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12 RADIATION PROTECTION 

The NRC staff reviewed Chapter 12 of the TVA CPA PSAR, as supplemented, against 
applicable regulatory requirements using regulatory guidance and standards to assess the 
sufficiency of the preliminary information on radiation protection for the issuance of a 
construction permit (CP) in accordance with Title 10 of the Code of Federal Regulations (10 
CFR) Part 50 (TN249), “Domestic Licensing of Production and Utilization Facilities.” As part of 
this review, the NRC staff evaluated information on radiation protection, with special attention 
given to design and operating characteristics, unusual or novel design features, and principal 
safety considerations. The NRC staff evaluated the preliminary radiation protection design to 
ensure the design criteria, design bases, and information relevant to construction is sufficient to 
provide assurance that the final design will conform to the design basis. 

The NRC staff’s reviews and evaluations for areas relevant to PSAR Chapter 12, including 
regulations and guidance used, a summary of the application information reviewed, and 
evaluation findings and conclusions, are discussed in the safety evaluation (SE) sections below 
for each specific review area.  

10 CFR 50.34(f)(2) requires that the application shall provide sufficient information to 
demonstrate that the required actions will be satisfactorily completed by the operating license 
stage.1  It also states that the information is of the type customarily required to satisfy 10 CFR 
50.35(a)(2) or to address unresolved generic safety issues.  The applicant has not supplied 
information to address the relevant provisions of 10 CFR 50.34(f)(2). Under 10 CFR 50.35, the 
NRC staff can issue a CP when an applicant has not supplied initially all the technical 
information required to complete the application and support the issuance of a CP which 
approves all proposed design features, if it can make several determinations. One of those 
determinations is described in 10 CFR 50.35(a)(2): such further technical information as may be 
required to complete the safety analysis, and which can reasonably be left for later 
consideration, will be supplied in the final safety analysis report. As the information covered by 
10 CFR 50.24(f)(2) is of the type covered by 10 CFR 50.35(a)(2), the NRC staff will be able to 
make the requisite findings to issue a CP without that information.  In accordance with these 
requirements, the information covered by10 CFR 50.34(f)(2) specified in Chapter 12 of the SRP 
can be considered during the review of a future operating license application, should one be 
submitted. The staff notes that this explanation applies to all sections within Chapter 12 where 
the SRP indicates the application should address 10 CFR 50.34(f). 

12.1 Ensuring that Occupational Radiation Exposures Are as Low as Is 
Reasonably Achievable 

12.1.1 Introduction 

Section 12.1 of the CRN-1 PSAR describes the applicant’s corporate policy, management 
responsibilities, and preliminary design and operational provisions to ensure that occupational 
radiation exposures are maintained as low as is reasonably achievable (ALARA). The NRC 
staff’s review evaluates whether the application establishes sufficient foundation for a robust 
                                                 
1 The relevant SRP chapters used in this review note that “[f]or 10 CFR Part 50 applicants not listed in 10 CFR 
50.34(f), the provisions of 10 CFR 50.34(f) will be made a requirement during the licensing process.” The applicant 
here is not listed in 10 CFR 50.34(f). For the reasons stated in the main text, the NRC staff does not need to address 
making 10 CFR 50.34(f) applicable at this time. 
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ALARA program that meets the requirements for a CP and is consistent with NRC regulations 
and guidance specifically for boiling water reactors (BWRs).  

This review is based on NUREG-0800, “Standard Review Plan for the Review of Safety 
Analysis Reports for Nuclear Power Plants: LWR Edition,” (the SRP) SRP Section 12.1, Rev. 4; 
(NRC 2021-TN8013).  

12.1.2 Regulatory Evaluation 

The relevant requirements of the Commission’s regulations for ensuring that occupational 
radiation exposure is ALARA, associated acceptance criteria, and review interfaces with other 
sections of  (NRC 2021-TN8013),the SRP, appear in SRP Section 12.1, “Assuring that 
Occupational Radiation Exposures Are as Low as Is Reasonably Achievable,” Revision 4, 
issued September 2013 (NRC 2021-TN8013).   

In accordance with 10 CFR 20.1002, 10 CFR Part 20 (TN283) does not apply to construction 
permit applications. 10 CFR 50.40 describes considerations that will guide the Commission in 
determining that a construction permit will be granted. Per 10 CFR 50.40(a), one of those 
considerations is that “the processes to be performed, the operating procedures, the facility and 
equipment, the use of the facility, and other technical specifications, or the proposals, in regard 
to the foregoing collectively provide reasonable assurance that the applicant will comply with the 
regulations . . . including the regulations in part 20 . . . and that health and safety of the public 
will not be endangered.”  Decisions related to the design of the proposed facility affect an 
applicant’s ability to meet the requirements of 10 CFR Part 20 in the future. Therefore, 
discussions of 10 CFR Part 20 in this section pertain to the NRC staff having reasonable 
assurance that a future operating reactor would be able to meet 10 CFR Part 20 considering the 
preliminary facility design and the potential radiation protection program.  The following 
summarizes the relevant regulations: 

• 10 CFR 19.12, “Instruction to workers10 CFR Part 19 (TN5491), “Notices, Instructions, and 
Reports to Workers: Inspection and Investigations,” as it relates to keeping workers who 
receive occupational radiation exposure informed as to the storage, transfer, or use of 
radioactive materials or radiation in such areas and instructed as to the risk associated with 
occupational radiation exposure, precautions, and procedures to reduce exposures, and the 
purpose and function of the protective devices used. 

• In addition, 10 CFR 50.34(a), includes the following: 

• 10 CFR 50.34(a)(3)(ii) requires that the PSAR describes the preliminary design of the 
facility, including the design bases and the relation of the design bases to the principal 
design criteria. 

• 10 CFR 50.34(a)(4) requires in part that the PSAR include a preliminary analysis and 
evaluation of the design and performance of structures, systems, and components of the 
facility with the objective of assessing the risk to public health and safety resulting from 
operation of the facility and including determination of the margins of safety during normal 
operations and transient conditions anticipated during the life of the facility.   

• 10 CFR 50.34(a)(6) requires that the PSAR include a preliminary plan for the applicant’s 
organization, training of personnel, and conduct of operations. 

In order to evaluate if the applicant has provided adequate information on its planned 
organization, training of personnel, and conduct of operations, as well as whether the design 
of the facility is in accordance with the above criteria, the staff evaluated that the applicant’s 
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descriptions of the ALARA program and design are in accordance with the following 
requirement:  

• 10 CFR 20.1101 (TN283), “Radiation Protection Programs,” and the definition of ALARA in 
10 CFR 20.1003, “Definitions,” as they relate to measures that ensure that radiation 
exposures resulting from licensed activities are below specified limits and ALARA. 

SRP Section 12.1 lists the guidance applicable to the above requirements. It references the 
following: 

• RG 8.8, “Information Relevant to Ensuring that Occupational Radiation Exposures at Nuclear 
Power Stations Will Be as Low as Is Reasonably Achievable,” Revision 3 (NRC 1978-
TN12865) 

• RG 8.10, “Operating Philosophy for Maintaining Occupational and Public Radiation 
Exposures as Low as Is Reasonably Achievable,” Revision 2 (NRC 2016-TN12866) 

• RG 8.13, “Instruction Concerning Prenatal Radiation Exposure,” Revision 3 (NRC 1999-
TN13215) 

• RG 8.27, “Radiation Protection Training for Personnel at Light-Water-Cooled Nuclear Power 
Plants,” Revision 0 (NRC 1981-TN13218) 

• RG 8.29, “Instruction Concerning Risks from Occupational Radiation Exposure,” Revision 1 
(NRC 2009-TN12953) 

12.1.3 Technical Evaluation 

The NRC staff reviewed the information in PSAR Section 12.1, in accordance with the review 
procedures in SRP Section 12.1. The results of the NRC staff’s review are provided below. 

In PSAR Sections 12.1, “Ensuring that Occupational Radiation Exposures Are As Low As Is 
Reasonably Achievable” and 12.5, “Health Physics Program,” the applicant described the 
design, construction, and operational policies that have been implemented to ensure the ALARA 
considerations of 10 CFR 20.1101(b) (TN283).  

The applicant commits to follow the regulatory guidance in the regulatory evaluation section 
discussed above. The applicant provided additional information on the policy, design, and 
operational considerations as follows: 

Policy Considerations 

As discussed in PSAR Section 12.1.1 “Policy Considerations” the applicant has committed to 
maintaining radiation doses ALARA during design, construction, and operation of the reactor. 
The applicant specifies in PSAR Section 12.5.3, “Operational Considerations,” the radiation 
protection program will include a documented management commitment to keep radiation 
exposures ALARA. 

Design Considerations 

The applicant has committed to ensuring that the Clinch River plant will be designed and 
constructed in a manner consistent with the guidelines of RG 8.8 and the requirements of 10 
CFR Part 20 (TN283). PSAR Section 12.1.2, “Design Consideration,” states that the design is 
reviewed in detail for ALARA considerations and that the design is updated and modified during 
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the design phase to apply best practices from operating experience. Each system is reviewed 
by engineers responsible for radiation protection. PSAR Section 12.1.2 also lists ALARA design 
objectives which are consistent with ALARA and minimization of contamination design criteria in 
RG 8.8 and RG 4.21, such as including design features to reduce the spread of contamination; 
providing leak detection capabilities; providing adequate radiation shielding; and including 
design features to facilitate the removal and replacement of equipment during operation or 
decommissioning. The NRC staff determined that since the criteria and design objectives 
identified in the PSAR are consistent with the SRP, RG 8.8, and RG 4.21 they are acceptable. 

More information on NRC staff evaluation of radiation protection design features is discussed in 
Section 12.3 of this report. 

Operational Considerations 

The applicant indicates in PSAR Section 12.1.1 that the ALARA principles for plant personnel 
and operational programs will meet NRC guidance, including RGs 8.8 and 8.10.  As discussed 
in PSAR Section 12.5, the initial and periodic training of personnel will be performed in 
accordance with the requirements of 10 CFR 19.12 (TN5491) and the applicable regulatory 
guidance. PSAR Section 12.5 also specifies that the training program will be consistent with the 
guidance in RGs 1.8, 8.13, 8.27, and 8.29.  These RGs provide guidance on meeting 10 CFR 
19.12, therefore, the NRC staff finds that the applicant has adequately addressed the 
requirement of 10 CFR 19.12.  The radiation protection program is discussed in more detail in 
Section 12.5 of this report. 

As stated above, the applicant committed to following applicable NRC guidance discussed in 
PSAR Section 12.5 and has provided policy, design, and operational considerations consistent 
with NRC requirements and guidance. Therefore, the NRC staff finds that the information 
provided is sufficient for a CPA. As discussed in PSAR Table 1.9-12, additional details related to 
operational considerations of the radiation protection program will be provided in the operating 
license application (OLA), should the applicant apply for an operating license (OL).  

12.1.4 Conclusion 

The NRC staff has reviewed the information contained in PSAR Section 12.1 and concludes 
that the ALARA policy, design, and operational considerations discussed in the application are 
acceptable and are in accordance with the training requirements of 10 CFR 19.12. Further, the 
NRC staff has determined that the ALARA policy, design, and operational considerations 
discussed in the application meet the guidance of RG 8.8 and 8.10 and are consistent with the 
applicant meeting 10 CFR 20.1101(b), consistent with 10 CFR 50.40(a). As such the applicant 
has addressed the requirements of 10 CFR 50.34(a)(3)(ii), 10 CFR 50.34(a)(4), and 10 CFR 
50.34(a)(6), as they apply to this section. Thus, the information provided in the CP application is 
sufficient to provide reasonable assurance that the requirements of 10 CFR Part 20 will be met, 
in accordance with 10 CFR 50.40(a). Therefore, the NRC staff finds that the information in 
PSAR Section 12.1 is sufficient and meets the regulatory requirements identified in this section 
and adequately supports the issuance of a CP pursuant to the regulations in 10 CFR 50.35. 
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12.2 Radiation Sources 

12.2.1 Introduction 

Section 12.2 of the CRN-1 PSAR describes the identification, characterization, and preliminary 
quantification of the radiation sources expected to be present in the facility during normal 
operation, anticipated operational occurrences (AOOs), and used for the radiation protection 
design, including shielding. The radiation source terms are used in the design of shielding, 
ventilation systems, and other radiation protection design features, as well as in the radiation 
protection program. The NRC staff’s review focuses on the sufficiency and accuracy of the 
applicant’s identified radiation sources necessary at the CP stage, including the appropriateness 
of the methods and assumptions for source term development, and whether the level of 
information provided is sufficient to support the issuance of a CP.  

This review is performed in accordance with SRP Section 12.2 (NRC 2013-TN13186). 

12.2.2 Regulatory Evaluation 

In accordance with 10 CFR 20.1002, 10 CFR Part 20 (TN283) does not apply to construction 
permit applications. 10 CFR 50.40 describes considerations that will guide the Commission in 
determining that a construction permit will be granted. Per 10 CFR 50.40(a), one of those 
considerations is that “the processes to be performed, the operating procedures, the facility and 
equipment, the use of the facility, and other technical specifications, or the proposals, in regard 
to the foregoing collectively provide reasonable assurance that the applicant will comply with the 
regulations . . . including the regulations in part 20 . . . and that health and safety of the public 
will not be endangered.”  Decisions related to the design of the proposed facility affect an 
applicant’s ability to meet the requirements of 10 CFR Part 20 in the future. Therefore, 
discussions of 10 CFR Part 20 in this section pertain to the NRC staff having reasonable 
assurance that a future operating reactor would be able to meet 10 CFR Part 20 considering the 
preliminary facility design and the potential radiation protection program.   

This section provides information on the methods and assumptions to develop source terms and 
the source terms for significant radiation sources at the facility.  These source terms are used 
for evaluation of regulations in Section 12.3 of this report and other sections.  The requirements 
of the Commission’s regulations relevant to the radiation sources are as follows: 

• General Design Criterion (GDC) 4, “Environmental and dynamic effects design bases,” of 
Appendix A, “General Design Criteria for Nuclear Power Plants,” to 10 CFR Part 50, 
“Domestic Licensing of Production and Utilization Facilities,” which requires systems, 
structures, and components (SSCs) important to safety to be designed to accommodate the 
effects of and to be compatible with the environmental conditions associated with normal 
operation, maintenance, testing, and postulated accidents, including loss-of-coolant 
accidents 

• PDC 19, “Control room,” as it relates to the acceptable radiation conditions in the plant under 
accident conditions and the source term release assumptions used to calculate those 
conditions 

• GDC 61, “Fuel storage and handling and radioactivity control,” as it relates to systems that 
may contain radioactive materials 

In addition, 10 CFR 50.34(a), includes the following: 
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• 10 CFR 50.34(a)(3)(ii) requires that the PSAR describes the preliminary design of the 
facility, including the design bases and the relation to the design bases to the principal 
design criteria. 

• 10 CFR 50.34(a)(4) requires in part that the PSAR include a preliminary analysis and 
evaluation of the design and performance of structures, systems, and components of the 
facility with the objective of assessing the risk to public health and safety resulting from 
operation of the facility and including determination of the margins of safety during normal 
operations and transient conditions anticipated during the life of the facility.   

In order to evaluate if the applicant has provided adequate information on radiation sources of 
the facility that is in accordance with the above criteria, the staff evaluated that the applicant’s 
radiation sources for their acceptability to be used to address the following regulations (which 
are evaluated in other sections of the SER):  

• 10 CFR 20.1101, 10 CFR 20.1201 (TN283), “Occupational dose limits for adults” 

• 10 CFR 20.1202, “Compliance with requirements for summation of external and internal 
doses,” and 10 CFR 20.1206, “Planned special exposures,” as they relate to limiting 
occupational radiation doses 

• 10 CFR 20.1203, “Determination of external dose from airborne radioactive material,” and 
10 CFR 20.1204, “Determination of internal exposure,” as they relate to limiting average 
concentrations of airborne radioactive materials to protect individuals and control the intake 
(inhalation or absorption) of such materials 

• 10 CFR 20.1207, “Occupational dose limits for minors,” as it relates to limiting exposure to 
minors to one-tenth of the annual limits for adults 

• 10 CFR 20.1301, “Dose limits for individual members of the public” 

• 40 CFR Part 190 (TN739), “Environmental Radiation Protection Standards for Nuclear 
Power Operations,” as it relates to the determination of radiation levels and radioactive 
material concentrations within the SSCs and components of the plant that could affect direct 
radiation exposure to members of the public 

• 10 CFR 20.1406 as it relates to the identification of systems containing radioactive material 
for which the applicant should describe how the design minimizes contamination of the 
facility and environment, minimizes the generation of waste, and facilitates decommissioning 

• 10 CFR 20.1801, “Security of stored material,” as it relates to securing licensed materials 
against unauthorized removal 

SRP Section 12.2 lists the guidance applicable to the above requirements. It includes the 
following: 

• American National Standards Institute (ANSI)/American Nuclear Society (ANS) Standard 
(Std.) 18.1, “Source Term Specification,” as it relates to methods and data used to estimate 
typical long-term concentrations of principal radionuclides in fluid streams of light-water-
cooled nuclear power plants. As discussed in SRP Section 12.2, quantities will be 
acceptable if the specific values given in the tables are consistent with ANSI/ANS Standard 
18.1 and RG 1.112, “Calculation of Released of Radioactive Materials in Gaseous and 
Liquide Effluents from Light-Water-Cooled Power Reactors.” 
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12.2.3 Technical Evaluation 

As discussed in PSAR Section 12.2, the source terms provide input to the radiation protection 
design including radiation shielding, ventilation, radioactive waste system design, and personnel 
protection. At the CP stage, the BWRX-300 radiation sources are based on available 
information, including preliminary information and assumptions. The applicant indicates in PSAR 
Section 12.2 that the source terms are expected to be updated in the operating license (OL) 
Final Safety Analysis Report (FSAR). PSAR Section 12.3, “Radiation Protection Design 
Features,” and other PSAR sections provide the design features to ensure that the radiation 
dose to workers, members of the public and plant equipment, are within regulatory standards.  

The NRC staff evaluated the information in PSAR Section 12.2 against the applicable 
regulations and the guidance in SRP Section 12.2. The NRC staff only reviewed radiation 
sources as necessary for the CP application. This included reviewing high-level source term 
information to support the CP stage review of GDC 61, such as sources that could require 
substantial permanent radiation shielding, and sources that are related to normal or accidental 
effluent releases.  

Contained sources for the BWRX-300 plant include the reactor core, reactor coolant system, 
fuel pool sources, cleanup and radioactive waste system sources, and numerous other systems 
and components that contain or may contain radioactive materials.  

As discussed in PSAR Section 12.2.1, doses from areas outside the reactor core external to 
shielding are based off a reactor core source model equivalent to the neutron Watt Fission 
spectrum scaled to the BWRX-300 power density at full power. Contained radiation sources 
from processing systems and other downstream components are determined by propagating 
design basis reactor water and steam concentrations described in PSAR Section 11.1 through 
the plant systems.  As discussed in PSAR Section 11.1, the design basis reactor coolant source 
terms are based primarily on ANSI/ANS-18.1, with fission product inventories increased based 
on the assumptions for design basis reactor coolant concentrations.  The design basis reactor 
coolant concentrations are evaluated in SER Section 11.1. 

The NRC staff performed a general review of the contained source terms, focusing on the most 
significant radiation sources, as necessary for the CP review. A detailed review of most of the 
source terms is not necessary for a CP application for several reasons, including that relatively 
small errors in source terms and source terms that require less significant shielding, can 
generally be addressed after plant construction.  In addition, the applicant acknowledges in 
PSAR Section 12.2 that assumptions and preliminary information was used to develop the 
source terms and that updates are expected in the Final Safety Analysis Report application to 
adequately represent the source terms, including to appropriately account for daughter progeny 
and other significant updates. This is consistent with SRP Section 12.2, in that it indicates that 
source terms may need to be updated from the CP to the OL application. As a result, a detailed 
review of all of the source terms was not performed.  

The NRC staff found the sources in PSAR Section 12.2 to be consistent with sources 
propagated from the Chapter 11 design basis reactor coolant source terms, to be consistent 
with the source terms in other previously approved BWR applications when considering 
differences in the reactor size and design, and are therefore appropriate for the BWRX-300 
design. The NRC staff noted the following observations related to the radiation sources. 
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Nitrogen-16 (N-16) concentrations in the reactor steam at the core exit are provided in 
Table 11.1-11. As stated in PSAR Section 11.1.3.1, the BWRX-300 uses NobleChem 
technology along with hydrogen injection to reduce N-16 concentrations as well as reduce 
stress corrosion cracking. Like other radionuclides, the N-16 concentrations are considered in 
sources downstream of the reactor steam and downstream of reactor coolant as appropriate, 
with consideration for radioactive decay. N-16 produces high energy gamma rays that can be a 
significant source of radiation exposure.  The short half-life of N-16 means that it decays 
significantly the farther the primary fluid travels from the reactor core.  Therefore, adequately 
controlling and shielding N-16 sources is a significant factor in reducing occupational radiation 
exposure.  Including design features to control N-16 concentrations and adequately tracking N-
16 concentrations in radiation sources is appropriate for controlling radiation doses in the plant 
and is therefore acceptable.   

The NRC staff noted that in many of the source terms in Chapter 12, radioactive daughter 
products were inconsistent with what would be expected given the parent radionuclide 
concentration. PSAR Section 12.2 indicates that the source terms will be updated in a future 
OLA to adequately represent the source terms, including to appropriately account for daughter 
progeny and any other significant updates. The NRC staff found that although daughter progeny 
are not appropriately accounted for, the source terms include several assumptions that would 
make them higher than what would normally be expected during the actual operation of the 
reactor, such as using the design basis coolant concentrations, which are based on a higher 
than expected failed fuel percentage than would normally be anticipated and in some cases not 
fully considering radioactive decay. As such, the source terms in the PSAR are adequate for 
describing the preliminary design, as required for a CP application. In addition, as discussed in 
PSAR Section 12.3.2 the permanent plant shielding analysis is not going to be completed until 
the OLA, with only anticipated radiation dose zones provided in the PSAR.  

The NRC staff also noted that a review of selected source terms, including the reactor coolant 
source terms appeared consistent with similar source terms in other LWRs, as applicable, when 
considering differences in reactor size and design.  

Based on the above, the NRC staff finds that the source terms in the PSAR are adequate to 
assess the preliminary design required for a CPA. The NRC staff will perform a more detailed 
review of the final source terms, as well as the final radiation shielding and radiation protection 
design in a future OLA to assess compliance with FSAR requirement 10 CFR 50.34(b)(3) and 
other applicable requirements. 

PSAR Section 12.2.2 discusses airborne radioactive material sources. Sources in the reactor 
building include evaporation of fuel pool water and leakage from process systems. Sources in 
the radioactive waste building include leakage from pumps, valves, or tank or from tank 
overflow. Sources in the turbine building include leakage of steam or liquid.  

The applicant considered the building ventilation system capabilities in each of these areas and 
determined the airborne activity concentrations in each of these areas based on the anticipated 
leakage and evaporation rates of radioactive material. The airborne activity concentrations in 
areas where workers could normally be expected to be located are within the derived air 
concentration (DAC) limits specified in 10 CFR Part 20 (TN283), Appendix B, Table 1, Column 3 
and are, therefore, acceptable.  

As discussed above, the NRC staff focused its review on the most significant radiation source 
terms and ensured that other sources appear consistent with the reactor coolant sources given 
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the reactor coolant source terms, design information provided, and comparing to source term 
information for other BWRs. The staff finds that the applicant has adequately described 
radiation sources sufficiently for a CP, which does not require the same level of radioactive 
source term development, dose analysis, or design detail as is required for an OLA. As 
mentioned above, source term updates are expected for a future OLA, at which time the NRC 
staff will review the sources against applicable requirements for an OLA. 

12.2.4 Conclusion 

The NRC staff has reviewed the information contained in PSAR Section 12.2 and concludes 
that the preliminary information provided by the applicant with respect to radiation sources is 
acceptable as it relates to the information on radiation sources necessary to meet the 
requirements of GDC 61 in Appendix A to 10 CFR Part 50 sufficient for a CP.  The radiation 
sources provided are sufficient to use in the CP application to demonstrate compliance with the 
applicable regulations and for use to provide reasonable assurance that the requirements of 10 
CFR Part 20 will be met, in accordance with 10 CFR 50.40(a). As such the applicant has 
addressed the requirements of 10 CFR 50.34(a)(3)(ii), and 10 CFR 50.34(a)(4), as they apply to 
this section. Therefore, the NRC staff finds that the information on radiation sources in PSAR 
Section 12.2 is sufficient and adequately supports the issuance of a CP pursuant to the 
regulations in 10 CFR 50.35.  

12.3 Radiation Protection Design Features 

12.3.1 Introduction 

Section 12.3 of the CRN-1 PSAR describes the preliminary radiation protection design features 
of the facility. The radiation protection design features are provided to ensure that both 
occupational and public exposures are maintained ALARA and within regulatory limits. It 
includes information on the plant layout, radiation shielding, ventilation, radiation monitoring and 
other design features. The NRC staff’s review evaluates whether the facility’s preliminary design 
incorporates the principles and features necessary for an adequate radiation protection design, 
and whether the level of detail provided is sufficient to support the issuance of a CP. 

This review is performed in accordance with SRP Section 12.3-12.4 (NRC 2013-TN13187) 

12.3.2 Regulatory Evaluation 

In accordance with 10 CFR 20.1002, 10 CFR Part 20 (TN283) does not apply to construction 
permit applications. 10 CFR 50.40 describes considerations that will guide the Commission in 
determining that a construction permit will be granted. Per 10 CFR 50.40(a), one of those 
considerations is that “the processes to be performed, the operating procedures, the facility and 
equipment, the use of the facility, and other technical specifications, or the proposals, in regard 
to the foregoing collectively provide reasonable assurance that the applicant will comply with the 
regulations . . . including the regulations in part 20 . . . and that health and safety of the public 
will not be endangered.”  Decisions related to the design of the proposed facility affect an 
applicant’s ability to meet the requirements of 10 CFR Part 20 in the future. Therefore, 
discussions of 10 CFR Part 20 in this section pertain to the NRC staff having reasonable 
assurance that a future operating reactor would be able to meet 10 CFR Part 20 considering the 
preliminary facility design and the potential radiation protection program.  The following NRC 
regulations contain the relevant requirements for this review: 
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• GDC 4, which requires that SSCs important to safety be designed to accommodate the 
effects of and to be compatible with the environmental conditions associated with normal 
operation, maintenance, testing, and postulated accidents, including loss-of-coolant 
accidents 

• GDC 61, as it relates to occupational radiation protection aspects of fuel storage, handling, 
radioactive waste, and other systems that may contain radioactivity designed to ensure 
adequate safety during normal and postulated accident conditions with suitable shielding 
and appropriate containment and filtering systems 

• GDC 63, “Monitoring fuel and waste storage,” as it relates to detecting excessive radiation 
levels in the facility 

• GDC 64, “Monitoring Radioactivity Releases,” requires licensees to provide the means for 
monitoring the reactor containment atmosphere, spaces containing components to 
recirculate loss-of-coolant accident fluids, effluent discharge paths, and the plant environs 
for radioactivity that may be released from normal operations, including anticipated 
operational occurrences, and from postulated accident 

• 10 CFR 50.68, “Criticality accident requirements,” or 10 CFR 70.24, “Criticality accident 
requirements,” as they relate to procedures and criteria for radiation monitoring in areas 
where special nuclear material is stored and handled 

In addition, 10 CFR 50.34(a), includes the following: 

• 10 CFR 50.34(a)(3)(ii) requires that the application include the preliminary design of the 
facility, including the design bases and the relation to the design bases to the principal 
design criteria. 

• 10 CFR 50.34(a)(4) requires in part that the application include a preliminary analysis and 
evaluation of the design and performance of structures, systems, and components of the 
facility with the objective of assessing the risk to public health and safety resulting from 
operation of the facility and including determination of the margins of safety during normal 
operations and transient conditions anticipated during the life of the facility.   

In order to evaluate if the applicant has provided adequate information to ensure that the 
design of the facility is in accordance with the above criteria, the staff evaluated that the 
applicant’s radiation protection design is in accordance with the following requirements:  

• 10 CFR 20.1101(b) and the definition of ALARA in 10 CFR 20.1003 (TN283), as they relate 
to licensees making every reasonable effort, engineering controls to maintain radiation 
exposures ALARA 

• 10 CFR 20.1201, as it relates to occupational dose limits for adults 

• 10 CFR 20.1201; 10 CFR 20.1202; 10 CFR 20.1203; 10 CFR 20.1204; 10 CFR 20.1701, 
“Use of process or other engineering controls”; as they relate to design features, ventilation, 
monitoring, and dose assessment for controlling the intake of radioactive materials 

• 10 CFR 20.1301 as it relates to the facility design features that affect the radiation exposure 
to a member of the public from noneffluent sources associated with normal operations and 
AOOs 

• 10 CFR 20.1406, as it relates to the design features that will facilitate eventual 
decommissioning and minimize, to the extent practicable, the contamination of the facility 
and the generation of radioactive waste 
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• 10 CFR 20.1601, “Control of access to high radiation areas”; 10 CFR 20.1602, “Control of 
access to very high radiation areas”; 10 CFR 20.1902, “Posting requirements”; as they 
relate to the identification of potential sources of radiation exposure and the controls of 
access to work within areas of the facility with a high potential for radiation exposure 

SRP Section 12.3–12.4 lists the guidance applicable to the above requirements. It includes the 
following: 

• RG 1.69, “Concrete Radiation Shields and Generic Shield Testing for Nuclear Power Plants,” 
Revision 1, as it relates to the requirements and recommended practices acceptable for 
construction of facilities that apply to occupational radiation protection shielding structures 
for nuclear power plants (NRC 1981-TN8093) 

• RG 1.97, “Criteria for Accident Monitoring Instrumentation for Nuclear Power Plants,” 
Revision 5, as they relate to monitoring plant variables and systems that are important to 
safety during and following an accident (NRC 2019-TN12864) 

• RG 1.143, Revision 2, as it relates to design features provided to minimize occupational 
radiation exposure and classification of structures that house radioactive waste systems 
based on potential exposure to site personnel (NRC 2001-TN1134) 

• RG 4.21, “Minimization of Contamination and Radioactive Waste Generation: Life-Cycle 
Planning,” Revision 0, as it relates to the design features provided to minimize the 
contamination of the facility and environment, facilitate decommissioning, and minimize the 
generation of radioactive waste (NRC 2008-TN4789) 

• RG 8.2, “Administrative Practices in Radiation Surveys and Monitoring,” Revision 1, as it 
relates to general information on radiation monitoring programs for administrative personnel 
(NRC 1981-TN8093) 

• RG 8.8, Revision 3, as it relates to actions taken during facility design, engineering, 
construction, operation, and decommissioning to maintain occupational radiation exposure 
ALARA in accordance with 10 CFR 20.1101(b) and the definition of ALARA in 10 CFR 
20.1003 concerning the radiation protection information to be included in FSAR Chapter 12 
(NRC 1978-TN12865) 

• RG 8.25, “Air Sampling in the Workplace,” Revision 1, as it relates to a method acceptable to 
the NRC staff for continuous monitoring of airborne radioactive materials in plant spaces 
(NRC 1992-TN13217) 

• RG 8.38, “Control of Access to High and Very High Radiation Areas of Nuclear Plants,” 
Revision 1, as it relates to the physical controls for personnel access to high radiation areas 
(HRAs) and very high radiation areas (VHRAs) (NRC 2006-TN13223) 

• ANSI/ANS HPSSC-6.8.1-1981, “Location and Design Criteria for Area Radiation Monitoring 
Systems for Light Water Nuclear Reactors,” as it relates to criteria for the establishment of 
locations for fixed continuous area gamma radiation monitors and for design features and 
ranges of measurement 

12.3.3 Technical Evaluation 

The NRC staff reviewed the radiation protection and minimization of contamination design 
considerations in PSAR Section 12.3 and in other related sections of the PSAR.  
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The facility design incorporates features to help maintain occupational radiation exposure 
ALARA in accordance with the guidance in RG 8.8 and 10 CFR 20.1101(b) (TN283), and to 
maintain radiation exposures for workers and members of the public to within the limits of 10 
CFR Part 20. The facility design also includes design features for minimizing contamination 
of the facility and the environment, minimizing the amount of waste generated, and facilitate  
decommissioning. Design features are provided to monitor radiation fields within the facility 
for the protection of workers.  

12.3.3.1 Facility and Equipment Radiation Protection Design Features 

SRP Section 12.3-12.4, RG 8.8, and RG 1.143 are among the guidance documents that provide 
design features for reducing occupational radiation exposure. In PSAR Tables 1.9-12 and 1.9-
20, the applicant indicates that they conform to these guidance documents. 

In its review of PSAR Sections 12.1, 12.3, and others, the NRC staff found that the facility 
design incorporates many features of light water reactor (LWR)s that have been shown to be 
effective in reducing radiation exposures to workers. Many of the design features to reduce 
occupational radiation exposure and to minimize contamination are discussed in PSAR 
Sections 12.3.1.1, 12.3.1.2, and 12.3.3.1. Radiation shielding and minimization of contamination 
are discussed in a later subsection. Some of these design features to reduce occupational 
exposure are discussed in this SER, as follows (design features more strictly related to 
minimizing contamination are generally discussed separately): 

• Piping is selected to provide a service life equivalent to the design life of the plant. Piping is 
constructed of seamless pipe where possible to reduce radioactivity accumulation in seams 
and sized to reduce plugging. Drains and flushing provisions are employed as necessary to 
reduce radioactive material accumulation in low points and “dead legs.” Radioactive piping 
routed in corridors is minimized and if it is routed through corridors it is confirmed to not 
compromise the radiation zoning. Radioactive piping is separated from nonradioactive 
piping for maintenance purposes. Piping containing highly radioactive material is routed 
through shield chases or shielded cubicles or embedded in concrete walls and floors. 
Contaminated piping is cleanable or removable for decommissioning. Penetrations for piping 
through shield walls are designed to minimize shine to surrounding areas. Finally, piping 
that may contain post-accident radiation sources is not routed in access routes or 
emergency evacuation routes. 

• Filters in purification and cleaning systems are operated and cleaned remotely. The 
preparation and changing of resin and the removal of used activated carbon is performed 
remotely. Remotely adding new activated carbon is not required if access to the filter 
housing does not pose a significant risk. 

• Pumps are designed to minimize the time required for maintenance. Remotely operated 
valves are used in high radiation areas where possible, otherwise provisions are available to 
remove the source term before the valves are operated. 

• Resin and sludge lines are designed to prevent the accumulation and retention of resin as 
much as possible, such as by reducing the length of runs, ensuring large radius curved 
sections, and having sloped lines so that gravity flow occurs as much as possible. These 
design features not only reduce occupational exposure by reducing the dose near the piping 
but also prevent the line from clogging which could lead to additional occupational exposure 
to unclog it.  
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• Corrosion products such as cobalt-58, cobalt-60, and others can contribute significantly to 
occupational radiation exposure. Materials are selected to prevent the formation of corrosion 
products. The material selection is consistent with SRP 12.3-12.4 and RG 8.8for limiting the 
generation of corrosion products and the spread of corrosion products into the reactor 
coolant and downstream systems. Some of these items are discussed as follows: 

– Reactor internal components, except for the zircaloy in the reactor core are stress 
corrosion-resistant stainless steel or other high alloy steels.. 

– Carbon steel used in systems processing or storing reactor coolant or steam is low in 
nickel and contains very small amounts of cobalt impurities.  

– Main condenser system tubes and closed loop cooling heat exchangers are made of 
low-cobalt stainless steel or titanium alloys and low-cobalt materials. 

– Materials in contact with reactor coolant and subject to significant wear, corrosion, 
erosion, or neutron activation, except the fuel assemblies, use the lowest cobalt 
content available with a target cobalt content of 0.02% weight percent (wt%) or less 
for stainless steel or nickel-based alloys, with no stainless steel or nickel-based 
alloys exceeding a cobalt content of 0.05 wt%. 

• Fume hoods or similar devices are installed in laboratories, sampling rooms, and 
component decontamination rooms. 

• The design of the facility layout is designed in a way to reduce occupational 
radiation exposure, as is discussed in PSAR Sections 12.3.1.2, 12.3.2.2, and 
elsewhere. This includes the following: 
– Rooms that need to be accessed can be reached easily from the service corridors. 
– Equipment that requires routine maintenance is easily accessed to minimize 

occupancy time in radiation areas and located as far as possible from potential 
sources of radiation. 

– Access to enclosures is sized to enable entry and exit of the necessary components 
and tools. 

– Processing equipment, which would be expected to contain high radiation doses, is 
located as far as possible from areas where personnel will be located. 

– Where necessary to keep radiation exposures ALARA, the applicant will use 
shielded labyrinths to eliminate radiation streaming from cubicles with radiation 
sources to access ways. 

The above items are only some of the design features incorporated into the design to reduce 
occupational radiation exposure. The PSAR contains a much more detailed list of design 
features. The NRC staff finds the design features specified in PSAR Section 12.3.1 and 
radiation protection design information in other relevant PSAR sections to be consistent with 
SRP Sections 12.3-12.4, RG 8.8, and RG 1.143 for controlling occupational radiation exposure 
in accordance with 10 CFR Part 20.   This is because the applicant’s design incorporates many 
of the design features in the guidance, including the radiological risk significant design features 
which are reasonable to significantly reduce occupational radiation exposure at the proposed 
facility. Therefore, the staff finds that the design features will adequately control occupational 
radiation exposure and are acceptable. Further, for the same reasons, the NRC  staff 
determined that the design features specified in PSAR Section 12.3.1 and radiation protection 
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design information in other relevant PSAR sections, provide reasonable assurance that doses 
will be maintained ALARA in accordance with 10 CFR Part 20.1101(b) and that doses will be 
maintained within the occupational limits in 10 CFR 20.1201, 20.1202, 20.1203, and 20.1204.  
This is in accordance with 10 CFR 50.40(a), since the design features provided are consistent 
with SRP Sections 12.3-12.4, RG 8.8, and RG 1.143. 

12.3.3.2 Minimization of Contamination Design Features 

10 CFR 20.1406 requires certain applicants to describe how facility design and procedures for 
operation will minimize, to the extent practicable, contamination of the facility and the 
environment, facilitate eventual decommissioning, and minimize, to the extent practicable, the 
generation of radioactive waste. RG 4.21 provides guidance related to meeting the 
requirements of 10 CFR 20.1406. Although 10 CFR 20.1406 does not apply to construction 
permit applicants, as noted above, under 10 CFR 50.40 one of the considerations guiding the 
decision of whether to issue a construction permit is whether the facility and equipment, the use 
of the facility, and other technical specifications, or the proposals, in regard to any of the 
foregoing collectively provide reasonable assurance that the applicant will comply with the 
regulations in part 20 and that the health and safety of the public will not be endangered. PSAR 
Table 1.9-20 indicates that the applicant conforms to RG 4.21.  

Many of the design features to minimize contamination are discussed in PSAR Sections 12.1, 
12.3.1.1, 12.3.1.2, and 12.3.3.1. Some of these design features to minimize contamination are 
discussed in this SER, as follows: 

• Overflow pipes of tanks that hold radioactive liquid run to drain collection systems and vents 
run to the building ventilation and exhaust system, but neither is hard connected to prevent 
the uncontrolled transport of radioactive material. Tanks containing radioactive material are 
corrosion resistant or contain a corrosion resistant lining. Walls or curbs are provided around 
the tanks with a collection capacity sufficient to contain the maximum amount of liquid for 
which the tank is designed. 

• Design features are incorporated into the design to prevent the spread of contamination 
from radioactive areas and equipment to clean areas and equipment. These design features 
include having higher pressures on the clean side of heat exchangers, so leakage of 
radioactive material does not flow to the clean side, separating radioactive and 
nonradioactive piping where possible.  

• Underground piping containing radioactive material is generally not used. If underground 
piping containing radioactive material is necessary, it is enclosed within a guard pipe and 
monitored for leakage or is accessible for visual inspections via a trench or tunnel.  

• Penetrations through outer walls of buildings containing radioactive material are sealed to 
prevent leaks to the environment. 

• Non-stainless steel equipment has an adequate finish and is protected with a non-corrosive 
material to aid in decontamination. In addition, paint provides a non-porous surface for room 
walls, floors, staircases, and platforms so that they are easy to decontaminate. 

• Appropriately sloped floor drains are provided in shielded cubicles and other areas where 
the potential for a spill exists to limit the extent of contamination. 

• Material selections are made to reduce the production and spread of activated corrosion 
products, as discussed previously. 
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• The building ventilation systems are designed to provide airflow patterns from areas of low 
contamination to more contaminated areas by using slightly negative pressure in the more 
contaminated areas. This limits the spread of contamination by preventing areas that would 
normally not be expected to contain radiation contamination from becoming contaminated. 

The above items are only some of the design features incorporated into the design to 
minimize contamination. The PSAR contains a much more detailed list of design features.  
The design features minimize and prevent the spread of contamination.  For example, 
choosing materials to minimize the generation of activated corrosion products in the reactor 
coolant, will reduce the amount of radioactive contamination in the facility. In addition, 
having airflow from areas of potentially low airborne activity to high airborne activity 
prevents areas without radioactive material and with low potential to contain airborne 
radioactive material from becoming contaminated. Also, one of the biggest potential sources 
of liquid radioactive contamination of the soil and water around the site is due to leaks from 
underground buried piping. Minimizing underground piping and enclosing any underground 
piping in a guard pipe and ensuring that any leakage is monitored or inspectable, assures 
that any radioactive material leakage to the soil will be eliminated or minimized and that if 
any leakage does occur that it will be adequately controlled. Therefore, the NRC staff finds 
the design features specified in PSAR Sections 12.1 and 12.3 to be consistent with SRP 
Sections 12.3-12.4 and RG 4.21 for minimizing contamination and the generation of 
radioactive waste. Therefore, the NRC staff determined that the design features specified in 
PSAR section 12.1 and 12.3 are adequate to provide reasonable assurance that 10 CFR 
20.1406 will be met, in accordance with 10 CFR 50.40(a). Programmatic aspects of 10 CFR 
20.1406 compliance are discussed in Section 12.5 of this report. 

12.3.3.3 Radiation Shielding 

The NRC staff reviewed the radiation shielding information, in accordance with the 10 CFR Part 
50, Appendix A, GDC 61, which requires in part that the fuel storage and handling, radioactive 
waste, and other systems which may contain radioactivity shall be designed to assure adequate 
safety under normal and postulated accident conditions, including that these systems have 
suitable shielding for radiation protection.  Radiation shielding is necessary to control 
occupational radiation exposure and doses to members of the public in accordance with 10 CFR 
Part 20 requirements. Radiation shielding is also required to limit the radiation exposure to 
critical components to ensure that the components’ performance is not impaired in accordance 
with GDC 4. Much of the radiation shielding is provided by concrete in building structures and by 
water cooling used fuel assemblies. The details of specific radiation shielding are generally not 
provided in the PSAR, but general shielding information and information related to controlling 
radiation exposure is provided. The permanent radiation shielding analysis will be performed by 
the applicant during the detailed design phase. The NRC staff will review the details of the 
actual radiation shielding provided in the OLA, should the applicant submit an OLA.  

The primary objective of radiation shielding is protecting operating personnel and the general 
public from radiation emanating from the reactor, the power conversion systems, the radioactive 
waste process systems, and the auxiliary systems, while maintaining appropriate access for 
operation and maintenance. Shutdown conditions, such as fuel transfer operation, as well as 
accident conditions are considered in designing shielding for the plant. Radiation shielding 
keeps radiation doses to equipment below levels where disabling radiation damage occurs. 
Systems containing radioactivity are identified and shielded based on access and exposure 
level requirements of surrounding areas. The radiation zone areas described in PSAR 
Section 12.3.1.3 indicate design radiation levels where equipment shielding contributes to 
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achieving the dose rate in the area (i.e., PSAR Section 12.3.2.1 indicates that the radiation 
zones are shielding requirements). PSAR Section 12.3.2.1 also specifies that the shielding 
provided will be based on the design basis fission product source terms, as well as the 
activation product source terms discussed in PSAR Sections 11.1 and 12.2.  This is consistent 
with the guidance in SRP Section 12.3-12.4, which specifies that radiation shielding should be 
based on the design basis reactor coolant source terms. 

PSAR Section 12.3.2.2 describes some specific radiation shielding provisions for the facility. 
These include the following: 

• The reactor pressure vessel (RPV) pedestal consists of steel plate composite modules with 
diaphragm plates. The RPV pedestal and the containment walls provide most of the 
shielding from sources inside of containment. 

• Shielding is designed to maintain areas of the reactor building requiring regular daily access 
to dose rates less than 0.6 mrem/hour. 

• Penetrations through the containment wall are shielded to reduce radiation streaming so 
that doses outside these penetrations are limited to less than 5 mrem/hour. 

• The control building provides shielding so that doses inside the main control room and 
secondary control room are limited to 0.6 mrem/hour during normal operation. 

As discussed in PSAR Section 12.3.2.2, concrete used for radiation shielding is designed 
consistent with RG 1.69. The use of RG 1.69 for concrete radiation shielding is consistent with 
NUREG-0800, Chapter 12 and is acceptable. As further discussed in PSAR Section 12.3.2.2, 
other materials may be used for radiation shielding if warranted, such as lead. Consistent with 
the requirements for a CP application, the use of other permanent radiation shielding materials 
will be reviewed at the OL stage. 

Regarding the shielding for the refueling cavity and spent fuel pool, PSAR Section 9.1.2.3 
specifies that nominal water levels are maintained at least 23 feet above the top of the active 
fuel in the storage racks during refueling and that water depth maintains adequate shielding for 
the lifted fuel assembly. PSAR Chapter 15 indicates that the reactor cavity pool and fuel pool 
has a depth of greater than 23 ft over the fuel in the core and stored in the fuel pool. It is 
common for the reactor cavity and spent fuel pool in currently operating reactors to have this 
depth. This depth is sufficient to ensure adequate radiation shielding over spent fuel. PSAR 
Section 12.3.2.2 specifies that the design includes necessary shielding provisions in the upper 
containment in order to reduce the dose ALARA during transfer of irradiated spent fuel 
assemblies.  

In addition, PSAR Section 9.1.2.3 specifies that ANSI/ANS 57.2 Section 5.1 is followed for 
maintaining safe radiation levels for personnel during anticipated operating and accident 
conditions. ANSI/ANS 57.2, Section 5.1 includes several criteria associated with radiation 
protection, including that the expected radiation dose rate from the stored fuel will be shielded 
so that doses to individuals do not exceed 2.5 mrem/hour.  PSAR Section 9.1.2.3 also specifies 
that the fuel pool cooling system design conforms to ANSI/ANS 57.2. This includes criteria that 
ensure the pool cooling system has an adequate capability to remove radioactive material so 
that doses to workers from the pool water are maintained less than 2.5 mrem/hour. RG 1.13 
endorses ANSI/ANS 57.2, therefore, meeting the radiological criteria in ANSI/ANS 57.2 is 
acceptable to staff.  
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The NRC staff notes that the application does not reference other sections of ANSI/ANS 57.2. 
This includes numerous sections related to radiation protection including environmental 
qualification criteria and radiation monitoring criteria. However, PSAR Section 3.11 addresses 
environmental qualification, which indicates that the radiation qualification includes doses from 
all potential radiation sources and provides information related to meeting the requirements of 
GDC 4.  Information on meeting radiation monitoring requirements is discussed in PSAR 
Sections 11.5 and in this Chapter 12 SER. As discussed in this report’s evaluations of PSAR 
Section 3.11 and the radiation monitoring review of PSAR Sections 11.5 and PSAR Section 
12.3.4.1 the NRC staff determines that the information in these sections is sufficient for a CP 
application. ANSI/ANS 57.2 also includes programmatic criteria related to radiation protection. 
As discussed in Section 12.5 of this report, additional details related to the operational radiation 
protection program will be provided in a future OLA. As a result, this information does not need 
to be addressed in a CP application. Therefore, the NRC staff finds that the applicant has 
adequately addressed the radiation protection design for the refueling cavity and fuel pool for a 
CP application.  

Since the applicant commits to following RG 1.69, provided shielding information for the core 
and spent fuel, and provided radiation zoning information to which the plant radiation shielding 
will be designed to meet, the NRC staff finds that the information in the PSAR related to 
radiation shielding provides reasonable assurance that the constructed facility will include 
suitable shielding for radiation protection, in accordance with the  requirements of 10 CFR Part 
50 (TN249), Appendix A, GDC 61 and is , therefore, acceptable for issuance of a CP. Further, 
the NRC staff determined that the information in the PSAR related to radiation shielding in the 
application provides reasonable assurance that occupational exposures to plant workers, as 
well as radiation exposure to members of the public in 10 CFR Part 20 will be met, in 
accordance with 10 CFR 50.40(a). As specified previously, a more detailed review of the 
radiation shielding will be performed by the NRC staff in the OLA. 

12.3.3.4 Radiation Zoning and Access Requirements 

As discussed in PSAR Section 12.3.1.3, the radiation zone designations for the facility are 
established and assigned based on the expected frequency of access and the estimated 
relative source strengths in the various plant rooms. The PSAR contains radiation zone maps 
for each elevation of the buildings that have components with radiation sources. Areas of the 
plant are given two radiation zones. One for normal operation radiation dose rates and one for 
normal shutdown radiation dose rates. As noted in the PSAR, the radiation zone designation is 
not necessarily the maximum dose in every area of the zone during all times, as different plant 
evolutions or certain work could sometimes result in different dose rates being present. In PSAR 
Section 12.3.1.3 and Table 12.3-1 the applicant also provided a description of each of the 
radiation zones, including the upper dose rate of each zone, the stay time limit per week to meet 
the 5 rem dose limit in 10 CFR 20.1201, and a description of the zone class and access limits 
for each zone.  

In PSAR Section 12.3.1.3, the applicant also specified that access to areas of the plant is 
controlled and regulated in accordance with 10 CFR 20.1601 and 10 CFR 20.1602 and PSAR 
Table 1.9-20 indicates that they conform to RG 8.38. In PSAR Section 12.3.1.3, they also 
commit to posting high radiation areas and very high radiation areas in accordance with 10 CFR 
20.1902 requirements.  This adequately addresses these requirements for the CP application. A 
future FSAR application will provide information on the radiation protection program which will 
address the programmatic details of meeting these requirements. 
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The NRC staff reviewed the radiation zone classifications and zone maps and found that areas 
where occupational workers would be expected to be routinely located were low dose areas and 
that high dose areas, that may need to be accessed, were separate areas that could generally 
be accessible from low dose areas. Allowing high dose areas to be easily accessible from low 
dose areas will result in lower occupational radiation exposure since workers can quickly enter 
and egress areas with high radiation doses.  The radiation zoning is also consistent with the 
radiation zoning criteria of RG 8.8.  This includes that high dose rate areas are kept as small as 
is reasonably possible and that areas where personnel are expected to spend significant time 
are low dose areas. Based on this, the NRC staff finds that the zone classifications and zone 
maps are suitable for controlling occupational radiation exposure, are consistent with the 
radiation zoning criteria in RG 8.8, and are therefore acceptable. Further, for the reasons stated 
above, the NRC staff determined that there is reasonable assurance the applicant will meet the 
relevant requirements of Part 20, in accordance with 10 CFR 50.40(a). 

12.3.3.5 Ventilation  

Radiation protection design features for ventilation systems are discussed in PSAR 
Section 12.3.3. Additional information on ventilation systems can be found in Section 9.4. This 
section of the SER does not discuss radiation protection for the control room under accident 
conditions, which is discussed in PSAR Section 6.4 and PSAR Chapter 15.  

The design of the ventilation systems includes features to reduce radiation exposure and the 
spread of contamination. These design features include the following: 

• Ventilation systems are designed to have the air flow from areas of lower potential 
for contamination to areas of higher potential for contamination. 

• Fume hoods or similar devices are installed in laboratories, sampling rooms and 
component decontamination rooms. 

• Ventilation duct penetrations are not located in line of sight between radiation 
sources and occupied areas to prevent radiation streaming. 

• Ventilation filters that are expected to become highly radioactive are shielded from 
one another and from areas that are accessible by personnel. The shielding is 
designed to minimize exposure during maintenance. The PSAR specifies that the 
shielding wall thickness between filter cubicles is sized so that the dose contribution 
in any cubicle from the filter in the adjacent one does not exceed 25 mrem/hour 
under normal operations. 

The NRC staff also reviewed PSAR Section 11.5 and found that the building ventilation systems 
for buildings that are expected to contain radioactive material such as the reactor building, 
radioactive waste building, and turbine building have radiation monitors at the exhaust of the 
buildings. These radiation monitors alarm in the control room on high radiation. This includes 
separate monitoring for the lower reactor building, where the containment and various plant 
systems are located, and the upper reactor building, above the reactor cavity pool and fuel pool. 
These monitors will allow operators to identify problems with airborne activity and take 
appropriate action. 

The NRC staff found the ventilation system design described in the PSAR is consistent with 10 
CFR 20.1406 because it is designed to limit the spread of radioactive contamination. The NRC 
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staff also found that the ventilation system design addresses the requirements of 10 CFR Part 
50, Appendix A, GDC 60 in that the ventilation system design controls the release of gaseous 
radioactive material by filtering radioactive material and control releases to specific exhaust 
points. The ventilation system design also controls radiation exposures to members of the public 
by controlling effluent releases consistent with 10 CFR 20.1301. The ventilation system design 
is also consistent with 10 CFR 20.1701 in that it uses engineering controls to reduce in-plant 
airborne activity. This is in accordance with 10 CFR 50.40(a), in that it provides reasonable 
assurance that the applicant will comply with the regulations of Part 20, in accordance with 10 
CFR 50.40(a). As a result, the NRC staff finds the information on the ventilation system design 
in the PSAR is acceptable for issuance of a CP. 

12.3.3.6 Area Radiation and Airborne Radioactivity Monitoring Instrumentation 

Fixed area radiation monitoring outside of containment is described within this subsection. As 
described in PSAR Section 12.3.4.1, the area radiation monitors continuously measure, indicate 
and record gamma radiation levels at strategic locations throughout the plant. When the 
radiation monitors detect high radiation, alarms are activated locally, in the main control room, 
and the secondary control room to warn personnel to take appropriate protective measures. As 
discussed in PSAR Section 6.8, the containment monitors include local indications and alarms 
are provided where necessary to notify personnel of hazardous conditions.   

As discussed in PSAR Chapter 9, the applicant will comply with the requirements of 10.CFR 
50.68, in lieu of the requirements of 10 CFR 70.24 (TN4883). As discussed in PSAR Section 
12.3.4.1.1, there are also area radiation monitors on the refueling floor. The containment high 
radiation monitors and monitors on the refueling floor address the requirement of 10 CFR 
50.68(b)(6) of providing radiation monitors in fuel storage and handling areas to detect 
excessive radiation levels and to initiate appropriate safety actions. 

As discussed in PSAR Section 12.3.4.1.2, the area radiation monitors monitor radiation levels 
throughout the plant. They are placed in locations in the reactor building, turbine building, 
radioactive waste building, control building, and service building. As indicated in PSAR 
Section 12.3.4.1.3, the area radiation monitors conform to RGs 8.2, 8.8, and RG 1.97, and are 
placed in locations in accordance with RG 8.8. Monitor ranges are selected in accordance with 
RG 8.8 and are selected based on expected exposure rates and radiation sources present. As 
specified in PSAR Section 12.3.4.1.2, criteria for monitor ranges consider the lowest expected 
exposure rate, the expected exposure rate under normal operation and AOOs, the upper range 
is up to ten times the expected maximum rate, and if using two channels their ranges overlap by 
at least one decade. 

As discussed in PSAR Section 6.8, a particulate, iodine, and noble gas skid is provided for 
monitoring of fission products inside containment. The skid includes three independent 
particulates, iodine, and noble gas analyzers, flow extraction/control equipment, grab sampling 
taps, a local control panel, and audible/visual alarms. In addition, particulate filters, iodine filters, 
and grab samples are periodically collected from the skid for analysis. The design also includes 
area radiation monitors for monitoring gamma radiation inside of containment. 

The applicant does not provide the specific locations of area radiation monitors in the 
application. The NRC staff will review the permanent radiation monitor locations and design 
criteria in a future OLA. The NRC staff finds that the general design of the area radiation 
monitors described in the application and the general criteria for placement of the area radiation 
monitors is consistent with the NRC RGs discussed above. The criteria for the placement of 
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monitors is also consistent with the criteria for radiation monitor placement in 
ANSI/ANS/HPSSC-6.8.1, which is referenced in SRP Section 12.3-12.4 and , therefore, provide 
assurance that high radiation levels will be appropriately detected and therefore, occupational 
radiation exposure will be controlled in accordance with 10 CFR Part 20. Thus, providing 
reasonable assurance that the requirements of Part 20 will be met, in accordance with 10 CFR 
50.40(a).  In addition, in combination with the process and effluent radiation monitors discussed 
in PSAR Section 11.5, the area radiation monitors will provide appropriate monitoring of fuel 
storage and radioactive waste systems and associated handling areas to detect excessive 
radiation levels, in accordance with GDC 63. They also provide the means for monitoring the 
reactor containment atmosphere and the plant environs in accordance with GDC 64. Thus, the 
staff finds that the information on area radiation monitoring is acceptable for issuance of a CP. 

For airborne radioactivity monitoring, the applicant indicates in PSAR Section 12.3.4 that it will 
follow RG 8.25 which provides guidance for air sampling in the workplace. PSAR Section 12.3.4 
also specifies that airborne areas of the plant outside of the containment maintain airborne 
activities less than 0.3 DAC, by maintaining an adequate supply of fresh air and by limiting 
potential sources of airborne radioactivity. The NRC staff notes that portable air monitors can be 
used to collect grab samples to detect airborne activity. In addition, the NRC staff notes that the 
radiation monitors in the ventilation exhaust of the building ventilation systems would identify 
high levels of airborne radioactivity and would prompt operators to take action to identify the 
source. PSAR Section 12.3.4 also specifies that areas routinely accessed and areas with 
unlimited access will have airborne concentrations of well below 0.1 DAC. Since airborne 
activity is limited and the applicant will have a means to monitor and detect airborne activity 
when appropriate, the NRC staff finds that the applicant’s approach for controlling airborne 
radioactivity can be addressed without establishing permanent airborne monitoring equipment at 
the CP stage and can be addressed by the operational radiation protection program which the 
applicant commits to provide in a future OL application, as discussed in Section 12.5 of this 
report. As such, the NRC staff finds that the information provided for airborne radiation 
monitoring is acceptable for issuance of a CP. 

12.3.4 Conclusion 

The NRC staff has reviewed the information contained in PSAR Section 12.3 and concludes 
that the radiation protection design features are acceptable and consistent the requirements 
of,10 CFR Part 50, Appendix A, GDCs 4, 61, 63, and 64 and the requirements of 10 CFR 50.68, 
for issuance of a CP. The information provided in the CP application is sufficient to provide 
reasonable assurance that the requirements of 10 CFR Part 20 will be met, in accordance with 
10 CFR 50.40(a). Based on the above, the applicant has addressed the requirements of 10 
CFR 50.34(a)(3)(ii) and 10 CFR 50.34(a)(4) as they apply to this section. Therefore, the NRC 
staff finds that the information in PSAR Section 12.3 is sufficient and adequately supports the 
issuance of a CP pursuant to the regulations in 10 CFR 50.35. 

12.4 Dose Assessment 

12.4.1 Introduction 

Section 12.4 of the CRN-1 PSAR describes the applicant’s methods, assumptions, and 
preliminary results for assessing doses to plant workers and the public resulting from normal 
operation and AOOs. The NRC staff’s review focused on whether the applicant has described 
and applied appropriate dose assessment methodologies—consistent with BWR technology 
and regulatory requirements—for the CP stage, and whether the information supports the 
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adequacy of the facility’s preliminary design, shielding, layout, and radiation protection design 
and program. 

This review is performed in accordance with SRP Sections 12.3 and 12.4. 

12.4.2 Regulatory Evaluation 

In accordance with 10 CFR 20.1002, 10 CFR Part 20 (TN283) does not apply to construction 
permit applications. 10 CFR 50.40 describes considerations that will guide the Commission in 
determining that a construction permit will be granted. Per 10 CFR 50.40(a), one of those 
considerations is that “the processes to be performed, the operating procedures, the facility and 
equipment, the use of the facility, and other technical specifications, or the proposals, in regard 
to the foregoing collectively provide reasonable assurance that the applicant will comply with the 
regulations . . . including the regulations in part 20 . . . and that health and safety of the public 
will not be endangered.”  Decisions related to the design of the proposed facility affect an 
applicant’s ability to meet the requirements of 10 CFR Part 20 in the future. Therefore, 
discussions of 10 CFR Part 20 in this section pertain to the NRC staff having reasonable 
assurance that a future operating reactor would be able to meet 10 CFR Part 20 considering the 
preliminary facility design and the potential radiation protection program. The following NRC 
regulations contain the relevant regulations for this review: 

• 10 CFR 50.34(a)(3)(ii) requires that the PSAR describe the preliminary design of the facility, 
including the design bases and the relation of the design bases to the principal design 
criteria. 

• 10 CFR 50.34(a)(4) requires in part that the PSAR include a preliminary analysis and 
evaluation of the design and performance of structures, systems, and components of the 
facility with the objective of assessing the risk to public health and safety resulting from 
operation of the facility and including determination of the margins of safety during normal 
operations and transient conditions anticipated during the life of the facility. 

• 10 CFR 50.34(a)(6) requires that the PSAR includes a preliminary plan for the applicant’s 
organization, training of personnel, and conduct of operations.  

In order to evaluate if the applicant has provided adequate information on the design of the 
facility that is in accordance with the above criteria and the planned conduct of operations, the 
staff evaluated that the applicant’s occupational dose assessment are in accordance with the 
following requirements:  

• 10 CFR 20.1101(b) and the definition of ALARA in 10 CFR 20.1003 (TN283), as they relate 
to licensees making every reasonable effort, including engineering controls, to maintain 
radiation exposures ALARA 

• 10 CFR 20.1201, as it relates to occupational dose limits for adults 

SRP Section 12.3-12.4 list the guidance applicable to the above regulations. It includes the 
following: 

• RG 8.19, “Occupational Radiation Dose Assessment in Light-Water Reactor Power Plants—
Design Stage Man-Rem Estimates,” Revision 1, as it relates to a method acceptable to the 
NRC staff for assessing collective occupational radiation doses as part of the ongoing 
design review process to ensure that such exposures will be ALARA (NRC 1979-TN4868) 
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12.4.3 Technical Evaluation 

This section provides information on the dose assessment for normal operations, including 
refueling. PSAR Section 12.4 indicates that the dose assessment was performed consistently 
with RG 8.19. The dose assessment is categorized into the following six collective occupational 
dose assessment categories: 

• reactor operation and surveillances 

• routine maintenance 

• waste processing 

• refueling 

• in-service inspection 

• special maintenance 

These categories of activities associated with occupational dose are consistent with RG 8.19. 
(The NRC staff notes that while RG 8.19 has a separate category for routine and non-routine 
operations and surveillances, the applicant included both in the same table). In each of these 
categories the dose is estimated for several different activities based on the dose rate estimated 
in the occupied areas, the frequency of the activities, and the number of personnel participating 
in each of the activities. The applicant indicates that the dose estimates considered the 
expected radiation zones for the BWRX-300 design, information from technical reports, 
experimental data based on previous and current BWR plant designs and operational 
information, and current expectations for activities expected to occur for the BWRX-300 design. 
The dose assessment considers work activities in areas with dose rates of 0.1 mrem/hour or 
greater. The collective dose is calculated considering the estimated effective dose rates where 
the activities are performed multiplied by the collective man-hours/year required to complete the 
task. The applicant indicates that the dose assessment is expected to change as the design is 
refined. The approach described by the applicant is consistent with RG 8.19, as it assesses the 
dose expected to be received by workers for performing activities. Areas with dose rates less 
than 0.1 mrem/hour are very low dose areas that would generally not require any special 
radiation protection controls. 

The NRC staff reviewed the list of activities identified in each area, the dose rates identified in 
different areas, the time spent in areas, and the collective person rem dose, as shown in PSAR 
Tables 12.4-1 through 12.4-7. The activities accounted for were consistent with RG 8.19, except 
for certain differences in activities and added activities for workers given the specifics of the 
BWRX-300 design. The staff found the dose estimates to be appropriate. When considering the 
reactor power level, the projected collective dose estimate of 491 person-mSv/year is a bit 
higher than the average BWR currently in operation, but the annual dose estimate value 
considers some special maintenance activities that would not be expected to occur every year 
or every refueling cycle, such as major turbine overhaul work and turbine valve and pump work. 
These special maintenance activities are significant to the total collective dose, with special 
maintenance activities estimated to make up nearly half of the annual dose. Therefore, the NRC 
staff does not expect that the dose from some of the special maintenance activities will occur 
annually. As a result, the NRC staff expects that the average annual dose from special 
maintenance activities of the operating facility would likely be lower than the doses provided by 
the applicant. Sections 12.1 and 12.3 of the SER discuss some of the design features 
incorporated into the plant design to reduce occupational radiation exposure and keep 
occupational radiation exposure ALARA. In addition, Sections 12.1 and 12.5 of this report 
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discuss the radiation protection program and ALARA controls to ensure that the requirements of 
10 CFR Part 20 (TN283) can be met.  

As a result of the above, the NRC staff finds that the applicant performed an adequate dose 
assessment consistent with RG 8.19, to demonstrate that occupational radiation exposure can 
be controlled in accordance with 10 CFR 20.1101(b) and 10 CFR 20.1201, when considering 
the facility design and the potential radiation protection program to be provided in the OL 
application. Therefore, the dose assessment was adequate for a CP application. Further, based 
on the above, the NRC staff concludes that the CP application includes design features and 
programmatic controls demonstrating compliance with 10 CFR Part 20. As a result, the NRC 
staff finds the PSAR information related to the occupational dose assessment to be acceptable.  

12.4.4 Conclusion 

The NRC staff has reviewed the information contained in PSAR Section 12.4 and concludes 
that the occupational dose assessment is acceptable and that the plant design and 
programmatic controls adequately address occupational exposures for a CPA. The information 
provided in the CP application is sufficient to provide reasonable assurance that the 
requirements of 10 CFR Part 20 will be met, in accordance with 10 CFR 50.40(a). As such the 
applicant has addressed the requirements of 10 CFR 50.34(a)(3)(ii), 10 CFR 50.34(a)(4), and 
10 CFR 50.34(a)(6) as they apply to this section. Therefore, the NRC staff finds that the 
information in PSAR Section 12.4 is sufficient and adequately supports the issuance of a CP 
pursuant to the regulations in 10 CFR 50.35. 

12.5 Health Physics Program 

12.5.1 Introduction 

Section 12.5 of the CRN-1 PSAR presents the applicant’s preliminary description of the health 
physics (HP) program. The HP program, also referred to as the radiation protection program, is 
fundamental to ensuring worker and public health and safety through the implementation of 
controls, policies, procedures, and technical provisions for the control of occupational and 
environmental exposure to radiation and radioactive materials. The NRC staff’s review 
evaluates whether the applicant’s commitments and preliminary program framework are 
consistent with NRC regulations, guidance, and industry standards for BWRs at the CP stage.  

The review is based on SRP Section 12.5 (NRC 2013-TN13188).  

12.5.2 Regulatory Evaluation 

In accordance with 10 CFR 20.1002, 10 CFR Part 20 (TN283) does not apply to construction 
permit applications. 10 CFR 50.40 describes considerations that will guide the Commission in 
determining that a construction permit will be granted. Per 10 CFR 50.40(a), one of those 
considerations is that “the processes to be performed, the operating procedures, the facility and 
equipment, the use of the facility, and other technical specifications, or the proposals, in regard 
to the foregoing collectively provide reasonable assurance that the applicant will comply with the 
regulations . . . including the regulations in part 20 . . . and that health and safety of the public 
will not be endangered.” Therefore, discussions of 10 CFR Part 20 in this section pertain to the 
NRC staff having reasonable assurance that a future operating reactor would be able to meet 
10 CFR Part 20 considering the preliminary facility design and the potential radiation protection 
program.  
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The following NRC regulations contain the relevant regulations for this review: 

• 10 CFR 19.12, as it relates to keeping workers informed about the storage, transfer, or use 
of radioactive materials or radiation and instructing them about the risk associated with 
occupational radiation exposure (ORE), necessary precautions, procedures to reduce 
exposures, and the purpose and function of the protective devices employed. 

• 10 CFR 50.34(a)(6) requires that the PSAR include a preliminary plan for the applicant’s 
organization, training of personnel, and conduct of operations. This regulation provides a 
basis for performing a preliminary review of the applicants planned occupational radiation 
protection program and for addressing the relevant requirements and guidance documents 
listed below. 

These regulations are as follows: 

• 10 CFR 20.1101, as it relates to (a) development, documentation, and implementation of a 
radiation protection program, (b) the use of procedures and controls to achieve doses to 
workers and the public that are ALARA, as defined in 10 CFR 20.1003, and (c) the review 
and audit of the radiation protection program content and implementation. 

• 10 CFR 20.1201, as it relates to occupational dose limits for adults. 

• 10 CFR 20.1201, 10 CFR 20.1202, 10 CFR 20.1203, and 10 CFR 20.1204, as they relate to 
demonstrating compliance with internal and external dose limits. 

• 10 CFR 20.1206 and 10 CFR 20.2105, as they relate to the authorization, control, and 
documentation of planned special exposures to adult workers. 

• 10 CFR 20.1207, as it relates to control of occupational radiation doses received by minors. 

• 10 CFR 20.1208, as it relates to control of radiation doses received by the embryo/fetus of a 
declared pregnant worker. 

• 10 CFR 20.1301 and 10 CFR 20.1302, as they relate to controlling radiation doses to 
individual members of the public and the maximum dose rate in unrestricted areas. 

• 10 CFR 20.1406, as it relates to the facility design and procedures for operation of the plant 
for minimizing contamination of the facility site. 

• 10 CFR 20.1501, as it relates to performance of surveys to comply with the regulations in 10 
CFR Part 20, including the calibration of radiation protection instruments. 

• 10 CFR 20.1501(c) and 10 CFR 20.1502, as they relate to requirements for providing 
appropriate personnel monitoring equipment to individuals who are occupationally exposed. 

• 10 CFR 20.1601, 10 CFR 20.1602, 10 CFR 20.1901, 10 CFR 20.1902, 10 CFR 20.1903, 10 
CFR 20.1904, and 10 CFR 20.1905, as they relate to posting of, and control of access to, 
radiation areas, high-radiation areas, very-high-radiation areas, airborne radioactivity areas, 
and other indicators necessary to identify and quantify the presence of radioactive materials 
in an area. 

• 10 CFR 20.1701 and 10 CFR 20.1702, as they relate to controlling the concentrations and 
limiting the intake of radioactive materials in the air. 

• 10 CFR 20.1703, as it relates to the use of respiratory protective equipment to limit the 
intake of radioactive material. 

• 10 CFR 20.1906, as it relates to appropriate handling of packages containing certain 
quantities of radioactive materials. 
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• 10 CFR 20.1801, as it relates to securing licensed materials against unauthorized removal 
from the place of storage. 

• 10 CFR 20.1802, as it relates to controlling licensed material that is not in storage. 

• 10 CFR 20.2001 and 10 CFR 20.2006, as they relate to the transfer of radioactive materials 
and the disposal of low-level radioactive waste. 

• 10 CFR 20.2101, 10 CFR 20.2102, 10 CFR 20.2103, 10 CFR 20.2104, 10 CFR 20.2105, 10 
CFR 20.2106, 10 CFR 20.2107, and 10 CFR 20.2110, as they relate to maintaining records 
of individuals who are provided with personnel monitoring equipment and who are exposed 
to radiation, and records of the radiation protection program, including surveys. 

• 10 CFR 20.2201, as it relates to reports to the U.S. Nuclear Regulatory Commission (NRC) 
required from licensees immediately after they become aware of any loss or theft of certain 
quantities of licensed material. 

• 10 CFR 20.2202, 10 CFR 20.2203, 10 CFR 20.2204, and 10 CFR 20.2205, as they relate to 
requirements for reports to the NRC concerning individual exposures that exceed regulatory 
limits, incidents requiring notification, levels of radiation or concentrations of radioactive 
materials in excess of certain values, and planned special exposures. 

• 10 CFR 20.2206 and 10 CFR 19.13, as they relate to requirements for informing workers of 
the results of their individual monitoring. 

SRP 12.5 identifies the guidance documents relevant to this section. It includes the following: 

• RG 1.8, “Qualification and Training of Personnel for Nuclear Power Plants,” Revision 4, as it 
relates to compliance with the Commission’s regulations regarding qualification of nuclear 
power plant personnel (NRC 2019-TN12802) 

• RG 1.33, “Quality Assurance Program Requirements (Operation),” Revision 3, as it relates 
to compliance with the Commission’s quality assurance regulatory requirements during 
nuclear power plant operations (NRC 2013-TN12874). 

• RG 1.97, Revision 5, as it relates to compliance with the Commission regulations to provide 
instrumentation to monitor plant variables and systems during and following an accident 
(NRC 2019-TN12864). 

• RG 1.160, Monitoring the Effectiveness of Maintenance at Nuclear Power Plants” Revision 
4, as it relates to providing reasonable assurance that safety related SSCs and other than 
safety related SSCs that are relied upon to mitigate accidents or transients or are used in 
plant EOPs, are capable of performing their intended function (NRC 2018-TN7799). 

• RG 8.2, Revision 1, as it relates to general information on radiation monitoring programs for 
administrative personnel (NRC 1981-TN8093). 

• RG 8.4, “Personnel Monitoring Device – Direct-Reading Pocket Dosimeters,” Revision 1, as 
it relates to standards for direct-reading and indirect-reading pocket dosimeters used for 
personnel dose or dose rate measurements (NRC 2011-TN13213). 

• RG 8.7, “Instructions for Recording and Reporting Occupational Radiation Dose Data,” 
Revision 4, as it relates to the specification of records necessary to describe the ORE of 
individuals and to the conditions under which the exposure may occur (NRC 2018-
TN13214). 

• RG 8.8, Revision 3, as it relates to meeting the requirements of 10 CFR 20.1101(b) and the 
definition of ALARA in 10 CFR 20.1003 by providing radiation protection information 
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pertaining to actions taken during the design, construction, operation, and decommissioning 
to ensure that ORE remains ALARA (NRC 1978-TN12865). 

• RG 8.9, “Acceptable Concepts, Models, Equations, and Assumptions for a Bioassay 
Program,” Revision 1, as it relates to appropriate concepts, models, equations, and 
assumptions to be used in determining the extent of an individual’s intake of radioactive 
materials and resulting committed organ dose (NRC 1993-TN12454). 

• RG 8.10, Revision 2, as it relates to meeting the requirements of 10 CFR 20.1101(b) and 
the definition of ALARA in 10 CFR 20.1003 concerning commitment by the applicant’s 
management and vigilance by the radiation protection manager and the radiation protection 
staff to maintain ORE ALARA (NRC 2016-TN12866). 

• RG 8.13, Revision 3, as it relates to the description of the instruction to be provided 
concerning biological risks to embryos or fetuses resulting from prenatal ORE (NRC 1999-
TN13215). 

• RG 8.15, Revision 1, as it relates to elements of acceptable respiratory protection programs 
(NRC 1999-TN13216). 

• RG 8.27, Revision 0, as it relates to a radiation protection training and retraining program 
consistent with the ALARA objective and acceptable to the NRC staff for meeting the 
training requirement of 10 CFR Part 19 (NRC 1981-TN13218). 

• RG 8.28, “Audible-Alarm Dosimeters,” Revision 0, as it relates to the appropriate use of 
audible-alarm dosimeters and the conditions under which they should not be relied on to 
perform their intended function (NRC 1981-TN13219). 

• RG 8.29, Revision 1, as it relates to providing appropriate instruction on the risks associated 
with ORE to individuals who might be exposed that are acceptable to the NRC staff for 
meeting the training requirement of 10 CFR Part 19 (NRC 2009-TN12953). 

• RG 8.34, “Monitoring Criteria and Methods to Calculate Occupational Radiation Doses,” 
Revision 1, as it relates to criteria acceptable to the NRC staff that licensees may use to 
determine when monitoring is required, as well as methods acceptable to the NRC staff for 
calculating occupational doses when intake is known (NRC 2022-TN13220). 

• RG 8.35, “Planned Special Exposure,” Revision 1, as it relates to guidance on the conditions 
and prerequisites for permitting planned special exposures, as allowed by 10 CFR Part 20 
and the associated specific monitoring and reporting requirements (NRC 2010-TN13221). 

• RG 8.36, “Radiation Dose to the Embryo/Fetus,” Revision 0, as it relates to determination of 
the total radiation dose to the embryo/fetus as the sum of the deep-dose equivalent to, and 
dose to the embryo/fetus from, intakes of the declared pregnant worker (NRC 1992-
TN13222). 

• RG 8.38, Revision 1, as it relates to guidance on acceptable methods to control access to 
high- and very-high-radiation areas in nuclear power plants that follows the requirements 
specified in 10 CFR Part 20 (NRC 2006-TN13223). 

• NUREG-1736, as it relates to the requirements for a radiation protection program (including 
program review and audit) and compliance with 10 CFR Part 20 (NRC 2009-TN12953). 
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12.5.3 Technical Evaluation 

PSAR Section 12.5 provides general information related to the radiation protection (i.e., health 
physics) program to be implemented at the CRN-1 facility.  

PSAR Section 12.5.1 states that the BWRX-300 design and HP program includes facilities and 
features to administratively control plant personnel radiation exposure, effluent releases, and 
waste shipment requirements. The PSAR includes design features to control radiation exposure 
as discussed in Section 12.3 of this report. Design features and procedures to control effluent 
releases and radioactive waste packaging and shipping are discussed in Chapter 11. 
Programmatic elements to control radiation exposure are also discussed in PSAR Chapter 12, 
including PSAR Section 12.5.3, which specifies that the plant radiation protection program will 
be in accordance with the NRC guidance documents specified. The guidance documents 
referenced in Section 12.5.3 include all the regulatory guides referenced in SRP Section 12.5, 
with the exception of RG 1.33, RG 1.97, and RG 1.160.  

RG 1.33 is addressed in other PSAR Sections, including PSAR Table 1.9-20, which indicates 
that the application conforms with RG 1.33. PSAR Section 13.1.2 also indicates that the facility 
will operate consistent with RG 1.33. Finally, Section 13.5 indicates that RG 1.33 is used to 
develop quality-related administrative control procedures. This is discussed further in Chapter 
13 of this report.  

As it relates to RG 1.97, the applicant committed to conform to RG 1.97 for the purposes of 
radiation monitoring. Therefore, the NRC staff finds this acceptable for the purpose of the CP 
application.  

RG 1.160 describes methods that are acceptable to the NRC staff for demonstrating compliance 
with the provisions of 10 CFR 50.65. 10 CFR 50.65 applies to holders of an operating license for 
a nuclear power plant. As specified in Table 1.9-20, RG 1.160 will be addressed in the FSAR 
stage. This is consistent with the applicability of 10 CFR 50.65 and RG 1.160. 

The RGs referenced in PSAR section 12.5.3 are consistent with SRP 12.5, as they are 
guidance that are appropriate to use to develop a radiation protection program. Therefore, they 
are acceptable. 

PSAR Section 12.5.3, also indicates that the radiation protection program will be consistent with 
the consolidated guidance of NUREG-1736. NUREG-1736 provides information related to 
meeting the current 10 CFR Part 20 requirements. So, it is appropriate to reference this 
document. Therefore, this is acceptable. 
 
As discussed in PSAR Section 12.5.3, there will be a documented management commitment to 
maintain occupational and public radiation exposures as low as is reasonably achievable, 
trained and qualified staff with well-defined responsibilities, and adequate facilities, equipment, 
and procedures to support radiation protection program needs. PSAR Section 12.5.3 states that 
prior to possession of by-product, source, or special nuclear material, procedures will be 
established, implemented, and maintained sufficient to maintain adequate control over the 
receipt, storage, and use of radioactive materials and as necessary to assure compliance with 
10 CFR 19.11 and 19.12 and the applicable portions of 10 CFR Part 20, commensurate with the 
types and quantities of radioactive materials received and possessed. PSAR Section 12.5.3 
also references PSAR Section 13.4, for the stages of radiation protection program 
implementation. PSAR Table 13.4-1, under radiation protection program, shows that different 
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aspects of the radiation protection program and 10 CFR 20.1406 compliance will be 
implemented at different stages. This includes the necessary aspects of radiation protection 
when radioactive material and fuel are received on site, with full implementation of the radiation 
protection and ALARA program implemented at fuel load. Table 13.4-1 also shows that the 
operational radiation protection program will be implemented to address applicable 
requirements of 10 CFR Parts 30 (TN4881), 40 (TN4882), and 70 prior to(TN4883) will be met 
when material is received. As discussed above, the requirements of 10 CFR Part 20 do not 
apply at the CP phase. Consistent with 10 CFR 50.40(b), the scope of the NRC staff’s review at 
the CP stage is whether the processes to be performed, the operating procedures, the facility 
and equipment, the use of the facility, and other technical specifications, or the proposals, in 
regard to any of the foregoing collectively provide reasonable assurance that the applicant will 
comply with the regulations, including the regulations of 10 CFR Part 20, and that the health and 
safety of the public will not be endangered. Based on the above commitments to follow the 
relevant guidance, the NRC staff concludes that such reasonable assurance exists. The 
detailed radiation protection program for the operating reactor will be reviewed in a future OLA, 
should the applicant apply for an OL.  

PSAR Section 12.5.3 also specifies that they will have facilities to support the receipt, storage, 
and control of non-exempt radioactive sources in accordance with 10 CFR 20.1801, 10 CFR 
20.1802, and 10 CFR 20.1906. 

In PSAR Table 1.9-20 the applicant indicates that it will conform to RG 4.21. RG 4.21 includes 
general information on the programs and procedures to address the requirements of 10 CFR 
20.1406. 

In addition to the above, PSAR Table 1.9-12 indicates that information on the organization, 
equipment, instrumentation and facilities, procedures, and operational programs will be provided 
in the OL FSAR. Therefore, additional information on the radiation protection program (including 
the programmatic aspects of minimizing contamination) will be provided in the OLA.  

The NRC staff finds that the general information on the radiation protection program and 
radiation protection information provided in the PSAR is sufficient for a CPA to provide 
reasonable assurance that a fully developed program could be developed in accordance with 
10 CFR Part 20. The NRC staff will review the more detailed radiation protection program 
information in a future OLA.  

12.5.4 Conclusion 

The NRC staff has reviewed the information contained in PSAR Section 12.5 and concludes 
that the radiation protection program policy and operational considerations are acceptable for 
the construction of the plant. This conclusion is based on the application having adequately 
addressed the training requirements of 10 CFR 19.12, and the commitment to the guidance in 
RGs 1.8, 4.21, 8.2, 8.4, 8.7–8.10, 8.13, 8.15, 8.27–8.29, 8.34–8.36, 8.38, and the guidance in 
NUREG-1736.  Based on the information provided in the PSAR, including the applicant’s 
commitment to follow those guidance documents, the information provided in a CP application is 
sufficient to provide reasonable assurance that the requirements of 10 CFR Part 20 will be met, 
in accordance with 10 CFR 50.40(a). As such the applicant has addressed the requirements of 
10 CFR 50.34(a)(6), as it applies to this section. Therefore, the NRC staff finds that the 
information in PSAR Section 12.5 is sufficient and adequately supports the issuance of a CP 
pursuant to the regulations in 10 CFR 50.35. 


