
 

APPENDIX D 
 
 

FACILITY ACCIDENT SCENARIOS 





Appendix D: Facility Accident Scenarios   GNEP Draft PEIS 
 

D-1 
 

APPENDIX D 
FACILITY ACCIDENT SCENARIOS 

 
This appendix presents the estimated consequences of accidents that could occur at facilities 
performing operations for the various alternatives being considered for the Global Nuclear 
Energy Partnership (GNEP) Programmatic Environmental Impact Statement (PEIS). The 
scenarios described here were chosen to define a representative set of accident conditions such 
that any other reasonably foreseeable accident associated with these activities would be expected 
to have smaller risks and/or consequences.  
 
This appendix describes how locations or operations were selected for analysis, the computer 
codes used to estimate consequences, the development of the scenarios and assumptions about 
source terms, the selection of computer modeling and a description of the results, and potential 
health effects.  
 
This appendix presents accident impacts for facilities and operations associated with the 
domestic programmatic alternatives, which are described in Chapter 2 of this PEIS. 

 
D.1 APPROACH TO THE ANALYSIS OF POTENTIAL ACCIDENTS 
 
D.1.1 Overview 
 
The analysis of accidents followed a systematic four-step process that included: 1) identification 
of potentially hazardous conditions associated with the specific facilities being considered, 
2) selection and definition of a representative set of accident scenarios, 3) development of data 
requirements (source term, release duration, and estimate of frequency of accident condition), 
and 4) calculation of possible accident consequences for the environment, members of the public 
and site workers. 
 
This analysis considers existing light water reactor (LWR) designs as well as new designs with 
advanced safety systems. New reactors that could be built as a result of the GNEP Program 
would be required to meet the safety standards of the U.S. Nuclear Regulatory Commission’s 
(NRC’s) Advanced Reactor Policy (NRC 1986). As of June 2008, NRC has issued design 
certifications for four advanced LWR (ALWR) designs and is reviewing another seven 
(NRC 2008e). U.S. Department of Energy (DOE) has previously analyzed accidents associated 
with ALWRs in the Final Programmatic Environmental Impact Statement for Tritium Supply 
and Recycling, DOE/EIS-0161 (hereafter Tritium Supply and Recycling Final PEIS or 
DOE/EIS-0161) (DOE 1995b), which considered a large and a small pressurized water reactor 
(PWR) and a large and a small boiling water reactor at a variety of locations. The reactors 
considered in DOE/EIS-0161 included two reactors for which the NRC has issued design 
certifications (i.e., the Advanced Boiling Water Reactor and the AP600) and one that is a 
predecessor of a design the NRC is reviewing (i.e., the Simplified Boiling Water Reactor). The 
ALWR analyses in this PEIS are based on a single design, the Simplified Boiling Water Reactor, 
because it had the greatest consequence and risk for a composite of high consequence accidents. 
In addition, this PEIS considers conceptual reactor designs that have not been submitted to or 
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approved by the NRC, but which have been evaluated by DOE in other National Environmental 
Policy Act (NEPA) documents. Table D.1.1-1 lists the reactors that are addressed in this analysis 
and their power level in thermal megawatts (MWth). 
 

TABLE D.1.1-1—Power Level of Reactors Evaluated 
Reactor Power Level 

(MWth) 
Advanced light water reactor (ALWR)a 3,900b 
Advanced recycling reactorc 2,000 

Heavy water reactor (HWR)a 990 
High temperature gas-cooled reactor (HTGR)a 350 
Light water reactor (LWR)d 3,411 

a This reactor was analyzed in the Final Programmatic Environmental Impact Statement 
for Tritium Supply and Recycling DOE/EIS-0161 (DOE 1995b).  
b The power level is reported as 1,300 megawatts electric (MWe), which is multiplied by 
three to obtain an approximate thermal power level based on an assumed efficiency of 
33 percent typical of LWRs.  
c As discussed in Section D.2.2.2, analysis of internally initiated events is based on the 
975 MWth Clinch River Breeder Reactor because relatively detailed analyses are 
available for that reactor. Analysis of externally initiated and natural phenomena events 
resulting in core damage are based on a 2,000 MWth reactor core inventory developed 
for this PEIS (Kim and Yang, 2008), which is greater than the Clinch River Breeder 
Reactor power level. Since the internally initiated events do not involve core damage, this 
difference in power levels does not invalidate their relevance for this analysis. 
d This reactor was analyzed in the Surplus Plutonium Disposition Environmental Impact 
Statement DOE/EIS-0283 (DOE 1999d). 

 
The accident consequences and risks associated with a given reactor are dependent upon many 
factors, including the reactor power level, and fuel and plant design. The NEPA documents and 
documents supporting NEPA documents used as the bases for this PEIS took these and other 
factors into account when identifying scenarios relevant for their designs. This PEIS evaluates 
the scenarios identified in those NEPA documents using the standardized analytical approaches 
described in this appendix, in order to facilitate consistent internal comparisons of reactor 
alternatives. No attempt was made to adjust/normalize reactor power levels because that may 
invalidate the accident selection and scenario progression described in the relevant NEPA 
documents. Adjustment/normalization of reactor power levels has the potential to invalidate the 
results because a reactor design of different power levels may respond differently to the same 
accident initiator. For example, a smaller reactor may be able to use passive features to conduct 
decay heat to the ground while a reactor with 10 times the power level may not be able to 
conduct that much heat to the ground. Without reactor designs and reactor response evaluations 
for common reactor power levels, it is necessary to use the analyses for the reactor designs as 
they existed in the corresponding NEPA documents.  
 
Another factor that affects direct comparisons of reactor impacts is the mission of the reactor. An 
advanced recycling reactor, assumed to be a fast reactor, would contain a higher loading of 
transuranic materials, since the mission of the reactor is consumption of these materials. As a 
result, the consequences and risks associated with an advance recycling reactor may be greater 
than the consequences and risks associated with a similar reactor that does not have a high initial 
loading of transuranic material. 
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Accident scenarios have been chosen to reflect the broad range of accidents that might occur at 
the facilities associated with the alternatives being considered. The scenarios are specific to 
particular buildings and operations. The following terms are used to define the scenarios: 
 

– A reasonably foreseeable accident not only includes events that may be expected, but 
could include an accident with “impacts which have catastrophic consequences, even if 
their probability of occurrence is low, provided that the analysis of the impacts is 
supported by credible scientific evidence, is not based on pure conjecture, and is within 
the rule of reason” (40 CFR 1502.22). “Credible” means having reasonable grounds for 
believability. The “rule of reason” means that the analysis is based on scientifically sound 
judgment. 

– An accident is bounding if no reasonably foreseeable accident with greater consequences 
can be identified. A bounding envelope is a set of individual bounding accidents covering 
the range of probabilities and possible consequences. Bounding accidents must be 
credible and be based on the rule of reason. 

 
An accident is a sequence of one or more unplanned events with potential outcomes that 
endanger the health and safety of workers, the public, or the environment. An accident can 
involve a combined release of energy and hazardous materials (radiological or chemical) that 
might cause prompt or latent health effects. The sequence usually begins with an initiating event, 
such as a human error, equipment failure, or earthquake, followed by a succession of other 
events that could be dependent or independent of the initial event, which dictates the accident’s 
progression and the extent of materials released. Initiating events fall into three categories: 
 

– Internal initiators normally originate in and around the facility, but are always a result of 
facility operations. Examples include equipment or structural failures and human errors. 

– External initiators are independent of facility operations and normally originate from 
outside the facility. Some external initiators affect the ability of the facility to maintain its 
confinement of hazardous materials because of potential structural damage. Examples 
include aircraft crashes, vehicle crashes, nearby explosions, and toxic chemical releases 
at nearby facilities that affect worker performance. 

– Natural phenomena initiators are natural occurrences that may affect the facility and its 
operations. Examples include earthquakes, high winds, floods, lightning, and snow. 
Natural phenomena initiators can also affect nearby facilities, which in turn can affect the 
primary facility under review. 

 
The analysis considers accidents that result in both radiological and nonradiological releases. 
Radiological releases can include the release of radioactive material or direct exposure of 
workers. Nonradiological releases include the release of chemically hazardous materials. 
Standard industrial hazards were considered for their potential as initiators; their direct impacts 
are presented in Appendix C. Appendix B, Intentional Destructive Acts, provides an impact 
analysis of terrorist acts.  
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If an accident were to occur involving the release of radioactive or chemical materials, workers, 
members of the public and the environment would be at risk. Workers in the facility where the 
accident occurs would be particularly vulnerable to the effects of the accident because of their 
location. The offsite public would also be at risk of exposure to the extent that meteorological 
conditions exist for the atmospheric dispersion of released hazardous materials. Using approved 
computer models, which are routinely used by DOE and meet its safety software quality 
assurance requirements (DOE 2007w), the dispersion of released hazardous materials and their 
effects are predicted. However, prediction of latent potential health effects becomes increasingly 
difficult to quantify for facility workers as the distance between the accident location and the 
worker decreases. This is because the individual worker exposure cannot be precisely defined 
with respect to the presence of shielding and other protective features. The worker also may be 
injured or killed by physical effects of the accident itself. 
 
D.1.2 Accident Selection Methodology 
 
The steps involved in selecting and defining scenarios to be analyzed for an advanced recycling 
reactor (a fast reactor, as described in Section D.2.2.2 for the Fast Reactor Recycle Alternative) 
and a nuclear fuel recycling center (as described in Section D.2.2.1 for the Fast Reactor Recycle 
Alternative) are as follows: 
 

– Assemble and review available information and technical resources applicable to the 
facility and operations, 

– Identify potential hazards (form, type, quantity, and location of materials) and accident 
conditions and define a preliminary set of candidate accidents, and 

– Select a final set of accidents, develop scenarios, and derive applicable data for the 
accident analysis. 

 
Each of these steps is discussed in the following subsections.  
 
For the other reactor facilities being considered for the programmatic alternatives, the approach 
was modified to take advantage of existing NEPA documents in which candidate scenarios and 
accidents were previously identified. In these cases, the identification of candidate scenarios and 
the selection of accidents for analysis are not repeated; instead, the internally initiated accidents 
selected in those relevant NEPA documents were used directly as the basis for this analysis. This 
applies specifically to the other reactor options (i.e., ALWR, heavy water reactor [HWR], high 
temperature gas-cooled reactor [HTGR], LWR, and thorium LWR).  
 
The methodologies used in the NEPA documents for the reactors and their fuels in the 
programmatic alternatives (with the exception of an advanced recycling reactor) are similar in 
intent but varied somewhat from the methodology used here. For example, the frequency 
categories used in the selection of accidents was different, and the higher frequency events are 
not always identified. Higher frequency accident events for the other reactors are generally 
related to non-reactor activities such as fuel handling, which are not highly reactor dependent. 
Therefore, higher frequency accidents presented here may be relevant to the other reactor designs 
as well. The source terms identified in the NEPA documents for the other reactors and their fuels 
in the programmatic alternatives were used directly for this analysis. Details of the methodology 
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used for development of these airborne releases in the NEPA documents may have been 
different, for example in the degree of conservatism. While there are differences among the 
accident selection and airborne release methodologies used for the other reactors, the resulting 
analyses presented here are considered appropriate for a programmatic comparison of 
alternatives. 
 
In some cases, natural phenomena events and externally initiated events were not considered in 
the existing NEPA documents for reactors, so an alternative approach was applied. A common 
external event (an aircraft crash) and a common natural phenomena event (a beyond design basis 
earthquake) were used for all reactors. The analyses performed for these initiators are based on 
the use of the same release parameters and frequencies for all reactors without consideration of 
differences in fuel designs, preventive measures, and mitigation potential. These analyses were 
performed to provide insight into potential differences in impacts, primarily with respect to core 
inventory. Therefore, these reactor “Aircraft Crash” and “Beyond Design Basis Earthquake” 
analyses should be used as a basis for programmatic comparison and should not be viewed as 
actual scenarios or consequences. 
 
Independent of how the accident scenarios were chosen for the different facilities, the 
consequence and risk for all scenarios reported in this appendix were calculated using the 
methodology described below in Section D.1.5. 
 
Nonradiological hazards are not addressed for reactors because the types and quantities of 
hazardous chemicals used at a reactor would result in much less risk than those chemicals used at 
the fuel cycle facilities. While there may be differences between the potential chemical accidents 
for the reactors, these differences would be minor in comparison to radiological accident 
differences and would not affect the overall comparison of alternatives. 
 
D.1.2.1 Assembly of Available Information 
 
The first step in the accident analysis process was the assembly and review of available 
information. The following information sources were reviewed where available and relevant. 
 

– Facility information is essential to define the facility design, scope and nature of 
activities, material inventories, and potential hazards. Reports and meetings and 
discussions with representatives provided the necessary facility information. Where 
available, facility hazard evaluations were reviewed. 

– Relevant NEPA and safety basis documents provide insight into the accidents considered 
for similar facilities. DOE has a long history of nuclear activities and there are numerous 
DOE NEPA documents for activities similar to those analyzed in the GNEP PEIS. NEPA 
documents relevant to the alternatives being considered by the GNEP PEIS are available 
at both a programmatic and a project-specific level. The relevant NEPA documents and 
supporting documents used for this analysis are listed in the appropriate sections. The 
scope of nuclear activities in any given NEPA document may not correspond to the full 
scope of the activities being considered, but other relevant documents may cover these 
activities. NEPA documents frequently rely heavily on safety basis documents as the 
basis for the identification of candidate accidents. 
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– Occurrence reports provide insight into events that have actually occurred at similar 
facilities. DOE’s Occurrence Reporting and Processing System database (DOE 2007u) 
provides a searchable means of identifying events that have occurred at facilities with 
similar operations. 

– Hazard checklists have been developed to support preparation of authorization basis 
documents. This review was primarily performed to ensure that nonradiological hazards 
and all potential initiators of radiological events are adequately considered. 

 
D.1.2.2 Identification of Candidate Scenarios 
 
After a review of the available information, a list of candidate accidents to be considered for 
analysis was developed. The list of candidate scenarios includes the scenarios identified in 
relevant documents as well as any additional scenarios identified for the facilities associated with 
the alternatives being considered by the GNEP PEIS. This spectrum of accidents includes low 
consequence/high frequency events and high consequence/low frequency events. 
 
D.1.2.3 Selection of Accidents for Analysis 
 
From the list of candidate accidents, a set of bounding accidents was identified for analysis. The 
selection process included a qualitative assessment of the frequency and consequences of each 
candidate accident. Based on the frequency and consequence estimates, most of the candidate 
accidents were screened from further consideration. The accident selection process involves a 
combination of data, evaluation, and engineering judgment.  
 
The general guidelines listed below were followed in the selection of accidents for analysis. 
 

– Potential hazardous and accident conditions should include the largest source terms at 
risk and the least favorable locations for workers and the public. 

– The accident scenarios selected should cover a spectrum of accident situations ranging 
from high frequency/low consequence events to low frequency/high consequence events. 

– For each frequency range, the accident with bounding consequences should be selected as 
representative for the range. 

– The accident scenarios should reflect differences resulting from site specific initiators, 
meteorology, and characteristics (e.g., distance from site boundary and other adjacent 
facilities). 

 
The accidents selected for analysis were judged to provide an adequate representation of the 
reasonably foreseeable accidents that might occur at the facilities associated with the alternatives 
being considered by the GNEP PEIS. 
 
D.1.3 Accident Frequencies 
 
In this analysis four frequency categories are defined. The frequency ranges are selected based 
on DOE guidance for safety analyses and NEPA documents for facilities with similar operations, 
which include consideration of historical operating experience in similar heavily shielded 
facilities. Here, the frequency estimate includes both the initiating event and conditional 
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events/conditions leading to the release. For example, the aircraft crash includes not only the 
frequency of an aircraft impacting the facility, but also the probability of the containment being 
breached and system damage resulting in core damage. The accident analysis considers accident 
scenarios that represent the spectrum of reasonably foreseeable accidents, including low 
frequency/high consequence accidents and higher frequency/(usually) lower consequence 
accidents. Typically, accidents with a frequency of less than 10-7 per year are not considered 
reasonably foreseeable and do not need to be examined. However, because of the effectiveness 
of advanced reactor safety systems, in this PEIS, accidents with a frequency of less than 10-7 per 
year are considered for reactors in order to address accidents with greater impacts. 
 
Table D.1.3-1 presents the ranges of frequencies, return periods, and probability of occurrence 
during the facility life for each category and is based on Table 3-4 in Preparation Guide for  
U.S. Department of Energy Nonreactor Nuclear Facility Safety Analysis Reports  
(DOE-STD-3009-94) (DOE 2006p). The fidelity of accident frequency estimates are lower when 
exact facility designs and operations have not been finalized. Also, the number of processes and 
equipment trains can affect the frequency for some scenarios. Therefore, quantitative frequency 
estimates are not always available. When only a frequency category is available for an accident 
scenario, the logarithmic midpoint of the category is used for the risk calculations (i.e., 0.03, 
0.001, and 10-5 per year are used for the Anticipated, Unlikely, and Extremely Unlikely 
categories). A frequency estimate is required for all Beyond Extremely Unlikely scenarios.  
 

TABLE D.1.3-1—Accident Frequency Categories 
Frequency Category Frequency Range 

(/yr) 
Return Period 

(yrs) 
Probability During Facility 

Life (50 yrs) 
Anticipated  0.01 ≤ f < 0.1 100 ≥ T > 10 0.4 ≤ P < 1 
Unlikely  10-4 ≤ f < 0.01 104 ≥ T > 100 0.005 ≤ P < 0.4 
Extremely Unlikely 10-6 ≤ f < 10-4 106 ≥ T > 104 5x10-5 ≤ P < 0.005 
Beyond Extremely Unlikely  f < 10-6 T > 106 P < 5x10-5 

Notes: ≤ = less than or equal to; < = less than; ≥ = greater than or equal to; > = greater than 
 
D.1.4 Source Term 
 
The source term is the amount of material, in grams or curies, released to the air. This section 
summarizes the methodology described in Section 1.2 of DOE Handbook—Airborne 
Release/Rates and Respirable Fractions for Nonreactor Nuclear Facilities (hereafter  
DOE-HDBK-3010-94) (DOE 2000i) for calculation of the source term. The source term is 
calculated by the equation: 
 
 Source Term = MAR x ARF x RF x DR x LPF, where: 
 

MAR Material-at-Risk: the amount of radioactive materials (in grams or curies 
of activity for each radionuclide) available to be acted on by a given 
physical stress. 

DR Damage Ratio: the fraction of material at risk impacted by the actual 
accident-generated conditions under evaluation. 
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ARF Airborne Release Fraction: the coefficient used to estimate the amount of 
a radioactive material that can be suspended in air and made available for 
airborne transport under a specific set of induced physical stresses. 

RF Respirable Fraction: the fraction of airborne radionuclides as particles that 
can be transported through air and inhaled into the human respiratory 
system and is commonly assumed to include particles 10-µm 
Aerodynamic Equivalent Diameter and less. 

LPF Leak Path Factor: the fraction of airborne materials transported from 
containment or confinement deposition or filtration mechanism (e.g., 
fraction of airborne material in a glovebox leaving the glovebox under 
static conditions, fraction of material passing through a high-efficiency 
particulate air [HEPA] filter). 

 
The above equation is used for all radiological analyses of non-reactor nuclear facilities, 
advanced recycling reactor internally initiated accidents, and externally initiated accidents at all 
reactors. However, for the other reactor analyses, the relevant NEPA documents report the 
source term for the internally initiated accidents, which is used directly without recreating the 
source term with the above calculation. 
 
The NRC has developed a set of general release parameters for accidents involving significant 
core damage, which are presented in Alternative Radiological Source Terms for Evaluating 
Design Basis Accidents at Nuclear Power Reactors, Regulatory Guide 1.183 (NRC 2000b). The 
release parameters from Table 2 of Regulatory Guide 1.183 are used for the “Beyond Design 
Basis Earthquake” and “Aircraft Crash” scenarios for all reactors regardless of the design. These 
analyses do not take the reactor or fuel designs into account, but merely apply release parameters 
in a consistent manner. In order to provide a range of consequences for these accidents, the 
consequences are analyzed both with and without the mitigating effect of the containment 
building. These release parameters are applied to the end of life core inventory for each reactor, 
as reported in the following sections addressing each reactor. Table D.1.4-1 presents the release 
parameters used for analysis of the reactor “Beyond Design Basis Earthquake” and “Aircraft 
Crash” scenarios. 
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TABLE D.1.4-1—Release Parameters for Reactor Beyond Design Basis Earthquakes  
and Aircraft Crashes 

Parameter Value Basis/Comments 

Release point Ground 
level 

This is the default value used for all reactor accidents to 
provide a common basis. 

Release duration:   
Containment intact 24 hr Evacuation of the area could be implemented in this time. 

Containment failed 1 hr The duration reported in Table 4 of Regulatory Guide 1.183 
(NRC 2000b) was rounded down. 

Release to containment (DR x ARF 
x RF):   

Noble gases (Xe, Kr) 1.0 Based on Table 2 of Regulatory Guide 1.183 (NRC 2000b) 
Halogens(I, Br) 0.4 Based on Table 2 of Regulatory Guide 1.183 (NRC 2000b) 
Alkali metals (Cs, Rb) 0.3 Based on Table 2 of Regulatory Guide 1.183 (NRC 2000b) 
Tellurium metals (Te, Sb, Se) 0.05 Based on Table 2 of Regulatory Guide 1.183 (NRC 2000b) 
Ba, Sr 0.02 Based on Table 2 of Regulatory Guide 1.183 (NRC 2000b) 
Noble metals (Ru, Rh, Pd, Mo, 

Tc, Co) 2.5x10-3 Based on Table 2 of Regulatory Guide 1.183 (NRC 2000b) 

Cerium group (Ce, Pu, Np) 5x10-4 Based on Table 2 of Regulatory Guide 1.183 (NRC 2000b) 
Lanthanides (La, Zr, Nd, Eu, Nb, 

Pm, Pr, Sm, Y, Cm, Am) 2x10-4 Based on Table 2 of Regulatory Guide 1.183 (NRC 2000b) 

Leak path factor:   

Mitigated 0.001/day 
Based on Federal Register, Vol. 60, No. 186 (NRC 1995), this 

is a typical value acceptable for pressurized water reactors 
(PWRs). 

Unmitigated 1 Conservative value that assumes total containment failure. 
Notes: Xe = Xenon; Kr = Krypton; I = Iodine; Br = Bromine; Cs = Cesium; Rb = Rubidium; Te = Tellurium; Sb = Antimony; Se = Selenium;  
Ba = Barium; Sr = Strontium; Ru = Ruthenium; Rh = Rhodium; Pd = Palladium; Mo = Molybdenum; Tc = Technetium; Co = Cobalt;  
Ce = Cerium; Pu = Plutonium; Np = Neptunium; La = Lanthanum; Zr = Zirconium; Nd = Neodymium; Eu = Europium; Nb = Niobium;  
Pm = Promethium; Pr = Praseodymium; Sm = Samarium; Y = Yttrium; Cm = Curium; Am = Americium, DR = damage ratio, ARF = airborne 
release fraction, RF = respirable fraction. 
 
D.1.5 Consequence Analysis  
 
D.1.5.1  Radioactive Material Releases 
 
A deterministic, nonprobabilistic approach was used to analyze the consequences of the accident 
scenarios. The wide range of postulated accidents characterizes the range of impacts associated 
with the operation of the facilities being considered. The postulated accident scenarios for 
radioactive material can be reasonably evaluated in terms of the effective dose equivalent, and 
from this, the bounding scenario can be determined. 
 
The consequences of accidental radiological releases were determined using version 1.13.1 of the 
MACCS2 computer code (Chanin and Young 1998). Melcor (Methods for Estimation of 
Leakages and Consequences of Releases) Accident Consequences Code System, version 2 
(MACCS2) is a DOE/NRC-sponsored computer code that has been widely used in support of 
probabilistic risk assessments for the nuclear power industry and in support of safety and NEPA 
documentation for facilities throughout the DOE complex. As previously stated (Section D.1.1), 
the code meets DOE safety software assurance requirements. 
 
The MACCS2 code uses three distinct modules for consequence calculations: ATMOS, EARLY, 
and CHRONC. The ATMOS module performs atmospheric transport calculations, including 
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dispersion, deposition, and decay. A straight-line Gaussian plume model is applied, with each 
hour’s transport governed by the meteorology during that hour. Multiple calculations are 
performed for each release that include all sequential hourly meteorological conditions 
throughout the year. The EARLY module performs exposure calculations corresponding to the 
period immediately following the release; this module also includes the capability to simulate 
evacuation from areas surrounding the release. The EARLY module exposure pathways include 
inhalation, cloudshine (external exposure from the passing atmospheric plume), and groundshine 
(external exposure from nuclides deposited on the ground by the atmospheric plume). The 
CHRONC module considers the time period following the early phase (i.e., after the plume has 
passed). CHRONC exposure pathways include groundshine, resuspension inhalation, and 
ingestion of contaminated food and water. Land use interdiction (e.g., decontamination) can be 
simulated in this module. Other supporting input files include a meteorological data file and a 
site data file containing distributions of the population and agriculture surrounding the release 
site (Chanin and Young 1998). Melcor Accident Consequence Code System (MACCS), 
Model Description presents a more detailed description of the model’s methodology  
(Jow et al. 1990).  
 
Because of the conservativeness of the assumptions used in this PEIS analysis, not all of the 
code’s capabilities were used. For example, it was conservatively assumed that there would be 
no evacuation or protection of the surrounding population following an accidental release of 
radionuclides. Another conservative assumption was that wet and dry depositions of all 
radioactive material would be zero for individual receptors (maximally exposed individual [MEI] 
and noninvolved worker). These receptors are exposed for the duration of the release; 
suppressing deposition increases inhalation and cloudshine dose (increasing negative health 
effects) by keeping the radioactive material airborne (rather than depleting the plume by 
deposition) and available for inhalation. Deposition was also assumed to be zero for population 
impact analyses. These assumptions maximize exposure to the release. One non-conservative 
assumption is that long-term exposure pathways were not considered. Ground level releases are 
assumed for all reactor accidents for consistency. Figure D.1.5.1-1 illustrates the release and 
exposure pathways modeled in this analysis. 
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FIGURE D.1.5.1-1—Release and Exposure Pathways 

 
Ten radial rings and 16 uniform direction sectors were used to calculate the collective dose to the 
offsite population. The radial rings were every mile (mi) from 1 to 5 mi (2 to 8 kilometers [km]), 
a ring at 10 mi (16 km), and a ring every 10 mi (16 km), from 10 to 50 mi (16 to 80 km) starting 
at the distribution center. The location of the offsite MEI was assumed to be along the site 
boundary or, for elevated or buoyant releases, at the point of greatest offsite consequence. 
Similarly, the onsite noninvolved worker location was taken as 328 feet (ft) (100 meters [m]) 
from the release in any direction. 
  
MEI and noninvolved worker doses were calculated using conservative assumptions, including 
locating the MEI at the site boundary nearest to the release in each wind direction, and assuming 
that the MEI and noninvolved worker receptors were always located along the plume centerline. 
Population and individual (MEI and noninvolved worker) doses were statistically sampled by 
assuming an equally likely accident start time during any hour of the year. All hours were 
sampled, resulting in the mean results which are presented in this PEIS. 
 
The doses (50-year committed effective dose equivalent) were converted into latent cancer 
fatality (LCF) using the factor of 6×10-4 LCFs per person-rem for both members of the public 
and workers (DOE 2002h). This factor was doubled for individual (MEI and noninvolved 
worker) receptors exposed to doses greater than 20 rem (DOE 2002h). LCF values are truncated 
at 1 because the probability of an LCF for an individual cannot exceed 1. Section C.2 provides 
additional information on the calculation and meaning of LCFs. Members of the public and 
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workers are assumed to be exposed for the duration of the release; they or DOE would take 
protective or mitigative actions thereafter if required by the size of the release. Table D.1.5.1-1 
presents some MACCS2 parameter values that were used in the analysis 
(Chanin and Young 1998). To calculate the increased risk or likelihood of an LCF, an estimate of 
the accident annual probability must be known (i.e., Risk = Radiation Dose x LCF/Dose x 
Accident Annual Probability).  
 

TABLE D.1.5.1-1—General MACCS2 Analysis Assumptions  
Parameter Selection Comments 

MACCS2  Version 1.13.1 

Population  

SECPOP2000 (NRC 2003) 1990 
and 2000 census general 
population distributions 

extrapolated to 2060. Centered at 
accident source facility. 

See topical reports for further 
discussion of extrapolation 

methodology. (Tetra Tech 2008b and e) 

Population Ring Boundaries 
1, 2, 3, 4, 5, 10, 20, 30, 40, 50 mi 

(1.6, 3.2, 4.8, 6.4, 8, 16, 32, 48, 64, 
80 km) 

General population to 50 mi (80 km) 

Inhalation and external exposure 
from plume Yes  

Inhalation and external exposure 
from deposition and resuspension No Deposition turned off to maximize 

downwind plume concentrations 

Breathing rate 16 in3 (2.66x10-4 m3) per second Normal breathing rate, Chanin and 
Young 1998 

Evacuation No Assume no protective actions taken 
Relocation No Assume no protective actions taken 
Cloud shielding factor 0.75 Chanin and Young 1998 
Protection factor for inhalation 0.41 Chanin and Young 1998 
Skin protection factor 0.41 Chanin and Young 1998 
Ground shielding factor 0.33 Chanin and Young 1998 No deposition 

Wet deposition No No wet deposition, maximize 
downwind plume concentrations. 

Dry deposition No No dry deposition, maximize downwind 
plume concentrations 

Sigma-y, Sigma-z (dispersion 
parameters) Tadmor-Gur Tables Chanin and Young 1998 

Surface roughness length 
correction 

1.27 (general population), 2.02 
(MEI and noninvolved worker) 

Corresponds to z0=10 centimeters 
(rural) for general population and 
z0=100 centimeters (urban) for 

individuals 
Plume meander time base 600 seconds Chanin and Young 1998 
xpfac1 (exponential factor used in 
calculating the plume meander 
expansion factor) 

0.2 
Plume meander exponential factor for 

time less than break point (1 hour) 
Chanin and Young 1998 
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TABLE D.1.5.1-1—General MACCS2 Analysis Assumptions (continued) 
Parameter Selection Comments 

xpfac2 (exponential factor used in 
calculating the plume meander 
expansion factor) 

0.25 
Chanin and Young 1998; plume 

meander exponential factor for times 
greater than 1 hour 

Plume segment reference time 0.5 
Plume segment reference at center of 

release segment (for dispersion, 
deposition, decay calculations) 

Atmospheric mixing height 
Seasonal afternoon range (in 100s 

of meters): Sites 1-3 (11.8-27), 
Sites 4-6 (15.1-18.6) 

Holzworth 1972 

Wind shift without rotation Yes Plume direction follows wind direction 
every hour 

metcod (meteorological sampling 
option) 5 

Stratified random samples for each day 
of the year (see nsmpls in the row 

below) 
nsmpls (the number of weather 
sequences to be chosen from each 
day of the year) 

24 24 Meteorology samples per day 
(sample each hour) 

Boundary conditions used in last 
ring No Hourly meteorology applied throughout 

model domain 
Dose conversion factors FGR 11,12  

Presented dose results TEDE-mean Total Effective Does Equivalent 
(TEDE) 

Health risk 6x10-4 
Fatal cancers per rem (TEDE)  

(DOE 2002h) 1.2×10-3 for individuals 
exposed to doses greater than 20 rem 

 
The impacts on an additional individual who is in the immediate vicinity of an accident, the 
involved worker who works at the facility where the accident is hypothesized to occur, are 
calculated using different methods than for the receptors described here. They are described in 
Section D.2.2.1.4. 
 
The GNEP PEIS relied on relevant NEPA documents and documents supporting NEPA 
documents for selection and characterization of accident scenarios (see Sections D.1.2.1 and 
D.1.2.2). These documents analyzed reactor designs for a specific purpose and the designs that 
would ultimately be used for GNEP operations may be somewhat different. As discussed in 
Section D.1.1, differences in reactor designs, such as differences in power levels, would affect 
the source terms and accident consequences. The NEPA documents relied upon for the reactor 
information also may have used somewhat different levels of conservatism in estimating the 
source terms. These differences mean the source terms for the various reactor accidents have 
some inherent differences for which this analysis cannot adjust. However, the GNEP PEIS relies 
upon the best available reactor information available to provide reasonable comparisons between 
the alternatives. In terms of the consequence calculation methodology, the GNEP PEIS used the 
standardized analytical approaches described in this Appendix in order to facilitate consistent 
internal comparisons between alternatives. As a result, while the GNEP PEIS results can be 
compared directly with each other within the limitations of the source term information, they will 
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differ from results presented in the NEPA source documents. The consistent, and sometimes 
simplified, assumptions used in the GNEP PEIS are appropriate for the high-level programmatic 
comparisons in the GNEP PEIS.  
 
D.1.5.2 Hazardous Chemical Releases 
 
The consequences of accidental releases of hazardous chemicals were calculated using the Areal 
Location of Hazardous Atmospheres (ALOHA) code, version 5.4.1 (EPA 2007d). ALOHA is an 
EPA/National Oceanic and Atmospheric Administration-sponsored computer code that has been 
widely used in support of chemical accident responses and also in support of safety and NEPA 
documentation for DOE facilities. ALOHA is one of the codes designated by DOE’s former 
Office of Environment, Safety and Health as a toolbox code for safety analysis, as identified in 
ALOHA Computer Code Application Guidance for Documented Safety Analysis Final Report 
(DOE 2004h). 
 
The ALOHA code is a deterministic representation of atmospheric releases of toxic and 
hazardous chemicals. The code can predict the rate at which chemical vapors escape (e.g., from 
puddles or leaking tanks) into the atmosphere; a specified release rate is also an option. In the 
case of the analyses performed here, the liquid chemical releases were determined based on the 
total chemical inventories, with ALOHA then predicting the chemical release rates from puddles.  
 
Either of two dispersion algorithms is applied by the code, depending on whether the release is 
neutrally buoyant or heavier than air. The former is modeled similarly to radioactive releases in 
that the plume is assumed to advect (i.e., convey horizontally) with the wind velocity while 
dispersing laterally (horizontally perpendicular to the wind direction) and vertically. The latter 
considers the initial slumping and spreading of the release because of its density. As a heavier 
than air release becomes more dilute, its behavior tends towards that of a neutrally buoyant 
release.  
 
The ALOHA code uses a constant set of meteorological conditions (e.g., wind speed, stability 
class) to determine the downwind atmospheric concentrations (EPA 2007d). Average conditions 
(mean wind speed and median stability class) were determined for each meteorological data set 
(see discussion of Radioactive Materials Release, above). This is roughly equivalent to the 
conditions corresponding to the mean radiological dose estimates of MACCS2 where the average 
results from hourly meteorological conditions were used. Accidental chemical release 
concentrations were calculated for the closest site boundary and at 328 ft (100 m) from the 
release at each site.  
 
ALOHA contains physical and toxicological properties for approximately 1,000 chemicals. The 
physical properties were used to determine which of the dispersion models and accompanying 
parameters were applied. Acute Exposure Guideline Levels (AEGL)-2 and 3 (SCAPA 2007) are 
used to define the footprint of concern. Because the meteorological conditions specified do not 
account for wind direction (i.e., it is not known a priori in which direction the wind would be 
blowing in the event of an accident) the areas of concern are defined by a circle of radius 
equivalent to the downwind distance at which the concentration decreases to levels less than the 
level of concern.  
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D.1.6 Sites Selected for Analysis 
 
Generic sites were developed to assess the consequences of routine operation and potential 
accident scenarios associated with the facilities under the domestic programmatic alternatives. 
These sites provide a range of values for two parameters: offsite 50 mi (80 km) population and 
meteorological conditions that would directly affect the offsite consequences of an accident. The 
50 mi (80 km) population has a direct effect on the collective dose received in the area 
surrounding the site. The environmental concentrations which would result from releases depend 
on the meteorological mechanisms of advection and dispersion that a release would experience 
as it is transported downwind.  
 
To help determine a reasonable range for offsite population, DOE reviewed the range of 
populations presented in Table 5.3 Generic Environmental Impact Statement for License 
Renewal of Nuclear Reactors (NUREG-1437 Vol. 2) (NRC 1996). That table contains 
populations projected to either year 2030 or 2050 (depending on the particular plant site). No 
attempt was made to further refine the numerical population projections in that table. The NRC 
table includes entries for each power plant at each site; sites with multiple plants have multiple 
entries. The table was edited so that there was only a single entry for the population surrounding 
each site and thus each site was considered equally. From this data set, three total populations 
were selected to represent “small” (fifth percentile), “medium” (fiftieth percentile) and “large” 
(ninety-fifth percentile) surrounding population sites. Each of these total populations was 
spatially distributed within a 50 mi (80 km) radius according to a composite of the distributions 
from four NRC licensed sites with similar surrounding populations. The composite distributions 
were then escalated to a year 2060 equivalent.  
 
To help determine a reasonable range of meteorological conditions, more than 20 annual 
meteorological data sets representing various NRC-licensed and DOE sites were considered. 
These data sets are made up of wind speed, wind direction, stability class and precipitation for 
each hour of the year. A sample accident (Beyond Design Basis Earthquake at the nuclear fuel 
recycling center) was chosen and the total collective dose to all of the three hypothetical 
population distributions was calculated for each meteorological data set. The three 
meteorological data sets resulting in the smallest collective dose (indicative of large atmospheric 
mixing) were composited by choosing four months of data (i.e., one-third of a year) from each 
and linking them together. The resulting data set was designated as the “large atmospheric 
mixing” meteorological data set. The three sets resulting in the largest collective dose (indicative 
of small atmospheric mixing) were similarly composited and designated as the “small 
atmospheric mixing” meteorological data set.  
 
An additional parameter, the distance to the site boundary, was also considered as a site 
differentiator. This distance affects the dose to the MEI. In general, the larger the distance from 
the source, the less dose that this particular individual could receive. There are no current 
regulatory minimum distances, which apply to facility siting. 
 
To determine a representative distance to the site boundary for existing commercial nuclear 
facilities, DOE obtained information regarding the exclusion distance for all currently operating 
commercial nuclear power plants in the United States from Appendix A, “General 
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Characteristics and Environmental Settings of Domestic Nuclear Power Plants” in the Generic 
Environmental Impact Statement for License Renewal of Nuclear Plants (hereafter NUREG-
1437) (NRC 1996). The NUREG-1437 appendix lists the exclusion distance (m) for every site 
with an operating reactor. DOE then entered the values into a spreadsheet for evaluation. 
 
The mean value for the exclusion distance for these reactors is 3,020 feet (ft) (920 meters [m]), 
with a standard deviation of 1,280 ft (390 m). The median exclusion distance is 2,986 ft (910 m). 
The exclusion distances ranged from a low of 886 ft (270 m) to a high of 6,660 ft (2,030 m). 
Based on these data, DOE has selected the mean distance of 3,020 ft (920 m) as the distance to 
site boundary for analysis at the generic sites presented in this PEIS. The mean value was 
selected for the exclusion distance because there is a trend towards a general increase in 
exclusion distances over time, so new reactors are expected to have an exclusion distance equal 
to or greater than the mean of existing plants. Exclusion distances less than 3,020 ft (920 m) 
would generally increase the MEI consequences and distances greater than 3,020 ft (920 m) 
would generally decrease MEI consequences. There are many factors affecting the consequence-
to-distance relationship, but a rough approximation is that the consequence is inversely related to 
the square of the distance. 
 
Table D.1.6-1 shows the six generic sites and some of the important site parameters affecting 
dose and health impacts to the surrounding population. Parameter combinations were chosen to 
range from generally favorable (large atmospheric mixing and small population) to unfavorable 
(small atmospheric mixing and large population). The generic sites represent the range of dose 
and health impacts to the surrounding population that would be found at most real sites that 
might house either a separations facility or reactor facility. The same generic sites are used to 
represent either type of facility because similar physical and constituent releases (i.e., gaseous 
and particulate radionuclides) could result from a hypothetical accidental release from either 
facility. The population for each of the generic sites was based on a composite of actual reactor 
sites and projected to 2060, which is approximately the end of the analytical period for the 
programmatic alternatives. 
 

TABLE D.1.6-1—Characteristics of Generic Sites Selected for Accident Analysis  
Site 50-Mile Population Mean Wind Speed (m/s) Median Stability Class Distance to MEI (ft) 

1 300,000 (small) 4.1 (large mixing) D (large mixing) 3,020 (920 m) 
2 1,700,000 (medium) 4.1 (large mixing) D (large mixing) 3,020 (920 m) 
3 8,200,000 (large) 4.1 (large mixing) D (large mixing) 3,020 (920 m) 
4 300,000 (small) 1.4 (small mixing) E (small mixing) 3,020 (920 m) 
5 1,700,000 (medium) 1.4 (small mixing) E (small mixing) 3,020 (920 m) 
6 8,200,000 (large) 1.4 (small mixing) E (small mixing) 3,020 (920 m) 

 
D.2 FACILITY ACCIDENTS 
 
The following sections provide the relevant facility accident analyses for each alternative as 
described in Chapter 2. A given alternative may have multiple facility types (e.g., more than one 
reactor type plus one or more fuel reprocessing and fuel fabrication facilities). The analysis for 
each facility type is presented only once in this appendix even though it may apply in more than 
one alternative. For example, Section D.2.2.1 addresses a nuclear fuel recycling facility, which is 
included in multiple alternatives. In addition, accident impacts are not added for all facilities in 
the alternative because the facilities may not be colocated, and if colocated: 
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− It is not credible that a receptor will experience consequences from multiple independent 
events because of the low frequency of most independent accidents. Initiators such as an 
earthquake do have the potential of impacting multiple facilities concurrently; however, 
the facilities merely have a vulnerability, not a certainty, of being impacted should an 
earthquake occur, so the frequency for multiple facilities being impacted is significantly 
lower than for the single facility events reported here. 

− The number, selection, and relative positions of colocated facilities are speculative, so 
addition of impacts could substantially overstate the real effects. 

 
D.2.1 No Action Alternative 
 
The No Action Alternative, as described in Section 2.2 of Chapter 2, involves the construction 
and operation of new and replacement LWRs and new ALWRs. This is a once-through 
alternative, so nuclear fuel recycling center accidents are not relevant for this alternative. It is 
assumed that the LWRs and ALWRs would be fueled with low-enriched uranium (LEU). This 
analysis considers two reactor options: LEU fueled LWR, and LEU fueled ALWR.  
 
LWRs typically used in the U.S. commercial industry are designed to withstand off normal 
events that could be postulated to occur, and if unmitigated, could lead to damage of nuclear fuel 
and release of radioactivity. This reactor concept uses a “defense in depth” approach to design 
where multiple levels of protection are provided against the release of radioactive material. 
Protective measures include the use of independent safety systems, fault detection and 
correction, and multiple physical barriers to the release of radioactivity from an accident. The 
goal is to limit the potential of accidents occurring and to limit the effects of an accident in the 
event one does occur. 
 
ALWR designs differ from LWR designs by increased use of active and passive safety features 
that lower the frequency of accidents and/or design features such as scrubbers that mitigate the 
consequence of accidents. For example, a fuel damaging Loss of Coolant Accident (LOCA) 
event is less likely in an ALWR than in an LWR due to the safety systems and the resulting 
release might pass through a scrubber to mitigate the consequences. As a result, the accident 
scenarios selected for analysis and their consequences will differ between the LWR and the 
ALWR. 
 
D.2.1.1  Low Enriched Uranium Fueled Light Water Reactor 
 
The Surplus Plutonium Disposition Final Environmental Impact Statement (hereafter SPD EIS 
or DOE/EIS-0283) (DOE 1999d) evaluated accidents at three existing LWR sites utilizing 
conventional LEU fuel (as well as MOX-U-Pu fuel). The SPD EIS considered design basis and 
beyond design basis events, both of which are included here. A description of each accident is 
presented in the SPD EIS (DOE 1999d) and is not repeated here. In this PEIS, DOE has re-
analyzed the consequences of the accident scenarios presented in the SPD EIS for the Catawba 
reactor at the six generic sites described in Section D.1.6. The accidents for the Catawba reactor 
were selected for evaluation here because it is a large LWR with a radioactive source term that 
equals or exceeds the source term of the other reactors analyzed in the SPD EIS, thereby 
resulting in the greatest consequences. The consequences for the MOX-U-Pu fueled LWR 
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accidents (see Section D.2.3.1) were recalculated for this GNEP PEIS based on the SPD EIS 
source terms. For each LEU fueled LWR scenario, the MOX-U-Pu LWR results are scaled based 
on the ratios reported in the SPD EIS for each accident scenario. Table D.2.1.1-1 lists the ratios 
reported in the SPD EIS. The MOX-U-Pu fueled LWR accident impacts reported in 
Section D.2.3.1 are divided by the appropriate value below to obtain the LEU fueled LWR 
results. 
 

TABLE D.2.1.1-1—Ratio of Accident Impacts for Mixed Oxide-Uranium-Plutonium  
Fueled and Low Enriched Uranium Fueled Light Water Reactors  

(Mixed Oxide-Uranium-Plutonium Impacts/Low Enriched Uranium Impacts) 
Accident (Frequency) Offsite Population MEI Noninvolved Worker 

LOCA (7.5x10-6/yr) 1.033 1.028 1.019 
Fuel Handling Accident (1x10-4/yr) 0.977 0.949 0.953 
SG Tube Rupture (6.31x10-10/yr) 1.042 1.061 1.05a 

Early Containment Failure (3.42x10-8/yr) 1.048 1.007 1.05a 
Late Containment Failure (1.21x10-5/yr) 0.964 1.071 1.05a 
Interfacing System LOCA (6.9x10-8/yr) 1.083 1.143 1.05a 
Beyond Design Basis Earthquake, mitigated (1x10-5/yr) 1.05b 1.05b 1.05b 
Beyond Design Basis Earthquake, unmitigated 
(1x10-5/yr) 1.05b 1.05b 1.05b 

Aircraft Crash, mitigated (1x10-7/yr) 1.05b 1.05b 1.05b 
Aircraft Crash, unmitigated (1x10-7/yr) 1.05b 1.05b 1.05b 

a Impacts for the noninvolved worker are not calculated in the SPD EIS for beyond design basis events, but they are calculated in this GNEP 
PEIS. The average ratio of 1.05, as reported in the SPD EIS, is assumed here. 
b This scenario was not analyzed in the SPD EIS so a scenario-specific ratio is not available. The average ratio of 1.05, as reported in the SPD 
EIS, is used here. 
 
Tables D.2.1.1-2 through D.2.1.1-4 present the accident risks for the LEU fueled LWR at the six 
generic sites described in Section D.1.6 for the offsite population, MEI, and noninvolved worker. 
Because the results are reported to one significant digit, the LEU fueled LWR values are 
generally, but not always, identical to the MOX-U-Pu fueled LWR. 
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TABLE D.2.1.1-2—Low Enriched Uranium Fueled Light Water Reactor Accident Risksa to the 
Offsite Population (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic  
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 6x10-7 1x10-6 7x10-6 3x10-6 6x10-6 2x10-5 
Fuel Handling Accident 
(1x10-4/yr) 7x10-7 2x10-6 7x10-6 2x10-6 4x10-6 1x10-5 

SG Tube Rupture 
(6.31x10-10/yr) 3x10-7 8x10-7 4x10-6 1x10-6 3x10-6 1x10-5 

Early Containment Failure 
(3.42x10-8/yr) 3x10-7 1x10-6 6x10-6 5x10-7 2x10-6 1x10-5 

Late Containment Failure 
(1.21x10-5/yr) 1x10-5 5x10-5 2x10-4 2x10-5 9x10-5 4x10-4 

Interfacing System LOCA 
(6.9x10-8/yr) 6x10-5 1x10-4 7x10-4 3x10-4 6x10-4 0.002 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

2x10-6 4x10-6 2x10-5 8x10-6 1x10-5 6x10-5 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

0.002 0.005 0.02 0.009 0.02 0.07 

Aircraft Crash, mitigated 
(1x10-7/yr) 2x10-8 4x10-8 2x10-7 8x10-8 1x10-7 6x10-7 

Aircraft Crash, unmitigated 
(1x10-7/yr) 2x10-5 5x10-5 2x10-4 9x10-5 2x10-4 7x10-4 

a Increased number of expected LCFs per year of operation. 
 
The accident with the highest risk to the offsite populations is the “Unmitigated Beyond Design 
Basis Earthquake” scenario. The collective risk to the offsite population for this scenario would 
range from 0.002 expected LCFs per year of operation in the Site-1 offsite population  
(300,000 people) to 0.07 expected LCFs per year of operation in the Site-6 offsite population 
(8,200,000 people). 
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TABLE D.2.1.1-3—Low Enriched Uranium Fueled Light Water Reactor Accident Risksa to the 
Maximally Exposed Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 7x10-9 7x10-9 7x10-9 5x10-8 5x10-8 5x10-8 

Fuel Handling Accident 
(1x10-4/yr) 1x10-8 1x10-8 1x10-8 6x10-8 6x10-8 6x10-8 

SG Tube Rupture 
(6.31x10-10/yr) 6x10-10 6x10-10 6x10-10 6x10-10 6x10-10 6x10-10 

Early Containment Failure 
(3.42x10-8/yr) 9x10-10 9x10-10 9x10-10 2x10-9 2x10-9 2x10-9 

Late Containment Failure 
(1.21x10-5/yr) 3x10-8 3x10-8 3x10-8 5x10-8 5x10-8 5x10-8 

Interfacing System LOCA 
(6.9x10-8/yr) 7x10-8 7x10-8 7x10-8 7x10-8 7x10-8 7x10-8 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

1x10-8 1x10-8 1x10-8 8x10-8 8x10-8 8x10-8 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated 
(1x10-7/yr) 1x10-10 1x10-10 1x10-10 8x10-10 8x10-10 8x10-10 

Aircraft Crash, unmitigated 
(1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 
For the MEI, the “Unmitigated Beyond Design Basis Earthquake” scenario would result in an 
increased LCF risk of 1×10-5 per year of operation; which corresponds numerically to the annual 
probability of that accident occurring (i.e., the consequence is 1 LCF so the risk [probability x 
consequence] equals the annual probability, or numerically equals the frequency, of the 
accident). 
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TABLE D.2.1.1-4—Low Enriched Uranium Fueled Light Water Reactor Accident Risksa to the 
Noninvolved Worker (All Sites) 

Accident (Frequency) Generic Site 
1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 8x10-8 8x10-8 8x10-8 8x10-7 8x10-7 8x10-7 
Fuel Handling Accident 
(1x10-4/yr) 6x10-8 6x10-8 6x10-8 3x10-7 3x10-7 3x10-7 

SG Tube Rupture 
(6.31x10-10/yr) 6x10-10 6x10-10 6x10-10 6x10-10 6x10-10 6x10-10 

Early Containment Failure 
(3.42x10-8/yr) 8x10-9 8x10-9 8x10-9 3x10-9 3x10-9 3x10-9 

Late Containment Failure 
(1.21x10-5/yr) 6x10-7 6x10-7 6x10-7 9x10-8 9x10-8 9x10-8 

Interfacing System LOCA 
(6.9x10-8/yr) 7x10-8 7x10-8 7x10-8 7x10-8 7x10-8 7x10-8 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

3x10-7 3x10-7 3x10-7 2x10-6 2x10-6 2x10-6 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated 
(1x10-7/yr) 3x10-9 3x10-9 3x10-9 2x10-8 2x10-8 2x10-8 

Aircraft Crash, unmitigated 
(1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 
For the onsite noninvolved worker, the “Unmitigated Beyond Design Basis Earthquake” scenario 
would result in an increased risk of 1x10-5 per year of operation; which corresponds to the annual 
probability of that accident occurring. 
 
Tables D.2.1.1-5 through D.2.1.1-7 present the accident consequences for the LEU fueled LWR 
at the six generic sites described in Section D.1.6 for the offsite population, MEI, and 
noninvolved worker.  
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TABLE D.2.1.1-5—Low Enriched Uranium Fueled Light Water Reactor Accident Health 
Consequences (Dose in Person-Rem/Increased Number of Latent Cancer Fatalities)a  

to the Offsite Population (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 100 / 0.08 300 / 0.2 2,000 / 0.9 600 / 0.4 1,000 / 0.8 5,000 / 3 
Fuel Handling Accident 
(1x10-4/yr) 10 / 0.007 30 / 0.02 100 / 0.07 30 / 0.02 60 / 0.04 200 / 0.1 

SG Tube Rupture 
(6.31x10-10/yr) 8x105 / 500 2x106 / 

1,000 
1x107 / 
6,000 

4x106 / 
2,000 

8x106 / 
5,000 

3x107 / 
20,000 

Early Containment Failure 
(3.42x10-8/yr) 1x104 / 8 6x104 / 40 3x105 / 

200 3x104 / 20 1x105 / 60 5x105 / 
300 

Late Containment Failure 
(1.21x10-5/yr) 2,000 / 1 7,000 / 4 3x104 / 20 3,000 / 2 1x104 / 7 6x104 / 

30 
Interfacing System LOCA 
(6.9x10-8/yr) 1x106 / 900 4x106 / 

2,000 
2x107 / 
10,000 

7x106 / 
4,000 

1x107 / 
8,000 

6x107 / 
40,000 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

300 / 0.2 600 / 0.4 3,000 / 2 1,000 / 0.8 2,000 / 1 1x104 / 6 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

3x105 / 200 8x105 / 
500 

4x106 / 
2,000 

2x106 / 
900 

3x106 / 
2,000 

1x107 / 
7,000 

Aircraft Crash, mitigated 
(1x10-7/yr) 300 / 0.2 600 / 0.4 3,000 / 2 1,000 / 0.8 2,000 / 1 1x104 / 6 

Aircraft Crash, unmitigated 
(1x10-7/yr) 3x105 / 200 8x105 / 

500 
4x106 / 
2,000 

2x106 / 
900 

3x106 / 
2,000 

1x107 / 
7,000 

a The dose in person-rem is reported before the slash and the increased number of LCFs is presented after the slash. 
 
The accidents with the highest consequence to the offsite population would be the “Interfacing 
System LOCA.” Using the dose-to-risk conversion factor of 6×10-4 per person-rem, these 
collective population doses could result in 900 to 40,000 additional LCFs in the surrounding 
population for this Beyond Extremely Unlikely accident. These consequences are consistent with 
the results of the NRC’s Severe Accident Risks: An Assessment for Five U.S. Nuclear Power 
Plants, NUREG-1150 (NRC 1990) and the SPD EIS (DOE 1999d) when the high population and 
least favorable meteorological conditions used in this analysis are considered. The higher 
consequences for this accident are not the result of differences in the fuels relative to other 
reactors, but are instead the result of the use of high release parameters and an assumption that 
all containment and filter systems would fail.  
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TABLE D.2.1.1-6—Low Enriched Uranium Fueled Light Water Reactor Accident Health 
Consequences (Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a  

to the Maximally Exposed Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 2 / 9x10-4 2 / 9x10-4 2 / 9x10-4 10 / 0.007 10 / 0.007 10 / 0.007 

Fuel Handling Accident 
(1x10-4/yr) 

0.2 / 
1x10-4 

0.2 / 
1x10-4 

0.2 / 
1x10-4 1 / 6x10-4 1 / 6x10-4 1 / 6x10-4 

SG Tube Rupture 
(6.31x10-10/yr) 9,000 / 1 9,000 / 1 9,000 / 1 6x104 / 1 6x104 / 1 6x104 / 1 

Early Containment Failure 
(3.42x10-8/yr) 20 / 0.03 20 / 0.03 20 / 0.03 50 / 0.06 50 / 0.06 50 / 0.06 

Late Containment Failure 
(1.21x10-5/yr) 4 / 0.003 4 / 0.003 4 / 0.003 7 / 0.004 7 / 0.004 7 / 0.004 

Interfacing System LOCA 
(6.9x10-8/yr) 2x104 / 1 2x104 / 1 2x104 / 1 1x105 / 1 1x105 / 1 1x105 / 1 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

2 / 0.001 2 / 0.001 2 / 0.001 10 / 0.008 10 / 0.008 10 / 0.008 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

4,000 / 1 4,000 / 1 4,000 / 1 3x104 / 1 3x104 / 1 3x104 / 1 

Aircraft Crash, mitigated 
(1x10-7/yr) 2 / 0.001 2 / 0.001 2 / 0.001 10 / 0.008 10 / 0.008 10 / 0.008 

Aircraft Crash, unmitigated 
(1x10-7/yr) 4,000 / 1 4,000 / 1 4,000 / 1 3x104 / 1 3x104 / 1 3x104 / 1 

a The dose in rem is reported before the slash and the increased likelihood of an LCF is presented after the slash. 
 
For the MEI, four Beyond Extremely Unlikely scenarios—“Steam Generator Tube Rupture,” 
“Interfacing System LOCA,” “Unmitigated Beyond Design Basis Earthquake,” and 
“Unmitigated Aircraft Crash”—would likely result in prompt fatality. When probability is taken 
into account, the MEI has an increased risk of contracting a fatal cancer of about 6x10-10 to 
1×10-5 per year of reactor operation for these scenarios at site 6. 
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TABLE D.2.1.1-7—Low Enriched Uranium Fueled Light Water Reactor Accident Health 
Consequences (Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a  

to the Noninvolved Worker (All Sites) 

Accident (Frequency) Generic Site 
1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 20 / 0.01 20 / 0.01 20 / 0.01 90 / 0.1 90 / 0.1 90 / 0.1 
Fuel Handling Accident 
(1x10-4/yr) 1 / 6x10-4 1 / 6x10-4 1 / 6x10-4 5 / 0.003 5 / 0.003 5 / 0.003 

SG Tube Rupture 
(6.31x10-10/yr) 1x105 / 1 1x105 / 1 1x105 / 1 2x105 / 1 2x105 / 1 2x105 / 1 

Early Containment Failure 
(3.42x10-8/yr) 200 / 0.2 200 / 0.2 200 / 0.2 80 / 0.09 80 / 0.09 80 / 0.09 

Late Containment Failure 
(1.21x10-5/yr) 40 / 0.05 40 / 0.05 40 / 0.05 10 / 0.007 10 / 0.007 10 / 0.007 

Interfacing System LOCA 
(6.9x10-8/yr) 2x105 / 1 2x105 / 1 2x105 / 1 5x105 / 1 5x105 / 1 5x105 / 1 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

30 / 0.03 30 / 0.03 30 / 0.03 100 / 0.2 100 / 0.2 100 / 0.2 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

4x104 / 1 4x104 / 1 4x104 / 1 2x105 / 1 2x105 / 1 2x105 / 1 

Aircraft Crash, mitigated 
(1x10-7/yr) 30 / 0.03 30 / 0.03 30 / 0.03 100 / 0.2 100 / 0.2 100 / 0.2 

Aircraft Crash, unmitigated 
(1x10-7/yr) 4x104 / 1 4x104 / 1 4x104 / 1 2x105 / 1 2x105 / 1 2x105 / 1 

a The dose in rem is reported before the slash and the increased likelihood of an LCF is presented after the slash. 
 
For the noninvolved worker, these same four Beyond Extremely Unlikely scenarios—“Steam 
Generator Tube Rupture,” “Interfacing System LOCA,” “Unmitigated Beyond Design Basis 
Earthquake,” and “Unmitigated Aircraft Crash”—likely would result in prompt fatality. When 
probability is taken into account, the MEI has an increased risk of contracting a fatal cancer of 
about 6x10-10 to 1×10-5 per year of reactor operation for these scenarios at site 6. 
 
D.2.1.2  Low Enriched Uranium Fueled Advanced Light Water Reactor 
 
DOE has previously analyzed accidents associated with ALWRs using LEU fuel at a variety of 
locations in the Tritium Supply and Recycling Final PEIS (DOE 1995b). For this PEIS, DOE has 
re-analyzed those ALWR accident scenarios for the six generic sites described in Section D.1.6. 
A description of each accident is presented in DOE 1995b. The parameters used for this 
reanalysis are presented in Table D.2.1.2-1. Tables D.2.1.2-2 through D.2.1.2-4 present the 
accident risks for an ALWR at all sites to the offsite population, MEI, and noninvolved worker. 
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TABLE D.2.1.2-1—Low Enriched Uranium Fueled Advanced Light Water Reactor  
Accident Release Parameters for Accidents 

Parameter Value Basis/Comment 
Release Point:   

All scenarios Ground level This is the default value used when information is not 
available. 

Duration:   
Beyond Design Basis 
Earthquake See Table D.1.4-1 See Table D.1.4-1. 

Aircraft Crash See Table D.1.4-1 See Table D.1.4-1. 

All other scenarios 1 hour This is the default value used when information is not 
available. 

Source terms:   

Beyond Design Basis 
Earthquake 

DOE/EIS-0161 
(DOE 1995b) for core 

inventory. 
Table D.1.4-1 for 

release parameters. 

Release parameters were selected consistent with the 
values used for all reactors (see Table D.1.4-1) and 

applied to the core inventory for this reactor DOE/EIS-
0161 (DOE 1995b). 

Aircraft Crash 

DOE/EIS-0161 
(DOE 1995b) for core 

inventory. 
Table D.1.4-1 for 

release parameters. 

Release parameters were selected consistent with the 
values used for all reactors (see Table D.1.4-1) and 

applied to the core inventory for this reactor DOE/EIS-
0161 (DOE 1995b). 

All other scenarios. DOE/EIS-0161 
(DOE 1995b) 

DOE/EIS-0161 (DOE 1995b) provides source terms for 
each scenario. 

All other scenarios 
Values were taken 

from DOE/EIS-0161 
(DOE 1995b) 

The source terms are taken directly from DOE/EIS-0161 
(DOE 1995b) since it is the basis for this ALWR accident 

information. 
Frequency (/yr):   

   
Failure of Small Primary 
Coolant Line Outside 
Containment 

0.001/yr (Unlikely) 
The frequency is taken directly from DOE/EIS-0161 

(DOE 1995b) since it is the basis for the ALWR accident 
information. 

Fuel Handling Accident 1x10-5/yr (Extremely 
Unlikely) 

The frequency is taken directly from DOE/EIS-0161 
(DOE 1995b) since it is the basis for the ALWR accident 

information. 
Low Pressure Core Melt with 
Loss of Short-Term Coolant 
Makeup and Normal 
Containment Leakage 

7x10-8/yr (Beyond 
Extremely Unlikely) 

The frequency is taken directly from DOE/EIS-0161 
(DOE 1995b) since it is the basis for the ALWR accident 

information. 

Low Pressure Core Melt with 
Loss of Long-Term Coolant 
Makeup and Normal 
Containment Leakage 

6.4x10-8/yr (Beyond 
Extremely Unlikely) 

The frequency is taken directly from DOE/EIS-0161 
(DOE 1995b) since it is the basis for the ALWR accident 

information. 

Low Pressure Core Melt with 
Loss of Short-Term Coolant 
Makeup and Containment 
Vessel 

1.1x10-8/yr (Beyond 
Extremely Unlikely) 

The frequency is taken directly from DOE/EIS-0161 
(DOE 1995b) since it is the basis for the ALWR accident 

information. 
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TABLE D.2.1.2-1—Low Enriched Uranium Fueled Advanced Light Water Reactor  
Accident Release Parameters for Accidents (continued) 

Parameter Value Basis/Comment 
Low Pressure Core Melt 
with Loss of Long-Term 
Coolant Makeup and 
Containment Vessel 

1.1x10-8/yr (Beyond 
Extremely Unlikely) 

The frequency is taken directly from DOE/EIS-0161 
(DOE 1995b) since it is the basis for the ALWR accident 
information. 

Beyond Design Basis 
Earthquake 

1x10-5/yr (Extremely 
Unlikely) 

The median frequency of a safe shutdown earthquake for 
current LWRs is 1.0x10-5/yr per Regulatory Guide 1.165 
(NRC 1997). The frequency is expected to be no greater 
for an ALWR than for current LWRs, so an event 
frequency of 10-5 is used in this analysis. 

Aircraft Crash 1x10-7/yr (Beyond 
Extremely Unlikely) 

The facility must be licensed by the NRC, so it will be 
required to meet NRC Aircraft Hazards criteria (NRC 
2007k), which requires the frequency of exceeding 
exposure guidelines is less than 10-7/ yr. Therefore, an 
event frequency of 10-7/yr is used in this analysis. 

 
TABLE D.2.1.2-2—Low Enriched Uranium Fueled Advanced Light Water Reactor Accident 

Risksa to the Offsite Population (All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 
Failure of Small Primary Coolant Line 
Outside Containment (0.001/yr) 2x10-7 4x10-7 2x10-6 7x10-7 1x10-6 6x10-6 

Fuel Handling Accident (1x10-5/yr) 5x10-9 1x10-8 6x10-8 2x10-8 5x10-8 2x10-7 
Low Pressure Core Melt with Loss of 
Short-Term Coolant Makeup and 
Normal Containment Leakage 
(7x10-8/yr) 

6x10-9 1x10-8 7x10-8 3x10-8 6x10-8 2x10-7 

Low Pressure Core Melt with Loss of 
Long-Term Coolant Makeup and 
Normal Containment Leakage 
(6.4x10-8/yr) 

6x10-9 2x10-8 7x10-8 3x10-8 6x10-8 2x10-7 

Low Pressure Core Melt with Loss of 
Short-Term Coolant Makeup and 
Containment Vessel (1.1x10-8/yr) 

5x10-8 1x10-7 5x10-7 2x10-7 3x10-7 1x10-6 

Low Pressure Core Melt with Loss of 
Long-Term Coolant Makeup and 
Containment Vessel (1.1x10-8/yr) 

6x10-8 1x10-7 6x10-7 2x10-7 4x10-7 2x10-6 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 1x10-6 2x10-6 1x10-5 5x10-6 9x10-6 4x10-5 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 0.001 0.003 0.01 0.006 0.01 0.05 

Aircraft Crash, mitigated (1x10-7/yr) 1x10-8 2x10-8 1x10-7 5x10-8 9x10-8 4x10-7 
Aircraft Crash, unmitigated (1x10-7/yr) 1x10-5 3x10-5 1x10-4 6x10-5 1x10-4 5x10-4 

a Increased number of expected LCFs per year of operation. 
 

The accident with the highest risk to the offsite population, MEI, and noninvolved worker is the 
“Unmitigated Beyond Design Basis Earthquake” scenario. The collective risk to the offsite 
population for this scenario would range from 0.001 expected LCFs per year of operation in the 
Site-1 offsite population (300,000 people) to 0.05 expected LCFs per year of operation in the 
Site-6 offsite population (8,200,000 people). 
 



Appendix D: Facility Accident Scenarios   GNEP Draft PEIS 
 

D-27 
 

TABLE D.2.1.2-3—Low Enriched Uranium Fueled Advanced Light Water Reactor Accident 
Risksa to the Maximally Exposed Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Failure of Small Primary Coolant Line 
Outside Containment (0.001/yr) 2x10-9 2x10-9 2x10-9 1x10-8 1x10-8 1x10-8 

Fuel Handling Accident (1x10-5/yr) 6x10-11 6x10-11 6x10-11 4x10-10 4x10-10 4x10-10 

Low Pressure Core Melt with Loss of 
Short-Term Coolant Makeup and 
Normal Containment Leakage 
(7x10-8/yr) 

7x10-11 7x10-11 7x10-11 5x10-10 5x10-10 5x10-10 

Low Pressure Core Melt with Loss of 
Long-Term Coolant Makeup and 
Normal Containment Leakage 
(6.4x10-8/yr) 

7x10-11 7x10-11 7x10-11 5x10-10 5x10-10 5x10-10 

Low Pressure Core Melt with Loss of 
Short-Term Coolant Makeup and 
Containment Vessel (1.1x10-8/yr) 

1x10-9 1x10-9 1x10-9 8x10-9 8x10-9 8x10-9 

Low Pressure Core Melt with Loss of 
Long-Term Coolant Makeup and 
Containment Vessel (1.1x10-8/yr) 

2x10-9 2x10-9 2x10-9 1x10-8 1x10-8 1x10-8 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 7x10-9 7x10-9 7x10-9 5x10-8 5x10-8 5x10-8 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated (1x10-7/yr) 7x10-11 7x10-11 7x10-11 5x10-10 5x10-10 5x10-10 
Aircraft Crash, unmitigated (1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 
a Increased likelihood of a LCF per year of operation. 

 
For the MEI, the same scenario, an “Unmitigated Beyond Design Basis Earthquake,” would 
result in an increased risk of an LCF of 1×10-5 per year of operation.  
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TABLE D.2.1.2-4—Low Enriched Uranium Fueled Advanced Light Water Reactor  
Accident Risksa to the Noninvolved Worker (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Failure of Small Primary Coolant Line 
Outside Containment (0.001/yr) 2x10-8 2x10-8 2x10-8 1x10-7 1x10-7 1x10-7 

Fuel Handling Accident (1x10-5/yr) 6x10-10 6x10-10 6x10-10 3x10-9 3x10-9 3x10-9 
Low Pressure Core Melt with Loss of 
Short-Term Coolant Makeup and 
Normal Containment Leakage(7x10-8/yr) 

8x10-10 8x10-10 8x10-10 8x10-9 8x10-9 8x10-9 

Low Pressure Core Melt with Loss of 
Long-Term Coolant Makeup and Normal 
Containment Leakage (6.4x10-8/yr) 

2x10-9 2x10-9 2x10-9 9x10-9 9x10-9 9x10-9 

Low Pressure Core Melt with Loss of 
Short-Term Coolant Makeup and 
Containment Vessel (1.1x10-8/yr) 

9x10-9 8x10-9 8x10-9 1x10-8 1x10-8 1x10-8 

Low Pressure Core Melt with Loss of 
Long-Term Coolant Makeup and 
Containment Vessel (1.1x10-8/yr) 

1x10-8 1x10-8 1x10-8 1x10-8 1x10-8 1x10-8 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 1x10-7 1x10-7 1x10-7 1x10-6 1x10-6 1x10-6 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated (1x10-7/yr) 1x10-9 1x10-9 1x10-9 1x10-8 1x10-8 1x10-8 
Aircraft Crash, unmitigated (1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 
For the onsite noninvolved worker, this scenario, an “Unmitigated Beyond Design Basis 
Earthquake,” would result in an increased risk of a LCF of 1×10-5 per year of operation. 

 
Tables D.2.1.2-5 through D.2.1.2-7 present the accident consequences to the offsite population, 
MEI, and noninvolved worker for an ALWR at the six generic sites described in Section D.1.6.  
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TABLE D.2.1.2-5—Low Enriched Uranium Fueled Advanced Light Water Reactor Accident 
Health Consequences (Dose in Person-Rem/Increased Number of Latent Cancer Fatalities)a  

to the Offsite Population (All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 
Failure of Small Primary Coolant 
Line Outside Containment 
(0.001/yr)  

0.3 / 
2x10-4 

0.6 / 
4x10-4 3 / 0.002 1 / 7x10-4 2 / 0.001 9 / 0.006 

Fuel Handling Accident (1x10-5/yr)  0.8 / 
5x10-4 2 / 0.001 10 / 0.006 4 / 0.002 8 / 0.005 30 / 0.02 

Low Pressure Core Melt with Loss 
of Short-Term Coolant Makeup and 
Normal Containment Leakage 
(7x10-8/yr) 

100 / 0.09 300 / 0.2 2,000 / 1 700 / 0.4 1,000 / 
0.8 6,000 / 3 

Low Pressure Core Melt with Loss 
of Long-Term Coolant Makeup and 
Normal Containment Leakage 
(6.4x10-8/yr) 

200 / 0.1 400 / 0.2 2,000 / 1 800 / 0.5 2,000 / 
0.9 6,000 / 4 

Low Pressure Core Melt with Loss 
of Short-Term Coolant Makeup and 
Containment Vented (1.1x10-8/yr) 

7,000 / 4 2x104 / 
10 

8x104 / 
50 

3x104 / 
20 

5x104 / 
30 

2x105 / 
100 

Low Pressure Core Melt with Loss 
of Long-Term Coolant Makeup and 
Containment Vented (1.1x10-8/yr) 

9,000 / 5 2x104 / 
10 

1x105 / 
60 

3x104 / 
20 

6x104 / 
40 

3x105 / 
200 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 200 / 0.1 400 / 0.2 2,000 / 1 800 / 0.5 2,000 / 

0.9 7,000 / 4 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 

2x105 / 
100 

5x105 / 
300 

2x106 / 
1,000 

1x106 / 
600 

2x106 / 
1,000 

8x106 / 
5,000 

Aircraft Crash, mitigated (1x10-7/yr) 200 / 0.1 400 / 0.2 2,000 / 1 800 / 0.5 2,000 / 
0.9 7,000 / 4 

Aircraft Crash, unmitigated 
(1x10-7/yr) 

2x105 / 
100 

5x105 / 
300 

2x106 / 
1,000 

1x106 / 
600 

2x106 / 
1,000 

8x106 / 
5,000 

a The dose in person-rem is reported before the slash and the increased number of LCFs is presented after the slash. 

 
The accidents with the highest consequence to the offsite populations would be the “Unmitigated 
Beyond Design Basis Earthquake” and “Unmitigated Aircraft Crash.” The collective population 
doses would result in 100 to 5,000 additional LCFs in the surrounding population for these 
Extremely Unlikely and Beyond Extremely Unlikely accidents. 
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TABLE D.2.1.2-6—Low Enriched Uranium Fueled Advanced Light Water Reactor Accident 
Health Consequences (Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a  

to the Maximally Exposed Individual (All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 
Failure of Small Primary Coolant 
Line Outside Containment 
(0.001/yr) 

0.003 / 
2x10-6 

0.003 / 
2x10-6 

0.003 / 
2x10-6 

0.02 / 
1x10-5 

0.02 / 
1x10-5 

0.02 / 
1x10-5 

Fuel Handling Accident (1x10-5/yr) 0.009 / 
6x10-6 

0.009 / 
6x10-6 

0.009 / 
6x10-6 

0.07 / 
4x10-5 

0.07 / 
4x10-5 

0.07 / 
4x10-5 

Low Pressure Core Melt with Loss 
of Short-Term Coolant Makeup and 
Normal Containment Leakage 
(7x10-8/yr) 

2 / 0.001 2 / 0.001 2 / 0.001 10 / 0.007 10 / 0.007 10 / 0.007 

Low Pressure Core Melt with Loss 
of Long-Term Coolant Makeup and 
Normal Containment Leakage 
(6.4x10-8/yr) 

2 / 0.001 2 / 0.001 2 / 0.001 10 / 0.008 10 / 0.008 10 / 0.008 

Low Pressure Core Melt with Loss 
of Short-Term Coolant Makeup and 
Containment Vented (1.1x10-8/yr) 

100 / 0.1 100 / 0.1 100 / 0.1 600 / 0.7 600 / 0.7 600 / 0.7 

Low Pressure Core Melt with Loss 
of Long-Term Coolant Makeup and 
Containment Vented (1.1x10-8/yr) 

100 / 0.1 100 / 0.1 100 / 0.1 800 / 0.9 800 / 0.9 800 / 0.9 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 1 / 7x10-4 1 / 7x10-4 1 / 7x10-4 9 / 0.005 9 / 0.005 9 / 0.005 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 3,000 / 1 3,000 / 1 3,000 / 1 2x104 / 1 2x104 / 1 2x104 / 1 

Aircraft Crash, mitigated (1x10-7/yr) 1 / 7x10-4 1 / 7x10-4 1 / 7x10-4 9 / 0.005 9 / 0.005 9 / 0.005 
Aircraft Crash, unmitigated 
(1x10-7/yr) 3,000 / 1 3,000 / 1 3,000 / 1 2x104 / 1 2x104 / 1 2x104 / 1 

a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
 
For the MEI, the “Unmitigated Beyond Design Basis Earthquake” and “Unmitigated Aircraft 
Crash” scenarios would be the accidents with the highest consequences. These scenarios would 
likely result in prompt radiation fatality. 
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TABLE D.2.1.2-7—Low Enriched Uranium Fueled Advanced Light Water Reactor Accident 
Health Consequences (Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a  

to the Noninvolved Worker (All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 
Failure of Small Primary Coolant 
Line Outside Containment (0.001/yr) 

0.03 / 
2x10-5 

0.03 / 
2x10-5 

0.03 / 
2x10-5 

0.2 / 
1x10-4 

0.2 / 
1x10-4 

0.2 / 
1x10-4 

Fuel Handling Accident (1x10-5/yr) 0.1 / 
6x10-5 

0.1 / 
6x10-5 

0.1 / 
6x10-5 

0.6 / 
3x10-4 

0.6 / 
3x10-4 

0.6 / 
3x10-4 

Low Pressure Core Melt with Loss 
of Short-Term Coolant Makeup and 
Normal Containment Leakage 
(7x10-8/yr) 

20 / 0.01 20 / 0.01 20 / 0.01 100 / 0.1 100 / 0.1 100 / 0.1 

Low Pressure Core Melt with Loss 
of Long-Term Coolant Makeup and 
Normal Containment Leakage 
(6.4x10-8/yr) 

20 / 0.03 20 / 0.03 20 / 0.03 100 / 0.1 100 / 0.1 100 / 0.1 

Low Pressure Core Melt with Loss 
of Short-Term Coolant Makeup and 
Containment Vented (1.1x10-8/yr) 

700 / 0.8 700 / 0.8 700 / 0.8 3,000 / 1 3,000 / 1 3,000 / 1 

Low Pressure Core Melt with Loss 
of Long-Term Coolant Makeup and 
Containment Vented (1.1x10-8/yr) 

900 / 1 900 / 1 900 / 1 4,000 / 1 4,000 / 1 4,000 / 1 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 20 / 0.01 20 / 0.01 20 / 0.01 100 / 0.1 100 / 0.1 100 / 0.1 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 3x104 / 1 3x104 / 1 3x104 / 1 2x105 / 1 2x105 / 1 2x105 / 1 

Aircraft Crash, mitigated (1x10-7/yr) 20 / 0.01 20 / 0.01 20 / 0.01 100 / 0.1 100 / 0.1 100 / 0.1 
Aircraft Crash, unmitigated 
(1x10-7/yr) 3x104 / 1 3x104 / 1 3x104 / 1 2x105 / 1 2x105 / 1 2x105 / 1 

a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
 
For the noninvolved worker, the “Low Pressure Core Melt with Loss of Short-Term Coolant 
Makeup and Containment Vented,” “Low Pressure Core Melt with Loss of Long-Term Coolant 
Makeup and Containment Vented,” “Unmitigated Design Basis Earthquake,” and “Unmitigated 
Aircraft Crash” scenarios would be the accidents with the highest consequences, and would 
likely result in prompt radiation fatality. 
 
D.2.2 Fast Reactor Recycle Alternative 
 
This section presents the impacts of potential accident scenarios associated with facilities under 
the Fast Reactor Recycle Alternative, which is described in Section 2.3 of Chapter 2. This 
section is further sub-divided into the impacts of postulated accidents at two facilities: the 
nuclear fuel recycling center, and an advanced recycling reactor. The nuclear fuel recycling 
center includes LWR and fast reactor fuel separations and fast reactor fuel fabrication. 
 
D.2.2.1 Nuclear Fuel Recycling Center  
 
The general methodology for the nuclear fuel recycling center accident identification, selection, 
and analysis process is described in Section D.1. The alternative throughputs for the nuclear fuel 
recycling center are 100 metric tons of heavy metal per year (MTHM/yr) and 800 MTHM/yr. 
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Consequences are reported for the 800 MTHM/yr baseline, but a conversion factor (i.e., 
30 percent) is provided for a 100 MTHM/yr capacity based on the daily throughput1. This 
section provides a summary of the nuclear fuel recycling center accident analysis presented in 
Topical Report, Nuclear Fuel Recycling Center Accident Analyses as Part of the Global Nuclear 
Energy Partnership Programmatic Environmental Impact Statement (Tetra Tech 2008b). 
 
A variety of non-reactor nuclear facilities will be associated with this alternative, including LWR 
fuel separations, recycled fuel fabrication, and fast reactor fuel separations facilities. The Topical 
Report, Advanced Fuel Cycle Facility Accident Analyses as Part of the Global Nuclear Energy 
Partnership Programmatic Environmental Impact Statement (Tetra Tech 2008a) accident 
analysis included consideration of the full scope of fuel reprocessing and fuel fabrication 
activities and concluded that the separations activities envelope the consequences of the other 
activities. Based on the Advanced Fuel Cycle Facility (AFCF) evaluation (Tetra Tech 2008a), 
evaluations in other NEPA documents (see relevant NEPA documents list in Section D.2.2.1.1), 
and consideration of the fuel recycling activities involved, this accident analysis focuses only on 
the separation activities. Separations activities are considered to have the potential for a greater 
impact from an accident perspective than the fuel fabrication and waste management activities 
because of the inventories, material forms, and hazards of the processes involved. Separations 
activities envelope the other activities because: 
 

– Fuel fabrication and waste management activities include only a subset of the 
radionuclide inventory that was partitioned in the separations process. Therefore, the 
separations inventory envelopes the inventory of the other activities. 

– The separations technologies have spent nuclear fuel (SNF) in highly dispersible forms 
(e.g., fine powders and liquids) that are at least as vulnerable as the forms involved in 
fuel fabrication and waste management. 

– The separations technologies involve chemical, thermal, and electrical processes that are 
comparable to or more challenging in terms of their potential to initiate accidents than the 
other activities. 

 
There are differences between the alternative separations technologies (e.g., aqueous or 
electrochemical separations). For example, the risks associated with electrochemical separations 
differ from those of aqueous separations in a number of respects. This appendix only analyzes 
aqueous separations and not electrochemical separations because: 
 

– Aqueous separation is more complex in terms of the number of process vessels and 
process steps involved, so there are more potential accident initiators. 

– Aqueous separation includes use of flammable organics capable of explosions and fires, 
so there is more potential for severe accidents. 

– The material at risk is expected to be greater for aqueous separations so the potential 
impacts are greater. 

– The release fractions for a bounding aqueous explosion and fire are greater than for a 
bounding electrochemical melter eruption (Tetra Tech 2008a). 

                                                      
1 A 100 MTHM/yr facility is expected to operate 100 days per year and an 800 MTHM/yr facility is expected to operate 240 days per year, so the 
daily inventory for the 100 MTHM/yr facility is roughly 30 percent of the daily inventory for the 800 MTHM/yr facility. (Tetra Tech 2008b) 
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– Neither aqueous nor electrochemical separations accidents are expected to fail all HEPA 
filtration, so they will have comparable release points and mitigation. 

 
The impacts of a bounding aqueous separations explosion and fire are more than an order of 
magnitude greater than a bounding electrochemical melter eruption and both events are in the 
same frequency category (Tetra Tech 2008a). Other separation technologies are also expected to 
be enveloped by the aqueous separations impacts. 
 
There are also different process steps that may be used within a technology, and different 
equipment that may be used for a given process step. For example, there are different head-end 
processes needed to convert the fuel to a form suitable for the separations technology being used. 
An aqueous separations process for LWR fuel could utilize either a chop-leach process that 
leaves the fuel in relatively large pieces prior to dissolution or it could utilize the voloxidation 
process that produces a very fine powder prior to dissolution. In addition to head-end differences, 
there are also equipment variations that could affect the relative accident risk posed by the 
various separations technologies. For example, aqueous separations could be performed with 
extraction columns per past practice or it could utilize the much more compact centrifugal 
contactors. 
 
Rather than analyze many variations in separations technology, process steps, and equipment 
selection, this analysis is based on a separations design that is encompassing of all options being 
considered. The aqueous separations evaluation is based on consideration of the voloxidation 
step that produces a very fine powder, use of extraction columns, and vessels each sized for a full 
day of throughput. These design assumptions are considered enveloping for not only 
electrochemical separation, but also for variations in aqueous separation implementation. 
Therefore, the accident analysis results in this section are enveloping for any separations 
activities that may be used for any of the closed cycle alternatives and options being considered. 
 
D.2.2.1.1 Accident Selection Process 
 
The unique information sources, facility functions, accident phenomena types, and scope of 
alternatives for the nuclear fuel recycling center accident analysis are addressed in the following 
subsections. 
 
Review of Available Information 
 
The following information sources were used in the identification of candidate accidents. 
 

Nuclear fuel recycling center design and operations information—The following 
documents provided design information for the accident analysis: 

 
– The Engineering Alternative Studies for Separations: NEPA Data Input Report 

(WSRC 2008a), referred to hereafter as EAS NEPA Data Input Report 
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Relevant NEPA documents—The following NEPA documents and documents that support 
NEPA documents are considered especially relevant to the proposed action and were used as the 
basis for identifying candidate scenarios: 
 

– Environmental Impact Statement for the Treatment and Management of Sodium-
Bonded Spent Nuclear Fuel, DOE/EIS-0306, August 2000 (DOE 2000e), referred 
to hereafter as the Sodium-Bonded SNF EIS 

– Environmental Assessment: Fuel Processing Restoration at the Idaho National 
Engineering Laboratory, DOE/EA-0306, August 1987 (DOE 1987), referred to 
hereafter as the FPR EA 

– Idaho High-Level Waste and Facilities Disposition: Environmental Impact 
Statement DOE/EIS-0287; September 2002 (DOE 2002e), referred to hereafter as 
the IHLW EIS 

– Environmental and Other Evaluations of Alternatives for Siting, Construction, 
and Operating New Production Reactor Capacity, DOE/NP-0014, 
September 1992 (DOE 1992c), referred to hereafter as the NPR Rpt. 

– Accident Assessments for Idaho National Engineering Laboratory Facilities, 
DOE/ID-10471, March 1995 (DOE 1995a) 

– Savannah River Site Spent Nuclear Fuel Management Environmental Impact 
Statement, DOE/EIS-0279, March 2000 (DOE 2000f), referred to hereafter as the 
SRS SNF EIS 

 
Scope of Activities 
 
The primary facility functions would include materials receipt, storage, and shipping; aqueous 
separations, including head-end preparation and material conditioning; electrochemical 
separations; and waste treatment and storage. While all primary functions are addressed in 
existing NEPA documents and documents that support NEPA documents, a more detailed review 
was performed to determine if there are process differences that might warrant further 
evaluation. The voloxidation, partial separations, and equipment differences addressed for the 
AFCF (Tetra Tech 2008a) also apply for the nuclear fuel recycling center. The following 
paragraphs address the process differences that might affect the selection of accidents. 
 
Voloxidation—The nuclear fuel recycling center would include a voloxidation step not 
explicitly addressed in the other NEPA documents. The voloxidation step converts the 
UO2 pellets to a U3O8 powder that is considerably more dispersible. Fires and explosions are 
already considered for the head-end process, so voloxidation does not result in a new accident 
type, but it may affect the consequences. The evaluation of consequences takes into account the 
potential dispersibility of the voloxidation product. 
 
Partial separations—The nuclear fuel recycling center aqueous processing could include 
multiple partial separations steps not specifically addressed in the other NEPA documents. These 
partial separations processes include Uranium Extraction (UREX) process for uranium and 
technetium extraction, Chlorinated Cobalt Dicarbollide—Polyethlene Glycol (CCD-PEG) 
process for cesium and strontium extraction, Transuranic Extraction (TRUEX) process for 
transuranic and lanthanide extraction, and Trivalent Actinide Lanthanide Separations by 
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Phosphorous-reagent Extraction for Aqueous Complexes (TALSPEAK) process for partitioning 
of fission products from transuranics. No new accidents have been identified as a result of these 
process differences, though the composition of the material at risk would be affected. Since all  
separations steps after the initial step involve a subset of the original inventory, it is conservative 
to base analyses on the full SNF inventory prior to separations. 
 
Equipment differences—The nuclear fuel separations center aqueous separations process is 
expected to use centrifugal contactors rather than extraction columns, which were the basis in the 
other NEPA documents. Centrifuges are smaller and contain a smaller volume of fuel than the 
extraction columns, so the consequences of a given accident may be lower. This analysis is 
conservatively based on the overall volume of dissolved fuel in the extraction system in order to 
cover either equipment option and is not necessarily based on the volume in a contactor. 
 
Segregation of waste streams—Several of the relevant NEPA documents address processing 
and storage of high-level radioactive waste (HLW) from reprocessing activities and show that 
waste management activity consequences and risks are enveloped by separations activities (e.g., 
the Sodium-Bonded SNF EIS [DOE 2000e] and the SRS SNF EIS [DOE 2000f]). Unlike most of 
the facilities addressed in these relevant NEPA documents, the nuclear fuel recycling center may 
separate some or all of the waste forms (e.g., the technetium, cesium/strontium, and fission 
product/lanthanide wastes, see Section 2.3.6 of the EAS NEPA Data Input Report 
[WSRC 2008a]). This potential segregated storage of waste does not invalidate the conclusion 
that separations activities envelope and may even enhance this conclusion because the segregated 
waste streams are a subset of the consolidated waste stream.  
 
Onsite waste storage—Onsite storage of some segregated waste streams is also a part of the 
nuclear fuel recycling facility scope. Cesium/strontium storage is a passive activity with 
mineralized and containerized waste form. The design of these waste forms and their storage has 
not been decided, but there are design options, such as the use of high integrity containers and an 
underground storage facility design, that could be used to provide the level of protection desired. 
Therefore, cesium/strontium storage is expected to pose minimal additional long-term risk and is 
not specifically analyzed. 
 
D.2.2.1.2 Accidents Selected for Analysis 
 
The methodology described in the previous section resulted in the selection of the accidents 
summarized in Table D.2.2.1.2-1 for analysis. The accidents shown are applicable to all sites 
although some reflect unique site-specific conditions. The event frequency categories are based 
on frequencies for events in NEPA documents for similar facilities (Tetra Tech 2008b). The 
frequency for the “Beyond Design Basis Earthquake” and “Aircraft Crash” are based on the 
values used for the reactor facilities since a nuclear fuel recycling center is expected to be 
evaluated using similar criteria. Accidents for electrochemical separations were considered but 
were not selected because they are bounded by the aqueous separations (Tetra Tech 2008a). 
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TABLE D.2.2.1.2-1—Nuclear Fuel Recycling Center Accidents Selected for Analysis 
Accident 

Title 
Frequency 
Category 

Accident 
Initiator 

Accident 
Phenomena Comments 

Radiological Accidents 

Fuel Handling 
Accident 

Anticipated 
(0.03/yr is used 

for this category) 

Internal 
Natural 

phenomena 
Spill 

Fuel or cask handling accidents have the 
potential to substantially impact workers, 

as addressed in several EISs. 
Explosion and 
Fire in 
Aqueous 
Separations 

Unlikely (0.001/yr 
is used for this 

category) 
Internal Explosion This is one of the bounding scenarios in 

aqueous processing EISs. 

Beyond 
Design Basis 
Earthquake 

Extremely 
Unlikely 

(1x10-5/yr) 

Natural 
phenomena Earthquake 

This is one of the bounding scenarios in 
the EISs reviewed. The magnitude of the 

earthquake is site specific and the 
capacity of existing facilities may differ 

from the capacity of new facilities. 

Nuclear 
Criticality 

Extremely 
Unlikely 

(1x10-5/yr is used 
for this category) 

Internal 
Natural 

phenomena 
Criticality A nuclear criticality has the potential for 

bounding worker impacts. 

Aircraft Crash 
Beyond Extremely 

Unlikely 
(1x10-7/yr) 

External Fire 
Spill 

This is one of the bounding scenarios in 
several EISs reviewed. 

Nitric Acid 
Release from 
Bulk Storage 

Unlikely (0.001/yr 
is used for this 

category) 

Internal 
External 
Natural 

phenomena 

Spill 

This is one of the bounding chemical 
releases in at least one of the EISs 
reviewed and bounded other acid 

releases. 
 
A textual description of each accident providing additional details and alternative-specific 
variations where appropriate follows. 
 
Fuel Handling Accident 
 
A fuel assembly or cask drop event can result in cladding failure and release of radioactive 
material from SNF. The SNF assembly or cask drop event can be the result of internal initiators 
such as operator error or equipment failure, or an external initiator such as an earthquake. In 
populated areas, SNF assemblies are only handled in robust shielded containers such as 
transportation casks, so an event involving a bare assembly in an occupied area is not credible. 
Transportation casks are designed to withstand the likely drop events and not expected to be 
damaged by a facility drop event. While there are many scenarios that cause minor damage to 
one or more fuel assemblies, the event analyzed is the drop of a fuel assembly during handling 
operations because the assembly may experience the maximum damage and release. 
 
The “Fuel Handling Accident” is a 10 ft (3 m) free-fall drop of a single assembly. No credit is 
taken for the confinement of the fuel cladding, though even failed cladding provides considerable 
confinement. Credit is only taken for one stage of HEPA filtration even though there would be at 
least two stages. Inclusion of a second stage of HEPA filtration would reduce particulate releases 
by about two orders of magnitude (LANL 1986). 
 
Given that there would be potentially tens of thousands of fuel handling operations in a nuclear 
fuel recycling center each year, the accident frequency category is estimated to be anticipated. 
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The noninvolved worker and offsite individuals could be exposed to airborne radioactive 
material released after partial filtration through the ventilation system. Since fuel handling 
operations are performed in shielded cells with ventilation systems, facility workers would not be 
exposed to excess direct radiation doses or radioactive material. The release parameters used to 
analyze the consequences of this accident, along with the basis for using these values, are 
presented in Table D.2.2.1.2-2. 
 

TABLE D.2.2.1.2-2—Nuclear Fuel Recycling Center Release Parameters  
for the Fuel Handling Accident 

Parameter Value Basis/Comment 
Release 
Point Ground level The event is conservatively assumed to occur with the doors open, 

which maximizes nearby impacts. 

Duration 1 minute A short duration release is conservatively assumed to ensure all 
receptors are present for the entire release. 

Material at 
risk 

1 LWR assembly (EAS 
NEPA Data Input Report 

Appendix A-2 
[WSRC 2008a]), 

Ci/MTHM column 
adjusted to one 

assembly) 

The inventory values in Appendix A-2 of the EAS NEPA Data Input 
Report (WSRC 2008a) are provided per MTHM, which are then 

converted to assembly inventory basis by multiplying by 0.5 MTIHM 
per PWR assembly (WGI 2008a). 

Damage 
ratio 1 It is conservative to assume the entire material at risk is involved. 

Airborne 
release 
fraction 

1 volatiles 
7x10-5 particulates 

All volatiles in the cladding gap could be released from failed fuel. 
The airborne release fraction times the respirable fraction for 

particulates is based on Equation (4-1) of DOE-HDBK-3010-94 
(DOE 2000i) using a 10-ft (3 m) drop height. The energy absorbing 
effects of the assembly structure and the partial confining effects of 

damaged cladding are not included in the analysis. 
Respirable 
fraction 

included in the airborne 
release fraction This factor is included with the airborne release fraction value above. 

Leak path 
factor 

1 gases 
0.001 particulates 

This value is based on item (a) for the 1st stage of HEPA filtration in 
Table IX of LA-10294-MS (LANL 1986). 

 
Explosion and Fire in Aqueous Separations 
 
A red oil explosion can occur when an organic solution, typically tri-n-butyl phosphate, and its 
diluents come in contact with concentrated nitric acid at a concentration greater than 
10 moles/liter and a temperature above 266°F (130°C) without sufficient venting. Red oil is 
relatively stable below 266°F (130°C), but it can decompose explosively when its temperature is 
raised above 266°F (130°C). Control of Red Oil Explosions in Defense Nuclear Facilities 
(DNFSB 2003) provides additional details on the conditions and control measures for potential 
red oil explosions. A red oil explosion is possible in aqueous separations in equipment such as 
evaporators, acid concentrators, denitrators, and steam jets.  
 
As a result of the reaction, the equipment ruptures and radioactive material is released. A fire 
involving the organic solution and its diluents could result from the event. The release could 
overwhelm the vessel and cell filtration system but is not expected to incapacitate the larger-
capacity final HEPA system. There would be insufficient energy in the explosion to damage the  
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facility structure, so facility workers would not be exposed to the release. Controls for prevention 
or mitigation of a red oil explosion may include controls on temperature, pressure, mass, and/or 
concentration. 
 
The release phenomena could involve liquid sprays and a subsequent fire. After such an accident, 
the equipment contents are released and the final ventilation fans draw the airborne materials 
through a single stage of HEPA filtration. The noninvolved worker and offsite individuals could 
be exposed to airborne radioactive material released after partial filtration through the ventilation 
system, but facility workers are not expected to be directly exposed because facility walls are not 
damaged. The frequency category of this event is estimated to be Unlikely. The facility may 
have either a single or multiple trains of equipment depending upon the facility throughput and 
final design, but this analysis assumes the maximum inventory, which is a single train. The 
release parameters used to analyze the consequences of this accident are presented in 
Table D.2.2.1.2-3 along with the basis for using these values. 
 

TABLE D.2.2.1.2-3—Nuclear Fuel Recycling Center Release Parameters  
for the Aqueous Separations Explosion and Fire Accident 

Parameter Value Basis/Comment 
Release 
Point 50 m stack The event does not result in failure of the building structure or stack, 

so the release is from the stack. 

Duration 1 minute The explosion is an instantaneous event and a resulting fire could 
occur promptly, so a short duration release model is appropriate. 

Material at 
risk 

EAS NEPA Data Input 
Report (WSRC 2008a), 
Appendix A-2 values 

multiplied by 1 
MTHM/day for the 

100 MTHM/yr design and 
by 3.33 MTHM/day 

column for the 
800 MTHM/yr design 

The bounding batch size is assumed to be the same as the daily 
process rate. The material at risk includes all radionuclides in the 

inventory even though some radionuclides are removed prior to some 
partitioning stages. The inventory is multiplied by 1 MTHM/day for 

the 100 MTHM/yr design and by 3.33 MTHM/day for the 
800 MTHM/yr design. 

Damage 
ratio 1 It is conservative to assume the entire material at risk is involved 

Airborne 
release 
fraction 

1 volatiles  
(including iodine) 
0.01 non-volatiles 

The values for volatiles and nonvolatiles are based on organic fires as 
reported in Sections 3.3.1 and 3.3.2 of DOE-HDBK-3010-94 

(DOE 2000i). 
Respirable 
fraction 1 It is conservative to assume the entire release is respirable 

Leak path 
factor 

1 gases 
0.001 particulates 

This value is based on item (a) for the 1st stage of HEPA filtration in 
Table IX of LA-10294-MS (LANL 1986). 

  
Beyond Design Basis Earthquake 
 
A “Beyond Design Basis Earthquake” may cause equipment malfunctions and result in a variety 
of events. A nuclear fuel recycling center would have a robust, non-flammable facility design 
with combustible loading controls, so a facility-wide fire is not credible. The earthquake has the 
potential to damage the ventilation system and produce cracks in the cell enclosure, thereby 
resulting in a partially mitigated release. More severe events that result in damage to the 
confinement boundary or stack may increase consequences to nearby receptors but would have 
minimal effect on the population impacts. The most impacting event that could be caused by an 
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earthquake is the “Explosion and Fire in the Aqueous Separation” process, so it is selected as the 
phenomena type for the bounding “Beyond Design Basis Earthquake” scenario. The “Beyond 
Design Basis Earthquake” scenario as analyzed here includes a compromise in the confinement 
boundary that results in a leak path factor mid-way between total failure and intact performance 
of the HEPA filters. 
 
One or more facility workers could be killed as a direct result of the earthquake, for example 
from falling debris. The noninvolved worker and the public may be exposed to the release. No 
credit is taken for the fire suppression efforts and equipment since the earthquake could 
incapacitate them. The magnitude of the earthquake is site specific. For current nuclear reactors, 
the median frequency of occurrence for a safe shutdown earthquake is 1.0x10-5/yr (NRC 1997). It 
is expected that a nuclear fuel recycling center would be built to similar seismic standards; 
therefore, the 1.0x10-5/yr frequency (which is in the Extremely Unlikely category) is assumed 
here for a nuclear fuel recycling center. 
 
The release parameters used to analyze the consequences of this accident are presented in 
Table D.2.2.1.2-4 along with the basis for using these values. 
 

TABLE D.2.2.1.2-4—Nuclear Fuel Recycling Center Release Parameters  
for the Beyond Design Basis Earthquake Accident 

Parameter Value Basis/Comment 
Release 
Point 50 m stack The event does not result in failure of the building structure or stack, 

so the release is from the stack. 

Duration 1 minute 
The fire induced explosion is an instantaneous event and a resulting 

fire could occur promptly. A short duration release model is used, 
which assumes the majority of the release occurs from the explosion. 

Material at 
risk 

EAS NEPA Data Input 
Report (WSRC 2008a), 
Appendix A-2 values 

multiplied by 
1 MTHM/day for the 

100 MTHM/yr design and 
by 3 MTHM/day for the 
800 MTHM/yr design 

The bounding batch size is assumed to be the same as the daily 
process rate. The material at risk includes all radionuclides in the 

inventory even though some radionuclides are removed prior to some 
partitioning stages. The inventory is multiplied by 1 MTHM/day for 

the 100 MTHM/yr design and by the 3 MTHM/day for the 
800 MTHM/yr design. 

Damage 
ratio 1 It is conservative to assume the entire material at risk is involved. 

Airborne 
release 
fraction 

1 volatiles (including 
iodine) 

0.01 non-volatiles 

The values for volatiles and nonvolatiles are based on organic fires as 
reported in Sections 3.3.1 and 3.3.2 of DOE-HDBK-3010-94 

(DOE 2000i). 
Respirable 
fraction 1 It is conservative to assume the entire release is respirable. 

Leak path 
factor 

1 gases 
0.03 particulates 

This value reflects the degraded filtration system condition and is 
based on the geometric mean of 1 (i.e., no filtration) and item (a) for 

the 1st stage of HEPA filtration (i.e., 0.001) in Table IX of LA-10294-
MS (LANL 1986). 

 
Nuclear Criticality 
 
An inadvertent nuclear criticality is possible in a facility such as a nuclear fuel recycling center 
that contains substantial quantities of fissile material in various forms, including SNF, solutions, 
powders, solids, and unirradiated nuclear fuel. A nuclear criticality can result if the quantity, 
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concentration, configuration, moderation, or reflection of the fissile material sufficiently exceeds 
the criticality limits. The criticality limits could be violated due to initiators such as operator 
errors, equipment failures, process upsets, or a seismic event. A few examples of the types of 
criticality events that are possible include collapse of a storage vault/rack due to an earthquake, 
process upsets that result in concentration of fissile solutions in a process vessel, and operator 
error resulting in addition of a moderator (e.g., water) to a product storage vault. 
 
A criticality involving dissolved SNF is assumed to be the bounding nuclear fuel recycling center 
criticality event because: 1) solution events are considered more likely and have a large number 
of fissions, 2) solid fissile forms retain pre-existing and generated fission products much more 
effectively than solutions, and 3) unirradiated materials do not contain pre-existing fission 
products, which may also be released in the event. The criticality event selected is a solution 
criticality assumed to involve 1x1019 total fissions, which results in a maximum evaporation of 
26 gal (100 L) of solution (DOE 2000i). Events of this type are frequently modeled as an initial 
fission burst followed by smaller excursions over an 8-hour period (e.g., see  
DOE-HDBK-3010-94 [DOE 2000i] Section 6.1), but for simplicity, the event is assumed to 
result in a uniform release over a 1-hour period in this analysis. The “Nuclear Criticality” event 
does not involve an abrupt energy release sufficient to fail multiple banks of HEPA filtration, so 
a single stage of HEPA filtration is assumed to filter the release. Filtration by a second stage of 
HEPA filtration would reduce the particulate release by roughly two orders of magnitude but 
would not affect gaseous releases. 
 
The noninvolved worker and offsite individuals could be exposed to dose from inhalation and 
immersion in the plume of released nuclides from this event. Facility workers are not expected to 
be directly exposed to the release because facility walls are not damaged. Operations involving 
SNF solutions are performed behind shielding walls and the event would be promptly alarmed, 
so the increased direct radiation exposure to facility workers are not lethal. The release 
parameters used to analyze the consequences of this accident are presented in Table D.2.2.1.2-5 
along with the basis for using these values. 
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TABLE D.2.2.1.2-5—Nuclear Fuel Recycling Center Release Parameters  
for the Nuclear Criticality Accident 

Parameter Value Basis/Comment 
Release 
Point 50 m stack The event does not result in failure of the building structure or stack, 

so the release is from the stack. 

Duration 1 hour 

The release is assumed to be uniform over a 1-hour period. 
Section 6.1 of DOE-HDBK-3010-94 (DOE 2000i) uses an initial 

burst with smaller subsequent excursions over an 8-hour period. This 
1-hour release assumption simplifies the analysis and is more 

conservative. 

DOE-HDBK-3010-94 
(DOE 2000i) Table 6-7 This reference is applicable since it is for SNF solutions. 

Material at 
risk See EAS NEPA Data Input 

Report (WSRC 2008a), 
Appendix A-2, multiplied 

by 0.1 MTHM. 

Section 6.1 DOE-HDBK-3010-94 (DOE 2000i) provides a basis for 
assuming release from 100 L of solution. The concentration of 

radionuclides is dependent upon the process stage involved, but is 
conservatively assumed to have a heavy metal concentration of 

1,000 g/L, which is several times the expected value. The 26 gallons 
(100 L) of solution evaporated would therefore contain the 

radionuclide inventory of 0.1 MTHM. 
Damage 
ratio 1 It is conservative to assume the entire material at risk is involved. 

Airborne 
release 
fraction 

1 noble gas 
0.25 iodine 

0.001 ruthenium 
5×10-4 other 

These values are consistent with the values used in Section 6.3.1 of 
DOE-HDBK-3010-94 (DOE 2000i). 

Respirable 
fraction 1 It is conservative to assume the entire release is respirable. 

Leak path 
factor 

1 gases 
0.001 particulates 

This value is based on item (a) for the 1st stage of HEPA filtration in 
Table IX of LA-10294-MS (LANL 1986). 

 
Aircraft Crash 
 
This scenario involves an aircraft crashing into a nuclear fuel recycling center resulting in a 
breach of confinement. The crash could damage engineered barriers and may result in a 
criticality, fire, or spill event. Because of the robustness of the facility, there are a limited number 
of aircraft types capable of penetrating the shielding walls. Because of the very low likelihood of 
a penetrating crash and the small conditional probability that the event would be aligned to 
penetrate multiple cell walls, it is not credible that the crash would affect multiple processes 
(e.g., both the electrochemical and aqueous separation processes). Each of the process steps 
contains fuel in a vulnerable form so all aqueous processes are vulnerable. The head-end process 
includes the voloxidation step, which transforms the fuel into a highly dispersible and respirable 
particulate form, and the dissolution step. The release fraction for the “Aircraft Crash” accident 
is based on release from the voloxidation process. The release fraction from the aqueous 
separation product would be similar to the voloxidation process (DOE 2006q). 
 
One or more facility workers could be killed as a direct result of the crash. The noninvolved 
worker and the public may be exposed to the release. The release would not be filtered since the 
facility confinement barrier is breached. No credit is taken for the mitigating effects of fire 
suppression efforts and equipment. The frequency is taken to be 1.0 x 10-7 per year (a Beyond 
Extremely Unlikely event) because the facility is expected to be required to meet a standard 
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similar to the NRC Aircraft Hazards criteria (NRC 2007k) for reactors. The release parameters 
used to analyze the consequences of this accident are presented in Table D.2.2.1.2.5-1 along with 
the basis for using these values. 
 

TABLE D.2.2.1.2-6—Nuclear Fuel Recycling Center Release Parameters  
for the Aircraft Crash Accident 

Parameter Value Basis/Comment 
Release 
Point Ground level Because the confinement barrier is breached, the release point could 

be at ground level. 

Duration 1 minute The release could occur over a short duration, so a short duration 
release model is appropriate. 

Material at 
risk 

EAS NEPA Data Input 
Report (WSRC 2008a), 
Appendix A-2 values 

multiplied by 
1 MTHM/day for the 

100 MTHM/yr design and 
by 3.33 MTHM/day for 

the 800 MTHM/yr design. 

Table A-2 of the EAS NEPA Data Input Report (WSRC 2008a) 
provides the bounding daily throughput, which is assumed to be the 

bounding inventory. The inventory is multiplied by 1 MTHM/day for 
the 100 MTHM/yr design and by 3.33 MTHM/day for the 

800 MTHM/yr design. 

Damage 
ratio 1 It is conservative to assume the entire material at risk is involved 

Airborne 
release 
fraction 

1  volatiles Table II of Accident Analysis for Aircraft Crash Into Hazardous 

 0.002 non-volatiles Facilities, DOE-STD-3014-96 (DOE 2006q) provides this value for 
evaluation of powder or aqueous liquid releases from aircraft crashes. 

Respirable 
fraction 1 It is conservative to assume the entire release is respirable. 

Leak path 
factor 1 It is conservative to assume all airborne material is released. 

 
Nitric Acid Release from Bulk Storage 
 
A nuclear fuel recycling center would utilize a variety of hazardous chemicals in significant 
quantities. An accidental release of nitric acid from bulk storage is postulated as the bounding 
hazardous chemical event. Nitric acid is corrosive and can cause severe burns to all parts of the 
body. Its vapors are corrosive to the respiratory tract and may cause pulmonary edema which 
could prove fatal.  
 
The leak could be the result of equipment failure, mechanical impact, or human error. The bulk 
storage building has precautions such as secondary confinement to mitigate the consequences of 
a nitric acid spill. However, it is possible for a spill associated with a delivery truck to occur 
where these precautions are not available. 
 
The usage of nitric acid ranges from 1.6×103 gal (5.9×103 L) per day for a 100 MTHM/yr facility 
to 5.2×103 gal (2.0×104 L) per Table 20 of the EAS NEPA Data Input Report (WSRC 2008a). 
The maximum storage of bulk chemicals is assumed to be equal to their annual usage, so the 
nitric storage capacity ranges from 1.6×105 gal (5.9×105 L) for a 100 MTHM/yr facility operated 
100 days/yr to 1.3×106 gal (4.8×106 L) for an 800 MTHM/yr facility operated 240 days/yr. 
However, the consequence of this event is less dependent upon the volume of nitric acid spilled 
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than on the surface area and temperature of the resulting pool. The bounding event is assumed to 
be an outdoor spill of nitric acid sufficient to result in a 1.1×104 ft2 (1,000 m2) pool of nitric acid 
with ambient and acid temperatures of 90°F (32°C). The nitric acid evaporates and is transported 
by the wind to all receptors. The DOE Protective Action Criteria, 60-minute AEGL-2 and 3 for 
nitric acid, are 24 and 92 parts per million (ppm) (SCAPA 2007). The estimated frequency 
category of this accident is estimated to be Unlikely. 
 
D.2.2.1.3 Results 
 
Radioactive Material Releases 
 
The risk from all accidents at all sites to the offsite population (Table D.2.2.1.3-1), MEI 
(Table D.2.2.1.3-2), and noninvolved worker (Table D.2.2.1.3-3) follows. 
 

TABLE D.2.2.1.3-1—Nuclear Fuel Recycling Center Accident Risksa  
to the Offsite Population (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Fuel Handling Accidentb 

(0.03/yr) 1x10-6 2x10-6 1x10-5 5x10-6 9x10-6 4x10-5 

Explosion and Fire in Aqueous 
Separationsc (0.001/yr) 2x10-5 6x10-5 3x10-4 7x10-5 2x10-4 9x10-4 

Beyond Design Basis 
Earthquakec (1x10-5/yr) 5x10-6 2x10-5 9x10-5 2x10-5 6x10-5 3x10-4 

Nuclear Criticalityb (1x10-5/yr) 8x10-10 2x10-9 1x10-8 2x10-9 5x10-9 2x10-8 
Aircraft Crashc (1x10-7/yr) 4x10-7 1x10-6 6x10-6 8x10-7 2x10-6 1x10-5 

a Increased number of expected LCFs per year of operation. 
b Applicable to facility throughput of from 100 to 800 MTHM/yr. 
c Applicable to facility throughput of 800 MTHM/yr. The risks for 100 MTHM/yr would be 30 percent of the table values. 
 
The accident with the highest risk to the offsite population, MEI, and noninvolved worker is the 
“Explosion and Fire in Aqueous Separations” scenario. The collective risk to the offsite 
population for this scenario would range from 2×10-5 expected LCFs per year of operation in the 
Site-1 offsite population (300,000 people) to 9×10-4 expected LCFs per year of operation in the 
Site-6 offsite population (8,200,000 people). 
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TABLE D.2.2.1.3-2—Nuclear Fuel Recycling Center Accident Risksa to the 
 Maximally Exposed Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Fuel Handling Accidentb 

(0.03/yr) 1x10-8 1x10-8 1x10-8 1x10-7 1x10-7 1x10-7 

Explosion and Fire in 
Aqueous Separationsc 

(0.001/yr) 
2x10-7 2x10-7 2x10-7 8x10-7 8x10-7 8x10-7 

Beyond Design Basis 
Earthquakec (1x10-5/yr) 5x10-8 5x10-8 5x10-8 5x10-7 5x10-7 5x10-7 

Nuclear Criticalityb 
(1x10-5/yr) 8x10-12 8x10-12 8x10-12 4x10-11 4x10-11 4x10-11 

Aircraft Crashc (1x10-7/yr) 7x10-9 7x10-9 7x10-9 9x10-9 9x10-9 9x10-9 

a Increased likelihood of a LCF per year of operation. 
b Applicable to facility throughput of from 100 to 800 MTHM/yr. 
c Applicable to facility throughput of 800 MTHM/yr. The risks for 100 MTHM/yr would be 30 percent of the table values. 
 
For the MEI, the “Explosion and Fire in Aqueous Separations” scenario would result in an 
increased risk of an LCF of 2×10-7 per year of operation to 8×10-7 per year of operation.  
 

TABLE D.2.2.1.3-3—Nuclear Fuel Recycling Center Accident Risksa  
to the Noninvolved Worker (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Fuel Handling Accidentb 

(0.03/yr) 1x10-7 1x10-7 1x10-7 7x10-7 7x10-7 7x10-7 

Explosion and Fire in 
Aqueous Separationsc 

(0.001/yr) 
2x10-7 2x10-7 2x10-7 9x10-8 9x10-8 9x10-8 

Beyond Design Basis 
Earthquakec (1x10-5/yr) 6x10-8 6x10-8 6x10-8 3x10-8 3x10-8 3x10-8 

Nuclear Criticalityb 

(1x10-5/yr) 2x10-11 2x10-11 2x10-11 4x10-11 4x10-11 4x10-11 

Aircraft Crashc (1x10-7/yr) 6x10-8 6x10-8 6x10-8 1x10-8 1x10-8 1x10-8 
a Increased likelihood of a LCF per year of operation. 
b Applicable to facility throughput of from 100 to 800 MTHM/yr. 
c Applicable to facility throughput of 800 MTHM/yr. The risks for 100 MTHM/yr would be 30 percent of the table values. 
 
This same scenario, “Explosion and Fire in Aqueous Separations,” would result in a risk of a 
LCF to the noninvolved worker of 9×10-8 to 2×10-7 per year of operation.  
 
The risks to the onsite and offsite individuals and populations from the “Explosion and Fire in 
Aqueous Separations” scenario for facility throughput of 100 MTHM/yr are 30 percent of the 
values described above. 
 
Tables D.2.2.1.3-4 through D.2.2.1.3-6 present the accident consequences for the nuclear fuel 
recycling center at the six generic sites described in Section D.1.6 for the offsite population, 
MEI, and noninvolved worker. 
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TABLE D.2.2.1.3-4—Nuclear Fuel Recycling Center Accident Health Consequences (Dose in 
Person-Rem/Increased Number of Latent Cancer Fatalities)a to the Offsite Population  

(All Sites) 
Accident 

(Frequency) 
Generic 

Site 1 
Generic Site 

2 
Generic Site 

3 
Generic Site 

4 
Generic Site 

5 
Generic 

Site 6 
Fuel Handling 
Accidentb 

(1x10-7/yr) 
0.05 / 3x10-5 0.1 / 8x10-5 0.6 / 4x10-4 0.3 / 2x10-4 0.5 / 3x10-4 2 / 0.001 

Explosion and 
Fire in Aqueous 
Separationsc 

(0.001/yr) 

30 / 0.02 100 / 0.06 500 / 0.3 100 / 0.07 300 / 0.2 2,000 / 0.9 

Beyond Design 
Basis 
Earthquakec 
(1x10-5/yr) 

900 / 0.5 3,000 / 2 2x104 / 9 4,000 / 2 1x104 / 6 4x104 / 30 

Nuclear 
Criticalityb 

(1x10-5/yr) 
0.1 / 8x10-5 0.4 / 2x10-4 2 / 0.001 0.4 / 2x10-4 0.9 / 5x10-4 4 / 0.002 

Aircraft Crashc 

(1x10-7/yr) 7,000 / 4 2x104 / 10 9x104 / 60 1x104 / 8 4x104 / 20 2x105 / 100 
a The dose in person-rem is reported before the slash and the increased number of LCFs is presented after the slash. 
b Applicable to facility throughput of from 100 to 800 MTHM/yr. 
c Applicable to facility throughput of 800 MTHM/yr. The consequences for 100 MTHM/yr would be 30 percent of the table values. 
 
The accident with the highest consequence to the offsite population would be the “Unmitigated 
Aircraft Crash” scenario. Using the dose-to-risk conversion factor of 6×10-4 per person-rem, the 
collective population dose for this Beyond Extremely Unlikely accident is estimated to result in 
4 additional LCFs to 100 additional LCFs. 
 

TABLE D.2.2.1.3-5—Nuclear Fuel Recycling Center Accident Health Consequences  
(Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a to the  

Maximally Exposed Individual (All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 
Fuel Handling Accidentb 

(0.03/yr) 
7x10-4 / 
4x10-7 

7x10-4 / 
4x10-7 

7x10-4 / 
4x10-7 

0.005 / 
3x10-6 

0.005 / 
3x10-6 

0.005 / 
3x10-6 

Explosion and Fire in 
Aqueous Separationsc 

(0.001/yr) 
0.3 / 2x10-4 0.3 / 2x10-4 0.3 / 2x10-4 1 / 8x10-4 1 / 8x10-4 1 / 8x10-4 

Beyond Design Basis 
Earthquakec (1x10-5/yr) 9 / 0.005 9 / 0.005 9 / 0.005 40 / 0.05 40 / 0.05 40 / 0.05 

Nuclear Criticalityb 

(1x10-5/yr) 
0.001 / 
8x10-7 

0.001 / 
8x10-7 

0.001 / 
8x10-7 

0.006 / 
4x10-6 

0.006 / 
4x10-6 

0.006 / 
4x10-6 

Aircraft Crashc (1x10-7/yr) 60 / 0.07 60 / 0.07 60 / 0.07 70 / 0.09 70 / 0.09 70 / 0.09 
a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
b Applicable to facility throughput of from 100 to 800 MTHM/yr. 
c Applicable to facility throughput of 800 MTHM/yr. The consequences for 100 MTHM/yr would be 30 percent of the table values. 

 
Using the dose-to-risk conversion factor of 6×10-4 per person-rem (or twice 6×10-4 per person-
rem for individual doses greater than 20 rem), the MEI dose is expected to result in an increased 
LCF likelihood of 0.07 to 0.09 for the “Unmitigated Beyond Extremely Unlikely Aircraft Crash” 
accident. 
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TABLE D.2.2.1.3-6—Nuclear Fuel Recycling Center Accident Health Consequences (Dose in 
Rem/Increased Likelihood of a Latent Cancer Fatality)a to the Noninvolved Worker  

(All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic Site 

6 
Fuel Handling Accidentb 

(0.03/yr) 
0.008 / 
5x10-6 

0.008 / 
5x10-6 

0.008 / 
5x10-6 

0.04 / 
2x10-5 

0.04 / 
2x10-5 0.04 / 2x10-5 

Explosion and Fire in 
Aqueous Separationsc 

(0.001/yr) 
0.3 / 2x10-4 0.3 / 2x10-4 0.3 / 2x10-4 0.1 / 9x10-5 0.1 / 9x10-5 0.1 / 9x10-5 

Beyond Design Basis 
Earthquakec (1x10-5/yr) 10 / 0.006 10 / 0.006 10 / 0.006 4 / 0.003 4 / 0.003 4 / 0.003 

Nuclear Criticalityb 

(1x10-5/yr) 
0.003 / 
2x10-6 

0.003 / 
2x10-6 

0.003 / 
2x10-6 

0.007 / 
4x10-6 

0.007 / 
4x10-6 0.007 / 4x10-6 

Aircraft Crashc (1x10-7/yr) 500 / 0.6 500 / 0.6 500 / 0.6 90 / 0.1 90 / 0.1 90 / 0.1 
a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
b Applicable to facility throughput of from 100 to 800 MTHM/yr. 
c Applicable to facility throughput of 800 MTHM/yr. The consequences for 100 MTHM/yr would be 30 percent of the table values. 
 
For the noninvolved worker, the radiation dose for this event is expected to result in an increased 
LCF likelihood of 0.1 to 0.6 per year of operation. 
 
The consequences from these scenarios for a facility throughput of 100 MTHM/yr would be 
30 percent of the values indicated above. 
 
Hazardous Chemical Releases 
 
Table D.2.2.1.3-7 presents the impacts of a release caused by a hypothetical spill of nitric acid at 
each of the six generic sites. Evaporation from the pool of acid caused by the Unlikely spill 
would result in downwind airborne concentrations which can exceed DOE Protective Action 
Criteria. As shown in the table, the noninvolved worker 328 ft (100 m) downwind of the spill 
sites at any of the sites would be exposed to levels in excess of nitric acid’s  
AEGL-3 concentration; life-threatening health effects up to death would likely occur. 
Concentrations below AEGL-3 would be experienced at downwind distances greater than 
1,000 ft (310 m) at Sites 1 to 3 and 1,600 ft (490 m) at Sites 4 to 6. The MEI at Sites 4 to 6 
would be exposed to levels in excess of the AEGL-2 concentration; long lasting adverse health 
effects could occur. Concentrations below AEGL-2 would be experienced at downwind distances 
greater than 2,100 ft (640 m) at Sites 1 to 3 and 3,800 ft (1,200 m) at Sites 4 to 6. The impacts 
shown in Table D.2.2.1.3-7, which are dependent on spill area, would apply to facility 
throughputs of from 100 to 800 MTHM/yr. 
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TABLE D.2.2.1.3-7—Nuclear Fuel Recycling Center Nitric Acid Spill Impacts 
 Concentration at 

Site 
Distance to 
AEGL-2a 

(feet) 

Distance to AEGL-3b

(feet) 

Noninvolved 
Workerc  

(ppm) 
MEId (ppm) 

Generic Site 1 2,100 1,000 430 13 
Generic Site 2 2,100 1,000 430 13 
Generic Site 3 2,100 1,000 430 13 
Generic Site 4 3,800 1,600 1,400 34 
Generic Site 5 3,800 1,600 1,400 34 
Generic Site 6 3,800 1,600 1,400 34 

a AEGL-2 concentration for nitric acid is 24 ppm. AEGL-2 is the airborne concentration above which it is predicted that the general 
population, including susceptible individuals, could experience irreversible or other serious, long-lasting adverse health effects or an 
impaired ability to escape. 
b AEGL-3 concentration for nitric acid is 92 ppm. AEGL-3 is the airborne concentration above which it is predicted that the general 
population, including susceptible individuals, could experience life-threatening health effects or death. 
c Located 328 ft (100 m) from the release. 
d Located at the nearest site boundary, 3,020 ft (920 m) from the release.  
 
D.2.2.1.4 Involved Worker Impacts 
 
Workers in the facility where the accident occurs would be particularly vulnerable to the effects 
of the accident because of their location. For all of the accidents, there is a potential for injury or 
death to involved workers in the vicinity of the accident. However, prediction of latent potential 
health effects becomes increasingly difficult to quantify for facility workers as the distance 
between the accident location and the worker decreases. This is because the individual worker 
exposure cannot be precisely defined with respect to the presence of shielding and other 
protective features. The worker also may be injured or killed by physical effects of the accident 
itself. 
 
The facility ventilation system may control dispersal of the airborne radiological debris from the 
accident, depending upon factors such as whether the ventilation system is damaged by the 
accident. Following initiation of accident/site emergency alarms, workers would evacuate the 
area in accordance with site emergency operating procedures and would not be vulnerable to 
additional radiological injury. 
 
The bounding case radiological accident for involved workers is an inadvertent criticality. Severe 
worker exposures could occur inside the facility as a result of a criticality, due primarily to the 
effects of prompt neutrons and gammas. A criticality would be detected by the criticality alarm 
system, and an evacuation alarm would be sounded. All personnel would immediately evacuate 
the building.  
 
Personnel close to the criticality event (within the building) may incur prompt external 
exposures. Depending on distance and the amount of intervening shielding material, lethal doses 
composed of neutron and gamma radiation could be delivered. The dose due to prompt gamma 
and neutron radiation at a distance can be evaluated by the following formulas (DOE 2005n): 
 

Prompt gamma dose: Dg = 2.1×10–20 N d–2 e–3.4d 
Prompt neutron dose: Dn = 7.0×10–20 N d–2 e–5.2d 
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Where: 
 
 Dg = gamma dose (rem) 

Dn = neutron dose (rem) (neutron quality factor = 20) 
 N = number of fissions 
 d = distance from source (km) 
 e = base of the natural logarithm (i.e., approximately 2.718) 
 
At a distance of 32 ft (10 m), the combined prompt gamma and neutron radiation dose to 
personnel from a criticality event (1×1019 fissions) would be 8.7×103 rem (Dg = 2,030 rem plus 
Dn = 6,645 rem). A dose of approximately 450 rem received in a short period of time would 
result in death to 50 percent of the exposed population within 30 days if there is no medical 
intervention (DOE 1999e). Thus, the potential for lethal exposure exists. On average, there could 
be two workers in a room who could be exposed to this radiation. 
 
The facility interior concrete walls would provide substantial shielding, except through the doors. 
In the event of a criticality, this shielding and rapid evacuation from the facility would reduce 
doses to personnel not in the immediate vicinity of the criticality excursion. 
 
Direct exposure to airborne fission products produced during the criticality event would 
contribute only a small fraction of the total dose to a worker. Because of ventilation system 
operation, other personnel inside the building would not likely incur radiation dose resulting 
from the inhalation of airborne radioactive materials or immersion in the plume. If the ventilation 
system were unavailable, this dose would be small in comparison to the direct dose received at 
the time of the burst. The workers immediately involved would act appropriately according to 
training and emergency procedures. 
 
D.2.2.2 Advanced Recycling Reactor 
  
The general methodology for the advanced recycling reactor accident identification, selection, 
and analysis process is described in Section D.1. Aspects of the analysis unique to an advanced 
recycling reactor and the results of the analysis are described in the following sections. This 
section provides a summary of the accident analysis presented in “Topical Report, Advanced 
Recycle Reactor (ARR) Accident Analyses as Part of the Global Nuclear Energy Partnership 
Programmatic Environmental Impact Statement” (Tetra Tech 2008e). 
 
D.2.2.2.1 Accident Selection Process 
 
Currently, the advanced recycling reactor is at the pre-conceptual design stage, with aspects such 
as fuel type and primary system configuration not yet fixed (Briggs et al. 2007). Estimates for 
construction and operations data rely largely on generalization of available information from 
existing plants and from the environmental report assembled for the Clinch River Breeder 
Reactor Plant (CRBRP) design. Design choices such as configuration (pool versus loop), 
conventional steam cycle versus carbon dioxide (CO2), reactor output (250 to 2,000 MWth), 
startup fuel type (metal versus mixed-oxide), fuel handling equipment design and procedures, in-
core fuel inventory, and in-vessel storage capacity have not been finalized, but they can affect 
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the potential accidents and their consequences. This accident analysis selects representative 
accidents that encompass all facets of the reactor design as well as all potential radiological 
sources that are susceptible to atmospheric release. 
 
Use of the CRBRP data as a basis for estimating the construction and operations data is 
reasonable, but use of a three decade old design for accident selection fails to fully account for 
advances in design concepts. An advanced recycling reactor would have advanced safety 
provisions, including passive safety features, which would reduce the risk of accidental releases 
of radioactive material relative to CRBRP. In some cases, the advanced safety features would 
eliminate potential scenarios or reduce their likelihood by orders of magnitude. Therefore, this 
analysis selection process provides scenarios that are clearly bounding for an advanced recycling 
reactor and should not be viewed as estimates of the actual risks posed. 
 
All potential accident scenarios that were reviewed and selected are pertinent to reactor safety 
regardless of reactor design. Selected scenarios encompass multiple integrated systems of the 
reactor including both primary and secondary coolants, heat transfer systems, fuel handling 
systems and radioactive waste processes as well as all radiological source materials that, upon an 
atmospheric release, could lead to potential radiological risks.  
 
The list of fast reactors from both the United States and foreign members of the International 
Atomic Energy Agency was compiled from available information to assess the relevancy of 
these reactor designs to an advanced recycling reactor. This list is presented in 
Table D.2.2.2.1-1. 
 
Note that this list is not definitive as other nations with smaller programs were not researched. A 
literature investigation was conducted to compile and assess safety and accident analysis 
resources for inclusion in this report. The available compiled information that was used is 
referenced throughout this report. Note that limited information was found for non-U.S. 
installations; however, unusual occurrences for fast reactor operations reported to the 
International Atomic Energy Agency were reviewed and compiled (IAEA 1996). 
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TABLE D.2.2.2.1-1—Fast Reactors-United States and Foreign 
Reactor Nation Output Location Type Coolant Criticality Shutdown 

Clementine U.S. 0.25 
MWth Los Alamos, NM Loop Hg 1947 1953 

EBR-I U.S. 1.4 MWth, 
0.2 MWe INL Loop NaK 1951 1963 

LAMPRE U.S. 1 MWth Los Alamos, NM Loop Na 1961 1963 

EBR-II U.S. 
62.5 

MWth, 20 
MWe 

INL Pool Na 1961 1994 

Fermi U.S. 
200 

MWth, 61 
MWe 

Newport, MI Loop Na 1963 1972 

SEFOR U.S. 20 MWth Strickler, AR Loop Na 1969 1972 
FFTF U.S. 400 MWth Hanford, WA Loop Na 1980 1992 

CRBRP U.S. 
975 

MWth, 
380 MWe 

Oak Ridge, TN Loop Na Pre-conceptual 

PRISM U.S. 
840 

MWth, 
311 MWe 

Conceptual Pool Na Pre-conceptual 

DFR U.K. 60 MWth, 
15 MWe Dounreay, UK Loop NaK 1959 1977 

PFR U.K. 
650 

MWth, 
250 MWe 

Dounreay, UK Pool Na 1974 1994 

Rapsodie France 40 MWth Cadarache, France Loop Na 1967 1983 

Phenix France 
563, 

MWth, 
250 MWe 

Marcoule, France Pool Na 1973 Operating 

SuperPhenix France 

2990 
MWth, 
1242 
MWe 

Crey Malville, 
France Pool Na  1996 

KNK II Germany 58 MWth, 
20MWe Karlsruhe, Germany Loop Na 1972 1991 

SNR-300 Germany 
762 

MWth, 
327 MWe 

Kalkar, Germany Loop Na Never Operated 

JOYO Japan 140 MWth Oarai Eng. Ctr., 
Japan Loop Na 1977 Operating 

Monju Japan 
714 

MWth, 
280 MWe 

Tsuruga, Japan Loop Na 1995 Suspended a 

BN-350 Russia 
750 

MWth, 
350 MWe 

Aktau, Kazakhstan Loop Na 1972 1999 

BN-600 Russia 
1470 

MWth, 
600 MWe 

Beloyarsk, Russia Pool Na 1980 Operating 

BOR-60 Russia 55 MWth, 
12 MWe 

Dimitrovgrad, 
Russia Loop Na 1968 Operating 

a Operations suspended in 1995. Scheduled for restart in 2008. 
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The first step in the accident analysis process is the assembly and review of available 
information. NEPA documents frequently rely heavily on authorization basis documents as the 
basis for the identification of candidate accidents. Authorization basis documents are not 
available for an advanced recycling reactor so this accident analysis also relies on information 
from assessments conducted for similar reactor designs. The following information sources are 
used in the identification of candidate accidents. 
 
– Advanced Recycling Reactor NEPA data study—Information relevant to the accident 

analysis from the Advanced Recycling Reactor Preliminary NEPA Data Study (Briggs et 
al. 2007) was reviewed to define the scope and nature of activities and identify material 
inventories and potential hazards. Note that the advanced recycling reactor is currently in 
the pre-conceptual design stage and as such specifications of operations, primary system 
configuration and fuel design have not been determined. Therefore, most of the 
operational characteristics have been based on available information from existing plants 
and on assessments conducted for the Clinch River Breeder Reactor Plant (CRBRP).  

– Relevant Safety Analysis and Environmental Reports—A comprehensive Preliminary 
Safety Analysis Report (PMC 1982) was prepared for the CRBRP and, along with the 
precursor Environmental Report (PMC 1975) for the CRBRP, form the basis for most of 
the accident analysis information used in this report. These assessments identified the full 
range of accidents considered appropriate for the scope of their activities. In general, 
these assessments broadly cover the operational characteristics of a functional fast reactor 
and therefore encompass the spectrum of credible accidents and consequences. 

– Incident Occurrences for Fast Reactors—In addition, fast reactors, both pre-conceptual 
as well as operational, present a long history of reactor operations that were reviewed and 
assessed for relevancy. A review of both U.S. and foreign reactor accidents was 
conducted to identify potential accident scenarios to be considered for an advanced 
recycling reactor.  

– Probabilistic Risk Assessments—Available probabilistic risk assessments were reviewed 
for source of risks associated with the operation of a fast reactor. 

 
The list of documents reviewed for the various types of fast reactors under consideration are 
presented in Table D.2.2.2.1-2. Note that the scope and intent of these documents are diverse and 
do not include a significant quantity of data relevant for this analysis. Probabilistic Risk 
Assessment and hazard summary documentation identified for the EBR-II reactor is a controlled 
distribution document and hence could not be referenced or quoted for this report. Similarly, 
safety analysis reports for the Power Reactor Innovative Small Module (PRISM) reactor were of 
limited availability due to the proprietary nature of the reports. Therefore, the available data for 
PRISM was extracted from the NRC Preapplication Safety Evaluation Report which was limited 
in detail and not a significant source of information. 
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TABLE D.2.2.2.1-2—Documents Reviewed for Accident Related Information for Fast Reactors 
Reactor Design Report Title 

ARR Advanced Burner Reactor Preliminary NEPA Data Study (Briggs et al. 2007) 
CRBRP Clinch River Breeder Reactor Plant—Environmental Report Vol. I–V. (PMC 1975) 

CRBRP Environmental Statement related to the Construction and Operation of the Clinch River 
Breeder Reactor Plant (PMC 1982) 

CRBRP Environmental Statement related to the Construction and Operation of the Clinch River 
Breeder Reactor Plant—Supplement. Vol. 1–2 (NRC 1982) 

FFTF 

Draft Programmatic Environmental Impact Statement for Accomplishing Expanded 
Civilian Nuclear Energy Research and Development and Isotope Production Missions in 

the United States, Including the Role of the Fast Flux Test Facility. Vol. I and II. 
(DOE 2000m). 

FFTF Draft Environmental Impact Statement for the Proposed Construction of Nuclear 
Operations Related to Production of Radioisotope Power Systems (DOE 2005b). 

FFTF Safety Evaluation Report by the Office of Nuclear Reactor Regulation U.S. NRC for the 
DOE Fast Flux Test Facility—Project No. 448 (NRC 1978). 

Foreign Unusual Occurrences during LMFR Operation (IAEA 2000) 

PRISM Preapplication Safety Evaluation Report for the Power Reactor Innovative Small Module 
(PRISM) Liquid-Metal Reactor (NRC 1994a) 

 
Each of the various data resources and pertinent information derived from this analysis is 
presented in each section below. 
 
D.2.2.2.2 Accidents Selected for Analysis 
 
Based on a review and assessment of previously conducted safety analyses for similarly designed 
systems, seven accident classes were compiled for applicability to this accident analysis. The 
majority of this information has been derived from the Preliminary Safety Analysis Report and 
the Environmental Report, both prepared for the CRBRP (PMC 1975, PMC 1982). Accident 
analyses for other comparable systems have been reviewed and have been discussed in prior 
sections of this report. The Preliminary Safety Analysis Report (PMC 1982) and Environmental 
Report (PMC 1975) represent the most complete and detailed assessments of all the available 
information that can be utilized for the purposes of this assessment. These two sources were 
examined for credibility of scenarios, applicability to an advanced recycling reactor, and the 
ability to reproduce these scenarios with sufficient detail so as to be applicable to an advanced 
recycling reactor accident analysis.  
 
The selection criteria for the accident scenarios also attempts to ensure that these representative 
accidents encompass all facets of the reactor design as well as all potential radiological sources 
that are susceptible to atmospheric release. All of the accident scenarios from both the 
Preliminary Safety Analysis Report (PMC 1982) and Environmental Report (PMC 1975) were 
reviewed. A number of events were similar in the postulated sequence of events. Differences 
between the two resources were reconciled with the focus towards being conservative. 
 
All potential accident scenarios that were reviewed and selected have been classified into seven 
classes. These classes encompass multiple integrated systems of the reactor including both 
primary and secondary coolants, heat transfer systems, fuel handling systems and radioactive 
waste processes. While these do not represent all sub-systems, the review of the Preliminary  
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Safety Analysis Report (PMC 1982), as discussed in prior sections, shows that only a finite 
group of events lead to a radiological release. 
 
The accidents selected for further analysis within the seven classes of accidents, as well as 
natural phenomena and external events, are summarized in Table D.2.2.2.2-1. Selection of the 
events was described in the previous sections of the report. Table D.2.2.2.2-1 presents the 
selected accident for each accident class, the fault level (accident frequency) and the materials at 
risk. 
 

TABLE D.2.2.2.2-1—Advanced Recycling Reactor Accidents Selected for Analysis 
Accident Class Representative Event Frequency Material at Risk 

Undercooling UC-1: Turbine Trip—Release through 
Steam Dump Anticipated Steam Generating 

System 

Fuel Handling FH-2: Spent Nuclear Fuel Cladding 
Failure in the Ex-Vessel Transfer Machine 

Extremely 
Unlikely Fission Gas Release 

Refueling RF-2: Cover Gas Release During 
Refueling Unlikely Cover Gas during 

Maintenance 
Sodium Spills—
Primary 

SP-2: Failure of Ex-Containment Primary 
Sodium Storage Tank 

Extremely 
Unlikely Primary Sodium 

Sodium Spills—Ex-
Vessel Transfer 
Machine 

SE-1: Failure of Ex-Vessel Storage Tank 
Sodium Cooling System During Operation 

Extremely 
Unlikely 

Ex-Vessel Storage 
Tank Sodium 

Sodium Spills- 
Intermediate Heat 
Transport System 

SI-1: Intermediate Heat Transport System 
Piping Leak 

Extremely 
Unlikely 

Intermediate 
Sodium 

Cover Gas System CG-1: Rupture of the Radioactive Argon 
Processing System Cold Box Unlikely Cover Gas during 

Operation 

Natural Phenomena Beyond Design Basis Earthquake Extremely 
Unlikely Core inventory 

External Event Aircraft Crash 
Beyond 

Extremely 
Unlikely 

Core inventory 

 
As noted earlier, the advanced recycling reactor is in the pre-conceptual design phase and 
therefore details of the materials at risk, release quantities and release locations for the accidents 
summarized in Table D.2.2.2.2-1 are based on the CRBRP studies. While the CRBRP studies 
specified stack releases for some scenarios, the analyses here assume ground level releases in 
order to provide consistency among the different reactors. Note that these scenarios were 
generated before the conceptual design of the CRBRP was completed and are therefore 
generalized for a commercial scale fast reactor. The advance safety provisions of the advanced 
recycling reactor are not accounted for in this analysis, hence this analysis selection process 
results in scenarios that are clearly bounding for the advanced recycling reactor and should not 
be viewed as estimates of the actual risks posed. 
 
Accident sequences, postulated variables, quantities of materials at risk and release estimates 
were reviewed and differences reconciled. A source term for each scenario was developed using 
conservative parameters.  
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Specific release quantities such as water/steam in the Steam Generator System and sodium 
inventories within coolant loops and storage tanks were based on specifications for the CRBRP 
(PMC 1975, PMC 1982). Note that the CRBRP was designed as a 975 MWth plant; this is within 
the design specifications proposed for the advanced recycling reactor (250 to 2,000 MWth). An 
area of uncertainty is the quantity of aerosols generated by the combustion of spilled sodium. 
The quantity of Na2O generated is highly dependent upon available oxygen content, spill size, 
temperature and spill geometry. This analysis was performed for the Preliminary Safety Analysis 
Report (PMC 1982) and Environmental Report (PMC 1975) using computer models and the 
ability to use such models for the advanced recycling reactor are not possible given the lack of 
design information. 
 
Radiological inventories for water/steam, fuel assemblies, primary sodium and cover gas systems 
are all inter-related and would be generated after the overall reactor design has been determined. 
The inventories used for the generation of source terms for this assessment were based on such 
data generated for the CRBRP (PMC 1975, PMC 1982). Wherever possible, a conservative 
approach to the selection of data was used (i.e. maximum power assembly versus average power 
assembly). Radiological inventories used for water/steam and primary sodium were estimated 
based on end-of-plant-life characteristics. 
 
For each of the selected events, a scenario-specific table identifying the specific release 
parameters accompanies the description of each scenario provided below. Assumptions made for 
parameter selection are also presented.  
 
Undercooling Event (UC-1): Turbine Trip and Release Through Steam Dump 
 
A turbine trip would initiate a steam by-pass which means that heat removal has to be 
accomplished via steam venting to the atmosphere through actuation of the Power Relief Valve. 
A failure of the main condenser would also require a steam dump through the Power Relief 
Valve. This venting would continue until the heat load is sufficiently reduced for secondary 
systems to effectively function. This scenario results in the complete ejection of steam/water 
from the Steam Generator System including the deaerator, condenser hotwell, condensate and 
feedwater piping, condensate storage tank and steam generator loops to atmosphere. Generally, 
this scenario would result in the largest release of steam from the Steam Generator System.  
 
A total of 450,000 pounds (lbs) (204,117 kilograms [kg]) of water/steam was postulated for the 
CRBRP by the Environmental Report (PMC 1975). The assumed maximum concentration of 
tritium in the water/steam system was 0.25 microcurie/gram (µCi/g) which is the estimated 
tritium concentration in the steam/water system after 30 years of plant operation, the assumed 
plant life of the CRBRP. While the advanced recycling reactor is expected to have a longer 
operating life, the 30-year value is an above-average inventory. Table D.2.2.2.2-2 presents the 
release parameters for the “Turbine Trip and Release Through Steam Dump” event.  
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TABLE D.2.2.2.2-2—Advanced Recycling Reactor Release  
Parameters for the Turbine Trip Event 

Parameter Value Basis/Comment 
Release 
Point Ground level All reactor accidents are based on a ground level release to provide a 

common basis. 
Duration 1.5 hours Assumed release rate by CRBRP Environmental Report (PMC 1975). 

Material at 
risk 

450,000 lbs of 
water/steam 

Concentration of 
tritium in the 

water/steam system was 
0.25 µCi/g 

Steam/water inventory for the advanced recycling reactor has not yet 
been determined so specifications of the CRBRP are used instead. 
A total of 450,000 lbs of water/steam was postulated for CRBRP 
(PMC 1975). This is the entire inventory of the Steam Generator 
System. The assumed maximum concentration of tritium in the 

water/steam system was 0.25 µCi/g which is the estimated tritium 
concentration in the steam/water system after 30 years of plant 

operation. Source term from CRBRP in lieu of available data for 
advanced recycling reactor. 

Damage 
ratio 1 Assuming the entire material at risk is involved is conservative. 

Airborne 
release 
fraction 

1 Vapor 

Respirable 
fraction 

included in the airborne 
release fraction This factor is included with the airborne release fraction value above. 

Leak path 
factor 1 Assuming all airborne material is released is conservative. 

Frequency Anticipated (0.03/yr is 
used for this category) (PMC 1982) 

 
Fuel Handling Event (FH-2): Spent Fuel Cladding Failure in the Ex-Vessel Transfer 
Machine 
 
The likely causes of fuel cladding failure are mechanical damage (e.g., dropping, improper 
loading, and sequencing of refueling motions) and inadequate cooling (e.g., loss of power, 
system failure). The largest postulated fission gas release to the atmosphere from failed fuel is 
most likely to occur in the Ex-Vessel Transfer Machine as other locations within the fuel 
handling system such as the reactor vessel, Ex-Vessel Storage Tank and the fuel handling cell are 
likely to have gas-cleanup systems which could capture and process fission gases prior to 
release. The failure within the Ex-Vessel Transfer Machine would result in the immediate release 
of 100 percent of the noble gas and halogen inventory from a single fuel assembly to the  
Ex-Vessel Transfer Machine interior. After the immediate release of 100 percent of the noble gas 
and halogen inventory to the Ex-Vessel Transfer Machine interior, the gases can slowly diffuse 
through the seals of the Ex-Vessel Transfer Machine to the Reactor Containment Building and 
Reactor Service Building where they can be ventilated to the atmosphere.  
 
The earliest possible time that any core component could be handled is 36 hours after shut-down. 
For fuel assembly removal, this cool-down period would be a minimum of 87 hours, but it is 
conservatively assumed for the Extremely Unlikely scenario that the accident occurs 36 hours 
after shutdown. The maximum fuel assembly fission gas inventory for a maximum powered fuel 
assembly at 36 hours after shutdown would be 6x105 Ci which includes all noble gas and 
halogen inventories (PMC 1982). Table D.2.2.2.2-3 presents the release parameters for the 
“Spent Nuclear Fuel Cladding Failure in the Ex-Vessel Transfer Machine” event.  
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TABLE D.2.2.2.2-3—Advanced Recycling Reactor Release Parameters for the Spent Fuel 
Cladding Failure in the Ex-Vessel Transfer Machine Event (FH-2) 

Parameter Value Basis/Comment 
Release 
Point Ground level All reactor accidents are based on a ground level release to provide 

a common basis. 

Duration 3 hours 
CRBRP Environmental Report estimates travel time of Ex-Vessel 
Transfer Machine from reactor vessel to Ex-Vessel Storage Tank 

and cover gas cleanup system (PMC 1975). 

Material at 
risk 

Fission gas inventory in the 
Ex-Vessel Transfer Machine 

and release rates to the 
Reactor Containment 

Building with 36 hours of 
decay time. 

Accident assumes immediate release of 100 percent of noble gas 
and halogen inventory from single fuel assembly to Ex-Vessel 

Transfer Machine interior. The fission gas inventory for a 
maximum powered fuel assembly at 36 hours after shutdown was 
used [6x105 Ci of noble gas and halogen inventories (PMC 1982)]. 

Gases slowly diffuse through the seals of Ex-Vessel Transfer 
Machine to the Reactor Containment Building. Estimates of 

inventory and release rates from the Ex-Vessel Storage Tank to the 
Reactor Containment Building for CRBRP (PMC 1982) extracted 

for CRBRP in lieu of available data for advanced recycling reactor. 
Damage 
ratio 1 It is conservative to assume the entire material at risk is involved. 

Airborne 
release 
fraction 

1 volatiles and iodine The release fraction from the fuel assembly is assumed to be 1 for 
noble gases and iodine (PMC 1982). 

Respirable 
fraction 1 This is appropriate for noble gases and iodine. 

Leak path 
factor 1 It is conservative to assume there is no holdup in the reactor 

building. 

Frequency Extremely Unlikely (10-5/yr is 
used for this category) (PMC 1982) 

 
Refueling Event (RF-2): Cover Gas Released During Refueling 
 
The design basis is for the breakaway of the Auxiliary Handling Machine from the floor valve on 
the Small Rotating Plug. The breakaway could potentially happen at the moment that the floor 
valve is in the open position, resulting in a release of cover gas through the Small Rotating Plug 
into the Reactor Containment Building. It was conservatively assumed that the release occurred 
30 hours after shutdown. The reactor cover gas is the largest potential source of radioactive gas 
and it is conservatively assumed that the gas inventory also contains fission gases from 1 percent 
failed fuel. The cover gas would be released to the Reactor Containment Building and it is 
conservatively assumed that it is instantaneously released from the Reactor Containment 
Building to the atmosphere through the exhaust system. Table D.2.2.2.2–4 presents the release 
parameters for the “Cover Gas Released During Refueling” event. 
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TABLE D.2.2.2.2-4—Advanced Recycling Reactor Release Parameters for the Cover Gas 
Released During Refueling Event (RF-2) 

Parameter Value Basis/Comment 
Release 
Point Ground level All reactor accidents are based on a ground level release to provide a common 

basis. 

Duration 1 minute Instantaneous event and it is conservatively assumed that material is 
immediately exhausted to atmosphere (PMC 1982). 

Material at 
risk 

Reactor covers 
gas inventory 30-

hours after 
shutdown. 

The reactor cover gas is conservatively assumed to also contain fission gases 
from 1 percent failed fuel. 100 percent of cover gas inventory is released 
through port. Data extracted for CRBRP in lieu of available data for the 

advanced recycling reactor. Cover gas inventory after 30 hours of decay time 
from CRBRP Environmental Report (PMC 1975). 

Damage 
ratio 1 Assuming the entire material at risk is involved is conservative. 

Airborne 
release 
fraction 

1 volatiles 
(including iodine) 

It is conservatively assumed that all of the gases are released to the reactor 
containment building. 

Respirable 
fraction 1 It is conservative to assume the entire release is respirable 

Leak path 
factor 1 It is conservative to assume all airborne material is released. 

Frequency 
Unlikely 

(0.001/yr is used 
for this category) 

(PMC 1982) 

 
Primary Sodium Spill Event (SP-2): Failure of Ex-Containment Primary Sodium Tank 
 
A complete failure of one of two primary sodium storage tanks located in cells at the lowest level 
of the Intermediate Bay of the Steam Generator Building is postulated to release 50,000 gal 
(189,270 L) of primary sodium. These tanks are used to store the primary sodium in the event 
that maintenance requires access to one of the primary sodium loops. This scenario pertains to 
loop-type reactors and is not relevant for pool-type reactors. The spilled primary sodium reacts 
with the available oxygen generating Na2O aerosols; it is assumed that the cell is inerted 
(approximately 2 percent oxygen). It was assumed that the fission product and activation 
inventory of the primary sodium concentrations was based on 30 years of plant operation with 
10 days decay time. The over-pressurization results in leakage into the intermediate bay of the 
Steam Generator Building. The Steam Generator Building ventilation system continues to 
operate during the accident. Sodium fire analysis and estimates of Reactor Containment Building 
pressure indicate that a total release of 82.9 lbs (37.6 kg) of Na2O, containing 61.1 lbs (27.7 kg) 
of primary sodium would be released to the atmosphere (PMC 1982). Table D.2.2.2.2-5 presents 
the release parameters for the “Failure of Ex-Containment Primary Sodium Tank” event. 
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TABLE D.2.2.2.2-5—Advanced Recycling Reactor Release Parameters for the Failure of 
 Ex-Containment Primary Sodium Tank (SP-2) 

Parameter Value Basis/Comment 
Release 
Point Ground level All reactor accidents are based on a ground level release to 

provide a common basis. 

Duration 8 hours 
Release rate estimates from CRBRP Preliminary Safety Analysis 
Report (PMC 1982) estimate that all 61.1 lb (27.7 kg) of sodium 

would be released within the first 8 hours. 

Material at 
risk 

Radioactive content of primary 
sodium coolant (30 years of 

plant operation). 
Assume inventory 10-days 

after shut-down. 
27.7 kg of primary sodium 

released to atmosphere. 

Sodium fire analysis for Preliminary Safety Analysis Report 
(PMC 1982) estimates a total release of 61.1 lb (27.7 kg) of 

primary sodium would be released to the atmosphere  
(PMC 1982). 

Data extracted for CRBRP in lieu of available data for advanced 
recycling reactor. 

Damage 
ratio 1 It is conservative to assume the entire material at risk is involved. 

Airborne 
release 
fraction 

1  volatiles (including iodine) 
0.01 non-volatiles 

The values for volatiles and nonvolatiles are based on organic 
fires as reported in Sections 3.3.1 and 3.3.2 of DOE-HDBK-

3010-94 (DOE 2000i). 
Respirable 
fraction 1 It is conservative to assume the entire release is respirable 

Leak path 
factor 1 Its is conservative to assume that all airborne material is released 

Frequency Extremely Unlikely (10-5/yr is 
used for this category) (PMC 1982) 

 
Ex-Vessel Storage Tank Sodium Spill Event (SE-1): Failure of Ex-Vessel Storage Tank 
Sodium Cooling System during Operation 
 
There are two sodium cooling circuits used to cool the sodium circulating through the Ex-Vessel 
Storage Tank. These tanks are located below grade in the Reactor Service Building in cells 
adjacent to the Ex-Vessel Storage Tank. Pump suction lines exit the Ex-Vessel Storage Tank at 
or above the normal sodium level. The internal downcomer inside the Ex-Vessel Storage Tank 
extends to below the sodium level; a rupture of the pump suction line in the cooling circuit is 
postulated to occur at a low point of the pump suction line which siphons the sodium out of the 
tank to the level of the internal downcomer. The accident is postulated to occur after 30 years of 
plant operation. It was assumed that the concentration in the aerosol equals the concentration in 
primary sodium spilled and that there is no loss due to radioactive decay or plating-out. 
Table D.2.2.2.2-6 presents the release parameters for the “Failure of Ex-Vessel Storage Tank 
Sodium Cooling System During Operation” event based on the CRBRP design. 
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TABLE D.2.2.2.2-6—Advanced Recycling Reactor Release Parameters for the Failure of  
Ex-Vessel Storage Tank Sodium Cooling System During Operation (SE-1) 

Parameter Value Basis/Comment 
Release 
Point Ground level All reactor accidents are based on a ground level release to 

provide a common basis. 

Duration 8 hours 

Release rate estimates from Preliminary Safety Analysis Report 
(PMC 1982) estimate that 99 percent of the 33.8 kg of  

Ex-Vessel Storage Tank sodium would be released within the 
first 8 hours. 

Material at 
risk 

Radioactive content of Ex-
Vessel Storage Tank sodium 
(30 years of plant operation). 
33.8 kg of Ex-Vessel Storage 

Tank sodium released to 
atmosphere. 

Spilled sodium burns to Na2O as aerosol generating 100 lb 
(45.4 kg) of Na2O of which 74.5 lb (33.8 kg) is Ex-Vessel 

Storage Tank sodium (PMC 1982). 
Radioactive content of Ex-Vessel Storage Tank sodium based 
on 30 years of plant operation (PMC 1982). Data extracted for 

CRBRP in lieu of available data for advanced recycling reactor. 
Damage 
ratio 1 It is conservative to assume the entire material at risk is 

involved. 
Airborne 
release 
fraction 

1 noble gas 
0.25 iodine 
5x10-4 other 

These values are consistent with the values used in Section 
6.3.1 of DOE-HDBK-3010-94 (DOE 2000i). 

Respirable 
fraction 1 It is conservative to assume the entire release is respirable. 

Leak path 
factor 1 It is conservative to assume all airborne material is released. 

Frequency Extremely Unlikely (10-5/yr is 
used for this category) (PMC 1982) 

 
Intermediate Heat Transport System Sodium Spill Event (SI-1): Intermediate Heat 
Transport System Piping Leak 
 
A sodium leak in the 24 in (61 cm) main loop hot leg piping is assumed to occur while the 
Intermediate Heat Transport System is at maximum operating temperature and pressure. The 
break location was postulated to be at the low point of the main loop thereby maximizing spill 
volume. A high velocity sodium jet would be converted into a spray. The Preliminary Safety 
Analysis Report (PMC 1982) estimates the total spill quantity of 300,000 lbs (136,077 kg) of 
sodium over a 5.5 hour period. The sodium in the Intermediate Heat Transport System is non-
radioactive and leakage of primary sodium into the Intermediate Heat Transport System is 
prevented by a pressure differential. Once the Intermediate Heat Transport System is 
depressurized, in-leakage could potentially occur. Therefore to maximize radiological impact it 
was conservatively assumed that a maximum undetected leak rate of 0.78 gal/min (2.95 L/min) 
from the primary to the Intermediate Heat Transport System had occurred for 2 hours  
(PMC 1982). For two exclusion zone doses, this equates to 94 gal (356 L) of primary sodium in 
39,000 gal (147,631 L) of Intermediate Heat Transport System sodium. The analysis presented in 
the Preliminary Safety Analysis Report (PMC 1982) modeled a high velocity sodium jet that was 
converted into a spray. For 2-hour exclusion area boundary doses, it was assumed that 10 percent 
of sodium is burned, which would include 9.5 gal (35.0 L) of primary sodium. Of this primary 
sodium, 27 percent is released as Na2O aerosol which is entirely released from the Steam 
Generator Building at ground level. Table D.2.2.2.2-7 presents the release parameters for the 
“Intermediate Heat Transport System Piping Leak” event. 
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TABLE D.2.2.2.2-7—Advanced Recycling Reactor Release Parameters Intermediate Heat 
Transport System Piping Leak (SI-1) 

Parameter Value Basis/Comment 
Release 
Point Ground level All reactor accidents are based on a ground level release to provide a 

common basis. 
Duration 2 hours (PMC 1982). 

Material at 
risk 

17.4 lbs (7.9 kg) of 
primary sodium 

released at ground 
level. 

 
Radioactive Content of 

Primary Sodium 
Coolant (30 years of 

plant operation). Zero 
days decay. 

Sodium leak results in the spill of 300,000 lbs (136,077 kg) of sodium 
over a 5.5 hour period. Conservatively assumed that a maximum 

undetected IHX leak rate of 0.78 gpm from primary to Intermediate 
Heat Transport System has occurred for 2 hours. For exclusion zone 

doses, this equates to 94 gallons (355 L) of primary sodium in 39,000 
gallons (147,631 L) of Intermediate Heat Transport System sodium 

which generates 2.6 gallons (17.4 lbs) of primary sodium Na2O aerosol 
which is entirely released from the Steam Generator Building at ground 

level. Data from CRBRP assumed in place of unavailable advanced 
recycling reactor design data. 

Damage 
ratio 1 It is conservative to assume the entire material at risk is involved. 

Airborne 
release 
fraction 

1 It is conservative to assume all material becomes airborne. 

Respirable 
fraction 1 It is conservative to assume the entire release is respirable. 

Leak path 
factor 1 It is conservative to assume all airborne material is released. 

Frequency 
Extremely Unlikely 

(10-5/yr is used for this 
category) 

(PMC 1982) 

 
Cover Gas Systems Event (CG-1): Rupture in the Radioactive Argon Processing System 
Cold Box 
 
The Radioactive Argon Processing System Cold Box includes a cryogenic still used to extract 
krypton and xenon from the reactor cover gas. A postulated rupture of the cryostill would release 
liquid argon from the Radioactive Argon Processing System (along with the Kr and Xe 
constituents) and the liquid nitrogen coolant into the cold box cell. It was conservatively 
assumed that the reactor has been operating with 1 percent failed fuel and the cover gas has 
reached its steady-state isotopic concentration. Quantities of gases released to the cell include 
1,935 standard cubic feet (scf) of nitrogen and 1,190 scf of argon for a total of 3,125 scf. The 
radioactive content is primarily Xe-133, Xe-135 and Kr-88 with a total inventory of 5.57×105 Ci. 
It is assumed that a connection between the cell and the Reactor Containment Building exists at 
the time of the accident and a total release is vented through the Reactor Containment Building 
vent. The total radioactivity released in 2 hours is assumed to be 4.62×104 Ci (PMC 1982). 
 
Release in the cell is assumed to exhaust through the Reactor Service Building (PMC 1975), but 
no credit is taken for dispersion resulting from a stack release. Table D.2.2.2.2-8 presents the 
release parameters for the “Rupture in the Radioactive Argon Processing System Cold Box” 
event based on the CRBRP design. 
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TABLE D.2.2.2.2-8—Advanced Recycling Reactor Release Parameters for the Rupture of the 
Radioactive Argon Processing System Cold Box (CG-1) 

Parameter Value Basis/Comment 
Release 
Point Ground level All reactor accidents are based on a ground level release to provide a common 

basis. 
Duration 2 hours (PMC 1982). 

Material at 
risk 

Release 
estimates: 
Xe-133: 

3.92×104 Ci 
Xe-135: 

6.89×103 Ci 
Kr-88: 

1.11×102 Ci 

The radioactive content in cold box is primarily Xe-133, Xe-135 and Kr-88 with 
a total inventory of 5.57×105 Ci. It is assumed that a connection between the cell 

and the Reactor Containment Building exists at the time of the accident and a 
total release is vented through the Reactor Containment Building vent. The total 
radioactivity released in 2 hours in 4.62x104 Ci (PMC 1982). Data from CRBRP 

assumed in place of unavailable advanced recycling reactor design data. 

Damage 
ratio 1 It is conservative to assume the entire material at risk is involved. 

Airborne 
release 
fraction 

1 It is conservative to assume all material becomes airborne 

Respirable 
fraction 1 It is conservative to assume the entire release is respirable. 

Leak path 
factor 1 It is conservative to assume all airborne material is released. 

Frequency 

Unlikely 
(0.001/yr is 
used for this 

category) 

(PMC 1982) 

 
Beyond Design Basis Accidents 
 
As described in the Advanced Recycling Reactor Preliminary NEPA Data Study 
(Briggs et al. 2007) in this and the following two paragraphs, three beyond-design-basis accident 
sequences, each involving failure of both reactor scram systems, have received attention in past 
licensing safety assessments. In the Unprotected Loss-Of-Flow sequence, it is assumed that 
power is lost to all primary and secondary coolant pumps, and the reactor scram systems fail to 
activate. In the Unprotected Transient Overpower sequence, it is assumed that one or more 
inserted control rods are withdrawn, plus the reactor scram systems fail to operate. In the 
unprotected Loss-Of-Heat-Sink accident, it is assumed that heat removal through the power 
conversion system is lost, and the reactor scram systems do not activate. Taken collectively, 
these three accident initiators encompass all the ways that an operating reactor can be perturbed 
(i.e., by a change in coolant flow, by a change in reactivity, or by a change in coolant inlet 
temperature).  
 
The NEPA Data Study (Briggs et al. 2007) concludes that a sodium-cooled fast reactor would be 
capable of accommodating these beyond-design-basis accident initiators without producing high 
temperatures and conditions that might lead to a severe accident, such as coolant boiling, 
cladding failures, or fuel melting. The inherent neutronic, hydraulic, and thermal performance 
characteristics of such a reactor provide self-protection in beyond-design-basis sequences to limit 
accident consequences without activation of engineered systems or operator actions. This 
characteristic has been termed ‘inherent passive safety.’ 
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The efficacy of such passive safety was demonstrated through two landmark tests conducted on 
the Experimental Breeder Reactor-II (EBR-II), namely loss-of-flow without scram and loss-of-
heat-sink without scram tests. With the automated safety systems disabled, the two most 
demanding accident initiating events were deliberately induced with the reactor at full power, 
first one, and then the other. Each time the reactor simply coasted to a safe, low power state 
without any damage at all to the fuel or any reactor component. These tests (Unprotected Loss-
Of-Flow and Loss-Of-Heat-Sink) proved conclusively that passive safety design is achievable 
for metallic-fueled fast reactors with sodium cooling. Rods stops or other devices are expected to 
be used to limit the amount of excess reactivity inserted during an Unprotected Transient 
Overpower event. Consequently, for an advanced recycling reactor, beyond-design-basis 
accidents need to be considered only in the context of probabilistic risk assessments, in which 
such events are analyzed with best-estimate scoping methods that demonstrate safety margins 
beyond the normal design basis without requiring the use of deterministic analyses 
(Briggs et al. 2007). 
 
As discussed in Section D.1, beyond design basis accidents, as related to earthquakes and aircraft 
crashes, are presented below. 
 
Beyond Design Basis Earthquake—An Operational Basis Earthquake could result in loss of 
off-site power, which would cause loss of power to pumps. Compounding the effect are the 
changes in core configuration resulting in the closing of radial gaps and hence reactivity 
insertion. Changes in core configuration can also lead to a reduced control rod insertion rate. The 
event was assessed by the Preliminary Safety Analysis Report (PMC 1982) and it concluded that 
such an event would result in a maximum fuel cladding temperature of 1440°F (782oC), which 
would generate no significant additional degradation of cladding lifetime capability and was 
within the acceptance criteria for the Preliminary Safety Analysis Report.  
 
A “Beyond Design Basis Earthquake” may cause equipment malfunctions and result in a 
disruptive core event. Note that the major systems of an advanced recycling reactor including the 
reactor vessel containing the reactor core and the primary sodium coolant, the intermediate heat 
transport system, and the power conversion systems would be located below grade on a nuclear 
island which may be seismically isolated from its foundations (Briggs et al. 2007). Therefore the 
consequences of a Beyond Design Basis Earthquake would be mitigated substantially. 
 
No assessments for a Beyond Design Basis Earthquake were completed by the Environmental 
Report (PMC 1975) or the Preliminary Safety Analysis Report (PMC 1982) for the CRBRP. 
Such assessments were considered outside the bounds of these analyses. For this PEIS, this 
scenario is analyzed consistent with the guidance provided in Sections D.1.2 and D.1.4 of this 
appendix for reactor “Beyond Design Basis Earthquake” events. 
 
Preliminary isotopic inventories were estimated by Kim and Yang (Kim and Yang 2008) for a 
conceptual 2,000 MWth reactor core design. This reactor configuration is at the upper bound of 
the current range considered for an advanced recycling reactor. Inventories were estimated for 
recycled oxide fuel, startup oxide fuel, recycled metal fuel and startup metal fuel. Core 
inventories included assemblies within in-vessel storage. The highest isotopic inventories for  
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fission products and plutonium isotopes were estimated for the recycled oxide fuel. These 
isotopic inventories were used for this assessment. Estimates for a core at end of equilibrium 
cycle were used. 
 
For current reactors, the median frequency of earthquakes for a Safe Shutdown Earthquake is 
1.0x10-5 per year (see Appendix B, “Reference Probability for the Exceedance Level of the Safe 
Shutdown Earthquake Ground Motion,” of Regulatory Guide 1.165 [NRC 1997]). Therefore this 
value is used as a conservative estimate of the frequency of this “Beyond Design Basis 
Earthquake” event. Table D.2.2.2.2–9 presents the release parameters for the “Beyond Design 
Basis Earthquake.” 
 

TABLE D.2.2.2.2-9—Advanced Recycling Reactor Release Parameters  
for the Beyond Design Basis Earthquake 

Parameter Value Basis/Comment 

Release Point Ground level All reactor accidents are based on a ground level release to 
provide a common basis. 

Duration See Table D.1.4-1 See Table D.1.4-1. 

Material at risk Core inventory from 
Kim and Yang 2008 

Kim and Yang 2008 provides the inventory for the design being 
evaluated. 

Release 
parameters See Table D.1.4-1 Release parameters were selected consistent with the values used 

for all reactors (see Table D.1.4-1). 

Frequency 1x10-5/yr (Extremely 
Unlikely) 

The median frequency of a safe shutdown earthquake for current 
LWRs is 1.0x10-5/yr per Regulatory Guide 1.165 (NRC 1997). 

The frequency is expected to be no greater for an advanced 
recycling reactor than for current LWRs, so an event frequency of 

10-5/yr is used in this analysis. 
 
Beyond Design Basis Aircraft Crash—This scenario is analyzed consistent with the 
methodology described in Sections D.1.2 and D.1.4 for an “Aircraft Crash.” Because the NRC 
must license the facility, the site will be required to meet NRC Aircraft Hazards criteria 
(NRC 2007k). Therefore, an event frequency of 1x10-7 per year is used in this analysis.  
Table D.2.2.2.2-10 presents the release parameters for the Beyond Design Basis “Aircraft 
Crash.” 
 

TABLE D.2.2.2.2-10—Advanced Recycling Reactor Release Parameters  
for the Beyond Design Basis Aircraft Crash 

Parameter Value Basis/Comment 
Release 
Point Ground level All reactor accidents are based on a ground level release to provide a common 

basis. 
Duration See Table D.1.4-1 See Table D.1.4-1. 

Material at 
risk 

Core inventory 
from Kim and 

Yang 2008 
Kim and Yang 2008 provides the inventory for the design being evaluated. 

Release 
parameters See Table D.1.4-1 Release parameters were selected consistent with the values used for all 

reactors (see Table D.1.4-1). 

Frequency 
1x10-7/yr (Beyond 

Extremely 
Unlikely) 

The facility must be licensed by the NRC, so it will be required to meet NRC 
Aircraft Hazards criteria (NRC 2007k). Therefore, an event frequency of  

10-7/yr is used in this analysis. 
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D.2.2.2.3 Results 
 
Tables D.2.2.2.3-1 through D.2.2.2.3-3 present the accident risks from all accidents at all sites to 
the offsite population, MEI, and noninvolved worker.  
 

TABLE D.2.2.2.3-1—Advanced Recycling Reactor Accident Risksa to the  
Offsite Population (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic Site 
6 

Turbine Trip (0.03/yr) 1x10-8 3x10-8 2x10-7 7x10-8 1x10-7 5x10-7 
Spent Nuclear Fuel Cladding 
Failure (10-5/yr) 1x10-10 3x10-10 1x10-9 5x10-10 1x10-9 4x10-9 

Cover Gas Release During 
Refueling (0.001/yr) 9x10-11 3x10-10 1x10-9 3x10-10 7x10-10 3x10-9 

Ex-Containment Primary 
Sodium Tank Failure 
(10-5/yr) 

6x10-11 1x10-10 7x10-10 3x10-10 5x10-10 2x10-9 

Ex-Vessel Storage Tank 
Sodium Cooling System 
Failure (10-5/yr) 

3x10-13 7x10-13 3x10-12 2x10-12 3x10-12 1x10-11 

Intermediate Heat Transport 
System Pipe Leak (10-5/yr) 7x10-10 2x10-9 9x10-9 3x10-9 6x10-9 2x10-8 

Radioactive Argon 
Processing System Cold Box 
Rupture (0.001/yr) 

1x10-7 3x10-7 2x10-6 4x10-7 9x10-7 4x10-6 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

3x10-6 8x10-6 4x10-5 2x10-5 3x10-5 1x10-4 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

0.004 0.008 0.04 0.02 0.03 0.1 

Aircraft Crash, mitigated 
(1x10-7/yr) 3x10-8 8x10-8 4x10-7 2x10-7 3x10-7 1x10-6 

Aircraft Crash, unmitigated 
(1x10-7/yr) 4x10-5 8x10-5 4x10-4 2x10-4 3x10-4 0.001 

a Increased number of expected LCFs per year of operation. 
 

The accident with the highest risk to the offsite population, MEI, and noninvolved worker is the 
“Unmitigated Beyond Design Basis Earthquake” scenario. The collective risk to the offsite 
population for this scenario would range from 0.004 expected LCFs per year of operation in the 
Site-1 offsite population (300,000 people) to 0.1 expected LCFs per year of operation in the  
Site-6 offsite population (8,200,000 people). 
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TABLE D.2.2.2.3-2—Advanced Recycling Reactor Accident Risksa to the Maximally Exposed 
Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Turbine Trip (0.03/yr) 1x10-10 1x10-10 1x10-10 9x10-10 9x10-10 9x10-10 

Spent Nuclear Fuel Cladding 
Failure (10-5/yr) 9x10-13 9x10-13 9x10-13 7x10-12 7x10-12 7x10-12 

Cover Gas Release During 
Refueling (0.001/yr) 1x10-12 1x10-12 1x10-12 7x10-12 7x10-12 7x10-12 

Ex-Containment Primary 
Sodium Tank Failure (10-5/yr) 4x10-13 4x10-13 4x10-13 3x10-12 3x10-12 3x10-12 

Ex-Vessel Storage Tank 
Sodium Cooling System 
Failure (10-5/yr) 

2x10-15 2x10-15 2x10-15 2x10-14 2x10-14 2x10-14 

Intermediate Heat Transport 
System Pipe Leak (10-5/yr) 7x10-12 7x10-12 7x10-12 5x10-11 5x10-11 5x10-11 

Radioactive Argon Processing 
System Cold Box Rupture 
(0.001/yr) 

1x10-9 1x10-9 1x10-9 8x10-9 8x10-9 8x10-9 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

2x10-8 2x10-8 2x10-8 3x10-7 3x10-7 3x10-7 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated 
(1x10-7/yr) 2x10-10 2x10-10 2x10-10 3x10-9 3x10-9 3x10-9 

Aircraft Crash, unmitigated 
(1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 
For the MEI, the “Unmitigated Beyond Design Basis Earthquake” scenario would result in an 
increased LCF risk of 1×10-5 per year of operation. 
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TABLE D.2.2.2.3-3—Advanced Recycling Reactor Accident Risksa To The Noninvolved 
Worker (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Turbine Trip (0.03/yr) 2x10-9 2x10-9 2x10-9 9x10-9 9x10-9 9x10-9 
Spent Nuclear Fuel Cladding 
Failure (10-5/yr) 1x10-11 1x10-11 1x10-11 7x10-11 7x10-11 7x10-11 

Cover Gas Release During 
Refueling (0.001/yr) 5x10-12 5x10-12 5x10-12 2x10-11 2x10-11 2x10-11 

Ex-Containment Primary 
Sodium Tank Failure Sodium 
Tank Failure (10-5/yr) 

6x10-12 6x10-12 6x10-12 3x10-11 3x10-11 3x10-11 

Ex-Vessel Storage Tank Sodium 
Cooling System Failure (10-5/yr) 3x10-14 3x10-14 3x10-14 2x10-13 2x10-13 2x10-13 

Intermediate Heat Transport 
System Pipe Leak (10-5/yr) 7x10-11 7x10-11 7x10-11 3x10-10 3x10-10 3x10-10 

Radioactive Argon Processing 
System Cold Box Rupture 
(0.001/yr) 

7x10-9 7x10-9 7x10-9 3x10-8 3x10-8 3x10-8 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

6x10-7 6x10-7 6x10-7 4x10-6 4x10-6 4x10-6 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated 
(1x10-7/yr) 6x10-9 6x10-9 6x10-9 4x10-8 4x10-8 4x10-8 

Aircraft Crash, unmitigated 
(1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 
For the onsite noninvolved worker, the “Unmitigated Beyond Design Basis Earthquake” scenario 
would result in an increased risk of a LCF of 1×10-5 per year of operation. 

 
Tables D.2.2.2.3-4 through D.2.2.2.3-6 present the accident consequences for an advanced 
recycling reactor at the six generic sites described in Section D.1.6 for the offsite population, 
MEI, and noninvolved worker.  
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TABLE D.2.2.2.3-4—Advanced Recycling Reactor Accident Health Consequences (Dose in 
Person-Rem/Increased Number of Latent Cancer Fatalities)a to the Offsite Population  

(All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 

Turbine Trip (0.03/yr) 7x10-4 / 
4x10-7 

0.002 / 
1x10-6 

0.008 / 
5x10-6 

0.004 / 
2x10-6 

0.007 / 
4x10-6 

0.03 / 
2x10-5 

Spent Nuclear Fuel Cladding 
Failure (10-5/yr) 

0.02 / 
1x10-5 

0.04 / 
3x10-5 

0.2 / 
1x10-4 

0.09 / 
5x10-5 

0.2 / 
1x10-4 

0.7 / 
4x10-4 

Cover Gas Release During 
Refueling (0.001/yr) 

2x10-4 / 
9x10-8 

4x10-4 / 
3x10-7 

0.002 / 
1x10-6 

6x10-4 / 
3x10-7 

0.001 / 
7x10-7 

0.005 / 
3x10-6 

Ex-Containment Primary 
Sodium Tank Failure (10-5/yr) 

0.01 / 
6x10-6 

0.02 / 
1x10-5 

0.1 / 
7x10-5 

0.05 / 
3x10-5 

0.09 / 
5x10-5 

0.4 / 
2x10-4 

Ex-Vessel Storage Tank 
Sodium Cooling System 
Failure (10-5/yr) 

5x10-5 / 
3x10-8 

1x10-4 / 
7x10-8 

6x10-4 / 
3x10-7 

2x10-4 / 
2x10-7 

5x10-4 / 
3x10-7 

0.002 / 
1x10-6 

Intermediate Heat Transport 
System Pipe Leak (10-5/yr) 

0.1 / 
7x10-5 

0.3 / 
2x10-4 1 / 9x10-4 0.5 / 

3x10-4 1 / 6x10-4 4 / 2x10-3 

Radioactive Argon Processing 
System Cold Box Rupture 
(0.001/yr) 

0.2 / 
1x10-4 

0.5 / 
3x10-4 2 / 0.001 0.7 / 

4x10-4 2 / 9x10-4 6 / 0.004 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

500 / 0.3 1,000 / 0.8 6,000 / 4 3,000 / 2 5,000 / 3 2x104 / 10 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

6x105 / 
400 

1x106 / 
800 

7x106 / 
4,000 

3x106 / 
2,000 

5x106 / 
3,000 

2x107 / 
10,000 

Aircraft Crash, mitigated 
(1x10-7/yr) 500 / 0.3 1,000 / 0.8 6,000 / 4 3,000 / 2 5,000 / 3 2x104 / 10 

Aircraft Crash, unmitigated 
(1x10-7/yr) 

6x105 / 
400 

1x106 / 
800 

7x106 / 
4,000 

3x106 / 
2,000 

5x106 / 
3,000 

2x107 / 
10,000 

a The dose in person-rem is reported before the slash and the increased number of LCFs is presented after the slash. 
 
The accidents with the highest consequence to the offsite population, MEI, noninvolved worker 
would be the “Unmitigated Beyond Design Basis Earthquake” and “Unmitigated Aircraft Crash” 
scenarios. Using the dose-to-risk conversion factor of 6×10-4 per person-rem, these accidents 
would result in 400 to 10,000 additional LCFs in the surrounding population for these Extremely 
Unlikely and Beyond Extremely Unlikely accidents. 
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TABLE D.2.2.2.3-5—Advanced Recycling Reactor Accident Health Consequences (Dose in 
Person-Rem /Increased Likelihood of a Latent Cancer Fatality) to the Maximally Exposed 

Individual (All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 

Turbine Trip (0.03/yr) 7x10-6 / 
4x10-9 

7x10-6 / 
4x10-9 

7x10-6 / 
4x10-9 

5x10-5 / 
3x10-8 

5x10-5 / 
3x10-8 

5x10-5 / 
3x10-8 

Spent Nuclear Fuel Cladding 
Failure (10-5/yr) 

2x10-4 / 
9x10-8 

2x10-4 / 
9x10-8 

2x10-4 / 
9x10-8 

0.001 / 
7x10-7 

0.001 / 
7x10-7 

0.001 / 
7x10-7 

Cover Gas Release During 
Refueling (0.001/yr) 

2x10-6 / 
1x10-9 

2x10-6 / 
1x10-9 

2x10-6 / 
1x10-9 

1x10-5 / 
7x10-9 

1x10-5 / 
7x10-9 

1x10-5 / 
7x10-9 

Ex-Containment Primary 
Sodium Tank Failure (10-5/yr) 

7x10-5 / 
4x10-8 

7x10-5 / 
4x10-8 

7x10-5 / 
4x10-8 

5x10-4 / 
3x10-7 

5x10-4 / 
3x10-7 

5x10-4 / 
3x10-7 

Ex-Vessel Storage Tank 
Sodium Cooling System 
Failure (10-5/yr) 

3x10-7 / 
2x10-10 

3x10-7 / 
2x10-10 

3x10-7 / 
2x10-10 

3x10-6 / 
2x10-9 

3x10-6 / 
2x10-9 

3x10-6 / 
2x10-9 

Intermediate Heat Transport 
System Pipe Leak (10-5/yr) 

0.001 / 
7x10-7 

0.001 / 
7x10-7 

0.001 / 
7x10-7 

0.008 / 
5x10-6 

0.008 / 
5x10-6 

0.008 / 
5x10-6 

Radioactive Argon Processing 
System Cold Box Rupture 
(0.001/yr) 

0.002 / 
1x10-6 

0.002 / 
1x10-6 

0.002 / 
1x10-6 

0.01 / 
8x10-6 

0.01 / 
8x10-6 

0.01 / 
8x10-6 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

3 / 0.002 3 / 0.002 3 / 0.002 30 / 0.03 30 / 0.03 30 / 0.03 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

6,000 / 1 6,000 / 1 6,000 / 1 5x104 / 1 5x104 / 1 5x104 / 1 

Aircraft Crash, mitigated 
(1x10-7/yr) 3 / 0.002 3 / 0.002 3 / 0.002 30 / 0.03 30 / 0.03 30 / 0.03 

Aircraft Crash, unmitigated 
(1x10-7/yr) 6,000 / 1 6,000 / 1 6,000 / 1 5x104 / 1 5x104 / 1 5x104 / 1 

a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
 
Using the dose-to-risk conversion factor of 6×10-4 per person-rem (or twice 6×10-4 per  
person-rem for individual doses greater than 20 rem) for the Extremely Unlikely “Unmitigated 
Beyond Design Basis Earthquake” and the Beyond Extremely Unlikely “Unmitigated Aircraft 
Crash” accidents, the MEI doses are estimated to result in a prompt radiation fatality. 
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TABLE D.2.2.2.3-6—Advanced Recycling Reactor Accident Health Consequences (Dose in 
Rem/Increased Likelihood of a Latent Cancer Fatality)a to the Noninvolved Worker  

(All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 

Turbine Trip (0.03/yr) 9x10-5 / 
6x10-8 

9x10-5 / 
6x10-8 

9x10-5 / 
6x10-8 

5x10-4 / 
3x10-7 

5x10-4 / 
3x10-7 

5x10-4 / 
3x10-7 

Spent Nuclear Fuel Cladding 
Failure (10-5/yr) 

0.002 / 
1x10-6 

0.002 / 
1x10-6 

0.002 / 
1x10-6 

0.01 / 
7x10-6 

0.01 / 
7x10-6 

0.01 / 
7x10-6 

Cover Gas Release During 
Refueling (0.001/yr) 

8x10-6 / 
5x10-9 

8x10-6 / 
5x10-9 

8x10-6 / 
5x10-9 

4x10-5 / 
2x10-8 

4x10-5 / 
2x10-8 

4x10-5 / 
2x10-8 

Ex-Containment Primary Sodium 
Tank Failure (10-5/yr) 

0.001 / 
6x10-7 

0.001 / 
6x10-7 

0.001 / 
6x10-7 

0.005 / 
3x10-6 

0.005 / 
3x10-6 

0.005 / 
3x10-6 

Ex-Vessel Storage Tank Sodium 
Cooling System Failure (10-5/yr) 

5x10-6 / 
3x10-9 

5x10-6 / 
3x10-9 

5x10-6 / 
3x10-9 

3x10-5 / 
2x10-8 

3x10-5 / 
2x10-8 

3x10-5 / 
2x10-8 

Intermediate Heat Transport 
System Pipe Leak (10-5/yr) 

0.01 / 
7x10-6 

0.01 / 
7x10-6 

0.01 / 
7x10-6 

0.06 / 
3x10-5 

0.06 / 
3x10-5 

0.06 / 
3x10-5 

Radioactive Argon Processing 
System Cold Box Rupture 
(0.001/yr) 

0.01 / 
7x10-6 

0.01 / 
7x10-6 

0.01 / 
7x10-6 

0.05 / 
3x10-5 

0.05 / 
3x10-5 

0.05 / 
3x10-5 

Beyond Design Basis 
Earthquake, mitigated (1x10-5/yr) 50 / 0.06 50 / 0.06 50 / 0.06 300 / 0.4 300 / 0.4 300 / 0.4 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

8x104 / 1 8x104 / 1 8x104 / 1 4x105 / 1 4x105 / 1 4x105 / 1 

Aircraft Crash, mitigated 
(1x10-7/yr) 50 / 0.06 50 / 0.06 50 / 0.06 300 / 0.4 300 / 0.4 300 / 0.4 

Aircraft Crash, unmitigated 
(1x10-7/yr) 8x104 / 1 8x104 / 1 8x104 / 1 4x105 / 1 4x105 / 1 4x105 / 1 

a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
 
For the noninvolved worker, the Extremely Unlikely “Unmitigated Beyond Design Basis 
Earthquake” and the Beyond Extremely Unlikely “Unmitigated Aircraft Crash” accidents would 
result in a prompt radiation fatality. 
 
D.2.3 Thermal/Fast Reactor Recycle Alternative 
 
This section presents the impacts of potential accident scenarios associated with facilities under 
the Thermal/Fast Reactor Recycle Alternative, which is described in Section 2.3 of Chapter 2. 
The Thermal/Fast Reactor Recycle Alternative is similar to the Fast Reactor Recycle Alternative 
(Section D.2.2) with the addition of recycling in a thermal reactor prior to recycling in an 
advanced recycling reactor. The thermal reactor used for recycling is assumed to be either an 
LWR or an ALWR. The impacts associated with an advanced recycling reactor are presented in 
Section D.2.2.2 and are not repeated here. This section is sub-divided into the impacts of 
postulated accidents at three facilities: the nuclear fuel recycling center, a MOX-U-Pu fueled 
LWR, and a MOX-U-Pu fueled ALWR.  
 
D.2.3.1  Mixed Oxide-Uranium-Plutonium Fueled Light Water Reactor  
 
The impact of potential accidents at light water reactors utilizing MOX-U-Pu fuel was evaluated 
for the SPD EIS (DOE 1999d). The SPD EIS evaluated accidents at three existing LWR sites 
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utilizing LEU fuel, as well as cores consisting of 40 percent mixed oxide (MOX) fuel and 
60 percent conventional LWR fuel. This section evaluates the LWR using the MOX-U-Pu fuel. 
The SPD EIS considered both design basis and beyond design basis events, both of which are 
included here. A description of each accident is presented in the SPD EIS (DOE 1999d) and is 
not repeated here. In this GNEP PEIS, DOE has re-analyzed the consequences of the accident 
scenarios presented in the SPD EIS for the Catawba reactor for the six generic sites described in 
Section D.1.6. The accidents for the Catawba reactor were selected for evaluation here because it 
is a large LWR with a radioactive source term that equals or exceeds the source term of the other 
reactors analyzed in the SPD EIS. The frequency estimates for Catawba are sometimes less than 
the frequencies for the other reactors, but the consequences are always greater than or equal to 
the consequences for the other reactors. The consequences for the MOX-U-Pu fueled LWR 
accidents were recalculated for this GNEP PEIS based on the SPD EIS source terms. The 
parameters used for this analysis are presented in Table D.2.3.1-1.  
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TABLE D.2.3.1-1—Release Parameters for Mixed Oxide-Uranium-Plutonium  
Fueled Light Water Reactor Accidents 

Parameter Value Basis/Comment 
Release Point   

All scenarios Ground level This is the default value used for all reactor accidents to 
provide a common basis. 

Duration   
Early 
Containment 
Failure 

0.5 hr. DOE 1999d is the basis for the release durations. 

Late Containment 
Failure 0.5 hr. DOE 1999d is the basis for the release durations. 

Beyond Design 
Basis Earthquake See Table D.1.4-1 See Table D.1.4-1. 

Aircraft Crash See Table D.1.4-1 See Table D.1.4-1. 
All other 
scenarios 1 hr. This is the default value used when information is not 

available. 
Source terms   

Design basis 
events 

Source terms taken directly from 
DOE 1999d. 

DOE 1999d provides the source terms for each design 
basis scenario. 

Beyond Design 
Basis Earthquake 

Core inventory was taken from 
DOE 1999d. Release parameters 

taken from Table D.1.4-1. 

Release parameters were selected consistent with the 
values used for all reactors (see Table D.1.4-1) and 

applied to the core inventory for this reactor  
(DOE 1999d). 

Aircraft Crash 
Core inventory was taken from 

DOE 1999d. Release parameters 
taken from Table D.1.4-1. 

Release parameters were selected consistent with the 
values used for all reactors (see Table D.1.4-1) and 

applied to the core inventory for this reactor  
(DOE 1999d). 

All other beyond 
design basis 
events 

Core inventory and release 
parameters taken from DOE 

1999d. 

DOE 1999d provides the core inventory and release 
parameters for each beyond design basis event. 

Frequency (/yr)   
LOCA 7.5x10-6/yr (Extremely Unlikely) DOE 1999d is the basis for the frequency estimate. 
Fuel Handling 
Accident 1x10-4/yr (Unlikely) DOE 1999d is the basis for the frequency estimate. 

SG Tube Rupture 6.31x10-10/yr (Beyond Extremely 
Unlikely) DOE 1999d is the basis for the frequency estimate. 
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TABLE D.2.3.1-1—Release Parameters for Mixed Oxide-Uranium-Plutonium  
Fueled Light Water Reactor Accidents (continued) 

Parameter Value Basis/Comment 
Early Containment 
Failure 

3.42x10-8/yr (Beyond 
Extremely Unlikely) DOE 1999d is the basis for the frequency estimate. 

Late Containment 
Failure 

1.21x10-5yr (Extremely 
Unlikely) DOE 1999d is the basis for the frequency estimate. 

Interfacing System 
LOCA 

6.9x10-8/yr (Beyond Extremely 
Unlikely) DOE 1999d is the basis for the frequency estimate. 

Beyond Design 
Basis Earthquake 

1x10-5/yr (Extremely 
Unlikely) 

The median frequency of a safe shutdown earthquake 
for current LWRs is 1.0x10-5/yr per Regulatory Guide 
1.165 (NRC 1997). The frequency is expected to be no 

greater for use of MOX-U-Pu fuel than for current 
LWRs, so an event frequency of 10-7/yr is used in this 

analysis. 

Aircraft Crash 1x10-7/yr (Beyond Extremely 
Unlikely) 

The facility must be licensed by the NRC, so it will be 
required to meet NRC Aircraft Hazards criteria (NRC 

2007k). Therefore, an event frequency of 10-7/yr is 
used in this analysis. 

 
Tables D.2.3.1-2 through D.2.3.1-4 present the accident risks for the MOX-U-Pu fueled LWR at 
the six generic sites described in Section D.1.6 for the offsite population, MEI, and noninvolved 
worker. 
 

TABLE D.2.3.1-2—Mixed Oxide-Uranium-Plutonium Fueled Light Water Reactor 
Accident Risks to the Offsite Population (All Sites) 

Accident (Frequency)  Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic Site 
5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 6x10-7 2x10-6 7x10-6 3x10-6 6x10-6 2x10-5 
Fuel Handling Accident 
(1x10-4/yr) 7x10-7 2x10-6 7x10-6 2x10-6 4x10-6 1x10-5 

SG Tube Rupture 
(6.31x10-10/yr) 3x10-7 8x10-7 4x10-6 2x10-6 3x10-6 1x10-5 

Early Containment Failure 
(3.42x10-8/yr) 3x10-7 1x10-6 7x10-6 6x10-7 2x10-6 1x10-5 

Late Containment Failure 
(1.21x10-5/yr) 1x10-5 5x10-5 2x10-4 2x10-5 9x10-5 4x10-4 

Interfacing System LOCA 
(6.9x10-8/yr) 7x10-5 2x10-4 8x10-4 3x10-4 6x10-4 3x10-3 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

2x10-6 4x10-6 2x10-5 8x10-6 2x10-5 6x10-5 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

0.002 0.005 0.02 0.01 0.02 0.08 

Aircraft Crash, mitigated 
(1x10-7/yr) 2x10-8 4x10-8 2x10-7 8x10-8 2x10-7 6x10-7 

Aircraft Crash, unmitigated 
(1x10-7/yr) 2x10-5 5x10-5 2x10-4 1x10-4 2x10-4 8x10-4 

a Increased number of expected LCFs per year of operation. 
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The accident with the highest risk to the offsite populations is the “Unmitigated Beyond Design 
Basis Earthquake” scenario. The collective risk to the offsite population for this scenario would 
range from 0.002 expected LCFs per year of operation in the Site-1 offsite population 
(300,000 people) to 0.08 expected LCFs per year of operation in the Site-6 offsite population 
(8,200,000 people). 

 
TABLE D.2.3.1-3—Mixed Oxide-Uranium-Plutonium Fueled Light Water Reactor  

Accident Risksa to the Maximally Exposed Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 7x10-9 7x10-9 7x10-9 5x10-8 5x10-8 5x10-8 

Fuel Handling Accident (1x10-4/yr) 1x10-8 1x10-8 1x10-8 6x10-8 6x10-8 6x10-8 

SG Tube Rupture (6.31x10-10/yr) 6x10-10 6x10-10 6x10-10 6x10-10 6x10-10 6x10-10 

Early Containment Failure (3.42x10-8/yr) 9x10-10 9x10-10 9x10-10 2x10-9 2x10-9 2x10-9 

Late Containment Failure (1.21x10-5/yr) 3x10-8 3x10-8 3x10-8 6x10-8 6x10-8 6x10-8 

Interfacing System LOCA (6.9x10-8/yr) 7x10-8 7x10-8 7x10-8 7x10-8 7x10-8 7x10-8 

Beyond Design Basis Earthquake, mitigated 
(1x10-5/yr) 1x10-8 1x10-8 1x10-8 8x10-8 8x10-8 8x10-8 

Beyond Design Basis Earthquake, unmitigated 
(1x10-5/yr) 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated (1x10-7/yr) 1x10-10 1x10-10 1x10-10 8x10-10 8x10-10 8x10-10 

Aircraft Crash, unmitigated (1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 
a Increased likelihood of a LCF per year of operation. 
 
For the MEI, the “Unmitigated Beyond Design Basis Earthquake” scenario would result in an 
increased LCF risk of 1×10-5 per year of operation, which corresponds to the annual probability 
of that accident occurring (i.e., the consequence is 1 LCF so the risk [probability x consequence] 
equals the annual probability, or numerically equals the frequency, of the accident). 
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TABLE D.2.3.1-4—Mixed Oxide-Uranium-Plutonium Fueled Light Water Reactor  
Accident Risksa to the Noninvolved Worker (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 8x10-8 8x10-8 8x10-8 9x10-7 9x10-7 9x10-7 

Fuel Handling Accident 
(1x10-4/yr) 6x10-8 6x10-8 6x10-8 3x10-7 3x10-7 3x10-7 

SG Tube Rupture 
(6.31x10-10/yr) 6x10-10 6x10-10 6x10-10 6x10-10 6x10-10 6x10-10 

Early Containment Failure 
(3.42x10-8/yr) 8x10-9 8x10-9 8x10-9 3x10-9 3x10-9 3x10-9 

Late Containment Failure 
(1.21x10-5/yr) 6x10-7 6x10-7 6x10-7 9x10-8 9x10-8 9x10-8 

Interfacing System LOCA 
(6.9x10-8/yr) 7x10-8 7x10-8 7x10-8 7x10-8 7x10-8 7x10-8 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

3x10-7 3x10-7 3x10-7 2x10-6 2x10-6 2x10-6 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated 
(1x10-7/yr) 3x10-9 3x10-9 3x10-9 2x10-8 2x10-8 2x10-8 

Aircraft Crash, unmitigated 
(1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 
For the onsite noninvolved worker, the “Unmitigated Beyond Design Basis Earthquake” scenario 
would result in an increased risk of 1x10-5 per year of operation, which corresponds to the annual 
probability of that accident occurring (i.e., the consequence is 1 LCF so the risk [probability x 
consequence] equals the annual probability, or numerically equals the frequency, of the 
accident). 
 
Tables D.2.3.1-5 through D.2.3.1-7 present the accident consequences for the MOX-U-Pu fueled 
LWR at the six generic sites described in Section D.1.6 for the offsite population, MEI, and 
noninvolved worker.  
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TABLE D.2.3.1-5—Mixed Oxide-Uranium-Plutonium Fueled Light Water Reactor Accident 
Health Consequences (Dose in Person-Rem/Increased Number of Latent Cancer Fatalities)a  

to the Offsite Population (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 100 / 0.09 300 / 0.2 2,000 / 1 700 / 0.4 1,000 / 0.8 5,000 / 3 
Fuel Handling Accident 
(1x10-4/yr) 10 / 0.007 30 / 0.02 100 / 0.07 30 / 0.02 60 / 0.04 200 / 0.1 

SG Tube Rupture 
(6.31x10-10/yr) 

9x105 / 
500 

2x106 / 
1,000 

1x107 / 
6,000 

4x106 / 
2,000 

8x106 / 
5,000 

3x107 / 
20,000 

Early Containment Failure 
(3.42x10-8/yr) 2x104 / 9 6x104 / 40 3x105 / 

200 3x104 / 20 1x105 / 70 5x105 / 
300 

Late Containment Failure 
(1.21x10-5/yr) 2,000 / 1 6,000 / 4 3x104 / 20 3,000 / 2 1x104 / 7 6x104 / 30 

Interfacing System LOCA 
(6.9x10-8/yr) 

2x106 / 
1,000 

4x106 / 
2,000 

2x107 / 
10,000 

7x106 / 
4,000 

2x107 / 
9,000 

6x107 / 
4x104 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

300 / 0.2 600 / 0.4 3,000 / 2 1,000 / 0.8 3,000 / 2 1x104 / 6 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

4x105 / 
200 

8x105 / 
500 

4x106 / 
2,000 

2x106 / 
1,000 

3x106 / 
2,000 

1x107 / 
8,000 

Aircraft Crash, mitigated 
(1x10-7/yr) 300 / 0.2 600 / 0.4 3,000 / 2 1,000 / 0.8 3,000 / 2 1x104 / 6 

Aircraft Crash, unmitigated 
(1x10-7/yr) 

4x105 / 
200 

8x105 / 
500 

4x106 / 
2,000 

2x106 / 
1,000 

3x106 / 
2,000 

1x107 / 
8,000 

a The dose in person-rem is reported before the slash and the increased number of LCFs is presented after the slash. 

 
The accidents with the highest consequence to the offsite population would be the “Interfacing 
System LOCA.” Using the dose-to-risk conversion factor of 6×10-4 per person-rem, these 
collective population doses could result in 1,000 to 40,000 additional LCFs in the surrounding 
population for this Beyond Extremely Unlikely accident. These consequences are consistent with 
the results of the NRC’s Severe Accident Risks: An Assessment for Five U.S. Nuclear Power 
Plants, NUREG-1150 (NRC 1990) and the SPD EIS (DOE 1999d) when differences in 
population and meteorology are considered. The higher consequences for this accident are not 
the result of differences in the fuels relative to other reactors, but are instead the result of an 
assumption that all containment and filter systems would fail and that the accident occurs in a 
highly populated area with unfavorable meteorology.  
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TABLE D.2.3.1-6—Mixed Oxide-Uranium-Plutonium Fueled Light Water Reactor Accident 
Health Consequences (Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a  

to the Maximally Exposed Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 2 / 0.001 2 / 0.001 2 / 0.001 10 / 0.007 10 / 0.007 10 / 0.007 

Fuel Handling Accident 
(1x10-4/yr) 

0.2 /  
1x10-4 

0.2 / 
1x10-4 

0.2 /  
1x10-4 1 / 6x10-4 1 / 6x10-4 1 / 6x10-4 

SG Tube Rupture 
(6.31x10-10/yr) 1x104 / 1 1x104 / 1 1x104 / 1 6x104 / 1 6x104 / 1 6x104 / 1 

Early Containment Failure 
(3.42x10-8/yr) 20 / 0.03 20 / 0.03 20 / 0.03 50 / 0.06 50 / 0.06 50 / 0.06 

Late Containment Failure 
(1.21x10-5/yr) 5 / 0.003 5 / 0.003 5 / 0.003 8 / 0.005 8 / 0.005 8 / 0.005 

Interfacing System LOCA 
(6.9x10-8/yr) 2x104 / 1 2x104 / 1 2x104 / 1 1x105 / 1 1x105 / 1 1x105 / 1 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

2 / 0.001 2 / 0.001 2 / 0.001 10 / 0.008 10 / 0.008 10 / 0.008 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

4,000 / 1 4,000 / 1 4,000 / 1 3x104 / 1 3x104 / 1 3x104 / 1 

Aircraft Crash, mitigated 
(1x10-7/yr) 2 / 0.001 2 / 0.001 2 / 0.001 10 / 0.008 10 / 0.008 10 / 0.008 

Aircraft Crash, unmitigated 
(1x10-7/yr) 4,000 / 1 4,000 / 1 4,000 / 1 3x104 / 1 3x104 / 1 3x104 / 1 

a The dose in rem is reported before the slash and the increased likelihood of an LCF is presented after the slash. 
 
For the MEI, four Beyond Extremely Unlikely scenarios—“Steam Generator Tube Rupture,” 
“Interfacing System LOCA,” “Unmitigated Beyond Design Basis Earthquake,” and 
“Unmitigated Aircraft Crash”—likely would result in prompt fatality. 
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TABLE D.2.3.1-7—Mixed Oxide-Uranium-Plutonium Fueled Light Water Reactor Accident 
Health Consequences (Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a to the 

Noninvolved Worker (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

LOCA (7.5x10-6/yr) 20 / 0.01 20 / 0.01 20 / 0.01 100 / 0.1 100 / 0.1 100 / 0.1 

Fuel Handling Accident 
(1x10-4/yr) 1 / 6x10-4 1 / 6x10-4 1 / 6x10-4 4 / 0.003 4 / 0.003 4 / 0.003 

SG Tube Rupture 
(6.31x10-10/yr) 1x105 / 1 1x105 / 1 1x105 / 1 3x105 / 1 3x105 / 1 3x105 / 1 

Early Containment Failure 
(3.42x10-8/yr) 200 / 0.2 200 / 0.2 200 / 0.2 80 / 0.1 80 / 0.1 80 / 0.1 

Late Containment Failure 
(1.21x10-5/yr) 40 / 0.05 40 / 0.05 40 / 0.05 10 / 0.008 10 / 0.008 10 / 0.008 

Interfacing System LOCA 
(6.9x10-8/yr) 2x105 / 1 2x105 / 1 2x105 / 1 5x105 / 1 5x105 / 1 5x105 / 1 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

30 / 0.03 30 / 0.03 30 / 0.03 200 / 0.2 200 / 0.2 200 / 0.2 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

5x104 / 1 5x104 / 1 5x104 / 1 2x105 / 1 2x105 / 1 2x105 / 1 

Aircraft Crash, mitigated 
(1x10-7/yr) 30 / 0.03 30 / 0.03 30 / 0.03 200 / 0.2 200 / 0.2 200 / 0.2 

Aircraft Crash, unmitigated 
(1x10-7/yr) 5x104 / 1 5x104 / 1 5x104 / 1 2x105 / 1 2x105 / 1 2x105 / 1 

a The dose in rem is reported before the slash and the increased likelihood of an LCF is presented after the slash. 
 
For the noninvolved worker, these same four Beyond Extremely Unlikely scenarios—“Steam 
Generator Tube Rupture,” “Interfacing System LOCA,” “Unmitigated Beyond Design Basis 
Earthquake,” and “Unmitigated Aircraft Crash”—likely would result in prompt fatality. 
 
D.2.3.2  Mixed Oxide-Uranium-Plutonium Fueled Advanced Light Water Reactor 
 
As discussed in Section D.2.1.2, DOE has previously analyzed accidents associated with 
ALWRs using LEU fuel at a variety of locations in the Tritium Supply and Recycling Final PEIS 
(DOE/EIS-0161) (DOE 1995b); however, DOE did not analyze the ALWR with MOX-U-Pu 
fuel. For this GNEP PEIS, DOE has re-analyzed those ALWR accident scenarios for LEU fuel 
(see Section D.2.1.2) for the six generic sites described in Section D.1.6. The accident scenarios 
are not affected by the type of fissile material in the fuel, so the LEU fueled ALWR scenarios are 
applicable to a MOX-U-Pu fueled ALWR. A description of each LEU fueled ALWR accident is 
presented in the Tritium Supply and Recycling Final PEIS (DOE/EIS-0161) (DOE 1995b).  
 
While the scenarios are not affected by the fuel type, the consequences are affected by the fuel 
type. The SPD EIS (DOE 1999d) evaluated an LEU fueled LWR and a MOX-U-Pu fueled LWR 
and determined that the MOX-U-Pu fueled LWR impacts average about 5 percent greater than 
the corresponding impacts for an LEU fueled LWR, with some variation from scenario to 
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scenario. The effect different fuel types have on the accident impacts is expected to be similar for 
an LWR and an ALWR, so it is expected that a MOX-U-Pu fueled ALWR would have impacts 
that are about 5 percent greater on average than the impacts for an LEU fueled ALWR. There are 
differences between the weapons-grade plutonium used in the SPD EIS (DOE 1999d) analysis 
and the transuranics that would be used under this alternative, but these differences are not 
expected to invalidate the conclusion that the impacts would be only slightly greater. Since the 
ALWR scenarios differ from the LWR scenarios, the LWR scenario specific impact ratios in 
Table D.2.1.1-1 cannot be used for the ALWR, so the average value is appropriate. The LEU 
fueled ALWR impacts are used directly for the MOX-U-Pu fueled ALWR rather than 
recalculating them because reporting a nominal 5 percent increase in impacts to one significant 
digit generally results in no reported change, with a few instances where the change can appear 
to be from 10 to 100 percent because of rounding to one significant figure. For example, a value 
of 1.11x10-5 is reported as 1x10-5 when reported to one significant figure regardless of whether it 
is increased by 5 percent or not; however, 1.49x10-5 is reported as 1x10-5 but increasing it by 
5 percent results in 2x10-5 when reported to one significant figure. 
 
Therefore, Tables D.2.1.2-2 through D.2.1.2-7 can be used directly for the MOX-U-Pu ALWR, 
recognizing that there would be a small increase. 
 
D.2.3.3  Nuclear Fuel Recycling Center 
 
The nuclear fuel recycling center includes LWR and fast reactor fuel separations and fast reactor 
fuel fabrication. As discussed previously (see Section D.2.2.1), fuel fabrication capabilities are 
enveloped by the aqueous separations capability from an accident perspective. Therefore, the 
nuclear fuel recycling center accident analyses performed for the Fast Reactor Recycle 
Alternative apply directly to Thermal/Fast Reactor Recycle Alternative and are not repeated 
here. 
 
D.2.4 Thermal Reactor Recycle Alternative 
 
The Thermal Reactor Recycle Alternative has three options that are quite similar. Option 1 of the 
Thermal Reactor Recycle Alternative includes analysis of the accident impacts from a nuclear 
fuel recycling center and operation of one or more LWRs or ALWRs. Option 2 of this alternative 
is similar to Option 1 except that it uses a different separations process for SNF and recycles in 
HWRs rather than ALWRs/LWRs. Option 3 is similar to the Option 1 except that it recycles in 
HTGRs rather than ALWRs/LWRs.  
 
D.2.4.1  Thermal Recycle in Light Water Reactors (Option 1) 
 
The Thermal Recycle in LWRs option includes use of MOX-U-Pu fuel in one or more existing 
or future LWRs or ALWRs and a nuclear fuel recycling center. The nuclear fuel recycling center 
activities include fuel separations and fuel fabrication. The facility accidents associated with the 
LWR, ALWR, and nuclear fuel recycling center are addressed below. 
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D.2.4.1 .1 Mixed Oxide-Uranium-Plutonium Fueled Light Water Reactor 
 
Option 1 of the Thermal Reactor Recycle Alternative may recycle fuel in LWRs. Facility 
accident impacts associated with the use of MOX-U-Pu fuel in an LWR are part of the 
Thermal/Fast Reactor Recycle Alternative and are repeated here. See Sections D.2.3.2 for the 
facility accident impacts of a MOX-U-Pu fueled LWR. 
 
D.2.4.1 .2 Mixed Oxide-Uranium-Plutonium Fueled Advanced Light Water Reactor 
 
Option 1 of the Thermal Reactor Recycle Alternative may recycle fuel in ALWRs. Facility 
accident impacts associated with the use of MOX-U-Pu fuel in an ALWR are part of the 
Thermal/Fast Reactor Recycle Alternative and are repeated here. See Section D.2.3.2 for the 
facility accident impacts of a MOX-U-Pu fueled ALWR. 
 
D.2.4.1.3 Nuclear Fuel Recycling Center 
 
This option will include LWR or ALWR fuel separations and recycle fuel fabrication 
capabilities. The analyses performed for the nuclear fuel recycling center (see Section D.2.2.1) 
apply directly for the LWR or ALWR separations capability addressed here. As discussed in 
Section 2.2.1, from an accident perspective, fuel fabrication capabilities are enveloped by the 
aqueous separations capability addressed for the nuclear fuel recycling center. Therefore, the 
nuclear fuel recycling center accident analyses (Section D.2.2.1) provide a reasonable basis for 
the accident impacts associated with nuclear fuel recycling center activities for this option. 
 
D.2.4.2  Thermal Recycle in Heavy Water Reactors (Option 2) 
 
This Thermal Reactor Recycle Alternative option includes recycling of LWR fuel in one or more 
HWRs and a nuclear fuel recycling center. The nuclear fuel recycling center activities include 
fuel separations and fuel fabrication. The facility accidents associated with the HWR and the 
nuclear fuel recycling center are addressed below. 
 
D.2.4.2.1 Heavy Water Reactor 
 
Accidents associated with HWRs are addressed in Section D.2.6.1 for the once-through 
alternative. The types and frequencies of accidents associated with an HWR will be the same for 
the recycle and open cycle alternatives, but the fuel would be different. The MOX-U-Pu LWR 
accident analysis concluded that use of fuel with initial plutonium loadings results in impacts that 
average 5 percent greater than the impacts from a once-through fuel (DOE 1999d). There are 
differences between the weapons-grade plutonium used in the SPD EIS (DOE 1999d) analysis 
and the transuranics that would be used under this alternative, but these differences are not 
expected to invalidate the conclusion that the impacts would be only slightly greater. Therefore, 
the accident impacts for HWR in this recycle alternative are expected to also be approximately 
the same as the results for use of once-through fuel. See Section D.2.6.1 for the HWR accident 
impacts for this option. 
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D.2.4.2.2 Nuclear Fuel Recycling Center 
 
This PEIS assumes that this fuel cycle would use the Oxidation and Reduction of Oxide Fuel 
(OREOX) process to produce fuel referred to as Direct Use of Spent Pressurized Water Reactor 
(PWR) Fuel in Canada Deuterium Uranium (CANDU) reactors, or DUPIC fuel  
(see Section 2.5.2 of Chapter 2 for a description). The OREOX process includes decladding, fuel 
powder preparation, fuel pellet fabrication, and fuel element fabrication. The decladding and fuel 
powder preparation activities are comparable to the fuel preparation and voloxidation activities 
that may be involved in either aqueous or electrochemical separations; however, the OREOX 
process does not include the dissolution and aqueous-organic separations involved in the aqueous 
process or the melting and electrochemical separations involved in electrochemical process. 
DOE has not previously evaluated use of DUPIC fuel or use of the OREOX process and there is 
very little available information on potential accident impacts for the process. Consistent with the 
Council on Environmental Quality’s (CEQ) NEPA provisions for incomplete and unavailable 
information (40 CFR 1502.22), evaluation of the OREOX process is limited to a qualitative 
assessment. Because the OREOX process includes process steps that involve SNF in highly 
dispersible forms, the maximum potential consequences are roughly comparable to those for 
aqueous separations. Because its process is less complex and it does not include as many 
vulnerable steps, the likelihood of OREOX process accidents may be slightly lower than for 
aqueous separations. Therefore, the OREOX process risk and consequences are enveloped by 
aqueous separations, and the analyses performed in Section 2.2.1 for the nuclear fuel recycling 
center are appropriate for the fuel recycling facilities in this alternative. 
 
D.2.4.3  Thermal Recycle in High Temperature Gas-Cooled Reactors (Option 3) 
 
As described in Section 2.6.3, the HTGR options being considered include a deep burn modular 
helium reactor (DB-MHR) for consumption of transuranics as well as fuel recycling facilities for 
fabrication of fuel for the HTGR. 
 
D.2.4.3.1 High Temperature Gas-Cooled Reactors 
 
The HTGR used in this option could be similar to the reactor addressed for the HTGR once-
through cycle in Section D.2.6.2. However, the fuel used for this option will include recycled 
transuranics, which is a difference from the HTGR fuel evaluated in the once-through cycle. As 
discussed for HWRs (see Section D.2.4.2.1), the effect of recycling fuel is not expected to have a 
large effect on consequences. For the MOX-U-Pu fuel in an LWR, the effect of using recycled 
fuel was a 5 percent increase in the consequences (DOE 1999d). There are differences between 
the weapons-grade plutonium used in the SPD EIS (DOE 1999d) analysis and the transuranics 
that would be used under this alternative, but these differences are not expected to invalidate the 
conclusion that the impacts would be only slightly greater. Therefore, the accident impacts for 
the HWR/HTGR Alternative (all-HTGR option) discussed in Section D.2.6.2 provide a 
reasonable basis for the accident impacts of the Thermal Recycle in HTGRs (Option 3). 
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D.2.4.3.2 Nuclear Fuel Recycling Center 
 
This option will include LWR separations and HTGR fuel fabrication capabilities. The analyses 
performed for the nuclear fuel recycling center (see Section D.2.2.1) apply directly to the LWR 
separations capability addressed here. As discussed previously, from an accident perspective, 
fuel fabrication capabilities are enveloped by the aqueous separations capability addressed for 
the nuclear fuel recycling center. Therefore, the nuclear fuel recycling center accident analyses 
(Section D.2.2.1) provide a reasonable basis for the accident impacts associated with fuel 
recycling activities for this option. 
 
D.2.5 Thorium Alternative 
 
As described in Section 2.6 of Chapter 2 of this PEIS, the thorium once-through fuel cycle, while 
different in many aspects from the existing uranium once-through fuel cycle, can be 
characterized as a “new fuel design” rather than a new reactor concept, because the thorium fuel 
cycle would be compatible with existing or future thermal reactors (e.g., LWRs, HWRs, and 
HTGRs). Existing or future commercial reactors (e.g., LWRs, HWRs, and HTGRs) could accept 
a thorium-based fuel without requiring fundamental modification. For the purposes of this PEIS, 
the analysis of the thorium open fuel cycle is based on pressurized water reactors (PWRs) since 
this LWR is the predominant commercial electricity producing technology that exists in the 
world today.  
 
For purposes of this PEIS analysis, the Thorium Alternative would represent a fundamental shift 
in the fuel used for U.S. commercial reactors. Rather than being fueled solely by enriched  
(3 to 5 percent) uranium, U.S. commercial reactors would transition to a fuel composed of 
thorium and enriched uranium (less than 20 percent).  
 
As a result of the thorium fuel cycle, existing facilities would operate differently, and might 
require modifications or dedicated new facilities depending on the economics and other 
considerations. For example, fuel fabrication operations would involve higher enrichments than 
are currently conducted at most commercial fuel fabrications facilities. This might entail changes 
in operations, and different risks to workers.  
 
Operations at commercial reactors would also be different due to the use of thorium-based fuel. 
For example, refueling operations would be different because the thorium-containing blanket 
would stay in the reactor for more cycles than the seeds. In addition, while the replacement of 
seed rods in the seed-blanket-unit concept anticipates taking advantage of the technology 
developed to address failed fuel rods, its implementation for this application would be much 
more extensive. At the back end of the fuel cycle, although thorium-based SNF would contain 
less transuranics than uranium-based SNF, longer onsite pool storage time would be required due 
to initially higher residual heat on an assembly basis.  
 
Accident analyses for two heterogeneous “seed-blanket” implementation schemes for thorium 
fueled LWRs have been performed by Brookhaven National Laboratory and the Massachusetts 
Institute of Technology (Todosow and Kazimi 2004). The two concepts are the seed-blanket-unit 
where the seed and blanket occupy the same space as a conventional assembly, and the whole-
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assembly-seed-blanket where the seed and blanket rods are located in distinct assemblies. 
Several accidents were evaluated, for each concept: 1) large break loss-of-coolant; 2) loss of 
primary flow; and 3) loss of offsite power. The results for safety-related parameters were 
comparable to those for a conventional uranium-fueled LWR, and were well below limits. 
Because this previous study shows that thorium-fueled and uranium-fueled reactor accident 
impacts are comparable, DOE has not reanalyzed the thorium-fueled accidents, but instead 
concludes that they are comparable to the impacts for a conventional uranium-fueled LWR. 
 
D.2.6 Heavy Water Reactor/High Temperature Gas-Cooled Alternative 
 
This alternative is a once-through uranium fuel cycle using HWRs or HTGRs. Option 1 of this 
alternative utilizes HWRs and Option 2 utilizes HTGRs. Since this is a once-through alternative, 
there is no nuclear fuel recycling center. 
 
D.2.6.1 Heavy Water Reactor (Option 1) 
 
With respect to accidents, impacts would be dependent on many factors, including the type of 
accident, site characteristics, and the distribution of population in the surrounding environment. 
Although HWRs have substantially different design and operating features than LWRs typically 
used in the U.S. commercial industry, both are designed to withstand off normal events that 
could be postulated to occur, and if unmitigated, could lead to damage of nuclear fuel and release 
of radioactivity. Both reactor concepts use a “defense in depth” approach to design where 
multiple levels of protection are provided against the release of radioactive material. Protective 
measures include the use of independent safety systems, fault detection and correction, and 
multiple physical barriers to the release of radioactivity from an accident. The goal for both 
designs is to limit the potential of accidents occurring and to limit the effects of an accident in 
the event one does occur. 
 
Both HWRs and LWRs are PWRs. However, where LWRs have vertical fuel rods surrounded by 
a natural water moderator/coolant in a single pressure vessel, many HWRs (such as the CANDU 
HWRs) have a substantially different configuration. They have horizontal fuel bundles in 
multiple pressurized tubes, filled with heavy water or light water coolant (depending on the 
design). These horizontal tubes are surrounded by heavy water moderator in a horizontal tank. 
LWRs shut down for refueling whereas CANDUs refuel while operating. Both reactor designs 
have some initiating events that are similar and could lead to a release of radioactivity if 
unmitigated (e.g., loss of coolant, loss of coolant flow, loss of secondary side heat sinks). 
However, the differences in design would lead to different event progressions, different 
mitigation measures, and different outcomes. As a result, the accident scenarios and potential 
consequences for the two reactor designs are different. 
 
The CANDU HWR has the advantage of having relatively cold heavy water moderator 
surrounding the pressure tubes. This provides a heat sink in the event of the loss of coolant inside 
the pressure tubes (Loss of Coolant Accident). Additionally, the use of natural uranium fuel and 
the longer neutron lifetime associated with heavy water help in a loss of coolant accident. Other 
HWR design concepts using higher uranium enrichments could also be utilized. 
 



Appendix D: Facility Accident Scenarios   GNEP Draft PEIS 
 

D-83 
 

DOE has previously analyzed accidents associated with HWRs utilizing enriched uranium fuels 
at a variety of locations in the Tritium Supply and Recycling Final PEIS (DOE 1995b). In this 
PEIS, DOE has re-analyzed the risks of the accident scenarios at the six generic sites described 
in Section D.1.6. A description of each accident is presented in the Tritium Supply and 
Recycling Final PEIS (DOE 1995b). The parameters used for this analysis are presented in Table 
D.2.6-1. Tables D.2.6.1-2 through D.2.6.1-4 present the risk from all accidents at all sites to the 
offsite population, MEI, and noninvolved worker. Use of lower enriched fuels could increase the 
transuranic inventory and therefore increase the consequences somewhat. However, the Surplus 
Plutonium Disposition Final Environmental Impact Statement found that use of MOX-U-Pu with 
its increased transuranic inventory increased risk an average of 5 percent (DOE 1999d).  
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TABLE D.2.6.1-1—Release Parameters for Heavy Water Reactor Accidents 
Parameter Value Basis/Comment 

Release Point Ground level All reactor accidents are based on a ground level 
release to provide a common basis. 

Duration   
Beyond Design 
Basis Earthquake See Table D.1.4-1 See Table D.1.4-1. 

Aircraft Crash See Table D.1.4-1 See Table D.1.4-1. 

All other scenarios 1 hour This is the default value used when information is not 
available. 

Source terms   

Beyond Design 
Basis Earthquake 

Core inventory was taken from 
DOE/EIS-0161 (DOE 1995b). 
Release parameters taken from 

Table D.1.4-1. 

Release parameters were selected consistent with the 
values used for all reactors (see Table D.1.4-1) and 

applied to the HWR inventory DOE/EIS-0161 
(DOE 1995b). 

Aircraft Crash 

Core inventory was taken from 
DOE/EIS-0161 (DOE 1995b). 
Release parameters taken from 

Table D.1.4-1. 

Release parameters were selected consistent with the 
values used for all reactors (see Table D.1.4-1) and 

applied to the HWR inventory DOE/EIS-0161 
(DOE 1995b). 

All other scenarios All values were taken from 
DOE/EIS-0161 

DOE/EIS-0161 (DOE 1995b) is the  
basis for the source terms. 

Frequency (/yr)   
Charge/Discharge 
Accident 0.001/yr (Unlikely) DOE/EIS-0161 (DOE 1995b) is the basis for the 

frequency estimate. 
Core Melt with 
Containment Spray 
System and 
Containment 
Functioning 

5x10-6/yr (Extremely Unlikely) DOE/EIS-0161 (DOE 1995b) is the basis for the 
frequency estimate. 

Seismically-
Induced Core Melt 
with Containment 
Spray System 
Failure and 
Containment 
Functioning 

2x10-6/yr (Extremely Unlikely) DOE/EIS-0161 (DOE 1995b) is the basis for the 
frequency estimate. 

Core Melt with 
Containment Spray 
System Failure and 
Containment 
Functioning 

2x10-6/yr (Extremely Unlikely) DOE/EIS-0161 (DOE 1995b) is the basis for the 
frequency estimate. 

Seismically-
Induced Core Melt 
with Containment 
Spray System 
Failure and Early 
Containment 
Failure 

1x10-7/yr (Beyond Extremely 
Unlikely) 

DOE/EIS-0161 (DOE 1995b) is the basis for the 
frequency estimate. 

Core Melt with 
Early Containment 
Spray System and 
Containment 
Failure 

1x10-7/yr (Beyond Extremely 
Unlikely) 

DOE/EIS-0161 (DOE 1995b) is the basis for the 
frequency estimate. 
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TABLE D.2.6.1-1—Release Parameters for Heavy Water Reactor Accidents (continued) 
Parameter Value Basis/Comment 

Beyond Design 
Basis Earthquake 

1x10-5/yr (Extremely 
Unlikely) 

The median frequency of a safe shutdown earthquake 
for current LWRs is 1.0x10-5/yr per Regulatory Guide 
1.165 (NRC 1997). The frequency is expected to be no 
greater for an HWR than for current LWRs, so an 
event frequency of 10-7/yr is used in this analysis. 

Aircraft Crash 1x10-7/yr (Beyond Extremely 
Unlikely) 

The facility must be licensed by the NRC, so it will be 
required to meet NRC Aircraft Hazards criteria (NRC 
2007k). Therefore, an event frequency of 10-7/yr is 
used in this analysis. 

 
TABLE D.2.6.1-2—Heavy Water Reactor Accident Risksa to the Offsite Population (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Charge/Discharge Accident 
(0.001/yr) 4x10-7 9x10-7 4x10-6 2x10-6 4x10-6 2x10-5 

Core Melt with Containment Spray 
System and Containment 
Functioning (5x10-6/yr) 

2x10-6 4x10-6 2x10-5 8x10-6 2x10-5 7x10-5 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Containment Functioning 
(2x10-6/yr) 

7x10-7 2x10-6 8x10-6 3x10-6 7x10-6 3x10-5 

Core Melt with Containment Spray 
System Failure and Containment 
Functioning (2x10-6/yr) 

7x10-7 2x10-6 8x10-6 3x10-6 7x10-6 3x10-5 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Early Containment Failure 
(1x10-7/yr) 

5x10-7 1x10-6 5x10-6 2x10-6 3x10-6 1x10-5 

Core Melt with Early Containment 
Spray System and Containment 
Failure (1x10-7/yr) 

5x10-7 1x10-6 5x10-6 2x10-6 3x10-6 1x10-5 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 4x10-7 9x10-7 4x10-6 2x10-6 3x10-6 1x10-5 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 5x10-4 0.001 0.005 0.002 0.004 0.02 

Aircraft Crash, mitigated (1x10-7/yr) 4x10-9 9x10-9 4x10-8 2x10-8 3x10-8 1x10-7 
Aircraft Crash, unmitigated 
(1x10-7/yr) 5x10-6 1x10-5 5x10-5 2x10-5 4x10-5 2x10-4 

a Increased number of expected LCFs per year of operation. 
 

The accident with the highest risk to the offsite population, MEI, and noninvolved worker is the 
“Unmitigated Beyond Design Basis Earthquake” scenario. The collective risk to the offsite 
population for this scenario would range from 5×10-4 expected LCFs per year of operation in the 
Site-1 offsite population (300,000 people) to 0.02 expected LCFs per year of operation in the 
Site-6 offsite population (8,200,000 people). 
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TABLE D.2.6.1-3—Heavy Water Reactor Accident Risksa to the Maximally Exposed  
Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Charge/Discharge Accident 
(0.001/yr) 4x10-9 4x10-9 4x10-9 3x10-8 3x10-8 3x10-8 

Core Melt with Containment Spray 
System and Containment Functioning 
(5x10-6/yr) 

2x10-8 2x10-8 2x10-8 3x10-7 3x10-7 3x10-7 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Containment Functioning 
(2x10-6/yr) 

8x10-9 8x10-9 8x10-9 1x10-7 1x10-7 1x10-7 

Core Melt with Containment Spray 
System Failure and Containment 
Functioning (2x10-6/yr) 

8x10-9 8x10-9 8x10-9 1x10-7 1x10-7 1x10-7 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Early Containment Failure 
(1x10-7/yr) 

1x10-8 1x10-8 1x10-8 8x10-8 8x10-8 8x10-8 

Core Melt with Early Containment 
Spray System and Containment 
Failure (1x10-7/yr) 

1x10-8 1x10-8 1x10-8 8x10-8 8x10-8 8x10-8 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 2x10-9 2x10-9 2x10-9 2x10-8 2x10-8 2x10-8 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated (1x10-7/yr) 2x10-11 2x10-11 2x10-11 2x10-10 2x10-10 2x10-10 
Aircraft Crash, unmitigated 
(1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 

For the MEI, the “Unmitigated Beyond Design Basis Earthquake” scenario would result in an 
increased LCF risk of 1×10-5 per year of operation.  
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TABLE D.2.6.1-4—Heavy Water Reactor Accident Risksa to the Noninvolved Worker  
(All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Charge/Discharge Accident 
(0.001/yr) 5x10-8 5x10-8 5x10-8 3x10-7 3x10-7 3x10-7 

Core Melt with Containment Spray 
System and Containment Functioning 
(5x10-6/yr) 

5x10-7 5x10-7 5x10-7 3x10-6 3x10-6 3x10-6 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Containment Functioning 
(2x10-6/yr) 

2x10-7 2x10-7 2x10-7 1x10-6 1x10-6 1x10-6 

Core Melt with Containment Spray 
System Failure and Containment 
Functioning (2x10-6/yr) 

2x10-7 2x10-7 2x10-7 1x10-6 1x10-6 1x10-6 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Early Containment Failure 
(1x10-7/yr) 

1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

Core Melt with Early Containment 
Spray System and Containment 
Failure (1x10-7/yr) 

1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 4x10-8 4x10-8 4x10-8 4x10-7 4x10-7 4x10-7 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated (1x10-7/yr) 4x10-10 4x10-10 4x10-10 4x10-9 4x10-9 4x10-9 
Aircraft Crash, unmitigated 
(1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 

For the onsite noninvolved worker, the “Unmitigated Beyond Design Basis Earthquake” accident 
would result in an increased risk of 1x10-5 of a LCF per year of operation, which corresponds to 
the annual probability of that accident occurring (i.e., the consequence is 1 LCF so the risk 
[probability x consequence] equals the annual probability, or numerically equals the frequency, 
of the accident). 
 
Tables D.2.6.1-5 through D.2.6.1-7 present the accident consequences for the HWR at the six 
generic sites described in Section D.1.6 for the offsite population, MEI, and noninvolved worker.  
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TABLE D.2.6.1-5—Heavy Water Reactor Accident Health Consequences (Dose in Person-
Rem/Increased Number of Latent Cancer Fatalities)a to the Offsite Population (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Charge/Discharge Accident (0.001/yr) 0.7 / 
4x10-4 

2 /  
9x10-4 7 / 0.004 3 / 0.002 6 / 0.004 30 / 0.02 

Core Melt with Containment Spray 
System and Containment Functioning 
(5x10-6/yr) 

600 / 0.4 1,000 / 
0.8 7,000 / 4 3,000 / 2 6,000 / 3 2x104 / 10 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Containment Functioning 
(2x10-6/yr) 

600 / 0.4 1,000 / 
0.8 7,000 / 4 3,000 / 2 6,000 / 3 2x104 / 10 

Core Melt with Containment Spray 
System Failure and Containment 
Functioning(2x10-6/yr) 

600 / 0.4 1,000 / 
0.8 7,000 / 4 3,000 / 2 6,000 / 3 2x104 / 10 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Early Containment Failure 
(1x10-7/yr) 

8,000 / 5 2x104 / 
10 

8x104 / 
50 

3x104 / 
20 

5x104 / 
30 2x105 / 100 

Core Melt with Early Containment 
Spray System and Containment 
Failure (1x10-7/yr) 

8,000 / 5 2x104 / 
10 

8x104 / 
50 

3x104 / 
20 

5x104 / 
30 2x105 / 100 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 60 / 0.04 100 / 

0.09 700 / 0.4 300 / 0.2 600 / 0.3 2,000 / 1 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 

8x104 / 
50 

2x105 / 
100 

9x105 / 
500 

4x105 / 
200 

7x105 / 
400 

3x106 / 
2,000 

Aircraft Crash, mitigated (1x10-7/yr) 60 / 0.04 100 / 
0.09 700 / 0.4 300 / 0.2 600 / 0.3 2,000 / 1 

Aircraft Crash, unmitigated (1x10-7/yr) 8x104 / 
50 

2x105 / 
100 

9x105 / 
500 

4x105 / 
200 

7x105 / 
400 

3x106 / 
2,000 

a The dose in person-rem is reported before the slash and the increased number of LCFs is presented after the slash. 
 
The accidents with the highest consequence to the offsite population and MEI would be the 
“Unmitigated Beyond Design Basis Earthquake” and “Unmitigated Aircraft Crash.” Using the  
dose-to-risk conversion factor of 6×10-4 per person-rem, the collective population doses would 
result in 50 to 2,000 additional LCFs in the surrounding population for these Extremely Unlikely 
and Beyond Extremely Unlikely accidents. 
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TABLE D.2.6.1-6—Heavy Water Reactor Accident Health Consequences  

(Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a to the Maximally Exposed 
Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 Generic Site 6 

Charge/Discharge Accident 
(0.001/yr) 

0.007 / 
4x10-6 

0.007 / 
4x10-6 

0.007 / 
4x10-6 

0.05 / 
3x10-5 

0.05 / 
3x10-5 0.05 / 3x10-5 

Core Melt with Containment 
Spray System and 
Containment Functioning 
(5x10-6/yr) 

7 / 0.004 7 / 0.004 7 / 0.004 50 / 0.06 50 / 0.06 50 / 0.06 

Seismically-Induced Core 
Melt with Containment Spray 
System Failure and 
Containment Functioning 
(2x10-6/yr) 

7 / 0.004 7 / 0.004 7 / 0.004 50 / 0.06 50 / 0.06 50 / 0.06 

Core Melt with Containment 
Spray System Failure and 
Containment Functioning 
(2x10-6/yr) 

7 / 0.004 7 / 0.004 7 / 0.004 50 / 0.06 50 / 0.06 50 / 0.06 

Seismically-Induced Core 
Melt with Containment Spray 
System Failure and Early 
Containment Failure 
(1x10-7/yr) 

100 / 0.1 100 / 0.1 100 / 0.1 700 / 0.8 700 / 0.8 700 / 0.8 

Core Melt with Early 
Containment Spray System 
and Containment Failure 
(1x10-7/yr) 

100 / 0.1 100 / 0.1 100 / 0.1 700 / 0.8 700 / 0.8 700 / 0.8 

Beyond Design Basis 
Earthquake, mitigated 
(1x10-5/yr) 

0.4 / 
2x10-4 

0.4 / 
2x10-4 

0.4 / 
2x10-4 3 / 0.002 3 / 0.002 3 / 0.002 

Beyond Design Basis 
Earthquake, unmitigated 
(1x10-5/yr) 

900 / 1 900 / 1 900 / 1 7,000 / 1 7,000 / 1 7,000 / 1 

Aircraft Crash, mitigated 
(1x10-7/yr) 

0.4 / 
2x10-4 

0.4 / 
2x10-4 

0.4 / 
2x10-4 3 / 0.002 3 / 0.002 3 / 0.002 

Aircraft Crash, unmitigated 
(1x10-7/yr) 900 / 1 900 / 1 900 / 1 7,000 / 1 7,000 / 1 7,000 / 1 

a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
 
For the MEI, the Extremely Unlikely “Unmitigated Beyond Design Basis Earthquake” and 
Beyond Extremely Unlikely “Unmitigated Aircraft Crash” scenarios would result in prompt 
radiation health effects up to fatality. 
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TABLE D.2.6.1-7—Heavy Water Reactor Accident Health Consequences (Dose in 
Rem/Increased Likelihood of a Latent Cancer Fatality)a to the Noninvolved Worker (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Charge/Discharge Accident 
(0.001/yr) 0.09 / 

5x10-5 
0.09 / 
5x10-5 

0.09 / 
5x10-5 

0.5 / 
3x10-4 

0.5 / 
3x10-4 

0.5 / 
3x10-4 

Core Melt with Containment Spray 
System and Containment 
Functioning (5x10-6/yr) 80 / 0.09 80 / 0.09 80 / 0.09 400 / 0.5 400 / 0.5 400 / 0.5 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Containment Functioning 
(2x10-6/yr) 

80 / 0.09 80 / 0.09 80 / 0.09 400 / 0.5 400 / 0.5 400 / 0.5 

Core Melt with Containment Spray 
System Failure and Containment 
Functioning (2x10-6/yr) 

80 / 0.09 80 / 0.09 80 / 0.09 400 / 0.5 400 / 0.5 400 / 0.5 

Seismically-Induced Core Melt with 
Containment Spray System Failure 
and Early Containment Failure 
(1x10-7/yr) 

900 / 1 900 / 1 900 / 1 4,000 / 1 4,000 / 1 4,000 / 1 

Core Melt with Early Containment 
Spray System and Containment 
Failure (1x10-7/yr) 

900 / 1 900 / 1 900 / 1 4,000 / 1 4,000 / 1 4,000 / 1 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 6 / 0.004 6 / 0.004 6 / 0.004 40 / 0.04 40 / 0.04 40 / 0.04 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 1x104 / 1 1x104 / 1 1x104 / 1 6x104 / 1 6x104 / 1 6x104 / 1 

Aircraft Crash, mitigated (1x10-7/yr) 6 / 0.004 6 / 0.004 6 / 0.004 40 / 0.04 40 / 0.04 40 / 0.04 
Aircraft Crash, unmitigated 
(1x10-7/yr) 1x104 / 1 1x104 / 1 1x104 / 1 6x104 / 1 6x104 / 1 6x104 / 1 

a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
 
For the noninvolved worker, the “Seismically-Induced Core Melt with Containment Spray 
System Failure and Early Containment Failure,” “Core Melt with Early Containment Spray 
System and Containment Failure,” “Unmitigated Beyond Design Basis Earthquake,” and 
“Unmitigated Aircraft Crash” would result in prompt radiation health effects up to fatality. 
 
D.2.6.2 High Temperature Gas-Cooled Reactor (Option 2) 
 
With respect to accidents, impacts would be dependent on many factors, including the type of 
accident, site characteristics, and the distribution of population in the surrounding environment. 
HTGRs have substantially different design and operating features than the LWRs currently used 
in the commercial industry. An LWR uses ceramic pellet fuel in metal tubes and is both cooled 
and moderated by water. A HTGR uses particle fuel in graphite spheres, or in compacts loaded 
into graphite blocks. Graphite serves as the moderator and helium serves as the reactor coolant. 
These differences make the safety characteristics of the two reactor options substantially 
different.  
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Having recognized these differences, both reactors have to deal with challenging accident 
scenarios, some of which are similar. Some of the most challenging include accidents involving 
loss of coolant and loss of coolant flow. In the case of LWRs, if a coolant leak is encountered, 
emergency core cooling water must be introduced into the reactor to prevent overheating and 
fuel melting. An LWR core must remain covered with coolant at all times and the coolant must 
maintain flow through the core to remove heat produced by the fuel. In the case of a HTGR, the 
helium coolant must remain pressurized and must continue to flow through the core to remove 
heat as in the case of an LWR. In the event of a loss of flow, local fuel heating would occur and 
in the case of a leak and depressurization, fuel temperatures would rise even further. In the case 
of a leak and depressurization, air can potentially flow into the reactor cooling system. This can 
cause oxidation of the graphite and the generation of additional heat. 
 
The HTGR graphite moderator has a high heat capacity (ability to absorb heat) and the fuel 
particle coatings have the ability to withstand high temperatures without failing. This provides 
more time than would be available in a water reactor (LWR or HWR) to take corrective action.  
 
The differences in the LWR and HTGR reactor concepts (i.e., the design, materials, coolants, and 
moderators) make the accident scenarios and potential consequences different. The goal for both 
the LWR and HTGR designs is to limit the potential of accidents occurring and to limit the 
effects of an accident in the event one does occur.  
 
DOE has previously analyzed accidents associated with HTGRs at a variety of locations in the 
Tritium Supply and Recycling Final PEIS (DOE 1995b). In this PEIS, DOE has re-analyzed the 
risks of the accident scenarios presented in DOE (1995b) at the six generic sites described in 
Section D.1.6. A description of each accident is presented in DOE (1995b) and is not repeated 
here. The parameters used for this analysis are presented in Table D.2.6.2-1. Tables D.2.6.2-2 
through D.2.6.2-4 present the accident risks for the HTGR from all accidents at all sites to the 
offsite population, MEI, and noninvolved worker.  
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TABLE D.2.6.2-1—Release Parameters for High Temperature Gas-Cooled Reactor Accidents 
Parameter Value Basis/Comment 

Release Point Ground level All reactor accidents are based on a ground level release 
to provide a common basis. 

Duration: 1 hour This is the default value used when information is not 
available. 

Beyond Design Basis 
Earthquake See Table D.1.4-1  

Aircraft Crash See Table D.1.4-1  

All other scenarios 1 hour This is the default value used when information is not 
available. 

Source terms:   

Beyond Design Basis 
Earthquake 

Core inventory was taken 
from DOE/EIS-0161 

(DOE 1995b). Release 
parameters taken from 

Table D.1.4-1. 

Release parameters were selected consistent with the 
values used for all reactors DOE/EIS-0161 (see Table 

D.1.4-1) and applied to the HTGR inventory 
(DOE 1995b). 

Aircraft Crash 

Core inventory was taken 
from DOE/EIS-0161 

(DOE 1995b). Release 
parameters taken from 

Table D.1.4-1. 

Release parameters were selected consistent with the 
values used for all reactors (see Table D.1.4-1) and 

applied to the HTGR inventory DOE/EIS-0161 
(DOE 1995b). 

All other scenarios Values were taken from 
DOE/EIS-0161 (DOE 1995b) 

The source terms are used directly from DOE/EIS-0161 
(DOE 1995b) since it is the basis for this HTGR accident 

information. 
Frequency (/yr):   

Depressurized Conduction 
Cooldown With Reactor 
Cavity Cooling System 
Functioning 

6x10-6/yr (Extremely 
Unlikely) 

DOE/EIS-0161 (DOE 1995b) is the basis for the 
frequency estimate. 

Depressurized Conduction 
Cooldown Without 
Reactor Cavity Cooling 
System Functioning 

6x10-6/yr (Extremely 
Unlikely) 

DOE/EIS-0161 (DOE 1995b) is the basis for the 
frequency estimate. 

Air Ingress 2x10-6/yr (Extremely 
Unlikely) 

DOE/EIS-0161 (DOE 1995b) is the basis for the 
frequency estimate. 

Moisture Ingress 2x10-6/yr (Extremely 
Unlikely) 

DOE/EIS-0161 (DOE 1995b) is the basis for the 
frequency estimate. 

Small Primary System 
Break 0.1/yr (Anticipated) 

DOE/EIS-0161 (DOE 1995b) reports a value of 1/yr but 
this value is considered unrealistically high. A value of 

0.1/yr, the highest frequency addressed in this evaluation, 
is assigned. 

Moderate Primary System 
Break 0.025/yr (Unlikely) DOE/EIS-0161 (DOE 1995b) is the basis for the 

frequency estimate. 

Beyond Design Basis 
Earthquake 

1x10-5/yr (Extremely 
Unlikely) 

The median frequency of a safe shutdown earthquake for 
current LWRs is 1.0x10-5/yr per Regulatory Guide 1.165 
(NRC 1997). The frequency is expected to be no greater 

for an HTGR than for current LWRs, so an event 
frequency of 10-7/yr is used in this analysis. 

Aircraft Crash 1x10-7/yr (Beyond Extremely 
Unlikely) 

The facility must be licensed by the NRC, so it will be 
required to meet NRC Aircraft Hazards criteria 

(NRC 2007k). Therefore, an event frequency of 10-7/yr is 
used in this analysis. 
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TABLE D.2.6.2-2—High Temperature Gas-Cooled Reactor Accident Risksa  
to the Offsite Population (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Depressurized Conduction Cooldown With 
Reactor Cavity Cooling System 
Functioning (6x10-6/yr) 

3x10-7 7x10-7 3x10-6 1x10-6 3x10-6 1x10-5 

Depressurized Conduction Cooldown 
Without Reactor Cavity Cooling System 
Functioning (6x10-6/yr) 

2x10-7 4x10-7 2x10-6 9x10-7 2x10-6 7x10-6 

Air Ingress (2x10-6/yr) 9x10-8 2x10-7 1x10-6 5x10-7 9x10-7 4x10-6 
Moisture Ingress (2x10-6/yr) 6x10-8 1x10-7 7x10-7 3x10-7 6x10-7 2x10-6 
Small Primary System Break (0.1/yr) 3x10-9 7x10-9 3x10-8 1x10-8 3x10-8 1x10-7 
Moderate Primary System Break (0.025/yr) 2x10-8 4x10-8 2x10-7 8x10-8 1x10-7 6x10-7 
Beyond Design Basis Earthquake, mitigated 
(1x10-5/yr) 2x10-7 4x10-7 2x10-6 8x10-7 2x10-6 7x10-6 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 2x10-4 5x10-4 0.002 0.001 0.002 0.008 

Aircraft Crash, mitigated (1x10-7/yr) 2x10-9 4x10-9 2x10-8 8x10-9 2x10-8 7x10-8 
Aircraft Crash, unmitigated (1x10-7/yr) 2x10-6 5x10-6 2x10-5 1x10-5 2x10-5 8x10-5 

a Increased number of expected LCFs per year of operation. 
 

The accident with the highest risk to the offsite population, MEI, and noninvolved worker is the 
“Unmitigated Beyond Design Basis Earthquake” scenario. The collective risk to the offsite 
population for this scenario would range from 2×10-4 expected LCFs per year of operation in the 
Site-1 offsite population (300,000 people) to 0.008 expected LCFs per year of operation in the 
Site-6 offsite population (8,200,000 people). 
 

TABLE D.2.6.2-3—High Temperature Gas-Cooled Reactor Accident Risksa  
to the Maximally Exposed Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Depressurized Conduction Cooldown With 
Reactor Cavity Cooling System 
Functioning (6x10-6/yr) 

3x10-9 3x10-9 3x10-9 2x10-8 2x10-8 2x10-8 

Depressurized Conduction Cooldown 
Without Reactor Cavity Cooling System 
Functioning (6x10-6/yr) 

2x10-9 2x10-9 2x10-9 2x10-8 2x10-8 2x10-8 

Air Ingress (2x10-6/yr) 1x10-9 1x10-9 1x10-9 8x10-9 8x10-9 8x10-9 

Moisture Ingress(2x10-6/yr) 7x10-10 7x10-10 7x10-10 5x10-9 5x10-9 5x10-9 

Small Primary System Break (0.1/yr) 3x10-11 3x10-11 3x10-11 2x10-10 2x10-10 2x10-10 

Moderate Primary System Break (0.025/yr) 2x10-10 2x10-10 2x10-10 2x10-9 2x10-9 2x10-9 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 1x10-9 1x10-9 1x10-9 9x10-9 9x10-9 9x10-9 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 5x10-6 5x10-6 5x10-6 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated (1x10-7/yr) 1x10-11 1x10-11 1x10-11 9x10-11 9x10-11 9x10-11 
Aircraft Crash, unmitigated (1x10-7/yr) 5x10-8 5x10-8 5x10-8 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 
For the MEI, the “Unmitigated Beyond Design Basis Earthquake” scenario would result in an 
increased LCF risk of 5×10-6 per year of operation to 1×10-5 per year of operation. 
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TABLE D.2.6.2-4—High Temperature Gas-Cooled Reactor Accident Risks a  
to the Noninvolved Worker (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Depressurized Conduction 
Cooldown With Reactor Cavity 
Cooling System Functioning 
(6x10-6/yr) 

4x10-8 4x10-8 4x10-8 4x10-7 4x10-7 4x10-7 

Depressurized Conduction 
Cooldown Without Reactor Cavity 
Cooling System Functioning 
(6x10-6/yr) 

2x10-8 2x10-8 2x10-8 3x10-7 3x10-7 3x10-7 

Air Ingress (2x10-6/yr) 1x10-8 1x10-8 1x10-8 1x10-7 1x10-7 1x10-7 
Moisture Ingress (2x10-6/yr) 8x10-9 8x10-9 8x10-9 9x10-8 9x10-8 9x10-8 
Small Primary System Break 
(0.1/yr) 4x10-10 4x10-10 4x10-10 2x10-9 2x10-9 2x10-9 

Moderate Primary System Break 
(0.025/yr) 2x10-9 2x10-9 2x10-9 1x10-8 1x10-8 1x10-8 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 2x10-8 2x10-8 2x10-8 1x10-7 1x10-7 1x10-7 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 1x10-5 

Aircraft Crash, mitigated (1x10-7/yr) 2x10-10 2x10-10 2x10-10 1x10-9 1x10-9 1x10-9 
Aircraft Crash, unmitigated 
(1x10-7/yr) 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 1x10-7 

a Increased likelihood of a LCF per year of operation. 
 
For the onsite noninvolved worker, the “Unmitigated Beyond Design Basis Earthquake” scenario 
would result in an increased risk of a LCF of 1×10-5 per year of operation; this corresponds to the 
annual probability of that accident occurring (i.e., the consequence is 1 LCF so the risk 
[probability x consequence] equals the annual probability, or numerically equals the frequency, 
of the accident). 
 
Tables D.2.6.2-5 through D.2.6.2-7 present the accident consequences for the HTGR at the 
six generic sites described in Section D.1.6 for the offsite population, MEI, and noninvolved 
worker.  
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TABLE D.2.6.2-5—High Temperature Gas-Cooled Reactor Accident Health Consequences 
(Dose in Person-Rem/Increased Number of Latent Cancer Fatalities)a to the Offsite 

Population (All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 
Depressurized Conduction Cooldown 
With Reactor Cavity Cooling System 
Functioning (6x10-6/yr) 

80 / 0.05 200 / 0.1 900 / 0.5 400 / 0.2 700 / 0.4 3,000 / 2 

Depressurized Conduction Cooldown 
Without Reactor Cavity Cooling 
System Functioning (6x10-6/yr) 

50 / 0.03 100 / 
0.07 600 / 0.3 300 / 0.2 500 / 0.3 2,000 / 1 

Air Ingress (2x10-6/yr) 80 / 0.05 200 / 0.1 900 / 0.5 400 / 0.2 700 / 0.4 3,000 / 2 

Moisture Ingress (2x10-6/yr) 50 / 0.03 100 / 
0.07 600 / 0.3 300 / 0.2 500 / 0.3 2,000 / 1 

Small Primary System Break (0.1/yr) 5x10-5 / 
3x10-8 

1x10-4 / 
7x10-8 

5x10-4 / 
3x10-7 

2x10-4 / 
1x10-7 

4x10-4 / 
3x10-7 

0.002 / 
1x10-6 

Moderate Primary System Break 
Moderate Primary System Break 
(0.025/yr) 

0.001 / 
7x10-7 

0.003 / 
2x10-6 

0.01 / 
8x10-6 

0.005 / 
3x10-6 

0.009 / 
6x10-6 

0.04 / 2 
x10-5 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 30 / 0.02 70 / 0.04 300 / 0.2 100 / 

0.08 300 / 0.2 1,000 / 
0.7 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 

4x104 / 
20 

9x104 / 
50 

4x105 / 
200 

2x105 / 
100 

3x105 / 
200 

1x106 / 
800 

Aircraft Crash, mitigated (1x10-7/yr) 30 / 0.02 70 / 0.04 300 / 0.2 100 / 
0.08 300 / 0.2 1,000 / 

0.7 

Aircraft Crash, unmitigated (1x10-7/yr) 4x104 / 
20 

9x104 / 
50 

4x105 / 
200 

2x105 / 
100 

3x105 / 
200 

1x106 / 
800 

a The dose in rem is reported before the slash and the increased number of LCFs is presented after the slash. 
 
The accidents with the highest consequences to the offsite population, MEI, and noninvolved 
worker would be the “Unmitigated Beyond Design Basis Earthquake” and “Unmitigated Aircraft 
Crash.” Using the dose-to-risk conversion factor of 6×10-4 per person-rem, the collective 
population doses would result in 20 to 800 additional LCFs in the surrounding population for 
these Extremely Unlikely and Beyond Extremely Unlikely accidents. 
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TABLE D.2.6.2-6—High Temperature Gas-Cooled Reactor Accident Health Consequences 

(Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a to the Maximally  
Exposed Individual (All Sites) 

Accident (Frequency) Generic 
Site 1 

Generic 
Site 2 

Generic 
Site 3 

Generic 
Site 4 

Generic 
Site 5 

Generic 
Site 6 

Depressurized Conduction Cooldown With 
Reactor Cavity Cooling System Functioning 
(6x10-6/yr) 

0.9 / 
5x10-4 

0.9 / 
5x10-4 

0.9 / 
5x10-4 

6 / 
0.004 

6 / 
0.004 

6 / 
0.004 

Depressurized Conduction Cooldown 
Without Reactor Cavity Cooling System 
Functioning (6x10-6/yr) 

0.6 / 
3x10-4 

0.6 / 
3x10-4 

0.6 / 
3x10-4 

4 / 
0.002 

4 / 
0.002 

4 / 
0.002 

Air Ingress (2x10-6/yr) 0.9 / 
5x10-4 

0.9 / 
5x10-4 

0.9 / 
5x10-4 

6 / 
0.004 

6 / 
0.004 

6 / 
0.004 

Moisture Ingress (2x10-6/yr) 0.6 / 
3x10-4 

0.6 / 
3x10-4 

0.6 / 
3x10-4 

4 / 
0.002 

4 / 
0.002 

4 / 
0.002 

Small Primary System Break (0.1/yr) 5x10-7 / 
3x10-10 

5x10-7 / 
3x10-10 

5x10-7 / 
3x10-10 

4x10-6 / 
2x10-9 

4x10-6 / 
2x10-9 

4x10-6 / 
2x10-9 

Moderate Primary System Break (0.025/yr) 1x10-5 / 
9x10-9 

1x10-5 / 
9x10-9 

1x10-5 / 
9x10-9 

1x10-4 / 
6x10-8 

1x10-4 / 
6x10-8 

1x10-4 / 
6x10-8 

Beyond Design Basis Earthquake, mitigated 
(1x10-5/yr) 

0.2 / 
1x10-4 

0.2 / 
1x10-4 

0.2 / 
1x10-4 

1 / 
9x10-4 

1 / 
9x10-4 

1 / 
9x10-4 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 

400 / 
0.5 

400 / 
0.5 

400 / 
0.5 

3,000 / 
1 

3,000 / 
1 

3,000 / 
1 

Aircraft Crash, mitigated (1x10-7/yr) 0.2 / 
1x10-4 

0.2 / 
1x10-4 

0.2 / 
1x10-4 

1 / 
9x10-4 

1 / 
9x10-4 

1 / 
9x10-4 

Aircraft Crash, unmitigated (1x10-7/yr) 400 / 
0.5 

400 / 
0.5 

400 / 
0.5 

3,000 / 
1 

3,000 / 
1 

3,000 / 
1 

a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
 

The MEI dose for the Extremely Unlikely “Unmitigated Beyond Design Basis Earthquake” and 
Beyond Extremely Unlikely “Unmitigated Aircraft Crash” accidents would result in prompt 
radiation health effects up to fatality. 
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TABLE D.2.6.2-7—High Temperature Gas-Cooled Reactor Accident Health Consequences 
(Dose in Rem/Increased Likelihood of a Latent Cancer Fatality)a to the Noninvolved  

Worker (All Sites) 
Accident (Frequency) Generic 

Site 1 
Generic 

Site 2 
Generic 

Site 3 
Generic 

Site 4 
Generic 

Site 5 
Generic 

Site 6 
Depressurized Conduction Cooldown 
With Reactor Cavity Cooling System 
Functioning (6x10-6/yr) 

10 / 
0.006 

10 / 
0.006 

10 / 
0.006 60 / 0.07 60 / 0.07 60 / 0.07 

Depressurized Conduction Cooldown 
Without Reactor Cavity Cooling System 
Functioning (6x10-6/yr) 

7 / 0.004 7 / 0.004 7 / 0.004 40 / 0.04 40 / 0.04 40 / 0.04 

Air Ingress (2x10-6/yr) 10 / 
0.006 

10 / 
0.006 

10 / 
0.006 60 / 0.07 60 / 0.07 60 / 0.07 

Moisture Ingress (2x10-6/yr) 7 / 0.004 7 / 0.004 7 / 0.004 40 / 0.04 40 / 0.04 40 / 0.04 

Small Primary System Break (0.1/yr) 6x10-6 / 
4x10-9 

6x10-6 / 
4x10-9 

6x10-6 / 
4x10-9 

3x10-5 / 
2x10-8 

3x10-5 / 
2x10-8 

3x10-5 / 
2x10-8 

Moderate Primary System Break 
(0.025/yr) 

1x10-4 / 
8x10-8 

1x10-4 / 
8x10-8 

1x10-4 / 
8x10-8 

7x10-4 / 
4x10-7 

7x10-4 / 
4x10-7 

7x10-4 / 
4x10-7 

Beyond Design Basis Earthquake, 
mitigated (1x10-5/yr) 3 / 0.002 3 / 0.002 3 / 0.002 20 / 0.01 20 / 0.01 20 / 0.01 

Beyond Design Basis Earthquake, 
unmitigated (1x10-5/yr) 5,000 / 1 5,000 / 1 5,000 / 1 3x104 / 1 3x104 / 1 3x104 / 1 

Aircraft Crash, mitigated (1x10-7/yr) 3 / 0.002 3 / 0.002 3 / 0.002 20 / 0.01 20 / 0.01 20 / 0.01 

Aircraft Crash, unmitigated (1x10-7/yr) 5,000 / 1 5,000 / 1 5,000 / 1 3x104 / 1 3x104 / 1 3x104 / 1 
a The dose in rem is reported before the slash and the increased likelihood of a LCF is presented after the slash. 
 
For the noninvolved worker the Extremely Unlikely “Unmitigated Beyond Design Basis 
Earthquake” and Beyond Extremely Unlikely “Unmitigated Aircraft Crash” scenarios would 
likely result in a prompt radiation fatality. 
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