
ACCIDENT SEQUENCE PRECURSOR PROGRAM 
LARGE EARLY RELEASE FREQUENCY MODEL DEVELOPMENT* 

Douglas A. Brownson 
Idaho National Engineering and 
Environmental Laboratory 
P.O. Box 1625, MS 3850 
Idaho Falls, ID 83415-3850 
(208) 526-9460 
E-mail: dov @inel.gov 

Thomas D. Brown 
Sandia National Laboratories 
P.O. Box 5800, MS 0405 
Albuquerque, NM 87185-0405 

E-mail tdbrown @ sandia.gov 
(505) 844-6134 

Felicia A. Duran 
Sandia National Laboratories 
P.O. Box 5800, MS 0747 
Albuquerque, NM 87185-0747 

E-mail: faduran @ sandia.gov 
(505) 844-4495 

Julie J. Gregory 
Sandia National Laboratories 
P.O. Box 5800, MS 0748 
Albuquerque, NM 871 85-0748 

E-mail: jjgrego@ sandia.gov 
(505) 844-7539 

Edward G. Rodrick 
US. Nuclear Regulatory Commission 
Mail Stop T10E50 
Washington, DC 20555 

E-mail: egr@nrc.gov 
(301) 415-5871 

INTRODUCTION 

The U.S. Nuclear Regulatory Commission’s (NRC) Accident Sequence Precursor (ASP) program was 
initiated by the Office of Nuclear Regulatory Research (RES) to provide a probabilistic method for reviewing 
operational experience to determine and assess both known and previously unrecognized vulnerabilities that 
could lead to core damage accidents. The ASP program is currently managed by the Office of Analysis and 
Evaluation of Operational Data (AEOD). Standardized Level 1 plant models developed using the SAPHIRE 
computer code’ are used to assess the conditional core damage probability for operational events during full 
power operation occurring in commercial nuclear power plants (NPPs). Because not all accident sequences 
leading to core damage will result in the same radiological consequences, work was begun in 1995 to study 
the feasibility of developing simplified Level 2/3 models using the SAPHIRE computer code to estimate the 
radiological consequences associated with the radioactive release to the environment resulting from the Level 
1 core damage scenarios. Once developed, these simplified Level 2/3 models were linked to the Level 1 
models to provide risk perspectives for operational events. Ten Level 2/3 prototype models were completed 
to represent the various pressurized water reactor (PWR) and boiling water reactor (BWR) nuclear steam 
supply systems and containment types. 

During the development of the simplified Level 2/3 models, several limitations were identified with the 
prototype models. These limitations were primarily the result of the simplification process necessary to 
develop these models. In addition, in 1997 the NRC began moving towards using large early release 
frequency (LERF) as a surrogate for the early fatality quantitative health objectives [refer to Regulatory 
Guide (RG) 1.1742 (draft issued as DG-1061)]. As defined in RG 1.174, LERF is “the frequency of those 
accidents leading to significant, unmitigated releases from containment in a time frame prior to effective 
evacuation of the close-in population such that there is a potential for early health effects.” These accidents 
include unscrubbed releases resulting from failure of containment isolation, containment bypass events, and 
scenarios which result in containment failure at or shortly after reactor vessel breach. The focus of the Level 
2/3 ASP project was then modified to address LERF and to correct the limitations identified with the 
simplified Level 2/3 models. The development of LERF models is also thought to be a more useful and 
practical approach for use in event assessment and the AEOD ASP program 
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In the spring of 1998, work was begun to develop detailed LERF models for the ten plant classes 
established during the Level 2/3 model development work. The LERF models, as well as the previously 
developed Level 21’3 prototype models, are based on the accident progression event trees (APETs) developed 
during the NUREG-1 150 ~tudies.~ Because these models will be “detailed” rather than “simplified”, it is 
envisioned that the initial ten plant models will be capable of being modified to represent any NPP within 
each plant containment class given sufficient plant-specific data. Modification of the simplified Level 2/3 
models to represent other NPPs could not be readily performed, which provided additional impetus to move 
toward detailed LERF models. 

ASP LEVEL 2/3 PROTOTYPE MODELS 

The ASP LERF model development builds on the work that had been performed during the development 
of the ASP Level 2/3 prototype models. The ASP Level 2/3 work was initiated in 1995 with the objectives 
of (1) demonstrating the process for development of simplified Level 2/3 models, (2)  determining the 
information required for the development of these simplified models, (3)  developing the appropriate 
interface between the ASP Level 1 and Level 2/3 models, and (4) integrating the Level 2/3 models into the 
existing ASP software, SAPHIRE. The work resulted in the development of ten prototype, simplified 
Level 2/3 models. The NPPs modeled were determined by first sorting all commercial nuclear power plants 
(NPPs) into groups based on the combination of different containment and nuclear steam supply system 
designs. This categorization produced four boiling water reactor (BWR) groups and six pressurized water 
reactor (PWR) groups. These ten prototype models were developed for both NPPs which had detailed 
probabilistic risk assessments (PRAs) performed during the NUREG-1 150 studies and NPPs that did not. 
Therefore, the process necessary to develop simplified Level 2/3 models when a detailed PRA model was 
not available was also investigated. The current NPP groups and the prototype NPP selected for each group 
are listed in Table 1. 

The development of the ASP simplified Level 2/3 prototype models required the binning of all ASP 
Level 1 accident sequences leading to core damage into a plant damage state (PDS) based on the conditions 
of the reactor coolant system (RCS) and the status of important accident mitigation systems at the time of 
core damage. Since the end states of the existing ASP Level 1 models indicate only the core status (OK or 
Core Damage) for the accident sequences, and do not include sufficient containment system information that 
is crucial for the Level 2 analysis, it was necessary to develop bridge event trees (BETs) which model the 
required containment systems. The BETs were then linked to those accident sequences leading to core 
damage. The use of BETs allowed system dependencies between the various systems, such as electrical 
power, to be accounted for in the fault trees that support the BET top events. 

The ASP Level U 3  modeling process follows the NUREG-1 150 Level 2/3 modeling process closely in 
that detailed accident progression analyses were performed for each of the different PDSs. The results from 
these detailed analyses were then “rolled-up” to quantify the nine to ten top events of the simplified Level 
2 SAPHIRE model. Source terms were estimated for each Level 2 sequence and consequence calculations 
were performed for either individual source terms or source term groups. These results were then 
incorporated into a Level 3 SAPHIRE model. Risk results were produced by linking all the analyses. 



Table 1. Reactor Groups and Reference NPP for Each Reactor Group 

Reactor Group I  prototype^^^ 11 
Westinghouse PWRs with a large, dry containment I Byron * II 
Combustion Engineering PWRs with PORVs and a large, dry containment I Calvert cliffs 11 
Westinghouse PWRs with a subatmospheric containment I Surry II 

I Sequoyah ~ ~ ~~~~~ 71 ~~ 

Westinghouse PWRs with an ice condenser containment 

Combustion Engineering PWRs without PORVs and with a large, dry 
containment ll Palo Verde 

Babcock & Wilcox PWRs with a large. dry containment 
BWRs with a Mark I containment ( B W 4  with RCIC) 

BWRs with a Mark I containment ( B W 3  with isolation condenser) 

BWRs with a Mark I1 containment 

Oconee 

Peach Bottom 

Dresden” 

LaSalle 

BWRs with a Mark 111 containment I Grand Gulf 

* For the ASP LERF model development, the Byron NPP replaces the Zion NPP as the prototype NPP 
for the “Westinghouse PWR with a large, dry containment” reactor group and the Dresden NPP 
replaces the Brunswick NPP as the “BWR with Mark I containment (reinforced concrete drywell and 
reinforced concrete with steel liner wetwell)” reactor group. 

Although the ASP simplified Level U3 prototype models accurately reproduced the detailed analyses, 
several limitations with these models were identified when the reasonableness of extrapolating the prototype 
model results to the remaining NPPs in the same reactor group was examined. Because the NPPs of each 
reactor group differ greatly (physical attributes, equipment employed, and operational procedures), it is 
unlikely that a Level 2/3 model for one NPP can be used as a surrogate for another or that its results could 
be extrapolated to the entire reactor group. The generation of a new NPP model would necessitate going 
back to the supporting detailed model to make the plant specific modifications, analyzing the detailed models 
with the modifications, and then re-rolling up the supporting detailed model results to create the new 
simplified model. In addition, each simplified model is created using a predefined set of PDSs. When new 
PDSs are created as a result of changes to the Level 1 models, the detailed model must be modified and re- 
analyzed to address these new PDSs. Also, because so many details are hidden in the rolling up process, it 
was recommended that only the supporting detailed models be modified when performing system importance 
studies. 

In summary, an ASP simplified Level 2/3 prototype model is a simplified representation of an underlying 
detailed model. The formats and application tools are not compatible, and so translation of the detailed to 
the simplified model is required. If any significant model changes are necessary, they are implemented in 
the detailed model whose results are then translated accordingly to the simplified model. This process 
becomes problematic if many changes are warranted. Therefore, this prototype method contains limitations 
that are potentially unmanageable if this process is to be extrapolated to other NPPs beyond the prototype 
models. In addition, the process required to modify and extrapolate these models would be very resource 
intensive. 



Coupled with the ASP simplified Level 2/3 prototype model limitations is a move by the NRC towards 
increased risk-informed decisions through the use of a calculated large early release frequency (LERF). 
Together, these two factors resulted in a refocus of this project to develop a methodology for quantifying the 
LERF which also eliminates the identified ASP simplified Level 2/3 prototype model limitations. 

ASP LERF MODEL DEVELOPMENT 

The structure of the ASP LERF models differ from the ASP Level 2/3 prototype models in that the Level 
2 accident progression is only developed as far as it takes to determine whether or not a large, early release 
has occurred. Because it is necessary to develop accident progression sequences only as far as early 
containment failure, it then became feasible to create models similar to the NUREG-1 150 APET models. 
These models ask a series of questions which query the status of important accident mititgation systems and 
determine the most likely outcomes of phenomenological events based on the RCS and containment 
conditions of each accident progression sequence. The main advantages of developing these questions in 
a SAPHIRE model (rather than analyzing a detailed model outside of SAPHIRE and rolling up the results 
into a few key event tree top events as was done in the development of the simplified Level 2/3 models), is 
that the impact of individual systems or phenomena on the overall LERF results can now be readily obtained. 
Also, modifications in the ASP Level 1 models that may result in the production of new PDSs that were not 
previously analyzed can be processed without modification to the LERF model. Most importantly, the 
feasibility of developing the detailed LERF models was made possible by the modifications made to the 
SAPHIRE computer code which significantly accelerated the processing time of large event trees and the 
development of faster, more powerful personal computers since this program was initiated in 1995. 

The assessment of the LERF is implemented in the ASP LERF models as the frequency of any sequence 
in which core damage leads to vessel failure the containment function is compromised. For the PWRs, 
the containment function is considered compromised by containment bypass events such as failure to 
isolate, steam generator tube rupture or interfacing systems loss-of-coolant accident (LOCA), or 
compromised by mechanical failure from phenomena such as over pressurization, impulse loading, missile 
generation or direct core contact with the containment wall. For the BWRs the containment function is 
considered compromised if the early releases are not scrubbed by the suppression pool & an event occurs 
that breaches the primary containment boundary such as: venting, failure to isolate, interfacing systems 
LOCA, or mechanical failure from phenomena such as over pressurization, impulse loading, missile 
generation, or direct core contact with the containment wall. 

The structure of the ASP LERF models closely mimics that of the APETs developed during the 
NUREG-1 150 studies. Supporting detailed models were developed only as far as early containment failure 
from the NUREG-1 150 APET models in order to assist in the development and verification process of the 
ASP LERF models. The questions in the supporting detailed model are sequentially developed as SAPHIRE 
top events in a series of event trees that are linked. These linked trees are referred to as subtrees. The ASP 
LERF event trees contain between five and 15 subtrees, depending on the size of the model. Each subtree 
has between three to five top events so that each subtree can easily be maintained within SAPHIRE. The 
complete APET models developed for the NUREG-1150 studies vary in size from 71 questions (or top 
events) for the Surry model to 145 questions for the Peach Bottom model. Development of the supporting 
detailed models and the LERF models would require modeling 43 and 109 of these questions, respectively. 

In the ASP LERF models, when a branch of an accident progression question is encountered whose 
result can be interpreted as being a contributor to LERF or no LERF (e.g., containment isolation failure and 



no vessel breach, respectively), further development of that branch is terminated and its frequency binned 
accordingly to its LERF or no LERF end state. Quantification of the branches that are not terminated occurs 
through the assignment of split fractions by a series of IF-THEN-ELSE rules. These rules are written for 
each event tree top event and are based on the logic contained in the NUREG-1 150 APETs. 

The values used in the quantification of the event tree branches are obtained from three sources, all of 
which are utilized in the NUREG-1 150 APET methodology. The first source is the split fractions applied 
directly to the APET logic. In this case, the split fractions obtained from the APET logic are applied directly 
to the ASP LERF model. The second source is a distribution that is randomly sampled. In this case, the 
average of the randomly sampled distributions is calculated and used as the split fractions is the ASP LERF 
models. The third source for the quantification of event tree branches are user functions that calculate split 
fractions based on the input of numerous parameters. These input parameters may include containment 
pressure at the time of vessel breach and the percentage of zirconium that is oxidized during core degradation 
(which determines amount of hydrogen produced). In these cases, a matrix of possible input parameter 
combinations are analyzed by the user functions (each combination referred to as a case) and the resulting 
split fractions calculated for each case are incorporated into the ASP LERF model as basic events. 

The size of the ASP LERF models are smaller than they would be if full Level 2 models were developed; 
however, concern was expressed over the number of sequences that would be generated by these models and 
the time that would be required to process them in SAPHIRE. This is especially true for the larger BWR and 
ice condenser containment PWR models. To address these issues, a number of modeling simplifications 
were employed to reduce the complexity of the models and therefore the number of sequences generated. 
In addition, a number of code modfications have been proposed and implemented, greatly accelerating the 
analysis time of SAPHIRE. 

Development of ASP LERF models for NPPs that were not part of the NUREG-1 150 studies involves 
(1)  choosing a supporting detailed model that resembles the NPP of interest as closely as possible and (2) 
making the appropriate plant-specific modifications to that model in order to accurately calculate the split 
fractions that will be used to represent the NPP of interest. Any necessary plant-specific modifications are 
then made to the equivalent ASP LERF model and the updated split fractions are then applied. Verification 
of these models are then performed as outlined below. 

VERIFICATION OF LERF MODELS 

To date, four of the ten prototype ASP LERF models have been completed. These include two BWR and 
two PWR models. These models have been verified to ensure that they accurately reproduce the supporting 
detailed models from which they were developed and produce realistic results. 

To ensure that the ASP models accurately reproduce the supporting detailed models, a comparison of 
the calculated large early release frequencies of the two models was performed for each PDS. Overall, these 
comparisons resulted in very good agreement. For the LaSalle model, most of the PDS LERF comparisons 
resulted in absolute percent differences no greater than 5.0% with absolute difference in the LERF values 
of no more than 0.05. For the Surry model PDS LERF comparisons, the percent differences were calculated 
to be no more than 0.05%. A sampling of these comparisons is presented for the ATWS PDSs in Table 2. 
The larger percent differences of the LaSalle model can be attributed to the number and type of 
simplifications that were made to this model in order to reduce its size for incorporation into SAPHIRE. In 



Table 2. Comparison of ASP LERF Model Results to Supporting Detailed Model Results 

LaSalle Conditional Large Early Release Probability' Results for ATWS Plant Damage States 
PDS-ATWS-1 9.578E-1 9.456E-1 1.27 
PDS-ATWS-2 9.484E-1 9.3 37E- 1 1.55 
PDS-ATWS-3 9.484E-1 9.3 37E- 1 1.55 
PDS-ATWS-4 9.331E-1 9.200E- 1 1.41 
PDS-ATWS-5 9.578E- 1 9.45 6E- 1 1.27 

Surry Conditional Large Early Release Probability' Results for ATWS Plant Damage States 
PDS-ATWS-1 1.336E-2 I .  336E-2 -0.037 
PDS-ATWS-2 8.397E-3 8.397E-3 -0.002 
PDS-ATWS-3 1.423E-2 1.423E-2 +0.021 
PDS-ATWS-4 1.146E-2 1.146E-2 -0.009 
PDS-ATWS-5 1.146E-2 1.146E-2 -0.009 

1 .  Percent Difference = [(Supporting Model LER Psob. - ASP Model LER Psob. )/Supposting Model LER Prob. 1 X 100 
2. Conditional LER probabilities are calculated by setting the individual initiating event PDS frequencies to 1.00. 

addition, the process that is used to quantify some SAPHIRE model split fractions from sampled distributions 
does not necessarily reproduce the realized split fractions in the detailed model because of unavoidable 
differences in the sampling process. 

An additional verification of the ASP LERF models was performed by comparing the calculated ASP 
LERF results to equivalent results from a full scope PRA study. The results of the comparison of the Surry 
ASP LERF models results to the Surry NUREG-1150 study4 are presented in Table 3. As shown in this table, 
the magnitude of the calculated ASP core damage frequency (CDF) and total LERF results are below those 
obtained from the NUREG-1 150 study. The differences in the LERF results for the two models arises mainly 
from the differences in CDF (a comparison of the conditional LERF probabilities given core damage 
indicates relatively good agreement between the ASP LERF model and the NUREG-1150 study). The 
differences in the CDF are due to differences in initiating events modeled in the ASP Level 1 Rev. 2 QA 
(quality assured) models versus those modeled in the NUREG-1150 study. Only those initiating events 
which have the highest frequency are currently being modeled in the ASP Level 1 Rev. 2 QA; whereas, more 
events were modeled in the NUREG-1150 study. The initiating events in the ASP models include loss-of- 
offsite power, steam generator tube rupture (SGTR), small break loss-off-coolant accidents, and transients. 
Future work scope of the ASP Level 1 models includes the development of additional initiating events (i.e. 
large break, medium break, and interfacing system LOCAs) which will capture a greater percentage of the 
overall CDF and subsequently capture a greater percentage of overall LERF for any given NPP. 



Table 3. Comparison of Surry ASP LERF Model end state results to equivalent 
Surry NUREG-1150 study results 

Frequency (reactor-year-') Conditional Probability * 
Total Core Damage Frequency 
ASP LERF Model 3.2E-5 
NUREG-1 150 Model 4. IE-5 

N/A 
N/A 

LERF Resulting from Induced Steam Generator Tube Rupture Events 
ASP LERF Model 2.9E-6 9.1E-2 
NUREG-1 150 Model 1.9E-6 8.3E-2 

LERF Resulting from Bypass Events (no containment isolation, SGTR initiating events) 
ASP LERF Model 1.2E-8 3.6E-4 
NUREG-1 150 Model 6.4E-9 1.5E-4 

LERF Resulting from Early Containment Failure Events (vessel breach, Alpha mode, rocket) 
ASP LERF Model 2.9E-7 9.OE-3 
NUREG-1 150 Model 2.7E-7 7.2E-3 

Total LERF 
ASP LERF Model 
NUREG-1 150 Model 

3.2E-6 
3.8E-6 

1 .OE-1 
1.3E-1 

* Conditional probability calculated by dividing the LERF frequency by the total plant damage state (PDS) frequency 
N/A - not applicable 

VERIFICATION OF' ASP LERF METHODOLOGY 

The definition of LERF used for the development of the ASP LERF models is consistent with the 
definition stated in RG 1.174. However, RG 1.174 does not directly present an approach for determining 
the LERF, but instead cites a simple screening approach for calculating the LERF as documented in 
NUREG/CR-659S5. Additional supporting information for NUREG/CR-6595 and RG 1.174 is presented in 
References 6 and 7. The ASP LERF methodology is in general agreement with the intent of the NUREG/CR- 
6595 approach, however, there are a few exceptions in implementation. The most prominent difference is 
that the ASP LERF models are much more detailed than the models described in NUREG/CR-6595. The 
NUREGKR-6595 models were designed to be simplified models with more general application. The 
simplified general nature of a NUREG/CR-6595 model creates a problem when trying to investigate the 
precursor event implications for a containment system. In other words, the simplifications that are adopted 
in the NUREG/CR-6595 models do not accommodate the analysis of a precursor event. Thus, more detailed 
LERF models were adopted for application in the ASP program. 



In essence, the less complex NUREGKR-6595 models are included in the LERF models, providing 
consistency between the two methodologies. During the development of the ASP LERF models, a top event 
was added that addresses the timing of the release and the relative potential for evacuation of the close-in 
population (see Figure 1). This query is necessary to fulfill the latter part of the definition of LERF as given 
in RG 1.174 - “the frequency of those accidents leading to significant, unmitigated releases from 
containment in a time frame prior to efective evacuation of the close-in population such that there is a 
potentia2 for early health efsects.” (In the development of the ASP LERF models, early health effects are 
interpreted as early fatalities since, according to RG 1.174, “ LERF is being used as a surrogate for the early 
fatality QHO [quantitative health objective].”) This feature was not included in the NUREG-1 150 M E T  
models because the issue was addressed in the source term and consequence analysis portions of the PRA. 

To effectively quarrtify the “No Early Fatalities” top event shown in Figure 1 , it is necessary to determine 
a source term for each of these sequences and then calculate consequence results for each source term. The 
consequence calculations would require site-specific knowledge of the circumstances under which a general 
emergency would be declared, how soon after the accident evacuation would begin, evacuation speed, and 
meteorological conditions. It was beyond the scope of this project to determine these factors. Therefore, 
all LERF accident progression sequences are assumed to result in early fatalities. However, it is possible 
with these models to make exceptions for those sequences whose duration from accident initiation to 
radiological release is so long that it is unreasonable to assume that an effective evacuation of the close-in 
population could not occur in a time frame that would prevent early fatalities. An example of such a 
sequence would be a long-term station blackout scenario in which the duration between core damage and 
vessel failure could be as long as sixteen hours. The “NO EARLY FATALITIES’ top event has been 
included in these models to allow quantification of these sequences at a later date when sufficient 
information becomes available. 

Containment No Early Famities End State Initiating Event Failure 

I IE I ECF I NEF I 
No Early Fatalities 

NOLERF 
Containment Failure 

LERF 

No Containment 
Failure NOLERF 

Figure 1: Example of implementation of “NO EARLY FATALITIES” top event in ASP LERF model 
event trees 



Because the ASP LERF methodology does not explicitly follow the LERF methodology of 
NUREG/CR-6595, there is a legitimate concern that ASP LERF results may at times be overly conservative 
(i.e., over predict the LERF). On the other hand, the models of NUREGKR-6595 are intended to be simple 
screening method and may at times produce more conservative results. This is important because RG 1.174 
proposes an annual average LERF acceptance guideline of 1E-5 per reactor year and for plant modifications 
the change in LERF cannot exceed the acceptance guideline of 1E-6 per reactor year. Overly conservative 
results may result in an NPP exceeding these acceptance guidelines. 

Reference 6 documents case studies in which the five containment type LERF models of NUREGKR- 
6595 were implemented for five U.S. nuclear plants (Surry, Sequoyah, Peach Bottom, Limerick and Grand 
Gulf). Results of these case studies were compared with the IPE Level 2 results for these plants. In order 
to compare the IPE Level 2 results to the LERF, three reporting methods were used: (1) frequency of early 
containment failure or bypass; (2) frequency of a source term release fraction > 0.03 of I and Cs; and (3) 
frequency of a source term release fraction > 0.1 of I and Cs. The results for the two PWR plants Surry and 
Sequoyah indicate agreement between the LERF and IPE results, with the LERF estimates slightly higher 
than the IPE results. The comparison for the Peach Bottom and Limerick BWR plants (Mark I and I1 
containments, respectively), show similar results to those for the PWR plants; however, for these two plants, 
there is slightly less agreement between the LERF estimates and the I and Cs release fraction frequencies. 
The Grand Gulf (Mark I11 BWR containment) case study indicates lower LERF estimates for two of the three 
IPE methods of comparison. The low estimates of LERF for the Grand Gulf case study were mainly 
attributed to the exclusion of such things as venting strategies that were included in the IPE but not in the 
NUREGKR-6595 LERF model. 

Insights provided from the case studies in Reference 6 indicate that large early releases for the PWR 
plants are dominated by bypass events, and the NUREG/CR-6595 models seem to be appropriate, if not 
slightly conservative, for estimating LERF. An issue of concern discussed for the PWRs is associated with 
the determination of RCS depressurization, including the importance of human error analysis as well as 
incorporating information from deterministic analyses and the possibility of induced failures. Insights are 
also noted for the application of the NUREGICR-6595 BWR LERF models for a few important issues: the 
LERF models applied somewhat high estimates (compared to the IPE) for the probability of Mark I liner 
melt-through, venting strategies should be explicitly included in the LERF models, and although suppression 
pool scrubbing is addressed in the LERF models, there is significant source term mitigation when releases 
are scrubbed early even if they later bypass the pool. The case study issues discussed in Reference 6 that 
span both PWR and BWR LERF methods include the determination of igniter availability when fault trees 
are not included and the concern that although the NUREGKR-6595 LERF methodology allows the potential 
to evacuate for long-term sequences (such as loss of containment heat removal), the application of such an 
assumption may have to be verified and may be non-conservative. 

The concerns described in Reference 6 are addressed in the ASP LERF models. The PWR ASP LERF 
models incorporate the possibility of operator error in the consideration of RCS depressurization; 
additionally, the assessment of RCS depressurization incorporates information from deterministic analyses 
including the potential for induced failures in the RCS pressure boundary that are not in the vessel. The 
BWR ASP LERF models include venting strategies (both containment and MSIV), and the Mark I liner melt- 
through probabilities from NUREG-1 150 are adopted (the inclusion of more recent information is being 
considered). If the suppression pool is never bypassed through the events that accompany vessel failure, 
LERF does not occur even if the containment fails (failure would have to be in the wetwell of a Mark I or 
Mark I1 for this to happen). As noted in Reference 6, this approach can be overly conservative if earlier 
releases are scrubbed and the pool is later bypassed; however, the method was intended to credit scrubbing 
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only if all the early releases are predicted to be scrubbed. Hydrogen ignition systems for ice condensers and 
Mark 111s are included in the LERF models. The potential to evacuate for long term sequences is included 
in the ASP LERF models, but the quantification of this capability is currently under development. Overall, 
the ASP LERF models to contain sufficient detail to capture important phenomenological events that a 
simplified model cannot incorporate. 

SUMMARY AND CONCLUSIONS 

The objectives for the ASP LERF model development work is to build a Level 2 containment response 
model that would capture all of the events necessary to define LERF as outlined in RG 1.174, can be directly 
interfaced with the existing Level 1 models, is technically correct, can be readily modified to incorporate new 
information or to represent another plant, and can be executed in SAPHIRE. 

The ASP LERF models being developed will meet these objectives while providing the NRC with the 
capability to independently assess the risk impact of plant-specific changes proposed by the utilities that 
change the W P s  licensing basis. Together with the ASP Level 1 models, the ASP LERF models provide 
the NRC with the capability of performing equipment and event assessments to determine their impact on 
a plant's LERF for internal events during power operation. In addition, the ASP LERF models are capable 
of being updated to reflect changes in information regarding the system operations and phenomenolgical 
events, and of being updated to assess the potential for early fatalities for each LERF sequence. As the ASP 
Level 1 models evolve to include more analysis capabilities, the LERF models will also be refined to reflect 
the appropriate level of detail needed to demonstrate the new capabilities. 

An approach was formulated for the development of detailed LERF models using the NUREG-1150 
APET models as a guide. The modifications to the SAPHIRE computer code have allowed the development 
of these detailed models and the ability to analyze these models in a reasonable time. Ten reference LERF 
plant models, including six PWR models and four BWR models, which cover a wide variety of 
containment and nuclear steam supply systems designs, will be complete in 1999. These reference models 
will be used as the starting point for developing the LERF models for the remaining NPPs. 
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