
Presentation to the ACRS
Clinch River Nuclear (CRN) Site Early Site

Permit (ESP) Application 

Section 2.4 Hydrologic Engineering
Safety Evaluation Review

Presented by
Yuan Cheng, Joseph Giacinto, Richard Clement 

November 14, 2018



CRN Site Location
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CRN Site Overview
• Approximately 935 

acres of land 
owned by the 
United States and 
operated by TVA

• Within Valley and 
Ridge Province

• Former Clinch 
River Breeder 
Reactor Project 
Site

• Proposed site 
grade of 821.0 ft
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• The applicant identified four small modular 
reactor (SMR) technologies for development 
of a plant parameter envelope (PPE):

- BWXT mPower (Generation mPower)
- NuScale (NuScale Power)
- SMR-160 (Holtec SMR)
- Westinghouse SMR (Westinghouse Electric Co.)

CRN Site PPE
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Staff Review

• Staff’s review included a pre-application readiness 
assessment, acceptance review and, site visit and audit

• Staff worked in cooperation with U.S. Department of 
Energy (DOE), Tennessee Department of Environment 
and Conservation (TDEC) and the U.S. Geological Survey 
(USGS)

• Staff completed the safety evaluation report with no open 
Items
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Probable Maximum Flood

• Staff reviewed the riverine flooding considering:
- Probable maximum precipitation
- Surface runoff hydrology
- Upstream dam failures with flood waves
- Sensitivity study related to modeling flood elevations

• Staff confirmed the maximum flood level computed 
by riverine hydraulic modeling with conservatisms 
including:
- 100 percent rainfall depth converted into surface runoff 
- Instantaneous dam failure without breach formation 

time
- Maximizing backwater effect at the CRN site

• Resulting maximum flood level is significantly below 
site grade
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Local Intense Precipitation

• Site drainage design: 

- A site drainage design and site grading plan in combined license 
application is required to evaluate local intense precipitation (LIP) 
effects. Therefore, staff proposed COL Action Item 2.4-1.

• COL Action Item 2.4-1:

An applicant for a combined license (COL) or construction permit 
(CP) that references this early site permit should design the site 
grading to provide flooding protection to safety-related structures 
at the ESP site based on a comprehensive flood water routing 
analysis for a local intense precipitation (LIP) event.
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Flood Protection
• Flood protection evaluations:

- The flood protection should be evaluated in the COLA after a 
reactor technology and associated site grading plan are 
determined by the applicant. Therefore, staff proposed COL Action 
Item 2.4-2.

• COL Action Item 2.4-2:

An applicant for a Combined Operating License (COL) or 
Construction Permit (CP) referencing this Early Site Permit (ESP) 
should address whether the local flood elevation exceeds the site 
grade elevation and whether the local flood elevation needs to be 
incorporated with flood protection measures to prevent flooding of 
any safety-related Structures, Systems and Components (SSCs).  
If so, the applicant should address necessary flooding protection 
for safety-related SSCs based on the flooding event and 
associated effects.
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Groundwater

• Staff reviewed two excavation geometries: a deep 
(681 ft. maximum) and a shallow (770 ft. maximum) 
elevation

• Staff confirmed maximum groundwater level of 816.1 
ft. is reasonable
- Backfill properties determined for the COL, therefore staff 

proposed a directive for COL Action Item 2.5-8.
• COL Action Item 2.5-8:

An applicant for a COL or CP application referencing this early site permit should 
provide detailed design of backfill materials including identification of sources and 
quantity requirements, backfill material property and placement specifications, 
applicable industry standards, as well as related ITAAC.  The in-place backfill 
hydraulic characteristics such as permeability and porosity should be consistent 
with those specified in the SSAR.  If differences exists, the effect on the site 
conceptual model and site characterization as described in the SSAR should be 
evaluated.  Geologic mapping of the final exposed surface after excavation is 
required before placement of backfill, and should be conducted under the 
guidelines of NRC requirements. 9



Groundwater

• Staff noted that TDEC analyses of CRN Site 
groundwater samples indicate low levels of 
radionuclides 
- Therefore, staff proposed COL Action Item 2.4-3.

• COL Action Item 2.4-3:
An applicant for a combined license (COL) or construction permit 
(CP) that references this early site permit will establish, as part of its 
plan to minimize contamination in accordance with 10 CFR 20.1406, 
a baseline for background radionuclide concentrations. 
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• Staff confirmed that the applicant considered most severe 
natural phenomena that have been historically reported for the
site and surrounding area
- Staff confirmed that the design-basis flood elevation estimate, including 

the considerations of hypothetical dam failure and wind induced wave 
height, is sufficiently below site grade (821.0 ft).

- Staff confirmed that maximum groundwater level (816.1 ft) is 
approximately 5 ft below site grade

• Staff determined that site characteristics are bounded by plant 
parameter envelope design parameters

Surface and Ground Water
Findings
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PPE Source Term
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• Staff reviewed the basis and assumptions for developing the accident 
PPE liquid effluent release source term:
- Source term information for surrogate plant evaluated from two vendors 

with preliminary designs 
- One percent failed fuel fraction (verses 0.12 percent in Branch Technical 

Position [BTP] 11-6) applied in one vendor’s source term
- CRN Site ESP application and Public Service Enterprise Group ESP PPE 

source terms compared
• Staff performed confirmatory calculations to verify the accident PPE 

liquid effluent release source term.
• Staff found TVA’s methodology for developing the PPE source term to 

bound the dose to members of the public from a postulated accidental 
liquid effluent release to the groundwater reasonable.



Radionuclide Transport

13

• Staff reviewed transport values and assumptions, and performed 
confirmatory calculations using NUREG/CR-3332 and BTP 11-6: 
- Site-specific radionuclide transport values
- No credit for mitigating design features
- 80 percent of tank volume released
- Instantaneous release into groundwater
- Peak radionuclides and daughter product concentrations
- Minimum dilution flow of 400 cubic feet per second to Clinch River
- Minimal travel distance and decay  

• Staff found TVA’s methodology for estimating initial radionuclide 
concentrations from a postulated accidental liquid effluent release to 
the groundwater reasonable. 

• Staff confirmed that the unity rule in 10 CFR Part 20, Appendix B, 
Table 2, Column 2 was met (considering sorption and retardation).



Dose Evaluation
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• Staff found TVA’s methodology for estimating dose from a postulated 
accidental liquid effluent release to the groundwater using Regulatory 
Guide 1.109, Environmental Protection Agency’s Federal Guidance 
Reports 11 and 12, and LADTAP II computer code reasonable. 

• Staff confirmed that the public dose limit of 100 millirem total effective 
dose equivalent in 10 CFR 20.1301 was met.

• Staff identified COL Action Item:
COL Action Item 2.4-4

An applicant for a combined license (COL) or a construction permit (CP) 
referencing this early site permit (ESP) should verify that the calculated 
dose to members of the public from a postulated accidental liquid 
radionuclide effluent release to the groundwater from a chosen reactor 
design at the CRN Site is bounded by the dose evaluated in this ESP 
application as reviewed by the NRC staff.  The applicant should evaluate 
discrepancies and justify any changes made to address differences in the 
source term for the reactor design used to calculate the dose for a COL or 
CP application.



Staff Conclusions

• Staff proposed site characteristics and bounding
design parameters for inclusion in the ESP.

• CRN ESP site characteristics meet requirements of 10
CFR Part 100, “Reactor Site Criteria” and 10 CFR Part 20, 
“Standards for Protection Against Radiation.”

• Subject to the staff’s proposed conditions (COL Action Items 
2.4-1, 2.4-2, 2.4-3, 2.4-4, and 2.5-8), technologies falling 
within the PPE design parameters for the CRN site 
characteristics are without undue risk to public health and 
safety.
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Questions?
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Acronyms

17

CFR – Code of Federal 
Regulations
COL – Combined License
CP – Construction Permit
CRN – Clinch River Nuclear
DBF – Design Basis Flood
DOE - Department of Energy
ESP – Early Site Permit
LADTAP – Liquid Annual Doses 
To All Persons
NRC – Nuclear Regulatory 
Commission

PPE – Plant Parameter Envelope
SMR – Small Modular Reactor
SSCs – Structures, Systems and 
Components
TDEC - Tennessee Department 
of Environment and Conservation
TVA – Tennessee Valley 
Authority
USGS - U.S. Geological Survey


