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9690 (eRAI No. 9690) on the NuScale Topical Report, "Accident Source Term
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REFERENCES: 1.  U.S. Nuclear Regulatory Commission, "Request for Additional Information
No. 9690 (eRAI No. 9690)," dated June 27, 2019

2. NuScale Topical Report, "Accident Source Term Methodology,"
TR-0915-17565, Revision 3, dated April 2019

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. 9690:

01.05-39
01.05-41
01.05-42

Enclosure 1 is the proprietary version of the NuScale Response to NRC RAI No. 9690 (eRAI
No. 9690). 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 Carrie Fosaaen at 541-452-7126 or
at cfosaaen@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.: 9690

Date of RAI Issue: 06/27/2019

NRC Question No.: 01.05-39

Regulatory Basis:

10 CFR 50.49(e)(4) requires that the radiation environment for equipment qualification must be 

based on the type of radiation, the total dose expected during normal operation over the 

installed life of the equipment, and the radiation environment associated with the most severe 

design basis accident during or following which the equipment is required to remain functional, 

including the radiation resulting from recirculating fluids for equipment located near the 

recirculating lines and including dose-rate effects.

Background:

On April 21, 2019, NuScale submitted Revision 3 to TR-0915-17565, "Licensing Topical Report 

Accident Source Term Methodology." The revision included a new design basis iodine spike 

source term and reclassified the maximum hypothetical accident as a beyond design basis 

source term (DBST). This resulted in the maximum hypothetical accident no longer being 

considered for environmental qualification and the iodine spike source term being used for the 

maximum radiation environment being used for equipment qualification in and around 

containment.

In TR-0915-17565, Revision 3, Section 3.2.6, the applicant indicates that, "Spiking effects may 

occur for radionuclides besides iodines. However, any potential spiking of radionuclides besides

iodine is implicitly accounted for by conservative treatments of the iodine spike DBST. For 

example, the assumed instantaneous event time-zero release of the entire primary coolant 

inventory results in doses expected to be several times larger than a more realistic graduated 

release of a primary coolant mass less than the entire primary coolant mass." The staff 

understands that assuming an instantaneous release may be conservative, but TR-0915-17565 
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does not provide information explaining NuScale's statement that the conservatisms bound the 

consideration of spiking of other radionuclides.

The applicant also does not provide any additional information or justification of the implicit 

conservatism to support their position except that the treatment of primary coolant activity, 

including iodine spiking, is consistent with RG 1.183. However, RG 1.183 assumes that a core 

melt accident is being considered for the radiation environment for equipment qualification, 

which typically bounds the dose to equipment inside containment. Since a core melt source 

term is not being considered for NuScale, additional justification is needed for why it is not 

necessary to consider the spiking of other radionuclides besides iodine for equipment impacted 

by the iodine spike design basis source term.

Issue:

Additional information is needed to demonstrate the conservatisms in developing the iodine 

spike DBST, as the staff is unable to make a determination that the radiation environment 

associated with the most severe design basis accident is being appropriately considered for 

environmental qualification.

Request:

Please provide 1) justification that the methodology used for developing the design basis iodine 

spike reactor coolant source term, described in TR-0915-17565 provides a source term that 

reasonably conservatively bounds the radiation environment associated with the most severe 

design basis accident, as required by 10 CFR 50.49(e)(4) or 2) update the topical report, as 

appropriate, to ensure that the methodology appropriately considers the potential for spiking of 

other radionuclides besides iodine or bounds the potential spiking of other radionuclides.

NuScale Response:

TR-0915-17565 has been revised (see specifically Appendix B and Section B.3.1.1) to provide 

further justification that the methodology used for developing the design basis iodine spike 

reactor coolant source term provides a source term that conservatively bounds the radiation 

environment associated with the most severe design basis accident, as required by 10 CFR 

50.49(e)(4). 
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Impact on Topical Report:

Topical Report TR-0915-17565, Accident Source Term Methodology, has been revised as 

described in the response above and as shown in the markup provided in this response. 
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Appendix B. Environmental Qualification Dose Analysis Methodology 

This appendix describes the methodology for calculating environmental qualification 
(EQ) doses in the CNV and bioshield envelope regions. The methodology is for 
immersion dose rates, photon shine, total integrated radiation doses, and energy 
deposited for the specified CNV and bioshield envelope regions. {{  

  }}2(a),(c) 

B.1 EQ Dose Methodology Evaluation Scenarios 

The goal of this EQ dose methodology is to identify and evaluate a conservative 
surrogate for the worst-case design basis accident (DBA) for radiation exposures to 
equipment in the CNV and in the bioshield envelope. The conservative surrogate for the 
worst-case DBA is identified for each region in the following fashion: 

• For equipment in the lower CNV (sump) liquid region – {{   
 
  

}}2(a),(c) (Section B.1.1.1) 

• For equipment in the upper CNV vapor region – {{   
 

  }}2(a),(c) 
(Section B.1.1.2) 

• For equipment in the bioshield envelope – {{   
 
 
 
 
 
 
 
 
 

  }}2(a),(c) (Section B.1.2) 

Further details of the conservative nature of this EQ dose methodology is provided in the 
following sections. 

B.1.1 Containment Release General Scenario 

The nature of a direct primary coolant (plus iodine spike) release to the CNV, as applied 
in CNV EQ dose evaluations, is conservative. {{   

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

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

  }}2(a),(c) This treatment of the 
iodine spike release timing is conservative. 

The containment analysis is performed for two separate regions (the upper CNV vapor 
region and the lower CNV liquid region). {{   

 
 
 

  }}2(a),(c) This method of defining the CNV regions for either containment 
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analysis scenario conservatively confines total source inventory to a smaller volume than 
that of the total CNV free volume.  

B.1.1.1 Lower Containment Liquid Region Evaluation Scenario 

For the purposes of evaluating the dose to equipment in the lower CNV liquid region, 
{{  

  }}2(a),(c) 

B.1.1.2 Upper Containment Vapor Region Evaluation Scenario 

{{  
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
  

}}2(a),(c) 

B.1.2 Bioshield Envelope Evaluation Scenario 

{{   

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

 }}2(a),(c) 

The bioshield envelope evaluation scenario described above is conservative {{   
 
 
 

 
 

}}2(a),(c)  

B.2 Assumptions 

B.2.1 Activity Plated Out on Containment Surfaces 

{{  

 
 
 
 
 
 
 
 
 
  

}}2(a),(c) 

B.2.2 Activity Release Timing 

{{   
 
 
  

}}2(a),(c) 

B.2.3 Liquid and Vapor RCS Densities 

{{   

 }}2(a),(c)  
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B.2.4 Credit for Natural Mechanisms 

As stated in Regulatory Guide 1.183, Appendix A, credit may be taken for reduction in 
the available amount of radiation due to natural deposition mechanisms. 
{{  

 

}}2(a),(c) 

B.2.5 CVCS Purification for Coincident Iodine Spike Calculation 

The primary coolant iodine concentration is estimated using a “spiking model that 
assumes that the iodine release rate from the fuel rods to the primary coolant increases 
to a value 500 times greater than the release rate corresponding to the iodine 
concentration at the equilibrium value” (Regulatory Guide 1.183, Appendix E, Item 2.2). 
{{ 

 }}2(a),(c) 

B.2.6 Decay Chain 

{{   

 
 
 

}}2(a),(c) 

B.2.7 Medium Model 

{{   

 
 
 
 

 

 
 

 }}2(a),(c) 
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B.2.8 Time-Dependent Containment Leak Rate 

{{  

}}2(a),(c) 

B.3 Methodology 

B.3.1 Primary Coolant Source Term 

For the EQ dose evaluation, the primary coolant radionuclide inventory described in 
Section 3.3.2 of this report, including isotopic concentrations equivalent to the design 
basis DE I-131 and DE Xe-133 limits, is applied. 

B.3.1.1 Non-Iodine Spiking 

Spiking of radionuclides besides iodine is not explicitly considered in this methodology. 
This approach is consistent with the available regulatory guidance, which does not 
prescribe the spiking of radionuclides besides iodines. Regulatory Guide 1.183, 
Appendix I, addresses assumptions for evaluating radiation doses for equipment 
qualification purposes. Regulatory Position 4 therein notes the possibility that “another 
design basis accident” (i.e., non-core melt events) may be more limiting than the "design 
basis LOCA" (i.e., the core melt source term event) for the purposes of equipment 
qualification for some components. In these cases, RG 1.183 recommends the use of 
the applicable assumptions of Appendices B through H otherwise applicable to the dose 
consequence evaluations for the event in question, which do not include spiking of any 
radionuclides other than iodines. A key use of the iodine spike DBST is to establish the 
radiation environment for a design basis accident inside containment, as other events 
are expected to be more limiting with respect to dose consequences outside 
containment. Therefore, NuScale concludes the existing guidance of RG 1.183, which 
establishes the assumptions of Appendices B through H are adequate for a similar use 
(developing design-basis EQ doses), is appropriate to follow with respect to the iodine 
spike DBST. {{  

 

 
 
 
 
 

 }}2(a),(c) 



 

 
Accident Source Term Methodology 

 
TR-0915-17565-NP 

Draft Rev. 43
 

 
 

© Copyright 2019 by NuScale Power, LLC 
148 

B.3.1.2 Coincident Iodine Spiking  

The coincident iodine spike modeling approach used in this methodology {{  
  }}2(a),(c) 

B.3.2 Energy, Dose Rates, and Integrated Dose 

The total energy rate for a given isotope is based upon its initial activity and average 
energy per decay. To calculate the activity of an isotope sometime after shutdown, a 
standard exponential decay model is used to extrapolate the values based on isotopic 
half-lives, as described by Eq. B-1. 

𝐴 (𝑡) = 𝐴 , 𝑒 | |⁄  Eq. B-1

where, 

 )(tAi   = Activity of isotope i at time t, Ci 

 
iO

A
,

  = Initial activity of isotope i, Ci 

 21T  = Half-life for isotope =i, s 

 t   = time at which to calculate the activities, s 

{{  

  

𝐴 (𝑡) = 𝐴 ∙ ∙ C n
}}2(a),(c) With activities determined for a given hourly interval, photon or electron energy 
emission rate in units of MeV/s are calculated based on the average photon or electron 
emission rate for a single disintegration, or nuclear transformation. The unit “nt”, an 
abbreviation for nuclear transformation, is used. This “nt” unit is equal to one becquerel 
(Bq). Multiplying an activity, “A”, by the average energy, “E”, results in the energy 
emission rate, “R”, given by  

[𝐴]𝐶𝑖 ∙ 3.7𝐸10 𝑛𝑡𝑠𝐶𝑖 ∙ [𝐸] 𝑀𝑒𝑉𝑛𝑡 → [𝑅] 𝑀𝑒𝑉𝑠  Eq. B-3
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Finally, the dose rate in units of rad/hr may be calculated based on the energy emission 
rate, volume and density of interest, and several unit conversions as expressed by  

hr
Rad

kg
lbmft

ftV
kg
J

Rad
MeV

JE
hr
s

s
MeVR →⋅⋅⋅⋅⋅−⋅⋅ 2046.2

lbm ][ ][
1

01.0

1019602.13600][
3

3

6

ρ
 

Eq. B-4

The total photon emission energy rate or dose rate is then the sum of all the emission or 
dose rates for all the isotopes considered, as is the case for the total electron rates. At 
each time step, the rates and integrated emitted energy or dose may be calculated. The 
integrated energy emitted in MeV is calculated for the example 2400 hour duration as 
follows  

𝐸𝑛𝑒𝑟𝑔𝑦 𝐸𝑚𝑖𝑡𝑡𝑒𝑑 (𝑀𝑒𝑉) = (𝐸𝑛𝑒𝑟𝑔𝑦 𝑅𝑎𝑡𝑒)  𝑀𝑒𝑉𝑠 ∙ 3600 𝑠ℎ𝑟 ∙ 1 ℎ𝑟 Eq. B-5

Similarly, the integrated dose in units of rad is given by  

𝐷𝑜𝑠𝑒 (𝑅𝑎𝑑) = (𝐷𝑜𝑠𝑒 𝑅𝑎𝑡𝑒)  𝑅𝑎𝑑ℎ𝑟 ∙ 1 ℎ𝑟 Eq. B-6

{{   

 }}2(a),(c) 

B.3.3 Containment Leakage 

{{   

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

}}2(a),(c)

B.4 Summary and Conclusions 

In summary, a methodology for calculating EQ doses is described. Notable 
conservatisms of this methodology include: 

• {{  
 

 
 

 
 

  
  

 

  

 
 

 
 

 

 

 }}2(a),(c) 

 



Response to Request for Additional Information
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eRAI No.: 9690

Date of RAI Issue: 06/27/2019

NRC Question No.: 01.05-41

Regulatory Basis:

10 CFR 52.47(a)(2)(iv) requires that an application for a design certification include a final safety

analysis report that provides a description and safety assessment of the facility. The safety 

assessment analyses are completed, in part, to show compliance with the radiological 

consequence evaluation factors in 52.47(a)(2)(iv)(A) and 52.47(a)(2)(iv)(B) for offsite doses; and

10 CFR Part 50, Appendix A, GDC 19, 10 CFR 50.34(f)(2)(vii) and 10 CFR 50.34(f)(2)(xxviii) for 

control room radiological habitability. The radiological consequences of design basis accidents 

are evaluated against these regulatory requirements and the dose acceptance criteria given in 

NuScale design specific review standard (DSRS) Section 15.0.3. Regulatory Guide 1.183 

provides dose assessment guidance.

10 CFR 50.49(e)(4) requires that the radiation environment for equipment qualification must be 

based on the type of radiation, the total dose expected during normal operation over the 

installed life of the equipment, and the radiation environment associated with the most severe 

design basis accident during or following which the equipment is required to remain functional, 

including the radiation resulting from recirculating fluids for equipment located near the 

recirculating lines and including dose-rate effects.

Background:

NuScale topical report TR-0915-17565, Revision 3, "Accident Source Term Methodology," was 

submitted on April 21, 2019. This topical report describes the accident source term and 

radiological consequence analysis methodology for the iodine spike design basis source term 

(iodine spike DBST), which is used to show compliance with the regulatory requirements 

described above.
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Issue:

In order to make the finding on the acceptability of the topical report's methodology, additional 

information is needed for the staff to understand NuScale's implementation of the methodology 

and assumptions for the iodine spike DBST and how the topical report methodology is used to 

provide the source term information in Table 12.2- 37 and dose rate information in Table 3C-8.

Request:

1. Please provide additional details in Section 3.2.6 of the topical report on the analysis 

assumptions for the iodine spike DBST, including bases for the assumptions, to the same 

level of detail as for the other design basis events. Include details such as the following:

o Clarify the timing of the release to containment.

 For example, clarify whether the entire integrated activity (including total 

coincident iodine spike values) is assumed to be released 

instantaneously, or is the initial RCS activity released instantaneously at 

time = 0, with coincident iodine spike activity appearing over 8 hours?

o Clarify the assumptions on mixing in the containment.

o For example, clarify the following:

 Is the release mixed throughout entire containment air volume?

 What is the assumed containment air volume? Is it the same value for 

containment air volume used in the CDE dose analysis?

o Additionally, please revise the text in Section 3.2.6 to clarify that the iodine spike 

design basis source term includes 2 iodine spiking cases.

2. Provide additional detail in FSAR Section 15.0.3.8.6 on iodine spike DBST assumptions 

and their bases, similar to the detail for other DBAs in FSAR Section 15.0.3.8. Solely 

relying on a reference to the topical report does not give the staff enough information to 

make a safety finding. Include such information as the following:

o Timing of release.

o Containment mixing assumptions.

 For example, please clarify the following:

 Is the release mixed throughout entire containment air volume?

 What is the assumed containment air volume?

NuScale Nonproprietary



 Is it the same value for containment air volume used in the core 

damage event dose analysis?

o Assumed mass of the primary coolant.

o Assumptions for the two iodine spiking cases.

3. Provide additional information, including updates in the FSAR and/or topical report, as 

appropriate, to describe the methods, models, and assumptions used in developing the 

source term provided in FSAR Table 12.2-37.3. 

4. Please describe the methods, models, and assumptions used for calculating the total 

integrated doses provided in FSAR Table 3C-8. Please ensure that the discussion includes

information demonstrating why the maximum design basis accident total integrated dose 

values provided in FSAR Table 3C-8 represent dose rates for the most severe design 

basis accident, with appropriate margin, as required by 10 CFR 50.49(e)(4) and 10 CFR 

50.49(e)(8). Include updates to the FSAR and/or topical report, as appropriate.

NuScale Response:

1. TR-0915-17565 Section 3.2.6 has been revised to provide additional details on the analysis 

assumptions for the iodine spike DBST to the same level of detail as for the other design basis 

events. See note in response to question 2 below for information on containment volume 

assumptions. 

2. FSAR Section 15.0.3.8.6 has been revised to provide additional details on the analysis 

assumptions for the iodine spike DBST similar to the amount of detail for other DBAs in FSAR 

Section 15.0.3.8.

Note: {{   

 

 

 

 

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

 

  }}2(a),(c)

3. The RAI 9268 (question 12.02-11S1) supplemental response provides a description of the 

source inputs and assumptions used for the development of the "Maximum Post-Accident 

Radionuclide Concentrations" in Table 12.2-34. In addition to the information provided in the 

supplemental response to RAI 9268, the iodine spiking factor and spiking durations provided in 

the revised TR-0915-17565 were used in the development of the values in Table 12.2-34 

"Maximum Post-Accident Radionuclide Concentrations." 

4. TR-0915-17565 has been revised to include an Appendix B, entitled “Environmental 

Qualification Dose Analysis Methodology”, which describes the methods, models, and 

assumptions used for calculating the total integrated doses provided in FSAR Table 3C-8.

Impact on DCA:

FSAR Section 15.0.3 and TR-0915-17565 have been revised as described in the response 

above and as shown in the markup provided with this response.
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results in a time-dependent release of activity to the reactor building which is 
modeled for conservatism as a direct release to the environment through the break. 

4. After containment isolation, primary coolant leaks through one containment isolation 
valve (other in-series valve is assumed to fail) at the maximum leak rate allowed by 
design basis limits. The leakage continues until the reactor is brought to shutdown 
conditions. The activity from this leak path is also assumed to flow directly to the 
environment with no mitigation or reduction by any intervening structures.  

5. Available primary coolant in the CVCS equipment (heat exchangers, filters, etc.) and 
piping flows out of one or the other side of the break. The coolant is at the maximum 
activity concentration allowed by design basis limits. 

6. Once the reactor is completely shut down and depressurized, all releases through 
valve leakage stops. 

The following is a summary of the explicit assumptions used from Appendix E (main 
steam line break) of RG 1.183. 

• coincident iodine spiking factor: 500 

• duration of coincident iodine spike: 8 hr 

• iodine chemical form: 97 percent elemental iodine and 3 percent organic iodide 

• no reduction or mitigation of noble gas radionuclides released from the primary 
system 

3.2.6 Iodine Spike Design Basis Source Term 

The iodine spike DBST is composed of a set of key parameters, derived from the 
assumption of a generic failure occurring inside the CNV, which results in the release of 
all primary coolant from the reactor coolant system (RCS) to the CNV. The iodine spike 
DBST is a surrogate that bounds the radiological consequences of a spectrum of events 
that result in primary coolant entering an intact containment. 
 
Primary coolant with radionuclide concentrations at the design basis limits enters the 
containment and 100 percent of the radionuclides within 100 percent of the primary 
coolant are assumed to be present in the containment. This assumption is conservative 
because some amount of primary coolant (at least the amount required to cover the 
core) would remain in the reactor pressure vessel (RPV) and, therefore, the 
radionuclides associated with that primary coolant would not be available in the CNV for 
release. Additionally, this is conservative because some amount of the radionuclides 
would remain in the primary coolant at the bottom of the CNV, but the analysis assumes 
all the radionuclides are available to leak out of the CNV as vapor. Because the iodine 
spike DBST is not a specific event, nor an extension of a specific event, there is no 
thermal-hydraulic analysis associated with the iodine spike DBST. 
 
This radiological consequence analysis considers the iodine spike DBST with two 
different initial iodine concentrations, one based on a pre-incident iodine spike and the 
other based on a coincident iodine spike. A coincident iodine spiking factor of 500 is 
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utilized because this is the largest coincident iodine spiking factor recommended for any 
event in RG 1.183. The duration of the coincident iodine spike is assumed to be eight 
hours. The pre-incident iodine spike considered for this analysis is derived as shown in 
Section 3.3.2 of this report. Aerosol removal is not credited. An iodine chemical form of 
97 percent elemental iodine and 3 percent organic iodide is arbitrarily assumed because 
RADTRAD requires the input, but this assumption has no impact on results. No 
reduction or mitigation of noble gas radionuclides released from the primary coolant is 
assumed.This radiological consequence analysis considers the iodine spike DBST with 
two different initial iodine concentrations, one based on a pre-incident iodine spike and 
the other based on a coincident iodine spike. These iodine spikes are derived as shown 
in Section 3.3.2 of this report. A description of the evaluated scenario is summarized as 
follows: 
1. A generic failure is assumed to occur inside the CNV, resulting in the release of all 

primary coolant from the RCS to the CNV. 
2. The iodine and noble gas coolant activity is calculated based on the maximum 

concentrations allowed by design basis limits for each of the iodine spiking 
scenarios.  

3. Primary coolant flows into the CNV through a nonspecific release point with an 
instantaneous release of activity into the CNV. The release is homogenously mixed 
as vapor throughout the entire CNV free volume. 

4. Activity is then assumed to leak into the environment at the design basis leakage 
rate for 24 hours, then at 50 percent of the design basis leakage rate thereafter. The 
activity from this leak path is also assumed to flow directly to the environment with no 
mitigation or reduction by intervening structures. Aerosol removal is not credited. 

5. Once the reactor is completely shut down and depressurized, all releases through 
the containment to the environment stop. 

The following is a summary of the assumptions used from Appendix E (main steam line 
break) of RG 1.183: 

• Coincident iodine spiking factor – 500 (because this is the largest coincident iodine 
spiking factor recommended for any event in RG 1.183) 

• Duration of coincident iodine spike – 8 hours 

• Iodine chemical form of 97 percent elemental iodine and 3 percent organic iodide 
(arbitrary assumption because RADTRAD requires the input, but this assumption has 
no impact on results) 

• Activity released from the fuel due to the pre-incident iodine spike is assumed to mix 
instantaneously and homogeneously within the primary coolant in the CNV; activity 
released from the fuel due to the coincident iodine spike is assumed to mix 
instantaneously and homogeneously within the fuel volume, then release to the CNV 
over the 8 hour coincident spiking duration 

• No reduction or mitigation of noble gas radionuclides released from the primary 
system 
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Spiking effects may occur for radionuclides besides iodines. However, any potential 
spiking of radionuclides besides iodine is implicitly accounted for by conservative 
treatments of the iodine spike DBST. For example, the assumed instantaneous event-
time-zero release of the entire primary coolant inventory results in doses expected to be 
several times larger than a more realistic graduated release of a primary coolant mass 
less than the entire primary coolant mass. This approach is consistent with the available 
regulatory guidance, which does not prescribe the spiking of radionuclides besides 
iodines. Regulatory Guide 1.183, Appendix I, addresses assumptions for evaluating 
radiation doses for equipment qualification purposes. Regulatory Position 4 therein notes 
the possibility that “another design basis accident” (i.e., non-core melt events) may be 
more limiting than the "design basis LOCA" (i.e., the core melt source term event) for the 
purposes of equipment qualification for some components. In these cases, RG 1.183 
recommends the use of the applicable assumptions of Appendices B through H 
otherwise applicable to the dose consequence evaluations for the event in question, 
which do not include spiking of any radionuclides besides iodines. A key use of the 
iodine spike DBST is to establish the radiation environment for a design basis accident 
inside containment, as other events are expected to be more limiting with respect to 
dose consequences outside containment. Therefore, NuScale concludes the existing 
guidance of RG 1.183, which establishes the assumptions of Appendices B through H 
are adequate for a similar use (developing design-basis equipment qualification radiation 
environments), is appropriate to follow with respect to the iodine spike DBST. 
Accordingly, spiking of radionuclides besides iodine is not explicitly considered in the 
iodine spike DBST methodology. 

 



 

 
Accident Source Term Methodology 

 
TR-0915-17565-NP 

Draft Rev. 43
 

 
 

© Copyright 2019 by NuScale Power, LLC 
142 

Appendix B. Environmental Qualification Dose Analysis Methodology 

This appendix describes the methodology for calculating environmental qualification 
(EQ) doses in the CNV and bioshield envelope regions. The methodology is for 
immersion dose rates, photon shine, total integrated radiation doses, and energy 
deposited for the specified CNV and bioshield envelope regions. {{  

  }}2(a),(c) 

B.1 EQ Dose Methodology Evaluation Scenarios 

The goal of this EQ dose methodology is to identify and evaluate a conservative 
surrogate for the worst-case design basis accident (DBA) for radiation exposures to 
equipment in the CNV and in the bioshield envelope. The conservative surrogate for the 
worst-case DBA is identified for each region in the following fashion: 

• For equipment in the lower CNV (sump) liquid region – {{   
 
  

}}2(a),(c) (Section B.1.1.1) 

• For equipment in the upper CNV vapor region – {{   
 

  }}2(a),(c) 
(Section B.1.1.2) 

• For equipment in the bioshield envelope – {{   
 
 
 
 
 
 
 
 
 

  }}2(a),(c) (Section B.1.2) 

Further details of the conservative nature of this EQ dose methodology is provided in the 
following sections. 

B.1.1 Containment Release General Scenario 

The nature of a direct primary coolant (plus iodine spike) release to the CNV, as applied 
in CNV EQ dose evaluations, is conservative. {{   

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

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

  }}2(a),(c) This treatment of the 
iodine spike release timing is conservative. 

The containment analysis is performed for two separate regions (the upper CNV vapor 
region and the lower CNV liquid region). {{   

 
 
 

  }}2(a),(c) This method of defining the CNV regions for either containment 
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analysis scenario conservatively confines total source inventory to a smaller volume than 
that of the total CNV free volume.  

B.1.1.1 Lower Containment Liquid Region Evaluation Scenario 

For the purposes of evaluating the dose to equipment in the lower CNV liquid region, 
{{  

  }}2(a),(c) 

B.1.1.2 Upper Containment Vapor Region Evaluation Scenario 

{{  
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
  

}}2(a),(c) 

B.1.2 Bioshield Envelope Evaluation Scenario 

{{   

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

 }}2(a),(c) 

The bioshield envelope evaluation scenario described above is conservative {{   
 
 
 

 
 

}}2(a),(c)  

B.2 Assumptions 

B.2.1 Activity Plated Out on Containment Surfaces 

{{  

 
 
 
 
 
 
 
 
 
  

}}2(a),(c) 

B.2.2 Activity Release Timing 

{{   
 
 
  

}}2(a),(c) 

B.2.3 Liquid and Vapor RCS Densities 

{{   

 }}2(a),(c)  
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B.2.4 Credit for Natural Mechanisms 

As stated in Regulatory Guide 1.183, Appendix A, credit may be taken for reduction in 
the available amount of radiation due to natural deposition mechanisms. 
{{  

 

}}2(a),(c) 

B.2.5 CVCS Purification for Coincident Iodine Spike Calculation 

The primary coolant iodine concentration is estimated using a “spiking model that 
assumes that the iodine release rate from the fuel rods to the primary coolant increases 
to a value 500 times greater than the release rate corresponding to the iodine 
concentration at the equilibrium value” (Regulatory Guide 1.183, Appendix E, Item 2.2). 
{{ 

 }}2(a),(c) 

B.2.6 Decay Chain 

{{   

 
 
 

}}2(a),(c) 

B.2.7 Medium Model 

{{   

 
 
 
 

 

 
 

 }}2(a),(c) 
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B.2.8 Time-Dependent Containment Leak Rate 

{{  

}}2(a),(c) 

B.3 Methodology 

B.3.1 Primary Coolant Source Term 

For the EQ dose evaluation, the primary coolant radionuclide inventory described in 
Section 3.3.2 of this report, including isotopic concentrations equivalent to the design 
basis DE I-131 and DE Xe-133 limits, is applied. 

B.3.1.1 Non-Iodine Spiking 

Spiking of radionuclides besides iodine is not explicitly considered in this methodology. 
This approach is consistent with the available regulatory guidance, which does not 
prescribe the spiking of radionuclides besides iodines. Regulatory Guide 1.183, 
Appendix I, addresses assumptions for evaluating radiation doses for equipment 
qualification purposes. Regulatory Position 4 therein notes the possibility that “another 
design basis accident” (i.e., non-core melt events) may be more limiting than the "design 
basis LOCA" (i.e., the core melt source term event) for the purposes of equipment 
qualification for some components. In these cases, RG 1.183 recommends the use of 
the applicable assumptions of Appendices B through H otherwise applicable to the dose 
consequence evaluations for the event in question, which do not include spiking of any 
radionuclides other than iodines. A key use of the iodine spike DBST is to establish the 
radiation environment for a design basis accident inside containment, as other events 
are expected to be more limiting with respect to dose consequences outside 
containment. Therefore, NuScale concludes the existing guidance of RG 1.183, which 
establishes the assumptions of Appendices B through H are adequate for a similar use 
(developing design-basis EQ doses), is appropriate to follow with respect to the iodine 
spike DBST. {{  

 

 
 
 
 
 

 }}2(a),(c) 
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B.3.1.2 Coincident Iodine Spiking  

The coincident iodine spike modeling approach used in this methodology {{  
  }}2(a),(c) 

B.3.2 Energy, Dose Rates, and Integrated Dose 

The total energy rate for a given isotope is based upon its initial activity and average 
energy per decay. To calculate the activity of an isotope sometime after shutdown, a 
standard exponential decay model is used to extrapolate the values based on isotopic 
half-lives, as described by Eq. B-1. 

𝐴 (𝑡) = 𝐴 , 𝑒 | |⁄  Eq. B-1

where, 

 )(tAi   = Activity of isotope i at time t, Ci 

 
iO

A
,

  = Initial activity of isotope i, Ci 

 21T  = Half-life for isotope =i, s 

 t   = time at which to calculate the activities, s 

{{  

  

𝐴 (𝑡) = 𝐴 ∙ ∙ C n
}}2(a),(c) With activities determined for a given hourly interval, photon or electron energy 
emission rate in units of MeV/s are calculated based on the average photon or electron 
emission rate for a single disintegration, or nuclear transformation. The unit “nt”, an 
abbreviation for nuclear transformation, is used. This “nt” unit is equal to one becquerel 
(Bq). Multiplying an activity, “A”, by the average energy, “E”, results in the energy 
emission rate, “R”, given by  

[𝐴]𝐶𝑖 ∙ 3.7𝐸10 𝑛𝑡𝑠𝐶𝑖 ∙ [𝐸] 𝑀𝑒𝑉𝑛𝑡 → [𝑅] 𝑀𝑒𝑉𝑠  Eq. B-3
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Finally, the dose rate in units of rad/hr may be calculated based on the energy emission 
rate, volume and density of interest, and several unit conversions as expressed by  

hr
Rad

kg
lbmft

ftV
kg
J

Rad
MeV

JE
hr
s

s
MeVR →⋅⋅⋅⋅⋅−⋅⋅ 2046.2

lbm ][ ][
1

01.0

1019602.13600][
3

3

6

ρ
 

Eq. B-4

The total photon emission energy rate or dose rate is then the sum of all the emission or 
dose rates for all the isotopes considered, as is the case for the total electron rates. At 
each time step, the rates and integrated emitted energy or dose may be calculated. The 
integrated energy emitted in MeV is calculated for the example 2400 hour duration as 
follows  

𝐸𝑛𝑒𝑟𝑔𝑦 𝐸𝑚𝑖𝑡𝑡𝑒𝑑 (𝑀𝑒𝑉) = (𝐸𝑛𝑒𝑟𝑔𝑦 𝑅𝑎𝑡𝑒)  𝑀𝑒𝑉𝑠 ∙ 3600 𝑠ℎ𝑟 ∙ 1 ℎ𝑟 Eq. B-5

Similarly, the integrated dose in units of rad is given by  

𝐷𝑜𝑠𝑒 (𝑅𝑎𝑑) = (𝐷𝑜𝑠𝑒 𝑅𝑎𝑡𝑒)  𝑅𝑎𝑑ℎ𝑟 ∙ 1 ℎ𝑟 Eq. B-6

{{   

 }}2(a),(c) 

B.3.3 Containment Leakage 

{{   

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

}}2(a),(c)

B.4 Summary and Conclusions 

In summary, a methodology for calculating EQ doses is described. Notable 
conservatisms of this methodology include: 

• {{  
 

 
 

 
 

  
  

 

  

 
 

 
 

 

 

 }}2(a),(c) 
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as a surrogate to the large break LOCA typically evaluated by LWRs to meet the 
regulatory intent of addressing the MHA. Five source term design basis accidents 
derived from the Level 1 PRA were used to establish the DBST described in 
Section 15.0.3.3.4 in accordance with the methodology of Reference 15.0-4. Parameters 
associated with the DBST are presented in Table 12.2-28, Table 12.2.29, and 
Table 12.2-30.

RAI 15.00.03-1

To address 10 CFR 52.47 (a)(2)(iv), the DBST is assumed to occur, resulting in significant 
core damage. Activity is assumed to be released from the fuel over a specified time 
period, as described in Reference 15.0-4 and presented in Table 12.2-28, and assumed 
to homogeneously mix in the containment atmosphere. Removal of aerosol in the 
containment occurs through natural deposition phenomena. The aerosol removal 
methodology utilizes the code STARNAUA to determine the time-dependent airborne 
aerosol mass and removal rates, as described in Reference 15.0-4. Activity is released to 
the atmosphere from the containment at the design basis leakage rate for 24 hours, 
and at 50% of the limit after 24 hours.

Reference 15.0-4 provides the methodology for the radiological consequences of the 
iodine spike DBST.MHA, based on the guidance provided in Appendix A of RG 1.183. 
Assumptions used from Appendix A of RG 1.183 are:

• The chemical form of radioiodine released to the containment atmosphere is 95% 
cesium iodide (CsI), 4.85% elemental iodine, and 0.15% organic iodide. Note that 
the methodology considers cesium iodide as an aerosol.

• The radioactivity released from the fuel is assumed to mix instantaneously and 
homogeneously throughout the free air volume of the containment.

This radiological consequence analysis considers the iodine spike DBST with two 
different initial iodine concentrations, one based on a pre-incident iodine spike and the 
other based on a coincident iodine spike. A description of the evaluated scenario is 
summarized as follows:

1) A generic failure is assumed to occur inside the CNV, resulting in the release of all 
46,700 kg of primary coolant from the RCS to the CNV.

2) The iodine and noble gas coolant activity is calculated based on the maximum 
concentrations allowed by design basis limits for each of the iodine spiking 
scenarios. The primary coolant contains a concentration of 3.7E-02 μCi/gm DE I-131 
for the coincident iodine spike scenario and 2.2 μCi/gm DE I-131 for the 
pre-incident iodine spike scenario. For both iodine spiking scenarios, the primary 
coolant contains 10 μCi/gm DE Xe-133.

3) Primary coolant flows into the CNV through a nonspecific release point with an 
instantaneous release of activity into the CNV. The release is homogenously mixed 
as vapor throughout the entire CNV free volume.

4) Activity is then assumed to leak into the environment at the design basis leakage 
rate for 24 hours, then at 50 percent of the design basis leakage rate thereafter. The 
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activity from this leak path is also assumed to flow directly to the environment with 
no mitigation or reduction by intervening structures.

5) At 30 hours, it is assumed the reactor is shut down and depressurized and releases 
through the containment to the environment stop.

The following is a summary of the assumptions used from Appendix E (main steam line 
break) of RG 1.183:

• Coincident iodine spiking factor - 500

• Duration of coincident iodine spike - 8 hours

• Iodine chemical form of 97 percent elemental iodine and 3 percent organic iodide

• Activity released from the fuel due to the pre-incident iodine spike is assumed to 
mix instantaneously and homogeneously within the primary coolant in the CNV; 
activity released from the fuel due to the coincident iodine spike is assumed to mix 
instantaneously and homogeneously within the fuel volume, then release to the 
CNV over the 8 hour coincident spiking duration

• No reduction or mitigation of noble gas radionuclides released from the primary 
system

RAI 15.00.03-1

The radioactive source term is calculated from the maximum core inventory provided 
in Table 11.1-2, multiplied by the release fractions provided in Table 12.2-29. The 
timing of the release and the radionuclide groups assumed, and the iodine removal 
mechanisms in the containment are provided in Table 12.2-28 and Table 12.2-30.

RAI 15.00.03-1

RADTRAD is used to determine the dose, as outlined in Section 15.0.3.3.8. There are no 
single failures assumed for this event. The control room model is described in 
Section 15.0.3.7.1. The potential radiological consequences of the iodine spike DBST 
are presented in Table 15.0-12.

15.0.4 Safe, Stabilized Condition

Safety analyses of design basis events are performed from event initiation until a safe, 
stabilized condition is reached. A safe, stabilized condition is reached when the initiating 
event is mitigated, the acceptance criteria are met and system parameters (for example 
inventory levels, temperatures and pressures) are trending in the favorable direction. For 
events that involve a reactor trip, system parameters continue changing slowly as decay 
and residual heat are removed and the RCS continues to cool down. No operator action is 
required to reach or maintain a safe, stabilized condition. 

Two additional considerations are discussed to show that Chapter 15 acceptance criteria 
are not challenged beyond the safe, stabilized condition. Long term decay and residual 
heat removal is discussed in Section 15.0.5 and a potential return to power is discussed in 
Section 15.0.6.
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eRAI No.: 9690

Date of RAI Issue: 06/27/2019

NRC Question No.: 01.05-42

Regulatory Basis:

10 CFR 52.47(a)(2)(iv) requires that an application for a design certification include a final safety

analysis report that provides a description and safety assessment of the facility. The safety 

assessment analyses are completed, in part, to show compliance with the radiological 

consequence evaluation factors in 52.47(a)(2)(iv)(A) and 52.47(a)(2)(iv)(B) for offsite doses; and

10 CFR Part 50, Appendix A, GDC 19, 10 CFR 50.34(f)(2)(vii) and 10 CFR 50.34(f)(2)(xxviii) for 

control room radiological habitability. The radiological consequences of design basis accidents 

are evaluated against these regulatory requirements and the dose acceptance criteria given in 

NuScale design specific review standard (DSRS) Section 15.0.3. Regulatory Guide 1.183 

provides dose assessment guidance.

Background:

NuScale topical report TR-0915-17565, Revision 3, "Accident Source Term Methodology," was 

submitted on April 21, 2019. This topical report describes the accident source term and 

radiological consequence analysis methodology for the core damage event (CDE), which is 

used to show compliance with the regulatory requirements described above. Changes to FSAR 

Chapter 15 were submitted by letter dated April 19, 2019, including description of the CDE 

accident analysis, which implements the topical report methodology for the NuScale design 

certification application (DCA).

As discussed in NuScale's supplemental response to RAI 9224 dated April 9, 2019, the CDE 

source term methodology considers a set of five severe-accident scenarios and takes the 

median value for the release fraction to the containment for each radionuclide group to provide 

a representative (not bounding) source term. However, it is unclear how uncertainty related to 

the core damage and release phenomena is accounted for in the CDE source term 
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methodology. In other words, for each of the five severe-accident scenarios, how accurately can

the release to the containment be predicted? In its independent confirmatory analysis, the staff 

noted that for scenario LCC- 05T the staff's predictions of iodine releases from the core at 48 

hours were 90% as opposed to NuScale's prediction of 55%. The staff's confirmatory analysis is

described in the staff document RES/FSCB 2019-01, "Independent MELCOR Confirmatory 

Analysis for NuScale Small Modular Reactor," ML19114A041 (proprietary), sent to NuScale by 

encrypted file in May 2019. As shown in numerous past studies for LWRs, and in particular, the 

staff's confirmatory analysis, there is considerable uncertainty in core heatup and degradation, 

specifically involving late phase core melt progression. NuScale's analysis shows only partial 

core damage resulting in release from the fuel of less than half of the volatile radionuclides, 

whereas larger amounts of core degradation and subsequent radionuclide release could 

potentially occur, especially in an unrecovered scenario.

Issue:

The staff notes that there is limited margin between the FSAR's CDE dose results and the 

control room habitability 5-rem dose limit. Because calculated dose results are generally 

proportional to the assumed release fraction to the containment and because NuScale's volatile 

radionuclide release fraction from the fuel is low, additional information is needed to clarify the 

treatment of uncertainty in the release fraction to the containment and its subsequent effect on 

the FSAR's CDE source term and dose results.

Requests:

1. Please describe in the topical report the basis and justification for assuming that partial 

core damage involving limited release of volatile fission products is appropriately 

conservative for developing the CDE release fractions to the containment to show 

compliance with the dose requirements given in the regulatory basis. 

2. Taking into consideration the uncertainty in the release fractions to the containment, would 

any applicable dose criteria be exceeded for the CDE?

NuScale Response:

As noted by the staff, the source term is the median release into containment from a set of five 

severe accidents simulated by MELCOR. These accidents were chosen because they are 
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representative of the major contributors to NuScale’s core damage frequency. Using multiple 

cases is an explicit incorporation of uncertainty in results. 

The most notable difference between the accidents with respect to the source term is the failure 

mode of the emergency core cooling system (ECCS). In two of the cases, both of the reactor 

recirculation valves (RRVs) open while all three reactor vent valves (RVVs) fail to open. In this 

type of accident, there is return of coolant from the containment vessel (CNV) to the reactor 

pressure vessel (RPV) shortly after core damage and the source term is very small. In the other 

three cases, either the RRVs fail to open while all three RVVs open, or all five ECCS valves fail 

to open. This ECCS failure results in a permanent loss of coolant from the RPV and more 

significant core damage. Therefore, there is a bi-modal distribution in source terms from the five 

severe accidents, with two on the low end and three on the high end of release fraction. Using 

the median source term ensures the core damage source term (CDST) is taken from the three 

larger releases and is notably conservative when compared to a mean source term. 

The source term to containment from the three accidents with greater release was largely 

consistent. Had one of the results been significantly higher, this would have prompted 

investigation into the cause of the divergence and potentially resulted in the use of the largest 

source term to account for uncertainty. The similar results among the three cases provides 

confidence that the median result was a reasonable representation of the spectrum of severe 

accidents.

In the report referenced by the staff (RES/FSCB 2019-01) results from three severe accidents 

were compared between the staff’s simulations and the results presented in NuScale’s FSAR 

Section 19.2. While the RAI basis cites one comparison in which the NRC’s results were 

greater, {{  

  }}2(a),(c) The result referenced in the RAI basis was the outlier. 

{{  

 }}2(a),(c) Late in an 

accident, when the RPV and CNV have reached equilibrium pressure and hydrogen production 

has halted, there is no motive force to carry radionuclides into the CNV and radionuclide 

deposition in the RPV is the most probable outcome. Increased release from fuel does not 

necessarily correspond to an increase in release to the containment. 

Another significant justification for the relatively lower releases in the CDST is the success of 

the DHRS. All five of the severe accidents that comprise the CDST had successful operation of 

both trains of DHRS. As shown in NuScale’s PRA, having successful DHRS is the most likely 

outcome, especially since the two trains are fully redundant and either is capable of removing 
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one hundred percent of decay heat. Success of DHRS slows the accident progression and 

extends the time until the core is uncovered. With less decay heat remaining when core damage

occurs, it is expected that the severity of core damage is less and the releases are lower. This is

in comparison to the six simulations in RES/FSCB 2019-01 which all had failure of DHRS. 

{{   

 

 

 

 

 

 }}2(a),(c)

There is no requirement for the source term to be demonstrably conservative in every step. 

There are significant conservatisms in the dose calculations which use this source term as 

input. For example, the entire release is condensed into a one hour duration, although the 

actual release may be over 48 hours. As specified by R.G. 1.183, “The AST…must represent a 

spectrum of credible severe accident events”. As evidenced by this response, the use of a 

median result from five accidents with a range of failures meets the guidance of R.G. 1.183 and 

has appropriate consideration of uncertainties. The best estimate results used as input to dose 

calculations are demonstrably representative. Therefore it would be inappropriate to speculate 

as to whether any dose criteria would be exceeded if the source term was arbitrarily increased. 

Impact on Topical Report:

There are no impacts to the Topical Report TR-0915-17565, Accident Source Term 

Methodology, 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 accident
source terms and dose estimates.

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. 9690, eRAI 9690. 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 31,
2019.

Zackary W. Rad




