  
 
 
 
 
 

Disabled.  

 
{{

 }}2(a)(c)  

Feedwater and Turbine Load 
Control  
  feedwater pump speed  

  
  
N/A.  

  
  
Not applicable to this event.  

CNV Pressure Control  
  CNV evacuation system  

  
Enabled.  

 
{{ 

}}2(a)(c)  

1. {{  }}2(a)(c) 

Sensitivity studies are performed as needed to identify the limiting response(s) for the 
acceptance criteria parameter(s) challenged by the event (i.e., system pressures for 
overheating events, MCHFR for overcooling events). Consequently, sensitivity studies 
are performed to identify cases with the lowest CHFR response for this overcooling 
event. For example, two sensitivity studies are performed to identify the most 
challenging SG liquid inventory andsecondary biases for the feedwater flow transient for 
MCHFR. {{  

 }}2(a),(c) 
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{{   }}2(a),(c) 
Representative results for these studies are presented in Table 7-15 and Table 7-16. 

Table 7-15 Representative increase in feedwater flow study – low liquid inventorySG 
performance with maximum power and minimum RCS flow 

 

Table 7-16 Representative increase in feedwater flow study – high liquid inventorySG 
performance with maximum power and minimum RCS flow 

{{ 

 

 

 

 

 

 

}}2(a),(c) 

{{ 

 

 

 

 

 

 

}}2(a),(c) 
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Response to Request for Additional Information
Docket No. 52-048

 

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

NRC Question No.: 15.00.02-33

TR-0516-49416-P supports the conclusions in the NuScale 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 SRP describes a subset of the transient and accident events that should
be considered in the safety analyses. DSRS Section 15.0 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.

RG 1.203 describes the EMDAP, which the NRC staff considers acceptable for use in
developing and accessing EMs used to analyze transient and accident behavior. Step 7 of this
process (described in RG 1.203, Section C.1.2.3) discusses an applicant’s identification and
performance of separate effects tests and integral effects tests to complete the database
against which the EM will be assessed. Furthermore, Step 17 (Section C.1.4.5 of RG 1.203)
discusses the determination of the applicability of the model to simulate system components
and states that before performing integrated analyses, an applicant should determine the
various EM options, special models, and inputs to have the inherent capability to model the
major systems and subsystems required for the particular application.

Based on the staff’s audit of document {{ 

 }}2(a),(b),(c) and audit discussions with the applicant, the primary flow in
the SIET TF-2 NRELAP5 model {{ 

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

 }}2(a),(b),(c).

Reliance upon incorrect primary flow rate information in the assessment could lead to incorrect
conclusions regarding the code capability and code models. Therefore, the NRC staff requests
the applicant to please confirm whether or not {{  }}2(a),(b),(c) was active during
any of the tests. If it was active, either (a) revise the assessment to account for the correct flow
rates if it does not already, or (b) justify the acceptability of the current assessment. In addition:

The staff requests the applicant to provide the primary flow rates used for all SIETa.
validation cases documented in LOCA TR Section 7.4.2 as input to the SIET
NRELAP5 model and explain whether they included {{

 }}2(a),(b),(c).
The staff requests the applicant to explain {{b.

 }}2(a),(b),(c).
Update TR-0516-49416-P, Section 7.4 of TR-0516-49422-P, “Loss-of-Coolantc.
Accident Evaluation Model,” and any other documents as appropriate, based on your
responses.

NuScale Response:

In the SIET-TF2 facility, {{ 

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

 }}2(a),(b),(c) Note the latter is the averaged value over the
last 150 seconds of the test data. {{

 }}2(a),(b),(c) are not included in the revised assessment for
SIET TF-2 tests. The basis for the excluded test cases will be addressed in a supplement to this
response that will be submitted concurrently with the response to RAI 9158 15.00.02-5. The
excluded cases are not listed in Table 1.
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Table 1. Primary flowrates of the SIET TF-2 tests

{{

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

Impact on DCA:

There are no impacts to the DCA as a result of this response.
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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 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.
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The information sought to be withheld is in the enclosed response to NRC Request for4.
Additional Information No. 9351, eRAI No. 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 July 13,
2018.

Zackary W. RadZ k W R d




