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March 23, 2018 
 
MEMORANDUM TO:  Joseph Colaccino, Chief 
  Licensing Branch 3 
  Division of New Reactor Licensing 
  Office of New Reactors 
 
FROM:  Mallecia A. Sutton, Project Manager   /RA/ 
  Licensing Branch 3  
  Division of New Reactor Licensing 
  Office of New Reactors 
 
SUBJECT:  SUMMARY REPORT FOR THE HYDROLOGY AND HEALTH 

PHYSICS SAFETY AUDIT (SECTIONS 2.4, 11.2 AND 11.3 OF 
THE SITE SAFETY ANALYSIS REPORT) FOR THE CLINCH 
RIVER NUCLEAR EARLY SITE PERMIT APPLICATION 

 
 
By letter dated May 12, 2016, the Tennessee Valley Authority (TVA) submitted an application to 
the U.S. Nuclear Regulatory Commission (NRC) for an early site permit (ESP) for the Clinch 
River Nuclear (CRN) Site located in Oak Ridge, Tennessee.  TVA subsequently provided 
supplemental information in support of the application and the NRC staff accepted the 
application for docketing and detailed review on December 30, 2016.  A notice of NRC’s 
docketing decision was published in the Federal Register on January 12, 2017.   
 
As part of the staff review, the Radiation Protection & Consequences Branch and Hydrology and 
Meteorology Engineering Branch in the Office of New Reactors conducted an audit of the 
documentation supporting Section 2.4, “Hydrology Engineering” and Sections 11.2.3, “Liquid 
Radioactive Releases” and 11.3.3, “Gaseous Radioactive Releases” and related sections of the 
CRN Site ESP Site Safety Analysis Report (SSAR).  The staff also audited the methodology, 
models, assumptions and calculation packages in support of SSAR Chapter 2, “Site 
Characteristics” and Chapter 11, “Radioactive Waste Management.”  This two-phase audit took 
place at the following locations:  1) the Bechtel Power Corporation (Bechtel) office in Reston, 
Virginia from April 14-17, 2017, and 2) the TVA Knoxville Complex offices in Knoxville, 
Tennessee, as well as the Clinch River Nuclear Site and surrounding areas, from April 24-27, 
2017.  The audit agenda and a list of the audit participants is included as Appendix A and 
Appendix B, respectively. 
 
 
CONTACTS: Mallecia A. Sutton, NRO/DNRL  Allen Fetter, NRO/DNRL 

301-415-0673      301-415-8556 
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The audit plan used to support these interactions is located in NRC’s Agencywide Documents 
Access and Management System (ADAMS) under Accession No. ML17069A045.  The staff 
developed an initial list of 44 information identifying needs to gain a better understanding of the 
detailed analyses and bases underlining the application.  During audit interactions staff 
discussed hydrology and health physics topics that included the site setting, and potential 
effects of floods, dam failures, ice effects, low water considerations, groundwater, radionuclide 
source terms and exposure pathway doses, and accidental releases of radioactive liquid effluent 
in groundwater and surface waters for the proposed site.   
 
Subsequent to the October 27, 2017 audit closure, the applicant submitted supplemental 
information to the CRN Site ESP docket that was required by the staff to make safety findings.    
The staff reviewed the applicant’s submittals and information and, where needed participated in 
follow up discussions with the applicant for clarification of the supplemental information 
provided.   
 
The enclosed Audit Report contains in the audit agenda in, Appendix A, a list of the audit 
participants Appendix B, and Appendix C a description of audit activities and a summary of the 
issues discussed and the status/resolution of the information needs that were outlined in the 
audit plan.  
 
 
Docket No. 52-047 
 
Enclosures: 
1. Summary Audit Report 
2. TVA Safety Audit Report 
3. Appendix A Audit Agenda 
4. Appendix B Audit Participants 
5. Appendix C: CRN Site Status 
 
cc w/encl.:  See next page 
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SUMMARY TENNESSEE VALLEY AUTHORITY CLINCH RIVER NUCLEAR  
EARLY SITE PERMIT APPLICATION HYDROLOGY AND HEALTH 

 PHYSICS SAFETY AUDIT REPORT 
APRIL 17–19, 2017 AND APRIL 24–27, 2017 

 
 
 

1.0 BACKGROUND 
 

The Tennessee Valley Authority (TVA) submitted ground and surface water modeling 
documentation to the U.S. Nuclear Regulatory Commission (NRC) as part of their Clinch River 
Nuclear (CRN) Site Early Site Permit (ESP) Application.  In preparation for the audit, the staff 
reviewed the documentation within Sections 2.4, “Hydrologic Engineering” 11.2.3, “Liquid 
Radioactive Releases” and 11.3.3, “Gaseous Radioactive Releases” and related sections of the 
Site Safety Analysis Report (SSAR) and the Environmental Report (ER) and, identified 
information needs to gain a better understanding of the detailed analyses and bases underlying 
the application. 
 
In conjunction with the audit, several members of the staff visited the proposed site location and 
surrounding area in an effort to become familiar with the site setting and layout.  This provided 
the staff with additional insight as to the relevance of the information needs that were identified 
during the staff’s initial review of Sections 2.0, “Site Characteristics”, 2.4, 11.2.3, and 11.3.3 and 
related sections of the SSAR and ER.  During the audit, the staff reviewed the normal and 
accidental radionuclide source terms, exposure pathway doses, ground and surface water 
models, supporting modeling documentation and calculation packages.  The audit allowed the 
staff to better understand the bases of the radionuclide source terms and modeling results in 
order to reach safety conclusions concerning site characteristics, assess the radiological 
consequences of accidental releases to ground and surface water, and exposure pathway 
doses.  It also assisted the staff in identifying a need for requests for additional information that 
may be needed for the staff’s complete evaluation of the CRN Site ESP Application review. 

 
2.0 REGULATORY BASIS 

 
• NUREG 0800, “Standard Review Plan” 

 
• Regulatory Guide (RG) 1.206, “Combined License Applications for Nuclear Power 

Plants” 
 

• Title 10 of the Code of Federal Regulations (10 CFR) Part 20, “Standards for Protection 
Against Radiation” 

 
• 10 CFR 100.20, “Factors to be Considered When Evaluating Sites” 

 
• 10 CFR100.21, “Non-seismic Siting Criteria” 

 
• 10 CFR 100.23, “Geologic and Seismic Siting Criteria 
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• 10 CFR 52.17, “Contents of Applications; Technical Information,” subparts (a)(1)(ii) and 
(a)(1)(vi) 
 

• 10 CFR Part 50, Appendix A, “General Design Criterion 2” 
 

• 10 CFR Part 50, Appendix I, “Numerical Guides for Design Objectives and Limiting” 
 

• Conditions for Operation to Meet the Criterion "As Low as is Reasonably Achievable" for 
Radioactive Material in Light-Water-Cooled Nuclear Power Reactor Effluents” 

 
• 40 CFR Part 190, “Environmental Radiation Protection” 

 
3.0 DOCUMENTS REVIEWED 
 

• TVA CRN Site ESP Application, Revision 0 (Agencywide Documents Access and 
Management System (ADAMS) Accession No. ML16144A074) 
 

• See Appendix C:  CRN Site Information Need Status for document submittals 
 
4.0 AUDIT RESULTS 
 

• A table outlining how information needs were addressed, and their resolution status is 
provided in Appendix C. 

 
 
 
 
 
 
 
 
  
 



 
 

 
 

 

TENNESSEE VALLEY AUTHORITY CLINCH RIVER NUCLEAR EARLY SITE PERMIT 
APPLICATION HYDROLOGY AND HEALTH PHYSICS SAFETY AUDIT REPORT 

APRIL 17–19, 2017 AND APRIL 24–27, 2017 
 
 
INTRODUCTION 
 
For the hydrology and health physics, the staff conducted two audits with the applicant; on 
April 17-19, 2017, in Reston, Virginia, and on April 24 - 27, 2017, in Knoxville, Tennessee, as 
well as the Clinch River Nuclear (CRN) Site and environs.  The U.S. Nuclear Regulatory 
Commission (NRC) staff first met with the applicant at the Bechtel Power Corporation offices in 
Reston, Virginia.  The staff and the applicant met again to continue the audit at the Tennessee 
Valley Authority (TVA) Knoxville Office Complex in Knoxville, Tennessee.  The audit agenda 
and a list of the audit participants is included as Appendix A and Appendix B, respectively.  The 
primary focus of the April 17-19, 2017 audit was to discuss the accidental liquid effluent release 
source term, postulated accidental liquid radwaste tank failure analysis, and modeling methods 
related to groundwater transport described in Site Safety Analysis Report (SSAR) 
Section 2.4.13, “Accidental Releases of Radioactive Liquid Effluents in Ground and Surface 
Waters”.  The discussions at the TVA Knoxville Office Complex transitioned into the descriptions 
of the site characteristics governing radionuclide transport and, the regional and local hydrologic 
characterizations described in SSAR Section 2.4, “Hydrology Engineering” and the bases for 
normal plant parameter envelope (PPE) and accidental liquid and gaseous effluent release 
source terms and exposure pathway dose analyses for the surrogate plant described in SSAR 
Sections 2.0, “Site Characteristics” 11.2.3, “Liquid Radioactive Releases” and 11.3.3, “Gaseous 
Radioactive Releases”.  The audit information needs, status and the corresponding 
supplemental information submitted by the applicant are included as Appendix C.  While in 
Knoxville, Tennessee, the staff traveled to the CRN Site in Oak Ridge, Tennessee and visited 
the site and surrounding area.  For ease of reference, this safety audit report is organized by 
topical area discussions (i.e., Surface Water Hydrology, Groundwater Hydrology and Health 
Physics rather than two separate audit discussions. 
 
HYDROLOGY – SURFACE WATER 
 
Surface Water Hydrology CRN Site and Surrounding Area Tours 
 
Information needs listed in Appendix C were included in the request for discussions related to 
surface water hydrology.  The staff met with the applicant TVA, and its contractors Barge 
Wagoner Summer Cannon (BWSC), from April 24–27, 2017, for auditing surface water 
hydrology, which is relevant to Sections 2.4.1 through 2.4.11 of the applicant’s SSAR.  The audit 
activities were conducted at TVA offices in Knoxville, Tennessee, as well as at four major dams 
and the CRN Site power plant site.  In the TVA offices, the staff primarily discussed the 
hydrologic issues with applicant and contractor.  Initially, the staff planned to view the shoreline 
by boat; however, the Clinch River flow velocities were too fast and shoreline access restricted 
by dense brush precluded shoreline access by boat.  Field trips were conducted to various sites 
including Douglas, Cherokee, Norris, Melton Hill Dams, the CRN Site, and downstream 
Highway 58 Bridge.  The field trips allowed the staff to make observations on the following key 
topics:  (1) the hydraulic conditions controlled by the dams and their embankments, (2) the 
regional and local hydrologic characteristics of the CRN  
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Site power plant site, and (3) the Highway 58 Bridge as an obstruction against the Clinch River 
flow.  During the visits either at the dams, or at the CRN Site power plant site, and at the 
Highway 58 Bridge the staff discussed its information needs (Agencywide Documents Access 
and Management Systems (ADAMS) Accession No. ML17069A045) with the applicant.  The 
status of applicant’s responses is included in Appendix C: “CRN Site Information Need Status.” 
 
SURFACE WATER HYDROLOGY AUDIT 
 
After the audit exit briefing on April 27, 2017, the staff continued the audit as needed through 
teleconferences in order to communicate with TVA regarding some unresolved hydrologic 
issues.  Between April 27, 2017, and the audit closing date on October 27, 2017, the applicant 
provided three submittals to NRC for the surface hydrology review, including SSAR mark-ups 
and digital files (ADAMS Accession Nos. ML17157B212, ML17171A335, and ML17206A090).  
These submittals are the applicant’s responses to the hydrologic issues as indicated in the 
information needs (ADAMS Accession No. ML17069A045).  The staff will evaluate these 
submittals as supplemental information to the SSAR.  The details of the audit status and results 
for the surface hydrology are reported and categorized into the following 9 topics below.  
 
Low Flow Analysis 
 
The staff noted that in the SSAR the applicant discussed that there is a 0.1 percent probability 
that a daily, average minimum flowrate of 400 cubic feet per second (cfs) could be released 
from the Melton Hill Dam into the Clinch River.  The staff requested that the applicant clarify the 
development of the probability estimate associated with the 400 cfs flowrate.  The staff checked 
TVA’s 2008 Environmental Report (ADAMS Accession No. ML081850568) and found that the 
400 cfs flowrate was the average 7-day, 10-year low flowrate resulting from a low flow 
frequency analysis.  During the audit at TVA headquarters, the staff and the applicant discussed 
the applicant’s detailed computations for the low flow probability.  The staff requested that the 
applicant clarify the inconsistency associated with the probability of the 400 cfs flowrate 
between the 2008 ER and the SSAR.  The applicant agreed to revise the SSAR 
Section 2.4.11.1.1 regarding development of the probability estimate associated with the 400 cfs 
flowrate.  The staff will verify that this information as discussed during the audit is included in 
Section 2.4.11, “Low Water Considerations” of the Safety Evaluation Report (SER). 
 
Stream Floods 
 
The staff noted that in the SSAR the applicant addressed the flood history at the CRN Site.  The 
staff requested that the applicant provide copies of the source information of the historical flood 
profiles, and the applicant’s Clinch River Flood Report.  The applicant provided the staff with the 
requested information during the site audit.  The information detailed the historical flood profiles 
included engineering drawings of the maximum natural and regulated flood profiles prior to 
1951.  The applicant’s Clinch River Flood Report contained information on how the historical 
flood elevations prior to 1959 were derived.  The staff reviewed engineering drawings and 
the Clinch River flood report.  The applicant agreed to revise SSAR Section 2.4.2.1 and 
Table 2.4.2-1 regarding the flood history at the CRN Site.  The staff will verify that this 
information as discussed during the audit is included in Section 2.4.2, “Floods” of the SER. 
 
Floods due to Hypothetical Dam Failures 
 
The staff requested that the applicant provide a more detailed description about seismic and 
hydrologic failures of any dams that could impact the CRN Site.  During the site audit and 
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reconnaissance at the dams, the applicant illustrated the hypothetical dam failure cases and 
indicated that the dams could hypothetically fail either in partial or in whole.  The applicant 
explained the differences between the sunny day failure case and the seismic failure case and 
explained that those two cases would not be critical cases when compared to the case of dam 
failure due to a hydrologic event, such as a probable maximum flood (PMF) event.  The staff 
discussed with the applicant the different dam failure cases that were related to the dam 
configurations, the flow control facilities, and the surrounding hydrologic and hydraulic 
conditions.  The applicant agreed to revise SSAR Section 2.4.2.2.  The staff will verify that this 
information as discussed during the audit is included in Sections 2.4.2 and 2.4.4, “Potential Dam 
Failures” of the SER.  
 
The staff reviewed whether the Melton Hill Dam could have direct impacts on the CRN Site if the 
dam failed.  The staff questioned how the applicant’s PMF analysis applied to the Melton Hill 
Dam.  During the site audit and reconnaissance at the Melton Hill Dam, the staff were provided 
access to walk on the Melton Hill Dam and its embankments.  The applicant explained the 
hypothetical dam breach conditions related to the configuration of the dam and the concrete 
navigation lock.  The applicant indicated an overtopping flow of the PMF would cause the 
Melton Hill Dam failure.  The staff will evaluate and compare the dam breach assumptions to the 
observed hydraulic conditions of the dam site in Section 2.4.4 of the SER.   
 
The staff requested that during the dam reconnaissance the applicant explain the model 
development associated runoff and stream flows.  The applicant illustrated the dam failure 
assumptions, including instantaneous failure, failure timing, and embankment breach 
parameters.  The applicant included the dam failure assumptions, reservoir operational rules, 
and dam rating curves in the model development for the runoff and stream flow simulation.  The 
staff asked questions about the accuracy of reservoir storage volume in the simulation and the 
computed storage volumes of the Cherokee and Douglas Dams.  The applicant detailed that 
Geographical Information System tools and spreadsheets were used to check the storage 
volumes computed by the HEC-RAS model.  The applicant provided a calculation package 
regarding the accuracy of the computed storage volumes.  The staff will verify that this 
information as discussed during the audit is included in Sections 2.4.3, “Probable Maximum 
Flood (PMF) on Streams and Rivers” and 2.4.4 of the SER. 
 
The staff noted the applicant adopted the Von Thun and Gillette method to determine the 
embankment breach configurations.  The NRC staff requested that the applicant provide 
citations and references of that method.  The applicant agreed to revise the SSAR with the 
supporting background information, and a general discussion of the method.  The staff received 
a supplement detailing the SSAR revisions and will evaluate the Von Thun and Gillette method 
in Section 2.4.4 of the SER. 
 
The staff noted that the applicant provided a schematic figure in the SSAR to locate the TVA’s 
dams associated with rivers and tributaries without a map scale.  The staff requested that the 
applicant provide a geo-reference map in the SSAR that could show the relative positions 
among the dams and the stream-path lengths associated with the dams.  The applicant agreed 
to revise the SSAR and replace the schematic figure with two geo-referenced maps.  The staff 
received supplemental information from the applicant detailing the associated SSAR revisions. 
 
The staff requested that the applicant discuss the methods and calculations for seismic and 
hydrologic dam failures as indicated in the SSAR.  The applicant explained that the hydrologic 
failures were caused by overtopping flows during a PMF event, and the seismic failures were 
considered an extreme seismic event combined with a 500-year flood or a 25-year flood.  The 
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staff asked how the 500-year flood was computed and how the applicant computed the outflows 
from the dams identified in the National Inventory of Dams (NID) for seismic failures.  The 
applicant provided a calculation package and agreed to revise the SSAR for further staff review.  
The staff noted that the applicant used the Froehlich method to determine the peak of the 
breach outflows resulting from seismic failures.  The staff will verify that this information as 
discussed during the audit is included in Section 2.4.4 of the SER. 
 
The staff requested that the applicant discuss the flood wave routing coincident with dam 
failures.  The applicant explained that the dam breach parameters were set up in the HEC-RAS 
model.  The applicant provided the staff a calculation package and agree to revise its SSAR.  
The staff will verify that this information as discussed during the audit is included in 
Section 2.4.4 of the SER. 
 
Local Drainage and Local Intense Precipitation 
 
The staff asked the applicant for clarification on how it determined the adequacy of a drainage 
condition of the CRN Site as indicated in the SSAR.  In response, the applicant clarified that the 
final grade design plan and drainage system would be provided to the staff for evaluation during 
the review of a Combined License (COL) Application and is not provided for review with the 
CRN Site early site permit (ESP) Application.  
 
The staff asked the applicant to clarify the concave area shown in SSAR Figure 2.4.1-4, 
“Representative Site Grading Plan.”  The applicant clarified that Figure 2.4.1-4 shows a 
proposed water intake location and is not meant to demonstrate the proposed topography and 
the drainage condition.  The applicant agreed to revise the SSAR to remove Figure 2.4.1-4.  
 
The staff asked the applicant to discuss the methodology that supported the local intense 
precipitation (LIP) computations.  The staff requested the detailed descriptions of the temporal 
distribution of LIP.  The applicant agreed to revise SSAR Section 2.4.2.3.1 describing the 
detailed temporal distribution of LIP.  The staff will verify that this information as discussed 
during the audit is included in Section 2.4.2 of the SER. 
 
Watershed Hydrology and Probable Maximum Precipitation 
 
In the SSAR, the applicant selected four different probable maximum precipitations (PMPs), but 
it did not provide sufficient details to describe how the PMPs were developed.  The staff 
requested clarification during the audit and the applicant provided files in the applicant’s 
electronic reading room (eRR) detailing the PMP development for the staff’s review.  The staff 
noted that the applicant described the same temporal distribution for all four PMPs.  The staff 
discussed with the applicant the methods published in the National Weather Service Hydro-
meteorological Reports (HMR) and the uses of the HMR methods in the development of the 
PMPs.  The applicant agreed to revise SSAR Section 2.4.3.2 describing the PMP development 
and SSAR Table 2.4.3-1 to include PMP depths.  The staff will verify that this information as 
discussed during the audit is included in Section 2.4.3 of the SER. 
 
The staff asked the applicant how it determined the 7980 square-mile PMP depth of 17.05 
inches in the watershed above Watts Bar Dam.  In the response, the applicant provided details 
of calculation methods and procedures for the PMP development.  The staff noted that the PMP 
development was based on the HMR methods and procedures.  The applicant agreed to revise 
SSAR Section 2.4.3 and Table 2.4.3-3.  The staff will verify that this information as discussed 
during the audit is included in Section 2.4.3 of the SER. 
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The staff noted that the applicant used the unit hydrograph method and the PMPs as input data 
to compute the surface runoffs.  The staff requested that the applicant provide clarification and 
references regarding how the applicant developed and validated unit hydrographs.  The NRC 
staff also discussed with the applicant the need of adding sub-basin unit hydrographs in the 
SSAR.  The applicant agreed to revise its SSAR with how the unit hydrographs were developed 
and provide the sub-basin unit hydrographs.  The staff will verify that this information as 
discussed during the audit is included in Section 2.4.3 of the SER. 
 
In the SSAR, the applicant addressed the non-linearity of the unit hydrographs while considering 
the sub-basin hydrologic conditions.  The applicant adjusted the unit hydrographs for the 
hydrologic non-linearity in the sub-basins, using the procedures stated in NUREG/CR-7046, 
“Design-Basis Flood Estimation for Site Characterization at Nuclear Power Plants in the United 
States of America” (ADAMS Accession No. ML11321A195).  The staff requested that the 
applicant provide details of the adjustments and the applicant agreed to provide the detailed 
description of the adjustments in an SSAR revision.  The staff will verify that this information as 
discussed during the audit is included in Section 2.4.3 of the SER. 
 
Stream Flow Simulations 
 
The staff discussed with the applicant methods and calculations to support the applicant’s 
hydrologic model development.  Through the discussions, the staff gained a better 
understanding on how the model developed and how the PMF analysis applied to the CRN Site. 
 
In the SSAR, the applicant addressed that the storage volumes of dams identified in the NID 
were included in the surface runoff and reservoir inflow computations and the NRC staff 
requested that the applicant clarify how the storage volumes were developed into the surface 
runoffs.  The applicant provided a calculation package in its eRR which contained a description 
of the computational method and details.  The staff reviewed the applicant’s calculation package 
as a supporting information to the SSAR.  The staff will verify that this information as discussed 
during the audit is included in Section 2.4.3 of the SER. 
 
In the SSAR the applicant described parameters used in the dam breach outflow computations 
for TVA dams.  The staff asked the applicant for clarification on how the dam breach parameters 
were computed in hydrological failure cases for the dams identified in the NID which are not 
owned by TVA.  The applicant clarified that dam breach outflows of dams identified in the NID 
not owned by TVA were computed by converting dam storage volumes into flow hydrographs 
and not by using dam breach parameters.  The applicant agreed to revise the SSAR.  The staff 
will verify that this information as discussed during the audit is included in Section 2.4.4 of the 
SER. 
 
The staff examined the applicant’s HEC-RAS model (ADAMS Accession No. ML16216A115) 
and found that only one model cross-section was located at the CRN Site, so the staff 
requested that the applicant clarify the adequacy of the model cross-section interval at the CRN 
Site.  At the audit, the applicant presented additional cross-sections in the upstream and 
downstream areas of the CRN Site.  The applicant agreed to provide corrected cross-section 
layouts and intervals in the HEC-RAS model.  The staff will verify that this information as 
discussed during the audit is included in Section 2.4.3 of the SER. 
 
The staff asked the applicant for clarification on the proposed earth fill that will raise a flat terrain 
on the flood plain at the CRN Site to obstruct the overbank flow on the north bank.  The 
applicant presented a USGS contour map of the CRN Site to indicate that the computed PMF 
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elevation would not be higher than original terrain elevation.  The staff will verify that this 
information as discussed during the audit is included in Section 2.4.3 of the SER. 
 
The staff asked the applicant for clarification on the adequacy of cross-section intervals in the 
area of the CRN Site, the warning notes relevant to the intervals in the HEC-RAS model output 
files, and the impact of reducing the cross-section interval on the computed PMF elevation at 
the CRN Site.  The applicant responded that adding flow cross-sections to reduce the intervals 
would not significantly change the PMF elevation at the CRN Site.  The applicant agreed to 
provide a technical memo and a calculation package regarding cross-section intervals for the 
staff to review.  The staff will verify that this information as discussed during the audit is included 
in Section 2.4.3 of the SER. 
 
The staff discussed with the applicant how the downstream Highway 58 Bridge and upstream 
Highway Bridge 95 bounding the CRN Site were considered in the PMF analysis.  On April 26, 
2017, the staff and the applicant made reconnaissance trips to these bridges.  At the bridges, 
the staff observed stream flow conditions and discussed with the applicant the potential 
obstructions of the bridges against a high flow condition.  The first stop was the Highway 95 
Bridge upstream from the CRN Site, where the staff observed the sloped bridge abutments and 
bridge configuration and estimated the backwater effect on the bridge upstream.  The second 
stop was the Highway 58 Bridge downstream from the CRN Site, where the staff could not 
access to the north abutment of the Highway 58 Bridge for an observation because of the dense 
bush around the bridge site.  The staff requested that the applicant provide the Highway 58 
Bridge profile and relevant hydraulic information shown on an engineering design drawing for 
the staff’s review.  The applicant agreed to revise the SSAR and provide the staff the bridge 
geometry files for the Highway Bridge 58.  The staff will verify that this information as discussed 
during the audit is included in Section 2.4.3 of the SER. 
 
The staff noted that the Highway 58 Bridge, located two miles downstream from the CRN Site, 
was not included in the HEC-RAS model (ADAMS Accession No. ML16216A115) for flood 
profile simulations.  The NRC staff requested that the applicant provide reasons for this 
exclusion.  The applicant responded that an informal sensitivity analysis showed insignificant 
increase of the PMF elevation by 0.1 feet (ft) at the CRN Site when the Highway 58 Bridge was 
included in the HEC-RAS model.  The applicant agreed to revise the SSAR mark-ups, as well 
as provide the staff a calculation package of the sensitivity analysis to support the insignificant 
0.1 ft increase of the PMF elevation.  The staff will verify that this information as discussed 
during the audit is included in Section 2.4.3 the SER. 
 
The staff discussed with the applicant the methodology and the calculations that supported the 
development of the runoff and stream course models and asked how the inflows were 
calculated for the model calibration.  The applicant agreed to revise its SSAR, including 
descriptions of how the inflows were calculated.  The staff will verify that this information as 
discussed during the audit is included in Section 2.4.3 of the SER. 
 
Model Calibration 
 
In the SSAR, the applicant indicated that the flood events in 1973 and 2003 were the largest 
floods in history at the CRN Site.  The staff noted that one of the flood events in 2002 was used 
to calibrate the HEC-RAS model for the Clinch River and tributaries upstream of Norris Dam.  
The staff requested that the applicant clarify the rationale for not including the 2002 flood in the 
SSAR as one of the largest floods in history at the CRN Site.  The applicant clarified that the 
2002 flood used in the calibration of the Clinch River and tributaries upstream of Norris Dam 
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was not a large flood when compared to the 1973 and 2003 floods.  Also, the applicant 
responded that the 1973 and 2003 floods had a more significant impact on the Watts Bar 
Reservoir than the 2002 flood did.  The staff also requested that the applicant provide figures to 
show the calibration results and the calibration locations for the flood events in 1973, 2002, and 
2003.  The applicant provided a calculation package for the staff to review and agreed to revise 
the SSAR.  The staff will verify that this information as discussed during the audit is included in 
Section 2.4.3 of the SER. 
 
The staff requested clarification from the applicant regarding the elevation-storage curves of 12 
reservoirs shown in in the SSAR.  The applicant agreed to revise the SSAR to discuss the 
elevation-storage curves for the 12 reservoirs and provided the verification results of three 
elevation-storage curves, as examples, related with Norris, Melton Hill, and Watts Bar 
Reservoirs.  The staff will verify that this information as discussed during the audit is included in 
Section 2.4.3 of the SER. 
 
In the SSAR, the applicant stated that the reservoir storage volume curves were verified against 
the known reservoir volumes.  The staff requested that the applicant describe the method and 
the results of the reservoir volume verification.  The applicant agreed to revise the SSAR to 
include a discussion on the method and figures of the verifications.  The staff will verify that this 
information as discussed during the audit is included in Section 2.4.3 of the SER. 
 
The staff noted that in the SSAR the applicant provided the elevation-storage volume curves of 
most reservoirs.  The staff requested that the applicant provide a discussion and reference for 
the curves used in the HEC-RAS model calibration.  The applicant agreed to revise the SSAR 
with the discussion and reference, including a calculation package as part of the reference, for 
the staff to review.  The staff will verify that this information as discussed during the audit is 
included in Section 2.4.3 of its SER.   
 
Hydraulic Parameters 
 
In the SSAR, the applicant used the HEC-RAS model to simulate the flood profiles for the PMF 
and dam failure cases.  The staff requested that the applicant provide the detailed information 
on how the hydraulic parameters were developed and used in the HEC-RAS model.  The 
applicant provided the references to address the development of the cross-sections, dam rating 
curves, reservoir storage-elevation curves, and unsteady flow rules.  The applicant agreed to 
revise its SSAR with discussions on ineffective flows, impacts of new fills on flood plain storage 
capacity, and new fills which are above PMF and away from the conveyance channel.  The staff 
will verify that this information as discussed during the audit is included in Section 2.4.3 of the 
SER. 
 
The staff noted that the applicant provided complex operational curves to reflect the operational 
rules for three dams that could directly affect the flood elevation at the CRN Site.  The staff 
requested that the applicant provide a simplified illustration showing operational curves of Norris 
Dam and the applicant agreed to revise the SSAR to provide simplified illustrations of the 
complex operational curves.  In addition, the staff requested that the applicant explain the dam 
rating curves and how the dam rating curves were applied to the flood mechanism.  The 
applicant agreed to revise the SSAR with the updated the dam rating curves illustrating the 
relationship between the flood mechanism and the dam rating curve.  The staff will verify that 
this information as discussed during the audit is included in Section 2.4.3 of the SER. 
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The staff noted that the applicant provided the wind-induced wave height at the CRN Site for a 
PMF event.  The staff requested that the applicant provide a figure to demonstrate the PMF 
elevation and the fetch length used in the wind wave calculations.  The applicant agreed to 
revise the SSAR to provide a figure to illustrate the PMF elevation in the Clinch River and the 
fetch length.  The staff will verify that this information as discussed during the audit is included in 
Section 2.4.3 of the SER.  
  
Flood Frequency Analysis 
 
The staff requested that the applicant provide a discussion regarding how a 25-year flood and a 
500-year flood were computed.   
 
In the SSAR, these floods were coincident events with the occurrence of the breach outflows 
from seismic dam failures.  The applicant explained that the 25-year and 500-year flood 
hydrographs were first generated by the unit hydrograph method along with the input data from 
the NOAA Atlas 14 precipitations.  Next, the applicant adjusted the volumes of the 25-year and 
500-year hydrographs to approximately equal the volumes of the 25-year and 500-year flood 
volumes generated from flood volume frequency analysis.  The applicant agree to revise the 
SSAR and provide a calculation package.  The staff will verify that this information as discussed 
during the audit is included in Section 2.4.4 of the SER. 
 
HYDROLOGY - GROUNDWATER 
 
Groundwater Hydrology - CRN Site and Surrounding Area Tours   
 
Info Need IDs 23 through 40 in Appendix C were included in the audit information requests for 
discussions related to groundwater hydrology.  At the TVA Knoxville Complex, the applicant 
discussed the provided Audit Information Packet which described the hydrology and health 
physics agenda, maps describing the site tour routes and stops along the way including the site 
features.  After providing a site safety briefing, the applicant provided transportation to the CRN 
Site and surrounding areas where the staff was given a guided tour of associated site features 
and dams within the watershed of the CRN site.  The CRN Site feature stops included the Bear 
Creek Water Treatment Plant (WTP), the excavated area for the Clinch River Breeder Reactor 
Program (CRBRP), the site operation center trailers, the former meteorological tower area, site 
transmission lines, the Hensley Cemetery, the aquifer pump test area, and the discharge 
location and nearest residence for the postulated accidental liquid radwaste 
release.  Subsequently, the staff returned to the TVA Knoxville Office Complex and continued 
discussions related to hydrologic site characteristics, normal PPE and accident liquid and 
gaseous effluent release source terms, and exposure pathway dose analyses. 
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GROUNDWATER HYDROLOGY AUDIT   
 
Site Parameters 
 
Site-specific distribution coefficients for retardation (i.e., Kd values) were used where available, 
others were taken from the available literature, many of which were available from the Oak 
Ridge National Laboratory (ORNL) Site in close proximity to the CRN Site.  If no Kd value was 
available for a specific radionuclide, the applicant substituted a conservative value of zero (no 
retardation).  In addition, the lowest flow rate of 400 cubic feet per second (cfs) was used for the 
dilution term at the Clinch River.  The staff noted that the methodology used to derive the 
minimum flow was not described in the SSAR.  The staff requested that the applicant describe 
how the 400 cfs and associated river flows described in SSAR Section 2.4.13 were 
derived.  The applicant indicated that the 400 cfs was derived from a TVA Hydrologic Task 
Force Study.  The applicant provided a SSAR markup to include a description of the basis for a 
400 cfs river flow.  The staff will verify that this information as discussed during the audit is 
included in Section 2.4.13 “Accidental Releases of Radioactive Liquid Effluents in Ground and 
Surface Waters” of the SER. 
 
The staff noted that the closest WTP to the site is referred to by different names in the 
SSAR.  The NRC staff requested that the naming of the plant be consistent throughout the 
SSAR and that the disposition of the plant operation described as “idle” in the SSAR be clarified 
to describe the operational status of the WTP and the permit status associated with an idled 
plant.  The applicant provided a SSAR markup.  The staff will verify that this information as 
discussed during the audit is included in Section 2.4.13 of the SER.  
 
The staff and the applicant discussed the characterization of the aquifer and derivation of the 
aquifer parameters based on the field program conducted by the applicant, the primary flow 
zones, decreasing fracture density frequency with depth, and methods of deriving permeability 
of the aquifer intervals.  The staff and applicant also discussed construction dewatering and 
available information from the CRBRP.  The applicant noted that very little to no dewatering was 
needed for CRBRP although the CRN Site excavation may require relatively more dewatering 
due to an anticipated deeper excavation.  The staff will verify that this information as discussed 
during the audit is included in Section 2.4.12, “Groundwater” of the SER. 
 
The staff and applicant discussed the last known status of the CRBRP.  The Historical Site 
Assessment (HSA) redress plan developed by the TVA/Department of Energy (DOE) was made 
available for review.  The staff reviewed the HSA redress plan and the Atomic Safety and 
Licensing Board’s (ALSB’s) 1985 order (ADAMS Accession No. ML16357A775) related to a 
review of the HSA redress plan which described the orderly shutdown of CRBRP site 
construction activities.  The staff found that the HSA and the ASLB’s order described the last 
know status of the CRBRP, but the disposition of borings and wells used to characterize the 
CRBRP were not mentioned in the HSA redress plan or ALSB’s order.  The applicant indicated 
that the disposition of the CRBRP wells and borings installed are unknown and no evidence of 
these were found during the CRNS site characterization and field study activities.  The staff will 
verify that this information as discussed during the audit is included in Section 2.4.12 of the 
SER. 
 
The staff and applicant discussed the inconsistencies in describing the backfill in the 
SSAR.  While the backfill is specifically described as Tennessee Department of Transportation 
Type A aggregate in SSAR Section 2.5, the NRC staff requested that SSAR Sections 2.4.12 
and 2.4.13 be consistent in describing the construction backfill and characterization of the 
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hydraulic properties of the backfill as described in SSAR Section 2.5.  The applicant agreed to 
perform a consistency check and provide SSAR markups.  The staff will verify that this 
information as discussed during the audit is included in Sections 2.4.12 and 2.4.13 of the SER. 
 
The staff and the applicant discussed the applicability of using information from a June 23, 
2011, DOE study to support the applicant’s conceptualization of the Clinch River as a 
groundwater flow boundary.  The staff noted that there is an additional and more recent 2013 
DOE study (which remains in draft form) describing groundwater flow conditions in the CRN Site 
vicinity.  The applicant has reviewed the draft report for the 2013 DOE study; however, as noted 
the draft report is not referenceable in its current form.  The staff noted that the 2011 DOE 
report does not unequivocally state that there is no groundwater flow beneath the Clinch River 
and that more recent studies by the DOE, site data and relevant publications should be 
reviewed to fully bound the site conceptual flow model in the SSAR, as appropriate.  The 
applicant agreed to evaluate the more recent reports, data and site information.  The description 
of additional studies and information was included in a proposed SSAR markup (ADAMS 
Accession No. ML17237C084).  The staff will verify that this information as discussed during the 
audit is included in Sections 2.4.12 and 2.4.13 of the SER.      
 
The staff met with the Tennessee Department of Environment and Conservation (TDEC) and 
the DOE on May 16, 2017, concerning recent DOE studies that indicate potential groundwater 
flow under the Clinch River from the ORNL to an area approximately two miles east of the CRN 
Site.  Based on these discussions, the information provided by TDEC and DOE, the staff 
confirmed that the applicant’s understanding of the CRN Site should include a more in depth 
evaluation of the Clinch River as a hydrologic boundary for groundwater flow from the CRN 
Site.  The staff will verify that this information as discussed during the audit (ADAMS Accession 
No. ML17237C084) is included in Sections 2.4.12 and 13 of the SER.  Based on the staff’s 
conversations with the DOE and TDEC, the DOE indicated that their study findings are currently 
being developed into a draft report which will not be finalized for at least one year and likely 
longer.  During a subsequent staff conversation on September 13, 2017, the DOE and the 
USGS, the DOE indicated that over the next one to two years the USGS will be also be 
developing a refined groundwater modeling study of the ORR that will include the area of the 
CRN Site.  The staff communicated this information to the applicant during a September 18, 
2017, call requesting that that the applicant review the DOE study once available to evaluate 
any new and significant information that may affect the conceptual understanding of the CRN 
Site groundwater flow system.   
 
While the applicant described community groundwater users in the site vicinity, the staff noted a 
lack of description in the SSAR regarding individual groundwater users in the area of the CRN 
Site.  The staff noted that residential locations are shown on ER Figure 2.7.6-1 and had 
questions concerning the data used for the residential locations and how the data was 
collected.  The applicant clarified that the data was collected through observations made by 
drive-by surveys using a hand-held global positioning system to locate the residential locations.  
The staff requested that the applicant gather the available information on individual residential 
users from databases such as those maintained by TDEC and ORNL and include this 
information in the SSAR Sections 2.4.1 and 2.4.12.  The staff and applicant discussed potential 
sources of additional data on individual groundwater users, including information from ORNL 
and the TDEC.  Based on these discussions with the staff, the applicant contacted TDEC to 
obtain and review sources of additional data and to update the SSAR with a discussion of these 
data sources and individual groundwater users in the vicinity of the site.  The applicant provided  
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a SSAR markup with this information (ADAMS Accession No. ML17200C887).  The staff will 
verify that this information as discussed during the audit is included in Section 2.4.12 of the 
SER.  
 
Postulated Accidental Liquid Radwaste Tank Failure Analysis 
 
As part of the CRN Site tour, the staff visited the discharge location for the postulated accidental 
liquid radwaste tank failure and observed the receptor location (nearest residence) in the 
southwest meteorological directional sector.  The methodology, model, parameters, and 
assumptions considered in the accidental liquid effluent release source term and postulated 
accidental liquid radwaste tank failure analysis is described in SSAR Section 2.4.13.  
 
The staff and applicant discussed the basis of the accidental liquid effluent release source term 
for the two proposed vendors.  The applicant assigned alphabetical identifiers (i.e., Vendors A 
and B) in lieu of vendor names to avoid identification of trade names associated with the 
accidental liquid effluent release source terms is provided in SSAR Section 2.0, Tables 2.0-5, 
2.4.13-1, and 2.4.13-2.  The basis of the accidental liquid effluent release source term is 
described in the TVA letter to the NRC dated December 2, 2016 (ADAMS Accession No. 
ML16340A258). 
 
The staff requested clarification from the applicant as to which vendor was considered for the 
postulated accidental liquid radwaste tank failure analysis, the failed fuel percentage used in the 
accidental liquid effluent release source term, and the volume of the liquid radwaste tank 
used.  The applicant clarified that the accidental liquid effluent release source term based on 
one percent failed fuel was for Vendor A and the liquid radwaste tank volume was 10,000 
gallons.  The applicant explained the rationale for selecting the accidental liquid effluent release 
source term in the postulated accidental liquid radwaste tank failure analysis.  The staff noted 
that the applicant used an one percent failed fuel fraction while the guidance in 
DC/COL-ISG-013, “Assessing the Radiological Consequences of Accidental Releases of 
Radioactive Materials from Liquid Waste Tanks for Combined License Applications” (ADAMS 
Accession No. ML12191A325, as incorporated into BTP 11-6, “Postulated Radioactive 
Releases Due to Liquid-containing Tank Failures” (ADAMS Accession No. ML15027A401)), 
suggests that radionuclide concentrations and the total inventory of radioactive materials used is 
based on an expected failed fuel fraction of 0.12 percent of the operating fission product core 
inventory being released to the primary coolant for a pressurized water reactor.  The staff 
requested that the applicant identify the failed fuel fraction for the postulated accidental liquid 
radwaste tank failure analysis in the ESP Application.  The applicant indicated that the vendor 
assumed this high failed fuel fraction in the accidental liquid effluent release source term for 
conservatism.  The applicant provided a SSAR markup (ADAMS Accession No. ML17178A330) 
with this information.  The staff will verify that this information as discussed during the audit is 
included in Section 2.4.13 of the SER. 
 
The staff and applicant discussed the use of the dose conversion factors for ingestion from 
Federal Guidance Report (FGR) 11 (Environmental Protection Agency, EPA 520/1-88-020, 
“Federal Guidance Report No. 11, Limiting Values of Radionuclide Intake and Air 
Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion” (1988)) 
and the dose conversion factors for ground deposition and immersion from FGR 12 (EPA, 
EPA-402-R-93-081, “Federal Guidance Report No. 12, External Exposure to Radionuclides in 
Air, Water, and Soil,” (1993)).  The LADTAP II code calculates total body and organ doses; 
whereas, the pubic dose limit in 10 CFR 20.1301 is expressed in total effective dose equivalent 
(TEDE).  The applicant provided the electronic files in native format for the hydrology and health 
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physics codes (ADAMS Accession No. ML16280A066).  The staff will verify that this information 
as discussed during the audit is included in Section 2.4.13 of the SER.      
 
The staff noted that the accidental liquid effluent release source term with one percent failed fuel 
results in a calculated exposure pathway dose of 93 millirem (mrem) TEDE using the guidance 
in Regulatory Guide (RG) 1.109, “Revision 1, “Calculation of Annual Doses to Man – From 
Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR 
Part 50, Appendix I” and the dose conversion factors in FGRs 11 and 12, which is near the 
annual NRC dose limit of 100 mrem TEDE to a member of the public.  The applicant 
acknowledged that this calculated dose is near the public dose limit, but given the conservative 
nature of the postulated accidental liquid radwaste tank failure analysis and its assumptions, the 
calculated dose complies with the NRC public dose limit. 
 
The staff and applicant discussed the applicability of the radionuclide transport equations 
described in NUREG/CR-3332, “Radiological Assessment, A Textbook on Environmental Dose 
Analysis" (2009) (ADAMS Accession No. ML091770419) as applied in Equation 2.4.13-1 in 
SSAR Section 2.4.13 with the accidental liquid effluent release source term, radionuclide 
characteristics, and dilution parameters, and the correct groundwater dilution equation 
(Equation 4.41) in NUREG/CR3332.  The applicant demonstrated how the NUREG/CR-3332 
transport/dilution equations were translated to Excel spreadsheet calculations by stepping 
through the equations, parameters, and assumptions.  The staff and applicant discussed SSAR 
Table 2.4.13-5 to gain a better understanding on how the radionuclide transport analysis was 
implemented.  The applicant agreed with the staff’s request to include the S.W. Taylor and 
H. Guha reference (Groundwater 55, no. 1: 63–72) providing the applicability and methodology 
for the NUREG/CR-3332 radionuclide transport equations in a SSAR markup.  In addition, the 
applicant agreed with the staff’s request to provide the Excel spreadsheet calculations in native 
format.  The applicant provided the SSAR markup (ADAMS Accession No. ML17167A150) and 
Excel spreadsheet in native format (ADAMS Accession No. ML17143A417) for the staff to 
review.  The staff will verify that this information as discussed during the audit is included in 
Section 2.4.13 of the SER. 
 
The staff and applicant discussed the additional conservatisms and the approach used in the 
radionuclide transport analysis.  Conservatisms outlined by the applicant included decaying 
terms to 50 years to allow selection of the peak daughter product activities for use in the 
resulting dose calculations.  Time to peak activity concentrations were evaluated based on a 
transport travel time to the receptor of less than one year for all peak activity concentrations 
regardless of when the time to peak concentrations were calculated providing additional 
conservatisms.  Therefore, all peak activity concentrations are assumed to arrive at the receptor 
simultaneously with peak activity concentrations coinciding with the travel time (less than one 
year). 
 
The methodology of the NUREG/CR-3332 radionuclide transport equations and assumptions is 
used in the radionuclide transport analysis to calculate the exposure pathway dose to a member 
of the public at the nearest unrestricted area.  The staff will verify that this information as 
discussed during the audit is included in Section 2.4.13 of the SER.  
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HEALTH PHYSICS 
 
Health Physics - CRN Site and Surrounding Area Tours 
 
In addition to the discussion and areas toured as described above in Groundwater Hydrology – 
CRN Site and Surrounding Area Tours, the staff also visited the discharge location for normal 
liquid effluent releases at the Clinch River Mile 15.5 and receptor locations for the nearest beef 
cattle, nearest garden and nearest residence used in calculating the exposure pathway doses 
from normal PPE and accidental liquid and gaseous effluent releases. 
 
The CRN Site Land Use Survey conducted on January 7-10, 2014 (completed on April 21-22, 
2014), is used for determining the receptor locations in the exposure pathway analyses for 
calculating the maximally exposed individual (MEI) and population doses described in 
RG 1.109.  Results from the CRN Site Land Use Survey identified the nearest beef cattle, 
nearest garden and nearest residence, and did not show any dairy cows and goats within a 
5 mile radius surrounding the CRN Site.  For the purpose of calculating the population dose at 
the 50 mile boundary, the applicant conservatively considered dairy cows and dairy goats within 
a 50 mile radius.  Receptor locations for the nearest beef cattle, nearest garden and nearest 
residence comprise three physical locations in the ER Chapter 2, “Environmental Description” 
Figure 2.7.6-1, “Location of Sensitive Receptors (Land Use Survey) show receptor locations in 
close proximity with one another and in the same west northwest directional sector. 
 
Information from the CRN Site Land Use Survey is used in the exposure pathway dose 
analyses for calculating the MEI and population doses SSAR Sections 11.2.3, “Liquid Effluent 
Releases” and 11.3.3, “Gaseous Effluent Releases.”  The staff will verify that this information as 
discussed during the audit is included in Sections 11.2.3 and 11.3.3 of the SER.    
 
HEALTH PHYSICS AUDIT 
 
Info Need IDs 41 through 44 in Appendix C were included in the audit information requests for 
discussions related to health physics.  In support of the staff’s review of the ESP Application and 
the safety audit, the applicant submitted electronic files in native format for the health physics 
codes (LADTAP II, GASPAR II, and XOQDOQ) with the TVA letter to the NRC dated 
September 30, 2016 (ADAMS Accession No. ML16280A066), and submitted supplemental 
information in the TVA letter to the NRC dated December 2, 2016 (ADAMS Accession 
No. ML16340A258).  
 
Normal PPE Liquid and Gaseous Effluent Release Source Terms and Exposure Pathway Doses 
 
The staff and applicant discussed the basis of the normal PPE liquid and gaseous effluent 
release source term developed from the four potential vendors identified in SSAR Section 1.11, 
“Overview of Reactor Types.”  The applicant assigned numerical identifiers (i.e., 1 through 4) in 
lieu of vendor names to avoid identification of trade names.  The basis of the normal effluent 
release source term is described in the TVA letter to the NRC dated December 2, 2016 
(ADAMS Accession No. ML16340A258). 
 
In the December 2, 2016 submittal, the applicant provided unit average annual normal liquid 
and gaseous effluent release rates for radionuclides in Curies per year (Ci/y) for Vendors 1 
through 4 in Table 10-A, “One Unit Average Annual Normal Liquid Radioactive Release“ of 
Attachment 2, “Basis of Source Term for Normal Liquid Radioactive Effluent Release“ and 
Table 7-A, “One Unit Average Annual Normal Gaseous Radioactive Release“ of Attachment 3, 
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“Basis of Source Term for Normal Gaseous Radioactive Effluent Release,“ respectively.  
Composite Tables 10-A of Attachment 2 and Table 7-A of Attachment 3 show the selected 
average annual normal liquid and gaseous effluent release rates on a per unit basis for each 
vendor.   
 
The staff and applicant discussed the design information (e.g., number of units, power levels) 
used for calculating the site effluent release rates for each vendor.  Site average annual normal 
liquid and gaseous effluent release rates that apply the vendor design information are provided 
in Table 10-B, “Site Average Annual Normal Liquid Radioactive Release” of Attachment 2 and 
Table 7-B, “Site Average Annual Normal Gaseous Radioactive Release” of Attachment 3, 
respectively.  Composite Tables 10-B and 7-B show the selected average annual normal liquid 
and gaseous effluent release rates, respectively, on a site basis for each vendor, which 
represent the normal PPE liquid and gaseous effluent release source terms that bound the 
surrogate plant.   
 
From the staff’s confirmatory analyses, it was observed that the highest unit and site average 
annual liquid effluent release rates for Te-129 and Te-131 were not selected in Composite 
Tables 10-A and 10-B, which impacts SSAR Tables 2.0-6, “Annual Normal Liquid Radioactive 
Release (Ci/y)“ and 11.2-4, “Projected Liquid Radioactive Effluent Concentrations in Watts Bar 
Reservoir“ and ER Chapter 3,  Tables 3.5-1, “CRN Site Projected Average Normal Liquid 
Radioactive Release“ and 3.5-2, “Liquid Effluent Activities Per Reactor.“  The staff and applicant 
discussed the unit and site average annual Te-129 and Te-131 liquid effluent release rates and 
the dose consequence.  The applicant agreed to evaluate the unit and site average annual 
Te-129 and Te-131 liquid effluent release rates and its calculated exposure pathway dose.  The 
staff will verify that this information as discussed during the audit is included in Section 11.2.3 of 
the SER. 
  
The applicant used the site average annual liquid and gaseous effluent release rates for 
developing the surrogate plant considering the guidance in Nuclear Energy Institute 10-01, 
Revision 1, “Industry Guidance for Developing a Plant Parameter Envelope in Support of an 
Early Site Permit” (2012).  Site average annual effluent release rates for the surrogate plant 
(i.e., normal PPE liquid and gaseous effluent release source terms) are given in SSAR 
Section 2.0, “Plant Parameter Envelope,” Table 2.0-6,” Annual Normal Liquid Radioactive 
Release (Ci/y)” and in Table 2.0-4, ”Annual Normal Gaseous Radioactive Release (Ci/y).”  
Normal PPE liquid and gaseous effluent release source terms are used in SSAR 
Sections 11.2.3 and 11.3.3 to calculate exposure pathway doses with the LADTAP II 
(NUREG/CR-4013, “LADTAP II – Technical Reference and User Guide” (1986) (ADAMS 
Accession No. ML14098A069) and GASPAR II (NUREG/CR-4653, “GASPAR II – Technical 
Reference and User Guide” (1987) (ADAMS Accession No. ML14098A066) codes.  
 
The staff discussed with the applicant its evaluation of vendor provided information in selecting 
the unit and site average annual normal liquid and gaseous effluent release rates.  As described 
in Attachments 2 and 3 of the December 2, 2016 submittal, and noted in the composite tables, 
adjustments are made on a case-by-case basis to exclude, reduce, or increase release rates for 
certain radionuclides based on the amount of conservatism and maturity of the source terms 
available from the vendors.  An evaluation is performed on the adjusted release rates to ensure 
that the dose consequences are conservative compared to source terms for large light water 
reactors scaled to a comparable thermal power output for the CRN Site, and are reasonable for 
use.  The staff will verify that this information as discussed during the audit is included in 
Section 11.4, “Technical Evaluation” of the SER. 
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Accidental PPE Liquid Effluent Release Source Terms and Exposure Pathway Dose 
 
In support of the Groundwater Hydrology portion of the audit, the staff and applicant discussed 
the basis of the accidental liquid effluent release source term, radionuclide transport equations, 
and the applicant’s calculation of the exposure pathway dose to a member of the public which is 
described above in Postulated Accidental Liquid Radwaste Tank Failure Analysis.  
  
The staff noted that Tc-99 is identified as a radionuclide in the unit and site average annual 
liquid effluent release rates and composite tables in Tables 10-B and 10-A of Attachment 2, and 
SSAR Table 2.0-6 for the normal PPE liquid effluent release source term; however, Tc-99 is not 
identified in Tables 11-A and 11-B of Attachment 4, and SSAR Tables 2.0-5, 2.4.13-1, and 
2.4.13-2 for the accidental PPE liquid effluent release source term.  The guidance in 
DC/COL-ISG-013 (ADAMS Accession No. ML12191A325, as incorporated into BTP 11-6 
(ADAMS Accession No. ML15027A401)) describes long-lived, hard-to-detect, radionuclides 
such as Tc-99 that are highly mobile in the environment should be included in any assessment 
of an accidental release of radioactive material from liquid radwaste tanks.  Therefore, the staff 
requested that the applicant include Tc-99 in the accidental PPE liquid effluent release source 
term and exposure pathway dose analysis or justify its exclusion.  The applicant agreed to 
evaluate the inclusion or exclusion of Tc-99 in the accidental PPE liquid effluent release source 
term.  The staff will verify that this information as discussed during the audit is included in 
Section 2.4.13 of the SER. 
 
As a result of staff and applicant discussions during the health physics audit, the applicant 
submitted SSAR markups and additional information in the TVA letters to the NRC dated 
May 11, 2017 (ADAMS Accession No. ML17143A417), June 16, 2017 (ADAMS Accession 
No. ML17167A150), and June 26, 2017 (ADAMS Accession No. ML17178A330).  The staff will 
verify that this information as discussed during the audit is included in the respective sections of 
the SER.



 

 

APPENDIX A:  HYDROLOGY AND HEALTH PHYSICS SAFETY AUDIT AGENDA 
APRIL 17–19, 2017 AND APRIL 24–27, 2017 

 
APRIL 17–19, 2017 

 
April 17, 2017 
 
Audit at TVA (Bechtel) offices - All 
Application overview – TVA  
Begin Audit – All 
Breakout sessions - All 
Daily debrief – NRC and TVA 
 
April 18, 2017 
 
Breakout sessions continue 
Lunch 
Daily debrief – NRC and TVA 
 
April 19, 2017 
 
Breakout sessions continue 
Lunch 
Daily debrief – NRC and TVA 
 

 
APRIL 24–27, 2017 

 
April 24, 2017      April 26, 2017 
 
Audit at TVA offices – All    Breakout sessions continue 
Application overview – TVA     Lunch  
Begin Audit – All     Daily debrief – NRC and TVA 
Breakout sessions – All      
Daily debrief – NRC and TVA    April 27, 2017 
 
April 25, 2017      Breakout sessions continue 
       Lunch 
Meeting with Site Tours    Final briefing and closeout- NRC 
Breakout sessions continue     
Lunch        
Daily debrief – NRC and TVA 
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    APPENDIX B:  AUDIT PARTICIPANTS 
 

April 17–19, 2017 
 

Name Affiliation 
Clement, Richard NRC 
Giacinto, Joseph NRC 
Sutton, Mallecia NRC 
Bogema, Harrison TVA 
Brellenthin, Jack TVA  
Casey, Kevin TVA 
Hastings, Peter TVA 
Holcomb, John TVA 
Horton, Ruth TVA 
Justice, Wally TVA 
Klein, Spencer TVA 
Lundy, Dennis TVA 
Montague, Kelvin TVA 
Perry, Jeff TVA 
Schiele, Ray TVA 
Scott, Roger TVA 
Shirk, Susan TVA 
Stout, Dan TVA 
Thomas, John TVA 
Young, Alex TVA 
Cahill, Tim Bechtel Power Corporation 
Carr, Becky Bechtel Power Corporation 
Carson, Alice Bechtel Power Corporation 
Guha, Hillol Bechtel Power Corporation 
Hummer, Kim Bechtel Power Corporation 
Jha, Ken Bechtel Power Corporation 
Taylor, Stewart Bechtel Power Corporation 
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APPENDIX B:  AUDIT PARTICIPANTS  
 

April 24–27, 2017 
 

Name Affiliation 
Breithaupt, Stephen NRC 
Cheng, Yuan NRC 
Clement, Richard NRC 
Giacinto, Joseph NRC 
Sutton, Mallecia NRC 
Brellenthin, Jack TVA 
Casey, Kevin TVA 
Carboni, Karen TVA 
Hastings, Peter TVA 
Holcomb, John TVA 
Hasan, Husein TVA 
Klein, Spencer TVA 
Lundy, Dennis TVA 
Montague, Kelvin TVA 
Montgomery, Colleen TVA 
Perry, Jeff TVA 
Schiele, Ray TVA 
Scott, Roger TVA 
Smith, Shandon TVA 
Stout, Dan TVA 
Thomas, John TVA 
Young, Alex TVA 
Criscenzo, Stephen AMEC 
Carr, Becky Bechtel Power Corporation 
Carson, Alice Bechtel Power Corporation 
Guha, Hillol Bechtel Power Corporation 
Taylor, Stewart Bechtel Power Corporation 
Cropp, Trevor BWSC 
Henry, Stu BWSC 
Murr, Andrew BWSC 
Taylor, Kevin AECOM 
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Mr. Lionel Batty 
Nuclear Business Team 
Graftech 
12300 Snow Road 
Parma, OH  44130    
 
Ms. V. Anne Heard, Acting Regional 
Administrator  
US EPA Region 4 
61 Forsyth Street SW 
Atlanta, GA 30303-8960 
 
Mr. Daniel P. Stout 
Nuclear Business Team 
Senior Manager 
SMR Technology 
Tennessee Valley Authority 
1201 P Street, NW, Suite 1100 
Washington, DC  20004-1218 
  
Mr. Russell Bell       
Nuclear Energy Institute 
1776 I Street, NW 
Suite 400 
Washington, DC  20006-3708 
       
Ms. Taconya Goar 
Environmental Affairs Supervisor 
Alabama Department of Conservation and 
Natural Resources 
64 North Union Street, Suite 551  
Montgomery, AL 36130 
 
Mr. Brendan Hoffman 
Research Associate on Nuclear Energy 
Public Citizens Critical Mass Energy  
  and Environmental Program 
215 Pennsylvania Avenue, SE 
Washington, DC  20003 
 
Ms. Mary Jennings 
Field Supervisor 
U.S. Fish and Wildlife Service 
Tennessee Ecological Services Field Office 
466 Neal Street 
Cookeville, TN  38506 
 
 
 
 

Mr. E. Patrick McIntyre, Jr.  
Executive Director and  
  State Historic Preservation Officer  
Tennessee Historical Commission  
State Historic Preservation Office  
2941 Lebanon Pike  
Nashville, TN  37214 
 
Mr. Dobie McArthur, Director 
Washington Operations 
General Atomics 
1899 Pennsylvania Avenue, NW 
Suite 300 
Washington, DC  20006 
       
Mr. Reid Nelson, Director  
Office of Federal Agency Programs 
Advisory Council on Historic Preservation  
401 F Street NW, Suite 308 
Washington DC 20001-2637 
 
Mr. Bill Pearson, Field Supervisor 
U.S. Fish and Wildlife Service 
Alabama Ecological Services Field Office 
1208-B Main Street 
Daphne, AL 36526  
 
Mr. David Repka 
Winston & Strawn LLP 
1700 K. Street, NW 
Washington, DC  20006-3817 
       
Mr. Carlos Sisco, Senior Paralegal 
Winston & Strawn LLP 
1700 K Street NW 
Washington, DC  20006 
 
Mr. Robert E. Sweeney 
IBEX ESI 
4641 Montgomery Avenue, Suite 350 
Bethesda, MD  20814  
 
Ms. Tammy Turley 
U.S. Army Corps of Engineers  
Nashville District 
3701 Bell Road 
Nashville, TN  37214 
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Ms. Emily Steele 
Kingston Public Library 
1004 Bradford Way 
Kingston, TN  37763 
 
Ms. Amy S. Fitzgerald, Ph.D. 
Government Affairs  
  and Information Services Director 

City of Oak Ridge 
P.O. Box 1 
Oak Ridge, TN 37831 
 
Ms. Kathy McNeilly, Director 
Oak Ridge Public Library 
1401 Oak Ridge Turnpike 
Oak Ridge, TN  37830
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Email: 
 
Alan.Levin@areva.com (Alan Levin) 
alawson@knoxvilletn.gov (Alan Lawson) 
asi@ornl.gov (Anita Benn) 
awc@nei.org (Anne W. Cottingham) 
badwan@lanl.gov (Faris Badwan) 
bevans@enercon.com (Bob Evans) 
cee@nei.org 
charles.bagnal@ge.com (Charles Bagnal) 
chm3@aol.com (Clyde Morton) 
collinlj@westinghouse.com (Leslie Collins) 
cposlusny@babcock.com (Chester Poslusny) 
curtisslaw@gmail.com (Jim Curtiss) 
d.weaver@holtec.com (Doug Weaver) 
david.hinds@ge.com (David Hinds) 
david.lewis@pillsburylaw.com (David Lewis) 
debra.shults@tn.gov (Debra Shults) 
dhsmith@loudoncounty-tn.gov (Daryl Smith) 
dlfulton@southernco.com (Dale Fulton) 
don.tormey@iub.iowa.gov (Don Tormey) 
dpstout@tva.gov (Daniel Stout) 
dsafer@comcast.net (Don Safer)  
duane.fournier@iub.iowa.gov 
ed.burns@earthlink.net (Ed Burns) 
edwardsd@mcsed.net (D. Edwards) 
ethompson@astribe.com (Erin Thompson) 
elyman@ucsusa.org (Ed Lyman) 
emermgmt@highland.net (Jody Zorsch) 
erg-xl@cox.net (Eddie R. Grant) 
eroeste1@bechtel.com (Eric Oesterle) 
ewallace@nuscalepower.com (Ed Wallace) 
exa@nei.org (Ellen Anderson) 
F.Shahrokhi@AREVA.Com (Farshid Shahrokhi) 
flowerspa@ornl.gov (Paula Flowers) 
frank.bodine@oca.iowa.gov (Frank Bodine) 
gmokulczyk@energysolutions.com (Gair Okulczyk) 
gmorg50@hotmail.com (Garry Morgan) 
hickste@earthlink.net (Thomas Hicks) 
jahalfinger@babcock.com (Jeff Halfinger) 
james1.beard@ge.com (James Beard) 
jason.parker@pillsburylaw.com (Jason Parker) 
jcsaldar@bechtel.com (James Saldarini) 
jerald.head@ge.com (Jerald Head) 
Jim.Kinsey@inl.gov (James Kinsey) 
jim.sundermeyer@iub.iowa.gov (Jim Sundermeyer) 
jnperry@tva.gov (Jeff Perry) 
JNR@NuScalePower.com (Jose N. Reyes) 
jrappe@nuscalepower.com (Jodi Rappe) 
kerri.johannsen@iub.iowa.gov (Kerri Johannsen) 
klingcl@westinghouse.com (Charles Kling)
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kouhestani@msn.com (Amir Kouhestani) 
krrowe@tva.gov (Kevin R. Rowe) 
KSutton@morganlewis.com (Kathryn M. Sutton) 
Kwelter@NuScalePower.com (Kent Welter) 
larry.shi@oca.iowa.gov (Larry Shi) 
larry.stevens@iub.iowa.gov (Larry Stevens) 
laura.andrews@CNSC-CCSN.GC.CA (Laura Andrews) 
lchandler@morganlewis.com (Lawrence J. Chandler) 
lgorenflo@gmail.com (L. Gorenflo) 
libby.jacobs@iub.iowa.gov (Libby Jacobs) 
luther.jones@dzatlantic.com (Luther B. Jones) 
mack.thompson@iub.iowa.gov (Mack Thomson) 
maria.webb@pillsburylaw.com (Maria Webb) 
mark.a.giles@dom.com (Mark Giles) 
mark.m.mcintosh@usace.army.mil 
mark.holbrook@inl.gov (Mark Holbrook) 
mark@npva.net 
martha.shields@nuclear.energy.gov (Martha Shields) 
mary_e_jennings@fws.gov (Mary Jenningings) 
murawski@newsobserver.com (John Murawski) 
nanako@wcore.com (Nanako Hisamichi) 
paynkey@hotmail.com (Steve Payne) 
parveen.baig@iub.iowa.gov (Parveen Baig) 
patriciaL.campbell@ge.com (Patricia L. Campbell) 
Paul@beyondnuclear.org (Paul Gunter) 
PLorenzini@NuScalePower.com (Paul Lorenzini) 
poorewpiiI@ornl.gov (Willis P. Poore III) 
pshastings@tva.gov (Peter Hastings) 
rbarrett@astminc.com (Richard Barrett) 
rnicholas@ge.com (Robert Nicholas) 
ronald.polle@oca.iowa.gov (Ronald Polle) 
RSnuggerud@NuScalePower.com (Ross Snuggerud) 
Sandra@sandrakgoss.com (Sandra Goss) 
sara@cleanenergy.org (Sara Barczak) 
scott.stout@roanecountytn.org (Scott Stout) 
sfrantz@morganlewis.com (Stephen P. Frantz) 
section106@mcn-nsn.gov (Corain Lowe-Zepeda)  
shobbs@enercon.com (Sam Hobbs) 
SiteDCC-mpower@babcock.com (Document Control) 
smirsky@nuscalepower.com   (Steve Mirsky) 
smsloan@babcock.com (Sandra Sloan) 
spellmandj@ornl.gov (Donald J. Spellman) 
stan.wolf@iub.iowa.gov (Stan Wolf) 
stephan.moen@ge.com (Stephan Moen) 
t.sensue@holtec.com (Terry Sensue) 
tdec.nepa@tn.gov (Jennifer Hauser) 
tfeigenbaum@generationmpower.com (Ted Feigenbaum) 
tgado@roe.com (Burns & Roe) 
tholden@tnema.org (Tim Holden) 
thpo@tttown.org (Emma Spain) 
timothy.beville@nuclear.energy.gov (Timothy Beville)
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tom.miller@nuclear.energy.gov (Thomas P. Miller) 
TomClements329@cs.com (Tom Clements)  
tommy_le2001@yahoo.com (Tommy Le) 
trsmith@winston.com (Tyson Smith) 
Vanessa.quinn@dhs.gov (Vanessa Quinn) 
W.E.SMIT@southernco.com (William Smith) 
whorin@winston.com (W. Horin)         
    
 


