
NEI 07-11 [Revision 0] 

Generic Template 
Guidance for Cost-
Benefit Analysis for 
Radwaste Systems for 
Light-Water-Cooled 
Nuclear Power Reactors 

September 2007 





NEI 07-11 [Revision 0] 

Nuclear Energy Institute 

Generic Template 
Guidance for Cost-

Benefit Analysis for 
Radwaste Systems for 

Light-Water-Cooled 
Nuclear Power Reactors 

September 2007 

Nuclear Energy Institute, 1776 I Street N. W., Suite 400, Washington D.C. (202.739.8000) 



ACKNOWLEDGEMENTS 

This template guidance document, Generic FSAR Template Guidance for Cost-Benefit Analysis 
for Radwaste Systems for Light-Water-Cooled Nuclear Power Reactors, NEI 07-11, Revision 0, 
was developed by the NEI New Plant Radiation Protection and Radioactive Waste Task Force. 
We appreciate the time, efforts and expertise of the individuals who contributed to the 
development of this guideline. 

NOTICE 
 

Neither NEI, nor any of its employees, members, supporting organizations, contractors, or 
consultants make any warranty, expressed or implied, or assume any legal responsibility for the 
accuracy or completeness of, or assume any liability for damages resulting from any use of, any 
information apparatus, methods, or process disclosed in this report or that such may not 
infringe privately owned rights. 



NEI 07-11 (Revision 0) 
September 2007 

EXECUTIVE SUMMARY 

NEI 07-11, Generic Template Guidance for Cost-Benefit Analysis for Radwaste Systems for 
Light-Water-Cooled Nuclear Power Reactors, Revision 0, provides a generic approach for use in 
support of design certification (DC) and combined license (COL) applications to demonstrate 
compliance with the regulatory requirement to perform a cost-benefit analysis for radwaste 
systems (10 CFR 50, Appendix I, Section II.D).  The document reflects contemporary NRC 
guidance, including Regulatory Guide 1.206, “COL Applications for Nuclear Power Plants 
(LWR Edition),” and industry-NRC discussions regarding the applicable standard review plan 
sections.  A main objective of this report is to assist in expediting NRC review and issuance of 
the combined license. 
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GENERIC TEMPLATE GUIDANCE FOR COST-BENEFIT ANALYSIS 
FOR RADWASTE SYSTEMS FOR LIGHT-WATER-COOLED 

NUCLEAR POWER REACTORS 

1 INTRODUCTION 

This template guidance report provides a generic approach for use in support of design 
certification (DC) and combined license (COL) applications to demonstrate compliance 
with the regulatory requirement to perform a cost-benefit analysis for radwaste systems (10 
CFR 50, Appendix I, Section II.D) and provide reasonable assurance that all items of 
reasonably demonstrated technology have been incorporated into radwaste systems to 
maintain doses to members of the public as low as is reasonably achievable (ALARA). 

The approach included in this report utilizes methods endorsed in NRC regulatory guidance 
and proposes “thresholds,” in terms of estimated collective radiation dose to members of the 
public within a 50-mile radius of proposed nuclear power plants, below which further cost-
benefit analysis is not necessary (i.e., using the criteria prescribed in regulation of $1,000 
per person-rem for total body or thyroid dose).  The proposed thresholds are derived from 
an analysis of the liquid and gaseous waste treatment system augments listed in NRC 
Regulatory Guide 1.110. 

Conformance by applicants with the threshold values presented in this report is neither 
required nor intended.  The threshold values reflect the results of a conservative, 
“bounding” analysis and serve as generic thresholds below which no further analysis by DC 
or COL applicants is necessary to meet the requirement.  Specifically, the threshold values 
do not represent proposed limits or standards, but merely indicate where further analysis 
using applicant-specific information may be warranted. 

2 REGULATORY REQUIREMENT AND GUIDANCE 

2.1 REGULATORY REQUIREMENT – 10 CFR 50, APPENDIX I, SECTION II.D

The regulatory requirement for performing a cost-benefit analysis for radwaste systems at 
light-water-cooled nuclear power reactors is contained in 10 CFR 50, Appendix I, Section 
II.D, as follows: 

“In addition to the provisions of paragraphs A, B, and C above, the applicant shall 
include in the radwaste system all items of reasonably demonstrated technology that, 
when added to the system sequentially and in order of diminishing cost-benefit return, 
can for a favorable cost-benefit ratio effect reductions in dose to the population 
reasonably expected to be within 50 miles of the reactor. As an interim measure and 
until establishment and adoption of better values (or other appropriate criteria), the 
values $1000 per total body man-rem and $1000 per man-thyroid-rem (or such lesser 
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values as may be demonstrated to be suitable in a particular case) shall be used in this 
cost-benefit analysis.” 

2.2 REGULATORY GUIDANCE

Regulatory guidance on acceptable methods and criteria for performing a cost-benefit 
analysis of radwaste systems to demonstrate compliance with 10 CFR 50, Appendix I, 
Section II.D, is included in USNRC Regulatory Guide (RG) 1.206, “Combined License 
Applications for Nuclear Power Plants,” NUREG-0800, “Standard Review Plan for the 
Review of Safety Analysis Reports for Nuclear Power Plants,” and RG 1.110, “Cost-
Benefit Analysis for Radwaste Systems for Light-Water-Cooled Nuclear Power Reactors.”  
Relevant guidance from these documents is included below to provide a single 
consolidated set of applicable guidance for users of this report. 

2.2.1 Regulatory Guide 1.206, Section C.I.11 – Radioactive Waste Management 

2.2.1.1 Section C.I.11.2.1, Design Bases for Liquid Radwaste Treatment Systems 

“Within this evaluation, the applicant should provide a site-specific cost-
benefit analysis for reducing population doses due to liquid effluents, pursuant 
to Appendix I to 10 CFR Part 50 and in accordance with the guidance in 
Regulatory Guides 1.110, “Cost-Benefit Analysis for Radwaste Systems for 
Light-Water-Cooled Nuclear Power Plants,” and 1.113, “Estimating Aquatic 
Dispersion of Effluents from Accidental and Routine Reactor Releases for the 
Purpose of Implementing Appendix I,” and NUREG/CR-4013, “LADTAP 
II—Technical Reference and User Guide.” If this guidance is not followed, 
describe the specific alternative methods used. More specifically, show that 
the proposed systems contain all items of reasonably demonstrated technology 
that, when added to the system in order of diminishing cost-benefit return, 
can, for a favorable cost-benefit ratio, effect reductions in dose to the 
population reasonably expected to be within 50 miles of the reactor. State all 
assumptions and describe the calculation methods used, including all 
supporting references.” 

2.2.1.2 Section C.I.11.3.1, Design Bases for Gaseous Radwaste Treatment 
Systems

“The applicant should provide an evaluation showing the capability of the 
proposed systems to control releases of radioactive materials to within the 
numerical design objectives of Appendix I to 10 CFR Part 50. Within this 
evaluation, provide a site-specific cost-benefit analysis for reducing 
population doses due to gaseous effluents, in compliance with Appendix I to 
10 CFR Part 50, and in accordance with the guidance in Regulatory Guides 
1.110 and 1.111 and NUREG/CR-4653, “GASPAR II—Technical Reference 
and User Guide.” If this guidance is not followed, describe the specific 
alternative methods used. More specifically, show that the proposed systems 
contain all items of reasonably demonstrated technology that, when added to 
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the system in order of diminishing cost-benefit return, can, for a favorable 
cost-benefit ratio, effect reductions in dose to the population reasonably 
expected to be within 50 miles of the reactor. State all assumptions and 
describe the calculation methods used, including all supporting references.” 

2.2.2 NUREG-0800, Chapter 11 – Radioactive Waste Management 

2.2.2.1 Chapter 11.2, Liquid Waste Management System and Chapter 11.3, 
Gaseous Waste Management System 

Note: Chapters 11.2 and 11.3 contain equivalent guidance regarding cost-
benefit analysis of liquid and gaseous waste management systems, 
respectively.  For efficiency, the excerpts shown are from Chapter 11.2 only 
(for liquid waste management systems).  References to the corresponding 
sections in Chapter 11.3 (gaseous waste management systems) are included in 
brackets at the end of each excerpt. 

Chapter 11.2 – SRP Acceptance Criterion 1.B: 

“In addition to 1.A, 1.B, and 1.C, above, the LWMS should include all items 
of reasonably demonstrated technology that, when added to the system 
sequentially and in order of diminishing cost-benefit return, for a favorable 
cost-benefit ratio, can effect reductions in dose to the population reasonably 
expected to be within 80 km (50 mi) of the reactor. Regulatory Guide 1.110 
provides an acceptable method for performing this analysis.” [See Chapter 
11.3, SRP Acceptance Criterion 1.D, for comparable guidance for evaluating 
gaseous waste treatment systems.] 

Chapter 11.2 – Technical Rationale Item 2: 

“Appendix I to 10 CFR Part 50 provides numerical guidance on design 
objectives to meet the requirements that radiation doses caused by radioactive 
materials in effluents released to unrestricted areas be kept ALARA. Sections 
II.A and II.D of Appendix I relate to the numerical guides for dose design 
objectives, limiting conditions for operation, and controls to meet the ALARA 
criterion for liquid effluents. Regulatory Guides 1.109 and 1.113 provide 
acceptable methods for performing dose analyses to demonstrate that the 
LWMS design results in doses caused by releases of radioactive materials 
from each reactor comply with Appendix I dose objectives. 

Regulatory Guide 1.110 provides an acceptable method of performing cost-
benefit analysis to demonstrate that the LWMS design includes all items of 
reasonably demonstrated technology for reducing cumulative population 
doses from releases of radioactive materials from each reactor to ALARA 
levels.
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Meeting the requirements of Sections II.A and II.D of Appendix I to 10 CFR 
Part 50 provides assurance that the limits for radiation doses to a maximally 
exposed offsite individual from liquid effluents specified in Section II.A and 
the acceptance criterion for cost-benefit analysis specified in Section II.D for 
meeting the ALARA objective will be met.” [See Chapter 11.3, Technical 
Rationale Item 7, for comparable guidance for evaluating gaseous waste 
treatment systems.] 

Chapter 11.2 – Evaluation Findings Item 2: “The applicant has met the 
requirements of Section II.D of Appendix I to 10 CFR Part 50 with respect to 
meeting the ALARA criterion. The staff has considered the potential 
effectiveness of augmenting the proposed LWMS using items of reasonably 
demonstrated technology and has determined that further effluent treatment 
will not effect reductions in cumulative population doses reasonably expected 
within an 80-km (50-mi) radius of the reactor at a cost of less than $1000 per 
man-rem or man-thyroid-rem.” [See Chapter 11.3, Evaluation Findings Item 
2.C, for comparable guidance for evaluating gaseous waste treatment 
systems.] 

2.2.2.2 Chapter 11.4, Solid Waste Management System 

Chapter 11.4 – Technical Rationale Item 2: 

“The review should determine whether performance meets or exceeds that 
noted in NRC guidance, standard DCs, industry standards, or topical reports. 
The NRC guidance includes NUREG-0016 or NUREG-0017 and Regulatory 
Guide 1.112, as they relate to the use of acceptable methods for calculating 
radionuclide concentrations in process streams and annual effluent releases, 
and Regulatory Guide 1.110, as it relates to performing cost-benefit analysis 
in reducing cumulative population doses by using available technology.” 

Chapter 11.4 – Evaluation Findings Item 3: 

“The applicant has fulfilled the requirements of Section II.D of Appendix I to 
10 CFR Part 50 with respect to meeting the ALARA criterion. The staff has 
considered the potential effectiveness of augmenting the proposed SWMS 
using items of reasonably demonstrated technology and has determined that 
further waste treatment will not effect reductions in cumulative population 
doses reasonably expected within an 80-kilometer (50-mile) radius of the 
reactor at a cost of less than $1000 per man-rem or man-thyroid-rem.” 

2.2.3 Regulatory Guide 1.110, Cost-Benefit Analysis for Radwaste Systems for 
Light-Water-Cooled Nuclear Power Reactors 

RG 1.110 outlines a method for performing the required cost-benefit analysis of 
nuclear power plant radwaste systems and provides fixed and variable cost values 
for estimating the total annual costs for various liquid and gaseous radwaste 
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treatment system augments.  The costs presented consider the direct equipment 
cost and the costs of building space, supportive services, maintenance, interest, 
and operating as well as other costs generally considered in analyzing capital and 
operating costs in power plant estimating. 

The Regulatory Position in the guide stipulates the following: 

1. The cost-benefit analysis should consider the reduction in release of 
radioactive material from all effluent pathways.  Liquid and gaseous radwaste 
system augments considered in the analysis should be selected in order of 
diminishing cost-benefit returns. 

2. All costs are given in terms of 1975 dollars (as is the $1,000 per man-rem cost 
with which they are compared).  Allowances for inflation after 1975 should 
not be factored into the cost estimates. 

3. The method of calculation described in Appendix A and the parameters 
presented in Appendix B of this guide are acceptable to the NRC staff for 
performing the cost-benefit analysis. 

4. The method of calculation described in Appendix A and the parameters 
presented in Appendix B of this guide are acceptable to the NRC staff for 
performing the cost-benefit analysis. 

In support of the cost-benefit analysis, the applicant should provide a complete 
evaluation, in methodology used, components considered, and all assumptions 
and parameters used.  Information to be submitted by the applicant is described in 
Appendix C to this guide. 

3 ANALYSIS 

3.1 APPROACH

Collective doses for populations within a 50 mile radius of currently operating nuclear 
power plants are extremely low, ranging from 0.0015 to 16 person-rem total dose from 
combined liquid and gaseous pathways, as evaluated by the USNRC in the “Generic 
Environmental Impact Statement for License Renewal of Nuclear Plants” (NUREG-
1437).  Preliminary data provided by near-term COL applicants indicate that the 
collective doses for populations within a 50 mile of proposed plants will be comparable 
to those for operating plants.  The estimated low population doses associated with 
proposed new nuclear power plants support a generic approach for use by DC and COL 
applicants to demonstrate compliance with the regulatory requirement for performing a 
cost-benefit analysis for radwaste systems (Section II.D of Appendix I to 10 CFR Part 
50).
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The generic approach presented in this report includes a bounding analysis that evaluates 
the most favorable cost-benefit-ratio options for both liquid and gaseous radwaste 
treatment systems, using the methodology prescribed in Regulatory Guide 1.110.  The 
results of the analysis are used to propose “threshold values,” below which no further 
analysis by an applicant is necessary to demonstrate compliance with the regulatory 
requirement.  The threshold values, presented in terms of annual person-rem, represent 
the lowest-cost radwaste system augments, given in terms of total annual costs in dollars, 
divided by the regulatory criteria of $1,000 per person-rem prescribed in Appendix I to 
10 CFR Part 50. 

In order to be “bounding,” the analysis utilizes reasonably conservative assumptions in 
determining the cost factors from RG 1.110.  This approach produces the least-cost 
values for each of the liquid and gaseous radwaste treatment system augments included in 
Regulatory Guide 1.110.  After ranking the augments by cost, the lowest-cost augments 
for liquid and gaseous radwaste treatment systems, respectively, are selected to determine 
the threshold values that are presented in this report. 

It should be noted that the analysis employs a highly conservative assumption that the 
respective radwaste treatment system augment reduces the effluent and estimated dose 
for that pathway by 100% (i.e., reduces the estimated pathway dose to zero).  This is a 
hypothetical construct for the purpose of a bounding analysis and obviously, no such 
“perfect” radwaste treatment system exists in practice.  Less restrictive, but still 
conservative, thresholds may be derived by developing and applying more realistic 
effluent/dose reduction factors in regard to the respective radwaste treatment system 
augments. 

3.2 METHODOLOGY AND ASSUMPTIONS

3.2.1 Methodology

Cost-benefit analysis threshold values (CBA-TV) proposed in this report are 
derived for each of the lowest-cost options for liquid and gaseous radwaste 
treatment systems.  The CBA-TV is calculated for each as follows: 

CBA-TV (person-rem) = Total Annual Cost ($) / $1,000 per person-rem 

The methodology given in Regulatory Guide 1.110 for determining the Total 
Annual Cost (TAC) for each radwaste treatment system augment is as follows: 

TAC = Annual Fixed Cost (AFC) + Annual Operating Cost (AOC) + Annual 
Maintenance Cost (AMC), where: 

AFC = Total Capital Cost (TCC) x Capital Recovery Factor (CRF), 
where:

TCC = Total Direct Cost (TDC) x Indirect Cost Factor (ICF), 
where:
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TDC = Direct Cost of Eqpt/Mat’ls (DCEM) + Adjusted Labor 
Cost (ALC), where: 

ALC = Direct Labor Cost (DLC) x Labor Cost 
Correction Factor (LCCF) 

3.2.2 Assumptions

Some of the parameters used in calculating the Total Annual Cost are fixed and 
are given for each radwaste treatment system augment listed in Regulatory Guide 
1.110, including the Annual Operating Cost (AOC), Annual Maintenance Cost 
(AMC), Direct Cost of Equipment and Materials (DCEM), and Direct Labor Cost 
(DLC).

Other parameters are variable and are determined by the user, including the 
following:

Capital Recovery Factor (CRF) – This factor is taken from a table in 
Regulatory Guide 1.110 and reflects the cost of money for capital 
expenditures.  A cost-of-money value of 7% per year is assumed in the 
analysis in this report, consistent with the “Regulatory Analysis Guidelines of 
the U.S. Nuclear Regulatory Commission” (NUREG/BR-0058).  From the 
table in regulatory Guide 1.110, this equals a Capital recovery Factor of 
0.0806.

Indirect Cost Factor (ICF) – This factor takes into account whether the 
radwaste system unitized or shared (in the case of a multi-unit site).  It is 
assumed that the radwaste system for the analysis in this report is a unitized 
system at a 2-unit site, which equals an Indirect Cost Factor of 1.625. 

Labor Cost Correction Factor (LCCF) – This factor takes into account the 
differences in relative labor costs between geographical regions.  A factor of 1 
(the lowest value) is assumed in the analysis in this report. 

The value of $1,000 per person-rem is prescribed in the regulation. 

As noted above, in determining the threshold values, it is assumed that the 
respective radwaste treatment system augment is a “perfect” system that reduces 
the effluent and dose by 100%. 

4 RESULTS 

The results of the analysis are tabulated in the tables in Appendix A to this report.  The 
respective gaseous and liquid radwaste treatment system augments are listed from highest 
annual cost to lowest annual cost for each. 
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The lowest-cost option for gaseous radwaste treatment system augments is the Steam 
Generator Flash Tank Vent to Main Condenser at $6,320/year, which yields a threshold 
value of 6.32 person rem. 

The lowest cost option for liquid radwaste treatment system augments is a 10,000 gallon 
Tank at $16,830/year, which yields a threshold value of 16.83 person-rem. 

5 CONCLUSION 

For light-water reactors, applications with dose estimates less than the following values 
would not need to perform any further cost-benefit analysis to demonstrate compliance with 
10 CFR 50, Appendix I, Section II.D: 

6.32 person-rem whole body or thyroid dose from gaseous effluents 

16.83 person-rem whole body or thyroid dose from liquid effluents 
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FPC Region 3

FPC Region
Labor Cost 
Corrections

Value To Be Returned 
For Caculation On 
Primary Work Sheet

1 1.6 0
2 1.5 0
3 1 1
4 1.4 0
5 1.1 0
6 1.2 0
7 1.3 0
8 1.2 0

Labor Cost Correction Factor 1
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