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Abstract: The paper begins with an overview of major contributions to consequence assessment to 
provide historical perspectives and insights on previous state-of-the-art analyses of the consequences 
of severe reactor accidents. It then discusses how the results and insights from the NUREG-1150 
study, together with recent advances in understanding of severe accident phenomenology and 
containment failure mechanisms, could be used to update the results of such earlier Level-3 PRAs for 
comparison with aspects of  State-Of-the-Art Reactor Consequence Analyses (SOARCA) results. 
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1.  INTRODUCTION 
 
The probability and offsite consequences of severe reactor accidents have been the subject of 
considerable interest and study since the earliest days of reactor development.   
 
The first estimates of consequences of severe accidents were published in the 1957 U.S. Atomic 
Energy Commission report (WASH-740) [1].  This study was an attempt to provide upper bounds of 
the potential public hazards resulting from certain severe hypothetical accidents.  Conservative values 
were used for many factors influencing the magnitude of the estimated accident consequences.  At the 
time, the state of knowledge of severe accidents had not progressed to the point where it was possible 
to estimate the probabilities of such accidents. However, there was a general agreement that the 
probability of occurrence of severe accidents in nuclear power reactors was exceedingly low. The 
following is quoted from the March 22, 1957 letter, from Harold S. Vance, Acting Chairman, Atomic 
Energy Commission, to Carl T. Durham, Chairman, Joint Committee on Atomic Energy, Congress of 
the United States, transmitting an advance copy of the WASH-740 report. 
 
 “As to the probabilities of major reactor accidents, some experts held that numerical  estimates of 
 a quantity so vague and uncertain as the likelihood of occurrence of  major reactor accidents have 
 no meaning. They declined to express their feeling about this probability in numbers. Others, 
 though admitting similar uncertainty, nevertheless ventured to express their opinions in numerical 
 terms. Estimations so expressed of the probability of reactor accidents having major effects on the 
 public ranged from a chance of one  in 100,000 to one in a billion per year for each large reactor. 
 However, whether numerically expressed or not, there was no disagreement in the opinion that the 
 probability of major reactor accidents is exceedingly low.  
 
 …...To reduce the matter of assumed hazards to comparative numbers, let us take the most 
 pessimistic assumptions used and apply them to a case of 100 power reactors in operation in the 
 United States. Under these assumptions, the chances of a person being killed in any year by a 
 reactor accident would be less than one in 50 million. By contrast, the present odds of 
 being killed in any year by an automobile accident in the United States stands at about one in 
 5,000.” 
 
                                                
1 The views expressed in this paper are solely those of the author and do not necessarily represent those of either 
the ACRS or NRC 
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Since the publication of WASH-740 report, several systematic studies have been undertaken to search 
out a large spectrum of accidents and to use quantitative techniques to estimate the probabilities, 
radionuclide release characteristics (source terms), and potential offsite health consequences. Such 
studies include the NRC’s WASH-1400 (1975) [2] and NUREG-1150 (1990) [3], as well as industry-
sponsored probabilistic risk assessments (PRAs) . 
 
In 1982, Sandia National Laboratories (SNL) performed a study of technical aspects of siting for 
nuclear power reactors.  The results of this study, known as the Sandia Siting Study, were published in 
NUREG/CR-2239 [4]. This study used five generic source terms for analyzing the consequences and 
socio-economic impacts of possible plant accidents at 91 existing or proposed reactor sites.  These 
source terms were derived from the Reactor Safety Study (WASH-1400) and subsequent evaluations.  
 
Since the publication of the Sandia Siting Study, many events have brought a new focus to this study 
and its results.  Despite accepted arguments that the results of this study are overly conservative and 
do not reflect current state of the art in evaluating severe accident progression and offsite 
consequences, the results, in terms of predicted offsite early fatalities and latent cancers, have often 
been quoted by outside organizations to illustrate the potential consequences of a severe accident at a 
commercial nuclear power plant.  
 
The NRC staff is currently implementing its plan for developing state-of-the-art reactor consequence 
analyses (SOARCA) [5]. These analyses include external events; consideration of all mitigative 
measures; state-of-the-art accident progression modeling; more realistic offsite dispersion modeling; 
and site-specific evaluation of public evacuation based on updated emergency plans.  
 
This paper is based on a white paper [6] prepared by the author for use by the ACRS in its continued 
dialogue with the staff regarding the feasibility of using a simplified, yet systematic and defensible, 
approach to update results from earlier Level-3 PRAs such as the NUREG-1150 Study for comparison 
with aspects of SOARCA results.  
 
The paper begins with an overview of major contributions to consequence assessment to provide 
historical perspectives and insights on previous state-of-the-art analyses of the consequences of severe 
reactor accidents. It then discusses how the results and insights from the NUREG-1150 study and 
integrated risk assessment for La Salle together with recent advances in understanding of severe 
accident phenomenology and containment failure mechanisms could be used to update the results of 
such earlier Level-3 PRAs for comparison with aspects of SOARCA results. 
 
2.  MAJOR NRC-SPONSORED ASSESSMENTS OF REACTOR ACCIDENT         
CONSEQUENCES  
 
2.1. Reactor Safety Study (WASH-1400) 
 
The Reactor Safety Study (WASH-1400) [2], was the first systematic attempt to provide realistic 
estimates of risk to the public from potential accidents in commercial nuclear power plants. This 1975 
study included analytical methods for determining both the probabilities and consequences of various 
accident scenarios. Calculations were performed for a number of accident sequences and the results of 
these calculations were used to define a series of release categories into which all of the identified 
accident sequences were placed. 
 
Two specific reactor designs were analyzed in WASH-1400:  Peach Bottom Atomic Power Station, a 
boiling water reactor (BWR) with a Mark I containment and Surry, a 3-loop pressurized water reactor 
(PWR) with a sub-atmospheric containment. Nine PWR release categories and five BWR release 
categories were developed. Each release category was represented by its release frequency and several 
other parameters that described the radionuclide release characteristics (source term). These release 
categories represent the full spectrum of possible accident progression and containment failure modes 
based on the understanding of severe accidents at that time.  
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A major conclusion of the Reactor Safety Study was that the low probability-high consequence 
accidents involving core meltdown, containment failure, and failure of engineered safety features 
dominated the risk to the public.  
 
2.2. Post TMI-2 Review of Source Term Technical Bases and Sandia Siting Study 
 
Following the publication of WASH-1400 and the accident at Three Mile Island, Unit 2 (TMI-2), 
work was initiated to evaluate the predictive methods for calculating fission product release and 
transport.  The results of this evaluation are contained in NUREG-0772 [7]. The NUREG-0772 
evaluation resulted in several conclusions that represented significant departures from the Reactor 
Safety Study assumptions including the conclusion that cesium iodide (CsI) would be the expected 
predominant iodine chemical form under most postulated light water reactor (LWR) accident 
conditions. The potential impact of the NUREG-0772 findings on reactor regulation was also 
examined and the results were documented in NUREG-0771 [8]. These studies formed the basis for 
the designation of five accident groups as being representative of the spectrum of potential accident 
conditions. Brief descriptions of characteristics of the five accident groups are presented in Table 1.   
 

Table 1 Brief Description of the Characteristics of the Accident Groups  
(NUREG-0771, p. 8) [8] 

 

 
 
For the purpose of decision making in such areas as siting and emergency response, NRC developed a 
generic set of radiological releases characterized as Siting Source Terms (SSTs) to represent the five 
accident groups.  The idea was that by adjusting the probabilities associated with each of the five 
source terms, the set could be made to approximately represent any current LWR design. Detailed 
probabilistic risk assessments (PRAs) were not performed for all reactors. However, based on the 
available PRAs at the time, NRC suggested that representative frequencies for the SST1, SST2, and 
SST3 were 1x10-5, 2x10-5, and 1x10-4 respectively. 
 
The Sandia Siting Study [8] used Siting Source Terms at 91 existing or proposed reactor sites.  
Consequence analyses were performed for each of the five source terms. These calculations assumed 
an 1120 MWe PWR, population distribution (based on the 1970 census) and wind rose for Indian 
Point, New York City meteorology, and Summary Evacuation of persons within 10 miles. The results 
indicated that the mean consequences calculated for the SST1 release exceed those for the SST2 by 1 
to 4 orders of magnitude and for SST3, SST4, and SST5 by 4 to 7 orders of magnitude.  

 
As stated above, the Sandia Siting Study assumed an 1120 MWe PWR reactor at each of the 91 sites. 
Thus, its results were not directly representative of the actual potential consequences of an accident at 
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a particular site. In a subsequent study, the results of NUREG/CR-2239 were scaled linearly by power 
level to derive an approximation of potential consequences for the actual reactor at the site. The results 
of this study were published in NUREG/CR-2723 [9].  This report also examined the financial 
consequences of potential accidents at nuclear power plants. Such information on the range of 
consequences was thought to be useful in a re-evaluation of the liability limits of the Price-Anderson 
Act.  
 
2.3. NUREG-1150 Study 
 
The NUREG-1150 study [3] was a major effort to put the insights gained from the research on system 
behaviour and phenomenological aspects of severe accidents into a risk perspective. An important 
characteristic of this study was the inclusion of the uncertainties in the calculations of core damage 
frequency and risk due to incomplete understanding of reactor systems and severe accident 
phenomena.  The elicitation of expert judgment was used to develop probability distributions for many 
accident progression, containment loading, structural response, and source term issues.  
 
For the NUREG-1150 study, accident progression and containment performance were analyzed using 
a single accident progression event tree developed for each plant. The accident progression event trees 
made extensive use of the available severe accident computer code calculations and experimental 
results. As noted in NUREG-1150, “computer analyses cannot, in general, be used directly and alone 
to calculate branching probabilities in the accident progression event tree. Since the greatest source of 
uncertainty is typically associated with the modelling of severe accident phenomena, the results of a 
single computer run (which uses a specific model) do not characterize the branching uncertainty.” It 
was therefore necessary to use sensitivity studies, uncertainty studies, and expert judgment to 
characterize the likelihood of alternative events that affect the course of an accident. The elicitation of 
expert judgment was used to develop probability distributions for many accident progression, 
containment loading, and structural response issues. 
 
One of the major activities of the NUREG-1150 study was the development of fission product source 
terms for a spectrum of accident conditions.  The source terms were calculated using a simplified 
parametric algorithm.  The parametric equations describe the source terms as the product of release 
fractions and transmission factors at successive stages in the accident progression for a variety of 
release pathways, a variety of accident progressions, and nine classes of radionuclides. Probability 
distributions for important parameters were developed using the elicitation of expert judgment to 
augment the analytical results to reflect model uncertainties. The source term analysis resulted in 
characterizing thousands of source terms (20,000 for Surry) associated with tens of plant damage 
states, hundreds of accident progression bins, and the variation in source term phenomenological 
issues which were included in the propagation of uncertainties.  
 
In Figure 1, the frequency distribution of iodine release predicted by the NUREG-1150 Study for 
Surry is compared with that obtained from the Reactor Safety Study release categories along with that 
assumed in Sandia Siting Study.  As shown in Figure 1, the mean frequency of iodine release is 
generally lower than that obtained in the Reactor Safety Study.  In particular, the mean frequency of 
high (more than 10 percent) release of iodine predicted in the NUREG-1150 Study is more than one 
order of magnitude less than that obtained in the Reactor Safety Study.  Note that the frequencies 
shown in Figure 1 are exceedance frequencies (CCDFs) rather that frequency assigned to each source 
term. It should also be noted that iodine is not the sole radionuclide of importance to consequence 
analyses. Other fission product species notably cesium, tellurium, and ruthenium have also significant 
impact on the consequences of severe accidents.  However, iodine is the dominant contributor to early 
fatalities and its frequency of release is presented throughout this paper as an illustrative example. 
 
In NUREG-1150, the source terms were grouped according to the warning time and their potential to 
cause early or latent cancer fatalities.  Through this “partitioning” process, the large numbers of 
calculated radioactive releases were collected into a small set of source term groups (30 to 60 for each 
plant).  This set of groups was then used in the offsite consequence calculations.  
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Figure 1:   Comparison of frequency distribution (CCDF) of iodine release predicted by  
 NUREG-1150 study for Surry with that obtained from the Reactor Safety 
 Study release categories along with that assumed in the Sandia Siting Study 
 
 
The insights from the NUREG-1150 Study have been used in several areas of reactor regulation 
including the development of alternative radiological source terms for evaluating design basis 
accidents at nuclear reactors. In 1995, the NRC published NUREG-1465 [10], which defined an 
alternative accident source term for regulatory applications.  The release fractions for the alternative 
accident source terms were derived from the insights and simplifications of the NUREG-1150 source 
term analyses documented in NUREG/CR-5747 [11].  
 
2.4. Reassessment of Selected Factors Affecting Siting of Nuclear Power Plants  
 
In 1997, Brookhaven National Laboratory performed a series of probabilistic consequence 
assessments in support of an effort to reassess siting criteria [12]. This study took into account the 
insights gained from the NUREG-1150 Study [3] and the integrated risk assessment for LaSalle [13] 
and examined consequences in a risk-based format consistent with the quantitative objectives of the 
NRC’s Safety Goal Policy. 
 
The approach taken in this study was to use sets of representative source terms (for internal events) 
and their associated frequencies for LaSalle and each of the NUREG-1150 plants.  These source terms 
were applied to a set of hypothetical sites with various population densities and locations of urban 
centers which would encompass most of the existing reactor sites. The site meteorology was selected 
such that, from a meteorological standpoint, the calculation of consequences would be likely to bound 
80 percent of existing reactor sites.  The study concluded that the prompt and latent fatality risks at all 
generic sites met the Quantitative Health Objectives (QHOs) of the NRC’s Safety Goal Policy by 
margins ranging from one to more than three orders of magnitude. Results from the study also 
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indicated that both the quantity of radioactivity released during a severe accident, as well as the 
likelihood of release, were considerably lower than those predicted by earlier studies (e.g., the Sandia 
Siting Study of 1982). For this reason, the severe accident risks estimated in earlier studies were 
concluded to be unduly pessimistic, based on a revised understanding of severe accidents. 
 
Figure 2 presents a comparison of frequency distribution (CCDF) of iodine release predicted by the 
NUREG-1150 Study for Surry with that obtained from the representative source terms used in 
NUREG/CR-6295. Consequence calculations using representative source terms are reported in 
References 12 and 14.  A comparison of the mean frequency distribution of population dose (person-
rem) to the entire region at Surry predicted by the NUREG-1150 Study with those obtained by using 
representative source terms is presented in Figure 3. As shown in Figures 2 and 3 these source terms 
and their associated consequences represent well the spectrum of mean iodine releases and population 
doses predicted by the NUREG-1150 Study. 
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 Figure 2: Comparison of frequency distribution (CCDF) of iodine release predicted by  
          NUREG-1150 Study, internal events, for Surry with that obtained from the  
          representative source terms (RSTs) 
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 Figure 3:   Comparison of frequency distribution (CCDF) of population dose  
      (person-rem) to entire region at Surry predicted by the NUREG-1150   
      Study, internal events, with those obtained by using representative source  
      terms (RSTs) 
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3. RECENT ADVANCES IN UNDERSTANDING OF SEVERE ACCIDENT               
PHENOMENOLOGY AND CONTAINMENT FAILURE MECHANISMS 
 
Since completion of the NUREG-1150 Study, additional analytical and experimental studies have 
been performed to address many severe accident issues, including direct containment heating (DCH), 
Mark I liner attack, and in-vessel steam explosion.  Reference [15] provides an overview of the state 
of knowledge and uncertainties associated with severe accident phenomena and source tem issues. 
Some recent advances in understanding of the severe accident issues and containment failure 
mechanisms important to consequence assessment are provided below for use in demonstrating the 
feasibility of developing a simplified approach for updating the results of the NUREG-1150 Study. 
 
3.1. Direct Containment Heating  
 
The concern for DCH arises only if vessel breach occurs while the reactor is at elevated pressure.  For 
such cases, the expulsion of molten core debris could lead to very rapid and efficient heat transfer to 
the containment atmosphere, possibly accompanied by oxidation reactions and hydrogen combustion 
that further enhance the energy transfer.  The containment pressurization accompanying this process is 
referred to as direct containment heating. 
 
Since the completion of NUREG-1150, advances have been made in understanding of the DCH 
phenomena. The NRC identified DCH as a major issue for resolution and sponsored analytical and 
experimental programs for understanding the key physical processes in DCH. A number of 
experiments were performed in support of DCH issue resolution for PWRs. The results of an 
assessment of the probability of containment failure due to DCH for the Zion nuclear power plant 
were published in NUREG/CR-6075 and its supplement [16].  By using the Risk Oriented Accident 
Analysis Methodology (ROOAM) [17], it was concluded that the containment failure probability due 
to DCH at Zion is so low as to be considered physically unreasonable. Reference [18] provides further 
discussions on application of ROAAM to address the DCH issue for 34 Westinghouse plants with 
large dry or sub-atmospheric containment. 
 
3.2. Steam Explosion 
 
During progression of severe accidents, molten debris from the damaged core would at some point 
begin to fall into the lower plenum of the reactor vessel.  If an appropriate amount of water remained 
in the lower plenum, molten core material falling into the lower plenum could potentially cause a 
steam spike and, if severe enough, an explosion.  Rapid steam pressure rise and missile, resulting from 
in-vessel steam explosion (alpha mode failure) has been identified as a potential challenge to the 
containment in past studies [2, 3].  However, a more recent assessment of this issue in 1996 by an 
NRC sponsored steam explosion review group [19] concluded that alpha mode failure is of very low 
probability that is of little or no significance to the overall risk. 
 
3.3 Drywell Melt-through in Mark I Containments 
 
Drywell liner melt-through (caused by direct contact with core debris) has been found to be the most 
important contributor to early containment failure for Mark I containments.  This failure mode is only 
possible for Mark I containments because the pedestal and drywell floor are at the same level, and core 
debris can easily reach the containment liner. The steel liner is the containment pressure boundary, and 
such a breach (i.e. drywell melt-through) would constitute an early containment failure. 
 
Since the completion of NUREG-1150, the NRC has sponsored analytical and experimental programs 
to address and resolve this so-called “Mark I Liner Attack” issue. The results of an assessment of the 
probability of Mark I containment failure by melt attack of the liner were published in NUREG/CR-
6025 [20]. It was concluded that, in the presence of water, the probability of early containment failure 
by melt-attack of the liner is so low as to be considered physically unreasonable. 
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4.  A SIMPLIFIED APPROACH TO UPDATE THE RESULTS OF  
EARLIER LEVEL-3 PRAs FOR COMPARISON WITH SOARCA 
 
Although performing Level-3 PRAs for the pilot plants is the best way to benchmark the SOARCA 
methodology, results and insights from the NUREG-1150 Study and Integrated Risk Assessment for 
LaSalle, together with more recent advances in understanding of the severe accident issues and 
containment failure mechanisms, could be used for developing a simplified, yet systematic and 
defensible, approach to update the results of such earlier Level-3 PRAs for comparison with aspects of 
SOARCA results.    The major elements of such an approach are depicted in Figure 4.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:  Elements of the Proposed Approach to Update the Results of Earlier 
 Level-3 PRAs for Comparison with SOARCA 

 
Developing a small set of accident progression groups and their associated frequencies and release 
characteristics (source terms) to represent the full spectrum of potential severe accidents is an essential 
element of the proposed approach. The representative source terms developed previously and used in a 
number of other NRC studies [12, 14] could be used as a starting point.  As it was noted in Section 
2.4, these representative source terms were developed based on the insights from the results of the 
NUREG-1150 Study and the Integrated Risk Assessment for LaSalle.  Extending these representative 
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source terms to include fire and seismic initiators (for Surry, Peach Bottom, and LaSalle Plants) as 
well as their further refinements to represent more accident progression groups and/or plant damage 
states may be necessary.   
 
The representative accident groups and their associated frequencies can be revised based on the more 
recent insights on core damage frequencies (e.g., results of SPAR models) and containment failure 
modes and mechanisms.  For example, the results of NUREG-1150 Study for conditional probability 
of accident progression bins for each “summary plant damage state” at Surry can be revised to reflect 
the current knowledge of containment failure modes and mechanisms The results of the SPAR model 
for core damage frequencies obtained as a part of SOARCA, together with the results of conditional 
probabilities of accident progression bins can then be used to revise the representative accident groups 
and their associated frequencies for Surry.  
 
Table 2 presents an illustrative example of the impact of current knowledge and understanding of early 
containment failure on NUREG-1150 results for the conditional probability of accident progression 
bins at Surry. The results of the NUREG-1150 Study indicate that, for the internal and fire initiators, 
the mean conditional probability of early containment failure is on the order of 0.01 and the early 
containment failure is only due to in-vessel steam explosion and DCH. It should be noted that the 
Surry containment is maintained at a sub-atmospheric pressure during operation with a continued 
monitoring of the containment leakage, and thus the NUREG-1150 Study concluded that the 
likelihood of pre-existing leaks of significant size is negligible.  Therefore, with the more recent 
understanding of DCH and in-vessel steam explosion phenomena (as discussed in Section 3), it can be 
concluded that, for the internal and fire initiators, the early containment failure for Surry is of very low 
conditional probability that it is of little or no significance to the overall risk.  However, this 
conclusion does not hold for the seismic initiators. The results of the NUREG-1150 Study indicate 
that, for the seismic initiators, the mean conditional probability of early containment failure (CF) is on 
the order 0.1 and most of these early failures of the containment are initial failures due to steam 
generator (SG) and reactor coolant pump (RCP) support failures.  
 
As an illustrative example, the representative source terms for Surry, discussed in Section 2.4, can be 
refined by defining an additional source term representing steam generator tube rupture (SGTR) plant 
damage state (PDS GROUP 7 of NUREG-1150 Study for Surry, Internal Initiators). For this additional 
bypass release category, based on the results of NUREG-1150 for the most probable bin, it is assumed 
the safety relief valves (SRVs) on the secondary system are stuck open, the containment spray system 
never operates during the accident, the core-concrete interaction (CCI) takes place promptly following 
vessel breach (VB), and there is no overlaying water pool to scrub the releases due to CCI. The 
magnitude of radionuclide releases into the environment for this release category can be obtained by 
the basic parametric equation used in the NUREG-1150 Study. The mean values of the probability 
distributions of the source term parameters associated with the corresponding accident progression 
characteristics can be used in these calculations. Table 2 provides a summary of the frequencies and 
magnitudes of Iodine releases into the environment for representative source terms for Surry. The 
mean fractional iodine release of 0.20 for the SGTR representative source term is based on the mean 
value reported for the most probable bin within that plant damage state group [21].   A comparison of 
frequency distribution (CCDF) of iodine release predicted by the NUREG-1150 Study for Surry with 
that obtained from these representative source terms is shown in Figure 5. 
 
Based on discussions provided earlier, for internal initiators, the early containment failure for Surry is 
of such low probability that it is of little or no significance to the overall risk. Therefore, a 
representative source term associated with the early containment failure can be discarded. It should be 
noted that each representative source term represents many accident progression bins with different 
frequencies and release magnitudes within the accident progression group it represents. There is an 
overlap of release magnitudes between the accident progression groups. Therefore, by eliminating the 
representative source term associated with early containment failure, care must be taken to represent 
other low probability and high release bins. The results of the NUREG-1150 Study for Surry [21] 
indicate that for the bypass accident progression group due to interfacing-system LOCA (Event V),
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Table 2: Frequencies and Magnitudes of Iodine Releases for Representative 
 Source Terms for Surry (Internal Initiators) 
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Figure 5: Comparison of frequency distribution (CCDF) of iodine release predicted by NUREG-1150 

Study for Surry with that obtained from the representative source terms (RSTs) and 
 their revised frequencies based on results of SPAR model and recent insights on 

early containment failure mechanisms 
 

there is a conditional probability of ~0.15 that there is no water in the path of the radionuclide releases 
before entering into the environment (dry releases). In the absence of the decontamination effect of 
water in the release path, the release magnitude would be higher.  An additional source term 
representing this bypass sub-group can be defined. The magnitude of radionuclide releases into the 
environment for this release sub-category can be obtained by the basic parametric equation used in the 
NUREG-1150 Study. The results of the revised frequencies of the representative source terms for 
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Surry is also presented in Table 2.  The mean fractional iodine release of 0.37 shown in Table 3 for the 
V bypass accident progression sub-group (Dry releases) is based on the mean value reported for the 
most probable bin within that sub-group [21]. The frequency distribution (CCDF) of iodine release for 
Surry obtained from revision to representative source terms, based on the results of the SPAR model 
and recent insights on early containment failure mechanisms, is also shown in Figure 6. As shown in 
Figure 6 (see also Table 3), the revised frequency of the V bypass accident progression sub-group (dry 
releases) is about 5.0 x 10-8.     
 
The release characteristics (magnitude and timing) of the representative source terms can also be 
revised based on the more recent insights on severe accident progression and source term issues (e.g., 
new MELCOR code calculations). 
 
The revised representative source terms and their associated frequencies in the form of CCDFs provide 
a possible framework for evaluating the selection of the accident sequences and the magnitude of the 
radionuclide releases into the environment obtained as a part of the SOARCA process.  These 
radionuclide release characteristics are functions of the design and operating procedures of the plant 
and, unlike the results of consequence measures, they are independent of the population distribution, 
meteorology, and the emergency protective assumptions at the reactor site.   
 
The frequencies and/or release characteristics of the representative source terms may be further 
revised based on the results of the assessment of the effectiveness of mitigating measures.  Such 
mitigating measures are based on Severe Accident Management Guidelines (SAMGs) and other like 
programs that were not in place when the earlier consequence studies, including the NUREG-1150 
Study, were performed. 
 
Development of a simplified accident progression event tree which only considers significant high 
level issues, based on the insights from the NUREG-1150 Study and more recent advances in 
understanding of the severe accident issues, containment failure mechanisms, and effectiveness of 
potential mitigating measures would facilitate the revision to release frequencies and providing a 
systematic approach to justify the selection of sequences for SOARCA.  Such simplified accident 
progression event tree would be particularly useful for assessment of the effectiveness of mitigating 
measures resulting from SAMGs and other new programs. 
 
Using MACCS2 code, Consequence analyses could be performed to determine consequence measures 
(e.g., population dose, early fatalities, and latent cancer fatalities) for each representative source terms. 
The frequency distributions of consequence measures in the form of CCDFs provide a useful 
framework for comparison with the results of SOARCA, as well as for their comparison with 
historical results. 
 
5.  CONCLUSIONS 
 
An overview of major contributions to consequence assessment was presented to provide a historical 
perspective and insights on previous state-of-the-art analyses of the consequences of severe reactor 
accidents. 
 
The NRC is currently implementing its plan for developing state-of-the-art reactor consequence 
analyses, using a “novel analysis procedure that differs substantially from previous state-of-the-art 
analyses of the consequences of severe reactor accidents” [22]. Although performing Level-3 PRAs 
for the pilot plants is the best way to benchmark SOARCA methodology, it is feasible to use the 
results and insights from the NUREG-1150 Study and Integrated Risk Assessment for LaSalle, 
together with more recent advances in understanding of the severe accident issues and containment 
failure mechanisms, and develop a simplified, yet systematic and defensible, approach to update the 
results of such earlier Level-3 PRAs for comparison with aspects of SOARCA results. 
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