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ATTN: Document Control Desk 
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SUBJECT: NuScale Power, LLC Submittal of Response to NRC Requests for Additional 
Information Letter No. 6 and Letter No. 11 for the Review of Topical Report TR-
0915-17565, “Accident Source Term Methodology,” Revision 1 (TAC No. RQ6004) 

REFERENCES:  

1. Letter from NuScale Power, LLC to U.S. Nuclear Regulatory Commission,
“Accident Source Term Methodology,” Revision 1, TR-0915-17565, dated
April 8, 2016 (ML 16099A394)

2. NuScale Topical Report “Accident Source Term Methodology,” TR-0915-17565,
Revision 1, dated April 2015 (ML 16099A394)

3. Letter from U.S. Nuclear Regulatory Commission to NuScale Power, LLC,
“Request for Additional Information Letter No. 6 for the Review of NuScale
Topical Report TR-0915-17565, “Accident Source Term Methodology,”
Revision 1 (TAC No. RQ6004) dated November 1, 2016 (ML 16306A008)

4. Letter from U.S. Nuclear Regulatory Commission to NuScale Power, LLC,
“Request for Additional Information Letter No. 11 for the Topical Report 0915-
17565, “Accident Source Term Methodology,” Revision 1 (TAC No. RQ6004)
dated December 23, 2016 (ML 16358A422)

In a letter dated April 8, 2016 (Reference 1), NuScale Power, LLC (NuScale) submitted the topical 
report entitled “Accident Source Term Methodology,” Revision 1 (Reference 2).  In letters dated 
November 1, 2016 (Reference 3) and December 23, 2016 (Reference 4), the NRC Staff provided 
Requests for Additional Information (RAIs) regarding the subject topical report.  

The purpose of this letter is to provide NuScale responses to the NRC RAIs. Enclosure 1 provides the 
NuScale response to RAI Letter No. 6 and RAI No. 11. The information provided in Enclosure 1 is 
nonproprietary.  

As an assist for NRC review of these RAI responses, when a response necessitated a revision or 
change to the report, redline/strikeout pages of the TR-0915-17565, Revision 1, were generated for 
the affected pages. Enclosure 2 provides the proprietary redline/strikeout pages of TR-0915-17565, 
Revision 1. Enclosure 3 provides the nonproprietary redline/strikeout pages of TR-0915-17565, 
Revision 1.  

NuScale requests that the proprietary Enclosure 2 be withheld from public disclosure in accordance 
with the requirements of 10 CFR § 2.390. The enclosed affidavit (Enclosure 4) supports this request. 

This letter makes no regulatory commitments and no revisions to any existing regulatory commitments. 
Please feel free to contact Jennie Wike at 541-360-0539 or at jwike@nuscalepower.com if you have 
any questions. 
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Sincerely, 

Thomas A. Bergman 
Vice President, Regulatory Affairs 
NuScale Power, LLC 

Distribution: Frank Akstulewicz, NRC, TWFN-6C20 
Greg Cranston, NRC, TWFN-6E7 
Omid Tabatabai, NRC, TWFN-6E7 
Samuel Lee, NRC, TWFN-6C20 

Enclosure 1:  NuScale Response to NRC Request for Additional Information Letter No. 6 and Letter 
No. 11, for TR-0915-17565, “Accident Source Term Methodology” Revision 1 

Enclosure 2: Redline/strikeout pages of NuScale Topical Report TR-0915-17565, “Accident Source 
Term Methodology,” Revision 1, proprietary version  

Enclosure 3:  Redline/strikeout pages of NuScale Topical Report TR-0915-17565, “Accident Source 
Term Methodology,” Revision 1, nonproprietary version 

Enclosure 4: Affidavit of Thomas A. Bergman, AF-0217-52946  
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NRC RAI Number:  06  NRC RAI Date:  November 1, 2016 
 
NRC Review of:  Accident Source Term Methodology, TR-0915-17565-P, Revision 1  
 
 
NRC RAI Question Number: 01.05-11 
 
 
NRC RAI Question 
 
Are there other possible design basis accidents (DBAs) to assess for radiological consequences 
that were screened out or not deemed credible in the development of the accident source term 
methodology topical report? If during the design certification application review additional DBAs 
are identified, please provide a description of what would be the applicant's method for how the 
topical report be applied or be used in these cases? 
 
 
NuScale RAI Question Response 
 
One DBA that was deemed not credible is the drop of the NuScale Power Module (NPM). The 
NPM is moved with the Reactor Building Crane, which is single-failure-proof and meets the 
criteria of NUREG-0554 and ASME NOG-1 for Type I cranes. Consideration of the NPM drop 
event is addressed in the Final Safety Analysis Report (FSAR) Chapter 19 as a beyond design 
basis event. 
 
Chapter 15 of the NuScale Final Safety Analysis Report (FSAR) presents the spectrum of DBAs 
for the NuScale design. The establishment of the design basis accident spectrum analyzed in 
Chapter 15 of the FSAR was outside of the scope of TR-0915-17565. As stated in the abstract 
and implied elsewhere in the report, this report describes the methodology used for establishing 
the source terms and radiological consequences for a spectrum of design basis accidents 
typical for Chapter 15 analyses.  
 
If new DBAs with radiological consequences are postulated, NuScale will determine whether a 
revision to this report is required, using the applicable change control processes. 
 
Impact of NRC RAI Question Response on TR-0915-17565: 
 
This RAI response does not require a revision to the report. 
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NRC RAI Question Number: 01.05-12 

NRC RAI Question 

Considering the 10 CFR 52.47 requirement to assess the radiological consequences of an 
accident for purposes of site analysis, how are multi-module considerations taken into account 
to determine what NuScale is calling the “design basis source term” accident? 

NuScale RAI Question Response 

NuScale follows the approach of the 2012 NEI position paper on SMR source terms (Reference 
7.2.20 of the report) by referring to the scenario described in footnote 3 of 10 CFR 
52.47(a)(2)(iv) as the maximum hypothetical accident (MHA). A source term design basis 
accident (STDBA) is a postulated accident scenario, meant as a surrogate to the large break 
LOCA typically evaluated by LWRs, to meet the regulatory intent of addressing the MHA. 
NuScale’s methodology utilizes the design basis source term (DBST) for the MHA scenario to 
meet the intent of 10 CFR 52.47(a)(2)(iv). As discussed in Section 4.2 of the report, the DBST is 
composed of a blend of key parameters, such as fuel release fractions and timing, taken from a 
spectrum of STDBAs. 

For the NuScale design, the STDBAs are single module events. The DBST is therefore a single 
module event.  A single-module DBST is consistent with 10 CFR 52.47(a)(2)(iv), which requires 
an assessment of plant design features to mitigate the radiological consequences of accidents. 
Assessment is based upon an assumed fission product release from the core into the 
containment, and considers postulated site parameters to evaluate offsite radiological 
consequences.  

Both the NuScale radiological consequences assessment, required by 10 CFR 52.47(a)(2)(iv) 
and a license applicant’s site analysis performed under 10 CFR 52.79(a)(1)(vi)) or 10 CFR 
50.34(a)(1)(ii) evaluate the capabilities of “the facility” to limit radiological consequences to 
prescribed offsite dose limits. A “utilization facility” is defined in 10 CFR 50.2 (applicable by way 
of 10 CFR 52.1(b)) as “any nuclear reactor…,” and a “nuclear reactor” is in turn defined as “an 
apparatus…designed or used to sustain nuclear fission.” Thus, NuScale understands “the 
facility” subject to assessment under 10 CFR 52.47(a)(2)(iv) to refer to a single reactor, 
comparable to a nuclear power unit as that term is defined in 10 CFR Part 50 Appendix A. 
Accordingly, it is consistent with 10 CFR 52.47(a)(2)(iv) to assess the radiological 
consequences from a single unit’s fission product release.  

The assessment of radiological consequences on a single-unit basis is also consistent with 
precedent. Multi-unit sites have not previously assessed the radiological consequences of 
multiple reactor fission product releases when determining the design basis accident source 
term. Although multi-unit sites sometimes share SSCs that perform important to safety functions 
(e.g., ultimate heat sink, emergency power), application of the General Design Criteria (GDCs), 
particularly GDCs 2, 3, 4, and 5, adequately protects against a multi-unit accident.  

In an October 25, 2016 letter entitled, “Response to NuScale Power, LLC Key Issue Resolution 
Letter, Supplemental Response Regarding Multi-Module Questions,” (ML16229A522), NRC 
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acknowledged the role of appropriate design provisions in preventing multi-unit accidents. As 
stated therein: 
 

NRC regulations in Appendix A to 10 CFR Part 50 state requirements that 
address hazards within the design basis - internal and external to a plant. These 
requirements are stated most notably in Appendix A, General Design Criterion 2 
– Design bases for protection against natural phenomena, Criterion 3 – Fire 
Protection, and Criterion 4 – Environmental and dynamic effects design bases. 
These requirements address assurance that a single hazard would not render 
SSCs important to safety incapable of performing their intended safety function. 
Criterion 5 – Sharing of structures, systems and components states that SSCs 
important to safety shall not be shared among nuclear power units unless it can 
be shown that such sharing will not significantly impair the SSC’s ability to 
perform the safety function. For example, the NRC staff expects that provisions 
will be included in the station design to prevent fires or floods initiated in one 
nuclear power unit from spreading to another nuclear power unit and causing the 
failure of safety-related equipment associated with that nuclear power unit. 
Typical hazards include internal fires, internal flooding, and natural phenomena 
(e.g., seismic events and high winds). 

 
Specific treatment of these GDCs in the NuScale design is beyond the scope of this report. An 
applicant referencing the report would need to consider the impact on DBST if GDCs 2, 3, 4, or 
5 were not met for a multi-module design. As to the NuScale design in particular, these GDCs 
are addressed in the applicable system design descriptions in the NuScale FSAR. All safety-
related systems are module (unit) specific, except for the ultimate heat sink, which is capable of 
performing its safety function for a limiting 12 module heat load. The safety-related systems are 
protected from internal events and external events, and adverse system interactions between 
units have been considered. Unlike other multi-unit designs, NuScale further addresses 10 CFR 
52.47(c)(3), to ensure that no restrictions in operating configurations or interface requirements 
are necessary to ensure the safe operation of any operating NPMs during installation, testing, or 
startup of subsequent NuScale Power Modules (NPMs). See Chapter 21 of the NuScale FSAR 
for additional information.  
 
The NRC’s October 25, 2016 letter further states (underline added for emphasis): 
 

[T]he NRC staff’s expectation is that applicants with modular plant designs will 
use information related to the interaction between plant SSCs in conjunction with 
risk insights from consideration of the modular design and operation (refer to 
Standard Review Plan (SRP) Chapter 19.0) to appropriately categorize events 
and determine the design basis accidents (DBAs) for the plant design, including 
any credible nuclear power unit events or accidents resulting from the modular 
design. This would include a description of the scenarios considered and 
determination of the event category for any potential DBAs that are unique to the 
design or may not have been previously described in the SRP as applicable to a 
single-reactor unit, including the DBAs used to evaluate potential radiological 
consequences for the safety and siting assessment. 

 
 
The NuScale design basis applies GDCs 2, 3, 4, and 5 consistent with other multi-unit designs 
in order to prevent accidents in multiple units. Risk insights from consideration of the modular 
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design and operation were used to appropriately categorize events. Probabilistic Risk 
Assessment (PRA) was used to evaluate scenarios, excluding those initiated by external 
events, in which there is a potential for the STDBAs to involve multiple modules. The results of 
the multi-module PRA presented in Chapter 19.1.7 of the FSAR show that the risk from internal 
events to multiple modules at full power is extremely low. The frequency of scenarios that result 
in core damage to more than one reactor module was found to be much less than the frequency 
of the STDBAs developed for a single module that experiences core damage.  Accordingly, the 
existing single-unit radiological consequence assessment is used for the NuScale design and 
STDBAs involving core damage in multiple modules were not considered in the determination of 
the DBST.  
 
Note that emergency planning and the emergency planning zone (EPZ) are outside the scope of 
this report. Relative to establishment of the EPZ, NRC stated the following in the October 25, 
2016 letter, “consideration of more than a single module in development of the source terms 
and technical basis to evaluate EPZ size is appropriate.” 
 
Impact of NRC RAI Question Response on TR-0915-17565: 
 
This RAI response does not require a revision to the report. 
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NRC RAI Question Number: 01.05-13 
 
 
NRC RAI Question 
 
On pages 13-16 in Section 3.1 of the topical report provides information on applicable software. 
Does the proposed methodology require the use of these specific computer codes, or may 
NuScale (or a subsequent COL applicant or licensee) use a different code when implementing 
the methodology? If a specific code is required, the specific code version should be listed. 
 
NuScale RAI Question Response 
 
The proposed methodology of the report was developed based upon use of the following 
software. The versions currently used for NuScale analyses are also listed.  
 
 

• SCALE 6.1.3 
• NARCON 1.0.1 (NuScale version of ARCON96 with input/output edit differences) 
• NMAEROS 1.0.0 (NuScale version of MAEROS (October, 1982) with input/output edits) 
• RADTRAD Version 3.10 
• MELCOR 2.1 
• NRELAP5 Version 1.3 
• STARNAUA Version 1.04 
• pHT Version 1.0.1 
• MCNP6 Version 2.0  

 
The software codes listed above are subject to occasional adjustments and corrections (e.g., 
input/output functions or numerical techniques that improve execution time) without affecting the 
basic solution technique or results. Software is also subject to error correction processes that 
can update version numbers. Accordingly, the proposed methodology of the report used the 
above codes, but does not require use of the specified software versions. 
 
Impact of NRC RAI Question Response on TR-0915-17565: 
 
Clarification is provided for the use of MCNP6 and NuScale-specific versions of ARCON96 in 
Section 3.1 and MAEROS in Section 4.3.10. 
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NRC RAI Question Number: 01.05-14 

NRC RAI Question 

The staff requires the following information related to the discussion of design basis accidents 
(DBAs) in the topical report in order to complete its review: 

a) Does each DBA assume worst single failure and loss of offsite power (LOOP)? If not, justify
why not. 

b) In the descriptions of the rod ejection accident (Section 3.2.1), main steam line break outside
containment (Section 3.2.3) and steam generator tube failure (Section 3.2.4) analyses, the 
topical report states that primary coolant leaks into both Steam Generators at the maximum leak 
rate allowed by design basis limits. Does this refer to technical specification (TS) limits for 
operational leakage, accident-induced primary-to-secondary leakage as discussed in the TS 
steam generator program, or some other basis? Please provide the basis.  

c) For the rod ejection accident description in Section 3.2.1, what is the basis for the value for
leakage from secondary system isolation valves (e.g., TS limit, other)?  

d) In the Section 3.2.2 description of the fuel handling accident, the referenced guidance from
RG 1.183, Appendix B for the assumption that the iodine chemical forms are equal to 57% 
elemental and 43% organic for releases from the pool water is dependent upon the modeling of 
the pool iodine decontamination factors. Considering the proposed change in pool iodine 
decontamination factors from those provided in RG 1.183 (500 for elemental iodine and 1 for 
organic iodine), how is the assumed iodine chemical form of the release from the pool affected? 

e) With respect to the description of the failure of small lines carrying primary coolant outside
containment (Section 3.2.5); The containment isolation valve leakage is assumed to be based 
on design basis limits – does this refer to TS limits on unidentified reactor coolant system 
operational leakage or some other basis? Please provide the basis. 

NuScale RAI Question Response 

a) Design basis accidents were evaluated considering the loss of AC power and concurrent
loss of DC power. In addition, the analyses evaluated the limiting single failures for dose,
primary and secondary pressure, minimum critical heat flux ratio and other acceptance
criteria. The evaluation for the loss of power and worst single failure discussions are
described in Chapter 15 of the FSAR. For many accidents and transients, the limiting
cases occur when power is available, because the loss of AC or DC power results in an
earlier reactor trip and safety system actuation. Transient analysis cases were run to
determine the worst single failure for radiological consequence maximization. Outputs
from these cases were then used as inputs in the accident radiological analysis, from
which the limiting dose consequences are determined.

b) The basis for the specific value of the limit is independent of the methodology that
NuScale is seeking approval for in the report. The methodology only seeks to instruct
how to utilize the limit when the limit is provided as a given input. For some cases, where
the Technical Specification limit is consistent with the design basis limit, such as primary
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to secondary leakage of 150 gallons per day (gpd), that value was used in the 
calculations. Some design basis limits do not have corresponding Technical 
Specification limits. The term “design basis limits” is used in the report because the 
report design basis limits reflect limits to which the system must be designed. The 
Technical Specifications and programs established by the Technical Specifications, such 
as leakage testing for containment isolation valves (CIVs), protect the design basis limits 
assumed in the safety analysis. Some margin may exist such that the design basis limits 
and the Technical Specification limits may be different from one another. For example, 
for events where a single CIV is relied upon to maintain containment integrity (due to 
single failure of the redundant valve or component), the valve leakage was 
conservatively assumed to be equal to the maximum allowed Technical Specification 
leakage limit for the containment. 

c) Leakage from the Steam Generator through the Feedwater Isolation Valves and Main
Steam Isolation Valves is based on the maximum allowed leakage for the containment of
8.2E-03 cfm for 30 hours after the event. The RCS is assumed to be de-pressurized
within 30 hours. The assumed leakage value bounds the acceptance criteria for the
leakage testing of the valves such that actual leakage is expected to be less than the
analysis assumption.

d) The iodine chemical forms of 57 percent elemental and 43 percent organic were not
used in the calculation. Rather, Equation 3-3 of the report calculates an overall effective
decontamination factor (DF) based on the assumed organic/inorganic ratio and
corresponding decontamination factors. The initial iodine source term is divided by this
effective decontamination factor in the modeling for this event. See the response to
question 01.05-18(d) for a detailed basis for the use of the assumed organic/inorganic
ratio. Equation 3-2 of the report calculates the decontamination factor of inorganic iodine
as a function of pool depth.  Additionally, as noted in the NRC Regulatory Issue
Summary (RIS) 2006-04 (Reference 7.2.11), an overall DF of 200 is achieved when the
DF for elemental iodine is 285, instead of 500. With the use of Equation 3-3, this
corresponds to an organic fraction of 0.15 percent and an organic fraction of 99.75
percent. Section 3.2.2 of the report has been modified to remove the reference to the
RG 1.183 iodine chemical forms of 57 percent elemental and 43 percent organic
assumption.

e) For the failure of small lines carrying primary coolant event, the design basis limit for
primary to secondary leakage (150 gpd) is consistent with the Technical Specification
limit. The design basis limit for CIV leakage for this event was conservative with respect
to the maximum allowed by Technical Specifications for containment leakage.

Impact of NRC RAI Question Response on TR-0915-17565: 

In response to NRC RAI Question 01.05-14(d), the second bulleted item in Section 
3.2.2.of the report will be deleted. 
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NRC RAI Question Number: 01.05-15 
 
 
NRC RAI Question 
 
The staff requires the following information with respect to topical report Section 3.2.2, primary 
coolant radionuclide inventory:  
 
a) Is NuScale requesting approval of the method for determining the primary coolant 
radionuclide inventory as part of the accident source term methodology topical report?  
 
b) How are the initial (equilibrium) primary coolant activity concentrations determined permitted 
by the design basis? What is the basis and justification for calculation of the values? Are the 
design basis values in the technical specifications? 
 
NuScale RAI Question Response 
 

a) NuScale is not requesting approval of the method for determining the primary coolant 
radionuclide inventory as part of this report. Chapter 11 of the FSAR presents how the 
normal operation primary coolant radionuclide inventory for the NuScale design is 
established. 
 

b) Chapter 11 of the FSAR presents how the normal operation primary coolant radionuclide 
inventory for the NuScale design is established. As described in Section 3.3.2 of the 
report, the design limits for maximum dose equivalent I-131 and Xe-133 are used to 
scale the normal operation concentrations to design limit concentrations.  See RAI 
Number 01.05-14(b) for a discussion of design basis limits and Technical Specifications.  
 
Impact of NRC RAI Question Response on TR-0915-17565: 
 
This RAI response does not require a revision to the report. 
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NRC RAI Question Number: 01.05-16 
 
 
NRC RAI Question 
 
On page 28, Section 3.3.4.4, the topical report states that pre-accident coolant radiation levels 
are neglected for any accident with damaged fuel. Since the fuel releases are relatively small for 
the NuScale design, have you completed analyses to confirm that any radioactive release from 
coolant would be negligible? Please provide the analyses. 
 
NuScale RAI Question Response 
 
The pre-accident coolant radiation levels are based on a 0.028 percent failed fuel fraction, of 
which only a fraction of the radionuclides in the failed fuel are released into the coolant, based 
on the isotope specific escape coefficient. Primary coolant cleaning systems further reduce this 
pre-accident coolant radionuclide content. The events in which damaged fuel rods are the 
source of radiation are the fuel handling accident (FHA) and the DBST. For the DBST, Table 5-9 
of the report shows 22 percent of the core inventory of halogens are released into containment 
for the median case. A fraction of 0.028 percent is negligible compared to 22 percent, so pre-
accident coolant radiation levels being neglected is justified for the DBST. 
 
The FHA occurs in the reactor pool, therefore pre-accident primary and secondary coolant 
radiation levels are inapplicable. As noted in Section 3.3.4.7 of the report, the contribution from 
reactor pool boiling to the radiological consequences is considered.  
 
The methodology for the calculation of the radiological consequences of the rod ejection 
accident (REA) is presented in Section 3.2.1 of the report in the event fuel failures were to 
occur. The safety analysis for the REA determined that no fuel failures occur for the NuScale 
design, thus no radiological analysis was presented in Chapter 15 of the FSAR for the REA. An 
example analysis for one fuel assembly with all fuel pins damaged is presented in Table 5-6 of 
the report resulting in doses below the acceptance criteria. One fuel assembly of damaged fuel 
in the NuScale 37 fuel assembly core is an approximately 2.7 percent failed fuel fraction, which 
makes any contribution from the expected maximum 0.028 percent failed fuel fraction during 
normal operation negligible. Therefore, in the event of calculated fuel damage from the REA, 
pre-accident coolant radiation levels are neglected in the calculation of accident radiological 
consequences.  
 
 
Impact of NRC RAI Question Response on TR-0915-17565: 
 
This RAI response does not require a revision to the report. 
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NRC RAI Question Number: 01.05-17 
 
 
NRC RAI Question 
 
On page 28 of the topical report, Section 3.3.4.6, with respect to the radiation shine radiological 
consequences; are the shine doses calculated for the event with the largest activity release to 
be applied to each of the DBAs? Please provide a description of the evaluation of shine dose for 
each DBA. 
 
NuScale RAI Question Response 
 
The shine dose for the bounding event is calculated and applied to each of the DBAs rather 
than specifically calculating the shine dose for each event. 
 
Impact of NRC RAI Question Response on TR-0915-17565: 
 
Section 3.3.4.6 of the report will be revised to clarify that the shine dose from the bounding 
event is applied to all events rather than specifically calculating the shine dose for each event. 
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NRC RAI Question Number: 01.05-18 
 
 
NRC RAI Question 
 
On page 32, Section 3.3.8, the topical report proposed use of the exponential function from the 
Burley paper (U.S. Nuclear Regulatory Commission, “Evaluation of Fission Product Release 
and Transport for a Fuel Handling Accident,” Oct. 1971) applied to greater pool depth than 
considered in the reference. The staff requires the following information to complete its review of 
this topic:  
 
a) Is there an upper limit on iodine decontamination factors related to capability of water to 
remove either inorganic or organic iodine in regards to use of the reference Burley paper, 
including any other reference on the topic considered by the applicant?  
 
b) Please provide the analyses for determination of the pH of the reactor building pool for the 
NuScale design and indicate how the reactor building pool pH affects decontamination.  
 
c) Justify how the NuScale fuel design meets the release pressure assumption from the Burley 
paper of 1200 psig or less.  
 
d) What is the basis for the organic/inorganic iodine ratio assumption for NuScale? Would the 
ratio be different than that assumed for large light water reactors? 
 
NuScale RAI Question Response 
 

a) There is an upper limit on the total iodine decontamination factor of 400 per page 13 and 
26 of Reference 7.2.12 (i.e., “the Burley paper”) that is fundamentally based on the 
organic iodine fraction of 0.25 percent.  
 

b) The NuScale reactor pool pH is 4.75 at nominal temperatures. Over the full range of 
possible pool temperatures the temperature effect on pH is negligible. Page 23 of 
Reference 7.2.12 (i.e., “the Burley paper”) discusses the effect of pH on partition factors 
and the value assumed in the analysis, and states “…a pH of about 5 are generally 
appropriate”. As the pH in the NuScale reactor pool is similar to the pH in a conventional 
PWR spent fuel pool, the effect of pH on the partition factors documented in 
conventional PWRs is directly applicable. 

 
c) The assumption of 1200 psig or less provided in Reference 7.2.12 (i.e.,”the Burley 

paper”) is relevant to the bubble rise velocity term in Equation 3-18 of the report. 
However, this equation is still appropriate to use for release pressures greater than 1200 
psig. The assumption of 1200 psig was implemented in RG 1.25 (circa 1972), along with 
other assumptions related to power density, fuel temperatures, and fuel exposures (i.e., 
25 GWD/MTU). The NRC letter entitled ‘Safety Evaluation by the Office of Nuclear 
Reactor Regulation Related to Task Interface Agreement 99-03 Regarding Potential 
Nonconservative Assumptions for Fuel-Handling Accident,’  (ML993340503) (circa 1999) 
documents a Safety Evaluation (SE) in regard to the assumptions identified in RG 1.25. 
The SE states “that there is reasonable assurance that adequate protection of the public 
from the effects of design basis FHAs involving fuel with peak rod average burnups as 
high as 62 GWD/MTU will continue.” Subsequent to this NRC SE, RG 1.183 (circa 2000) 
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was issued in which these assumptions from Reference 7.2.12 and RG 1.25 were not 
included. In regard to the maximum fuel rod pressurization of 1200 psig specifically, the 
appendix of the SE notes that a higher pressure may result in smaller gas bubbles, 
leading to a reduced terminal velocity, longer rise time, and thus higher decontamination. 
Therefore, the restriction of 1200 psig identified in Reference 7.2.12 is not applicable to 
high exposure fuel (i.e., 62 GWD/MTU) in conventional PWR designs or in the NuScale 
design. 
 

d) A ratio corresponding to an organic fraction of 0.0015 is derived from RG 1.183 and a 
ratio corresponding to an organic fraction of 0.0025 is derived from Reference 7.2.12.   
As the NuScale fuel design is based on conventional 17x17 PWR fuel design with similar 
geometries, materials, and fuel exposures, the ratio of organic to inorganic iodine is not 
expected to be different for NuScale compared to a conventional PWR.  
 
Impact of NRC RAI Question Response on TR-0915-17565: 
 
In response to NRC RAI Question 01.05-18(a), Section 3.3.8 of the report will be revised 
to impose an upper limit of 400 on the total iodine decontamination factor. 
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NRC RAI Question Number: 01.05-19 

NRC RAI Question 

On page 58, Section 4.2.5, for the source term design basis accident the topical report states 
that the chemical form of iodine released to containment atmosphere is assumed to be the 
same as in RG 1.183, Appendix A. What is the basis for applicability of this assumption to the 
NuScale design? 

NuScale RAI Question Response 

RG 1.183, Appendix A states that “The assumptions in this appendix are acceptable to the NRC 
staff for evaluating the radiological consequences of loss-of-coolant accidents (LOCAs) at light 
water reactors (LWRs).” 

The NuScale design is an LWR that uses a reduced height 17x17 PWR fuel design that has 
similar geometries, materials, and fuel exposures as conventional PWR fuel designs. Therefore, 
the chemical form of iodine assumed for conventional LWRs dictated by RG 1.183, Appendix A, 
is applicable to the NuScale design. 

Impact of NRC RAI Question Response on TR-0915-17565: 

This RAI response does not require a revision to the report. 
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NRC RAI Question Number: 01.05-20 

NRC RAI Question 

In Section 4.3.5 the topical report proposes that there is not a maximum limit on elemental 
iodine decontamination factor (DF) because it is a natural process. Provide additional technical 
justification for the lack of a maximum limit on the assumed elemental iodine DF. The 
referenced information from Position 3.3 of Appendix A to RG 1.183 applies to the assumptions 
for particulate (aerosol) removal DF, not elemental iodine DF. 

NuScale RAI Question Response 

The methodology conservatively does not take credit for elemental iodine removal. Rather, only 
aerosol removal is credited.   

Impact of NRC RAI Question Response on TR-0915-17565: 

Section 1.2, Section 4.3.5, and Section 6 of the report will remove the word “elemental” from the 
phrase “the assumption that no elemental iodine decontamination factor limit should be applied 
to natural aerosol removal phenomenon in the NuScale containment.” Additionally, Section 
4.3.5 of the report will be revised to clarify “Aerosol and Elemental Iodine Removal” and to state 
that NuScale does not take credit for elemental iodine removal. 
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NRC RAI Question Number: 01.05-21 

NRC RAI Question 

Section 4.5.6 of the topical report states that the amount of iodine re-evolution that could occur 
between pHT values of 6.0 and 7.0 is negligible. Please provide the basis for this statement in 
the topical report and any calculations used to confirm that the iodine re-evolution is negligible 
based on the calculated pHT for the NuScale design. 

NuScale RAI Question Response 

Following the DBST event for the NuScale design, the minimum calculated post-accident pHT is 
6.6. A pHT of 6.5 is assumed for the purpose of this RAI response. The nominal iodine 
concentration in the water inside the containment following the DBST event is calculated to be 
1.53E-4 gram-atoms/liter for the NuScale design. Using the equations for iodine re-evolution 
from Section 3.2 of NUREG/CR-5950 (Reference 7.2.52), which is the basis for Figure 4-24 of 
the report; an iodine re-evolution of approximately 0.05 percent for a pHT of 6.5 is calculated.  

A sensitivity study was performed that accounted for the contribution of this approximately 0.05 
percent re-evolution of iodine in containment to the dose, as shown in the table below. 

Table 1 – Sensitivity of Dose to Iodine Re-evolution 

Case 

Control Room 
Technical 
Support 
Center 

Exclusion 
Area 

Boundary 

Low 
Population 

Zone 
Acceptance Criteria 

<5 rem <5 rem <25 rem <25 rem 
Dose (rem TEDE) 

Baseline DBST dose 2.29 1.30 0.50 1.44 
Contribution to Dose 
from Iodine Re-
evolution 

0.015 0.009 0.001 0.010 

Percent of Baseline 
DBST dose 

0.67% 0.66% 0.15% 0.67% 

The dose caused by iodine re-evolution in containment is shown to be less than 0.7 percent of 
the baseline DBST dose that did not include iodine re-evolution, demonstrating that the 
contribution from iodine re-evolution is negligible. This sensitivity study did not credit any 
decontamination of the re-evolved iodine, which is conservative. 

Impact of NRC RAI Question Response on TR-0915-17565: 

This RAI response does not require a revision to the report. 
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NRC RAI Number:  11  NRC RAI Date:  December 23, 2016 

NRC Review of:  Accident Source Term Methodology, TR-0915-17565-P, Revision 1  

NRC RAI Question Number: 01.05-31 

NRC RAI Question 

In the NRC staff's review of the topical report (TR), "Accident Source Term Methodology," TR-
0915-17565-P, Rev. 1, the staff requires the following information to complete its review. Also, 
the staff requests that the requested information be included in the subject topical report, as 
appropriate.  

1. Pages 5 and 64: Considering the NuScale design’s unique geometry and dimensions, it
is not clear that temperatures in the containment would remain low enough to prevent re-
vaporization during a core-melt accident. Please describe the basis for assuming no re-
vaporization of aerosols in containment.

2. Page 32: The TR states “For both Category 1 and Category 2 event radiological
analyses, the containment is assumed to leak at half of the design basis limit leak rate
after 24 hours and then at half of the design basis limit leak rate thereafter.” The TR
does not provide NuScale design-specific justification for this assumption. Please
provide the basis for the assumption that the leak rate reduces after 24 hrs., including
any necessary analysis to support the NuScale assumption.

3. Page 60: Table 4-5 gives an inert species ratio range from 2 to 4.The TR states that the
range is based on experiments performed for light water reactor (LWRs).Please clarify
how these experiments are applicable to the NuScale design which is a unique design
compared with large LWRs.

4. Page 78: Table 4-9 shows an inert species ratio range from 6.8 to 68. Please clarify the
basis for the inert species ratio range in Table 4-9 including why it is different from the
inert species ratio from 2 to 4 in Table 4-5.

5. Page 78: The TR includes sensitivity calculations using a range of values shown in
Table 4-9 for each of the following parameters: CNV volume, sedimentation area,
diffusion area, condensation area, CNV radius and CNV height. Because the values of
these parameters are fixed by the geometry of the NuScale design, please clarify why
the values of these parameters were varied in the sensitivity calculations.

6. Page 89: Please elaborate and provide clarification on the purpose of the TR’s example
sensitivity analysis.

NuScale RAI Question Response 

1. As stated in Section 4.3.6 of the report, Reference 7.2.43 provides vapor pressures for
key fission products (notably those containing iodine) as a function of temperature. The
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vaporization pressure at atmospheric pressure (lower pressure is conservative for this 
evaluation) is in the range of 1500-2200 degrees F (1100-1500K). In a plot of 
containment temperatures for an example severe accident (Figure 5-10), the 
containment air, wall, and pool temperatures are at a maximum of approximately 550 
degrees F and reach temperatures of roughly 200 degrees F at 24 hours. As 550 
degrees F is much less than 1500-2200 degrees F, re-vaporization is a negligible 
transport mechanism in the containment. Although the aerosol transport modeling 
methodology does not include re-suspension and re-vaporization effects explicitly, re-
suspension and re-vaporization effects are inherently included in the benchmarked 
experiments. 
 

2. Chapter 6 of the FSAR provides the justification for this assumption. The description of 
the design basis for containment is provided in Section 6.2 of the NuScale FSAR, which 
states that for “all postulated events, containment pressure is shown to be reduced to 
less than 50 percent of the peak calculated pressure in less than 24 hours after the 
postulated accident.…Specifically, for the limiting peak pressure case, the CNV pressure 
is reduced to less than 50 percent of its peak value in less than two hours.” NuScale 
followed the guidance of RG 1.183, “Alternative Radiological Source Terms for 
Evaluating Design Basis Accidents at Nuclear Power Reactors” for modeling CNV 
leakage. Specifically, RG 1.183 Appendix A, Paragraph 3.7 indicates that “the leak rate 
may be reduced after the first 24 hours to 50% of the technical specification leak rate” for 
evaluating consequences of a LOCA.  This assumption is supported by the results of the 
CNV analysis.  
 

3. Reference 7.2.43 of the report provides an estimated percentage of fission products, 
control, and structural material inventory of core materials for Pressurized Water Reactor 
(PWR) and Boiling Water Reactor (BWR) designs based on chemical equilibrium 
calculations. This information yields an estimate for the inert species ratio of 4 
(reciprocal of 25 percent). As indicated in Table 4-5, a range of two to four has been 
measured. The NuScale fuel design is based on a conventional 17x17 PWR fuel design, 
with similar geometries, materials, and fuel composition. While the fuel assembly is half 
the height of a typical PWR fuel assembly, the ratio of control materials and fission 
products is similar. The NuScale design contains a higher ratio of structural materials, 
however only a small amount of structural materials (approximately 2-3 percent for 
conventional LWRs) would be contained in the aerosols. Therefore, the range of the 
inert species ratio for conventional PWRs and BWRs is directly applicable to the 
NuScale design. 
 

Table 2 – Estimated Percentage of Structural, Control, and Fission Product 
Material (from Reference 7.2.43) 

 

Material Estimated Percentage 
PWR BWR 

Structural 3 2 
Control 73 75 
Fission 
Products 24 23 
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4. The inert species ratio range in Table 4-9 of the report was found to contain a
typographical error. The inert species ratio in Table 4-9 should be consistent with Table
4-5 (i.e., 2 to 4). Other typographical errors were also identified in Table 4-9 that require
correction.

5. As described in the response to RAI Question Number 1.05-31(6), sensitivity analyses
were used to determine the appropriate biasing direction for an input and to check for
the possibility of a non-linear system with corresponding feedback effects. Sampling of
these “fixed” parameters allowed for a high confidence that a conservative input,
including the effect of tolerance, is utilized and that the methodology is robust (i.e., there
are no non-linear or “cliff edge” effects that result in an unexpected trend not accounted
for in the development of the methodology).

6. General sensitivity analysis methodologies are used throughout Section 4.4.1 of the
report. The sensitivity analyses are used in the accident radiological methodology to
determine the appropriate biasing direction for an input, in order to obtain a conservative
solution and to determine relative importance of the inputs. Another important use of this
sensitivity analysis is to check for the possibility of a non-linear system with
corresponding feedback effects. It is important to check for a non-linear system as
parameter importance and bias directions are not consistent in such systems. Thus, in
the case of a non-linear system, conditional bias directions have to be established in
order to ensure a robust deterministic methodology. A review of the input parameters
ranked in importance by linear, rank, and quadratic regression indicates clear
consistency for each case individually, but also between different cases. This is a strong
indication that the analysis of the NuScale design, as performed with a deterministic
methodology, results in the modeled system behaving largely as a linear system (i.e.,
consistent importance and bias directions). A statistically based nonparametric input
sampling process is implemented through automated software tools. Input parameters
are randomly varied across their pertinent range of values within the input deck and run
as a single sample whose output file gives a value.

Impact of NRC RAI Question Response on TR-0915-17565:

In response to RAI Question Number 1.05-31(4), several typographical errors in Table 4-
9 will be corrected. As a result, the inert species ratio is consistent with Table 4-5.

In response to RAI Question Number 1.05-31(6), Section 4.4.1 will be revised to include
additional clarification on how the example sensitivity analyses were used in the
development of the report methodology.
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