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ABSTRACT

This report describes the potential uses of NUREG-1150 and similar 
Probabilistic Risk Assessments (PRAs) in NRC and industry risk management 
programs. NUREG-1150 uses state-of-the-art PRA techniques to estimate 
the risk from five nuclear power plants. The methods and results 
produced in NUREG-1150 provide a framework within which current risk 
management strategies can be evaluated, and future risk management 
programs can be developed and assessed. While the development of plant- 
specific risk management strategies is beyond the scope of this document, 
examples of the use of the NUREG-1150 framework for identifying and 
evaluating risk management options are presented. All phases of risk 
management from prevention of initiating events through reduction of off­
site consequences are discussed, with particular attention given to the 
early phases of accidents.
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FOREWORD

This is one of numerous documents that support the preparation of the 
NUREG-1150 document by the NRC Office of Nuclear Regulatory Research. 
Figure 1 illustrates the front-end documentation. There are three 
interfacing programs at Sandia National Laboratories performing this 
work: the Accident Sequence Evaluation Program (ASEP), the Severe 
Accident Risk Reduction Program (SARRP), and the Phenomenology and Risk 
Uncertainty Evaluation Program (PRUEP). The Zion PRA was performed at 
Idaho National Engineering Laboratories and Brookhaven National 
Laboratories.

Table 1 is a list of the original primary documentation and the 
corresponding revised documentation. There are several items that should 
be noted. First, in the original NUREG/CR-4550 report, Volume 2 was to 
be a summary of the internal analyses. This report was deleted. In 
Revision 1, Volume 2 now is the expert judgment elicitation covering all 
plants.

Volumes 3 and 4 include external events analyses for Surry and Peach 
Bottom. External events for Sequoyah, Grand Gulf and Zion will be 
analyzed in follow-up studies after NUREG-1150 is published.

The revised NUREG/CR-4551 covers the analysis included in the original 
NUREG/CR-4551 and NUREG/CR-4700. However, it is different from NUREG/CR- 
4550 in that the results from the expert judgment elicitation are given 
in four parts to Volume 2 with each part covering one category of issues. 
The accident progression event trees are given in the appendices for each 
of the plant analyses.

Originally, NUREG/CR-4550 was published without the designation "Draft 
for Comment." Thus, the final revision of NUREG/CR-4550 is designated 
Revision 1. The label Revision 1 is used consistently on all volumes, 
including Volume 2 which was not part of the original documentation. 
NUREG/CR-4551 was originally published as a "Draft for Comment" so, in 
its final form, no Revision 1 designator is required to distinguish it 
from the previous documentation.

There are several other reports published in association with NUREG-1150. 
These are:

NUREG/CR-5032, SAND87-2428, Modeling Time to Recovery and Initiating 
Event Frequency for Loss of Off-site Power Incidents at Nuclear Power
Plants. R. L. Iman and S. C. Hora, Sandia National Laboratories, 
Albuquerque, NM, January 1988.

NUREG/CR-4840, SAND88-3102, Methodology for External Event Screening 
Quantification - RMIEP Methodology. M. P. Bohn and J. A. Lambright, 
Sandia National Laboratories, Albuquerque, NM, July 1989.

xiii



FIGURE 1. DOCUMENTATION FOR NUREG-1150.
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SUMMARY

1. Introduction

For the past few years, the Nuclear Regulatory Commission (NRC) has been 
preparing NUREG-1150, which examines the risk from five nuclear power 
plants. NUREG-1150 effectively replaces the 1975 Reactor Safety Study 
[1] and provides the technical basis for a wide range of regulatory 
initiatives. Late in the NUREG-1150 program, an effort was undertaken to 
examine the implications of NUREG-1150 and similar Probabilistic Risk 
Assessments (PRAs) for risk management initiatives. This report 
describes the findings of this limited-scope analysis effort.

Before describing the technical results of this work, it is necessary to 
define the objectives and scope of risk management, as related to NUREG- 
1150. Risk management programs at nuclear power plants have two basic 
objectives:

1. Minimize the public health risk from nuclear power 
plants, and

2. Provide the capability for operators and decision-makers 
to effectively respond to and thereby reduce the 
probability and consequences of severe accidents.

In practice, risk management can be divided into five separate, but 
interrelated, phases:

1. Prevention of accident initiators (reliability management),

2. Prevention of core damage (accident management),

3. Implementation of an effective emergency response (emergency 
response management),

4. Prevention of vessel breach and mitigation of radionuclide 
releases from the reactor coolant system (accident management), 
and

5. Retention of fission products in the containment and 
other surrounding buildings (accident management).

"Accident Management" is a term that is often used in place of "risk 
management"; however the former is usually applied to the late stages of 
phase 2 and phases 3 through 5. Thus, risk management is a more 
comprehensive approach.

This report presents a risk-based methodology for identifying and 
evaluating risk management options for each of the five phases above. 
Examples ni which this methodology is applied to the internal events 
analysis of four NUREG-1150 plants (Peach Bottom, Grand Gulf, Surry and 
Sequoyah) are described. The report and the methods contained therein 
are intended for persons with expertise in PRA technology and knowledge
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of methods and results contained in NUREG-1150 and the supporting 
contractor documents. While the development of comprehensive, plant- 
specific risk management strategies is beyond the scope of this report, 
examples of the use of these methods for identifying and evaluating risk 
management options are presented. Therefore, risk management analysts 
are provided with a demonstrated technical approach for future plant- 
specific studies.

The quantitative examples in this report focus on Phase 1 and 2 risk 
management. Primarily qualitative discussions of the other phases are 
provided.

2. Approach

Severe reactor accidents involve extremely complex system and 
phenomenological responses that are often nonintuitive. When developing 
and evaluating risk management options it is important to understand how 
a particular action may affect other portions of the accident 
progression. The PRA methods developed for NUREG-1150 provide an 
integrated analysis framework that can be used to evaluate the potential 
ramifications of a certain action over a wide range of possible outcomes. 
These methods provide far more depth and breadth than has been included 
in previous PRAs. All five phases of risk management can be examined 
using such an integrated framework.

The application of the NUREG-1150 methods to the evaluation of risk 
management strategies is summarized in Figure S.l and discussed in more 
detail later in the report. This framework provides the capability to 
compare various strategies based on selected risk measures, such as 
health and economic risk. Risk is not the only measure of the 
effectiveness of risk management strategies. Cost and practicality of 
implementation are also important. However, a PRA framework with all of 
the enhancements of NUREG-1150 provides a powerful tool for supplementing 
current approaches.

A key area where the NUREG-1150 methods can contribute to risk management 
is in the treatment of uncertainties. PRA results can supplement 
detailed deterministic calculations by identifying alternative outcomes 
for the important accident sequences. By identifying these alternatives, 
along with their frequency of occurrence, the operators are made aware of 
the uncertainty in severe accident progression and the need for 
sufficient flexibility to deal with a spectrum of potential outcomes.

3. Evaluation of Future Risk Management Strategies

This section addresses the use of NUREG-1150 methods in developing 
potential risk management strategies which address the five interrelated 
phases identified earlier. The approach to be used for each phase is 
discussed, and quantitative examples are presented for Phase 1 and 2 
strategies. A general discussion of the approach is presented for the 
other phases.
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PHASE 1 PHASE 2 PHASE 3 PHASE 4 PHASE 5

RiskManagement

Integrated
Framework

Technology
Base

Ranking of StrategiesPlant Information
TradeoffsOptions
Integrated Analysis

Detailed AnalysisResearch Needs
Safety Insights Options

Plant StatesIssues

PreventVesselBreach
ContainFissionProducts

PreventTrips PreventCoreDamage
Emer.Response RiskMgmt.Approach

PLANT DATA, EXPERIMENTS, AND EQUIPMENT TESTING
DETAILED MODELS: TRAC - MELPROG - CONTAIN

PRA CODES: SETS - TEMAC - EVNTRE - XSOR/CLUSTER
PHENOMENOLOGICAL MODELS: MELCOR - MACCS

INTEGRATION TOOLS: PRAMIS

Figure S.l. Risk Management Analysis Framework.



An integrated and flexible approach to risk management is needed due to 
the many interrelationships and dependencies that exist among the five 
phases and because of the uncertainty present in the system and 
phenomenological responses during a particular severe accident. The 
development of system and phenomenological models to support risk 
management is relatively straightforward. However, implementation of 
risk management strategies in the form of additional emergency procedures 
is more complex. Of particular concern is the development of procedures 
that are sufficiently flexible to deal with the range of possible 
accident progression outcomes.

The uncertainties in accident progression clearly indicate the need for 
symptom and function oriented procedures, rather than event based 
procedures. The industry has moved rapidly in that direction since TMI, 
including the development of advanced control room displays. The current 
test, maintenance, and operating procedures in place at most plants are 
generally good with respect to the first two phases of risk management. 
While additional work is still needed in these areas, it is the late 
phases of a severe accident that need the most attention and development.

A key aspect of managing severe accidents is the availability of reliable 
monitoring instruments and displays. In developing current risk 
management plans, it should be recognized that much of the available 
instrumentation is not designed to operate in the severe pressure, 
temperature, and radiation environments that may occur in the risk- 
dominant accident sequences.

It should be noted that the options discussed in this section are not to 
be considered as necessary plant changes, but rather examples of how PRA 
techniques can be used to identify and evaluate risk management options.

Phase 1 - Prevention of Accident Initiators

PRA tools are extremely useful in identifying important accident 
initiators and evaluating methods for reducing their importance. 
Industry trip reduction programs have already had an impact in this area. 
However, PRA tools can identify and evaluate areas for future 
improvements. The first step in reducing the impact of accident 
initiators is to identify the initiators that are important to risk, 
which is a straightforward process with the availability of a PRA. It is 
extremely important to recognize that the initiators most significant to 
risk are not usually those that are the most frequent, so merely reducing 
the total number of trips may not significantly reduce plant risk. Given 
that the important initiators are identified, the next step is to 
ascertain the root causes of those failures. Before the frequency of 
these events can be reduced, the reasons for their occurrence must be 
understood.

The next step is to identify options for reducing the frequency of 
important initiators, which may include:
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1. Improvements to operating procedures

2. Improvements to test and maintenance procedures

3. Changes to technical specifications and limiting 
conditions for operation

4. Changes to hardware and system configurations

5. Adding or revising automatic "early time" responses

The final step in this process is to evaluate the potential risk 
reduction of each option using the PRA framework. Options can be 
evaluated in terms of their impact on the core damage frequency (CDF) 
and/or overall risk. A Phase 1 option examined for the Surry plant 
concerns the addition of a diesel generator. The overall Surry CDF is 
dominated by the contribution from station blackout sequences; 
therefore, strategies to enhance the reliability of the onsite AC power 
systems significantly affect the total CDF and risk. The addition of an 
independent diesel generator would not prevent the loss of offsite power 
(LOSP) initiator, but would provide immediate accident mitigation and 
thus decrease the frequency of the station blackout sequences.

Phase 2 - Prevention of Core Damage

The occurrence of an initiating event leads to challenges to the plant 
safety systems. Operators must bring the plant to a subcritical 
condition with adequate water inventory and decay heat removal. At many 
Boiling Water Reactors (BWRs), for example, procedures are based on 
response to four critical parameters:

1. Reactor power

2. Containment pressure

3. Reactor vessel water level

4. Reactor pressure

This approach eliminates the need to precisely identify the particular 
accident sequence in progress. However, even with this approach, there 
are uncertainties regarding the phenomenology of particular accidents and 
the response of the control room instruments to certain off-normal 
events. Also, the response to a particular event is likely to involve 
the use of systems that are tested frequently, but that are rarely used 
in actual operation. Once the event has started, the operators may see 
control room indications that they have never encountered before. Thus, 
the quality of both the hardware and operator training is important.

From an analysis standpoint, the evaluation of phase 2 options is similar 
to the evaluation of phase 1 options. This process includes the
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identification of important accident sequences, hardware failures and 
human errors within these sequences that contribute most to the CDF, and 
the root causes of these failures. Enhanced risk management options can 
then be proposed, which may include:

1. Improvements to operating procedures

2. Improved operator training and staffing

3. Improved test and maintenance procedures for 
safety-related systems

4. Hardware modifications

As mentioned earlier, the dominant sequences at the Surry plant from a 
core damage frequency standpoint involve station blackout. Among the 
significant contributors to the CDF are: (1) failure to recover offsite 
power prior to battery depletion, (2) failure of the diesel generators, 
and (3) an induced reactor coolant pump seal loss of coolant accident 
(LOCA). Using the NUREG-1150 methodology, three Phase 2 options for 
Surry were evaluated that address these particular failures:

1. Extending the battery life

2. The use of an onsite gas turbine generator to recover 
from station blackout conditions; two such generators are 
present at the Surry site but are not currently available for 
short-term use

3. The addition of improved reactor coolant pump seal 
material to reduce the frequency of seal LOCA events

Figure S.2 shows the effect of the selected Phase 1 and 2 risk management 
strategies on the CDF of Surry. The core damage frequency reduction 
factor attributable to each strategy is shown, calculated by dividing the 
the current plant CDF by the new plant CDF (with the strategy 
incorporated).

Phase 3 - Implementation of Effective Emergency Response

Emergency response involves actions outside the plant before and after an 
accident to reduce public exposure to radiation. A specific emergency 
response will be comprised of some combination of evacuation, sheltering, 
decontamination, and interdiction strategies. Emergency response can be 
very site-specific, and is strongly influenced by population density, 
road systems, weather conditions, and interactions with and between local 
and state governments. Some existing emergency response strategies 
consider alternatives such as graded response or sheltering. There is 
very little guidance concerning correlation of the emergency response 
with the anticipated progression of the accident. For example, the 
relationship between containment failure or venting and evacuation 
strategies should be considered.
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PRA information can assist the utilities and NRC in several parts of the 
emergency response decision-making process. The pre-accident evaluation 
process should involve a number of steps, including:

1. Characterization of possible source terms

2. Evaluation of site conditions, including population 
characteristics and road conditions

3. Evaluation of the operator's predictive capability

4. Identification of possible short-term emergency response actions

5. Identification of possible long-term emergency response actions

6. Integral evaluation of alternative strategies

The NUREG-1150 methods can assist in the evaluation of each step and 
support the development of site and accident-specific response 
strategies.

Phase 4 - Prevention of Vessel Breach

If core damage is inevitable or has already occurred, then the goal of 
risk management is to arrest the degradation process and retain the 
fission products and core materials within the vessel and reactor coolant 
system. Recovery may be attempted at any time from when the fuel rods 
are intact to when the corium is lying molten on the bottom of the 
reactor vessel. The options available are limited and generally would 
involve restoration of vessel water inventory and primary system heat 
removal. Currently, there are no detailed procedures related to the 
timing and injection of water into an overheated core. There is usually 
little or no guidance beyond instructions to flood the core if at all 
possible.

It is probably best to deal with situations in this phase of risk 
management in terms of plant states (collections of symptoms defining the 
plant status, e.g., pressure, temperature, and radiation levels) and 
functional responses. In evaluating various options using the NUREG-1150 
methods, the following steps would be included:

1. Identify the risk important plant states

2. Identify the possible plant state variables (symptoms) 
that could identify these states

3. Determine the ability of the operators to use available 
instrumentation to identify existing plant states
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4. Identify possible functional responses

5. Evaluate the probability and consequences of potential 
outcomes to each functional response

Once the evaluation is complete, then appropriate strategies can be 
selected and implemented. This implementation could involve procedures, 
guidance and hardware modifications along with modifications to training 
and plant practices.

The major goal of this phase is to obtain a coolable core and minimize 
radionuclide releases. A number of risk management strategies that could 
be proposed to achieve this goal include:

1. Addition of improved instrumentation

2. Use of non-safety systems to provide makeup water

3. Varying the rate and location of injection, depending on the 
particular plant state

4. Increasing or decreasing the primary system pressure, as 
appropriate for the scenario

Analyzing the possible outcomes of various actions is a complex process. 
Reflooding a degraded core can result in hydrogen generation, disruption 
of geometry and fuel coolant interactions. While no one advocates that a 
quench and recovery of the core should not be attempted, it is clear that 
there will be tradeoffs to consider when selecting the most appropriate 
method for recovering the core. The NUREG-1150 methods provide a 
framework for evaluating each possible recovery scenario from a 
probabilistic standpoint to identify potential outcomes and assess their 
influence on overall risk.

Phase 5 - Retention of Fission Products

If thb primary system boundary is breached, then fuel and radionuclides 
will be released to the containment, and risk management will be oriented 
toward preserving containment integrity and/or strategies to reduce off­
site radioactive releases. At this point, the risk management 
environment is changed in a number of important ways. First, the plant 
state characterization will rely more heavily on containment parameters, 
and the key diagnostic data are provided via different pathways. Second, 
different time scales may now govern the accident. Third, the systems 
and actions available for responding to the accident are largely 
different. Finally, the interface with off-site emergency response 
decisions is at its most critical stage.

S-9



The approach to this phase of risk management is similar to that for 
Phase 4 in that plant states and functional responses can form the basis 
for selecting risk management strategies. The five steps previously 
identified for Phase 4 are also utilized to develop risk management 
strategies for Phase 5.

Included in the identification of risk important plant states is the 
determination of available containment systems such as sprays, fan 
coolers, ignitors, venting and isolation systems, ice condensers, and 
suppression pools. Identifying containment status both before and after 
vessel breach is also important. Containment failure prior to vessel 
breach is possible in some scenarios, so conditions at the time of vessel 
breach must be identified. To determine the ability of operators to use 
available instrumentation to identify plant states, the analyst must 
consider the fact that equipment is not generally designed to operate in 
environments in which molten corium is present. Phenomena conditions in 
containment that must be considered include core-concrete interactions, 
direct containment heating, combustion, containment structural response, 
and fission product transport. For example, several relevant 
interactions that must be considered include:

1. Opening and closing a containment vent prior to vessel breach 
reduces the baseline containment pressure but accelerates the 
release of radionuclides

2. Flooding the reactor cavity may decrease the likelihood of core­
concrete releases but also may accelerate the rate of pressure 
buildup due to increased steam production

3. With the containment at high pressure and high steam 
concentration, the actuation of sprays following power recovery 
will wash out suspended fission products but may de-inert the 
containment atmosphere, leading to hydrogen burns

A number of strategies may be considered to remove heat and retain 
fission products in this phase, including:

1. Addition of improved instrumentation

2. Management of combustible gases

3. Injection of water into containment

4. Venting strategies

5. Additional methods for containment heat removal

6. Additional methods for reducing suspended aerosols

7. Strategies for controlling high pressure melt ejection
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Evaluation of Integrated Strategies

Up to this point, each risk management option has been evaluated 
separately. This gives a clear indication of the relative importance of 
each option in reducing core damage frequency or risk. A more likely 
approach involves the utilization of several risk management options 
together in an integrated strategy to increase the benefits to the plant. 
This combined effect of utilizing an integrated risk management strategy 
was examined at Surry. This strategy included the following options in 
combination:

• Addition of an independent diesel generator

• Use of an onsite gas turbine generator

• Extension of battery life

• Use of improved reactor coolant pump (RCP) seals

All of these options address station blackout sequences which account for 
two-thirds of the total Surry core damage frequency. To evaluate the 
combined effect of these options on the core damage frequency, plant 
models were changed to reflect each option. Each risk management 
strategy affects the core damage frequency less when evaluated in 
combination with other strategies than if evaluated separately. This is 
due to the fact that all of these strategies relate to station blackout 
sequences and overlap of mitigative coverage occurs (see the main report 
for more details). Figure S.2 includes the results of the integrated 
evaluation.

4. Evaluation of Current Risk Management Practices

The methods developed in NUREG-1150 can be utilized to evaluate the 
efficacy of current risk management strategies. Specific examples of 
risk management procedures currently incorporated at Surry and Peach 
Bottom and how they have reduced plant core damage frequency/risk are 
discussed in this section. The methods used to evaluate current 
strategies are straightforward. The CDF or risk is calculated with and 
without a particular procedure in place. However, in practice this can 
be a complex process, if removing an option changes the fundamental 
models in the PRA. This section concentrates on phase 1 and 2 options 
for Surry and Peach Bottom.

SURRY

Current Phase 2 Surry risk management options discussed in this section 
include the following, all of which were existing at the plant prior to 
the NUREG-1150 study:

1. Feed and bleed cooling

At Surry, like at most Westinghouse PWRs, feed and bleed cooling is 
utilized to restore heat removal from the core for accident scenarios in
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which all sources of feedwater to the steam generators is lost. The High 
Pressure Injection (HPI) system injects to the reactor vessel while the 
pressurizer relief valves allow discharge from the primary system to 
control the pressure.

2. Secondary blowdown

Under certain accident conditions it is necessary to perform a blowdown 
of the steam generators on the secondary side in order to depressurize 
and cool down the primary system. This allows low pressure systems to 
inject to the core. Most PWRs have some form of secondary blowdown 
procedure. However, all postulated sequences for which secondary 
blowdown is a necessary action become probabilistically insignificant 
(very low frequency) at Surry prior to the need for this action. At 
plants without cross connect injection capability and automatic 
switchover to recirculation, secondary blowdown could be much more 
important.

3. Auxiliary Feedwater (AFW) and HPI cross connect injection

In the event of a loss of HPI or AFW injection flow to Unit 1, Surry 
plant procedures direct the operator to recover by cross connecting to 
the analogous system at Unit 2. This procedure is specific to Surry.

PEACH BOTTOM

Significant risk management efforts at Peach Bottom examined in this 
section include:

1. Use of the Primary Containment Venting (PCV) system to prevent 
containment overpressurization

Operation of the Primary Containment Venting system as a Phase 2 and 
Phase 4 option prevents primary containment overpressurization and loss 
of certain core cooling functions during accident sequences in which all 
containment cooling is lost. Many Mark I and II BWR plants have 
procedures that are similar in principle, but the details vary yridely 
from plant to plant.

2. Utilization of the High Pressure Service Water (HPSW) 
system as an alternate injection source

The HPSW system, as a Peach Bottom-specific Phase 2 option, is used as a 
backup source of coolant injection during a variety of accident 
sequences. Because most components are located outside containment and 
the suction source is a river, the HPSW system is largely independent of 
other safety systems, so dependent failures are not a factor.

3. An excellent diesel generator maintenance program

The emergency AC power system at Peach Bottom is very reliable largely
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because of excellent diesel generator maintenance practices which have 
reduced diesel generator failure rates by an order of magnitude. This is 
considered a Phase 1 risk management effort since it provides immediate 
mitigation of the loss of offsite power initiating event.

Figure S.3 shows the effect of the risk management strategies identified 
in this section on the CDF of the applicable plant. The reduction factor 
in the CDF attributable to each strategy is given, calculated by dividing 
the new CDF (without the strategy incorporated) by the current CDF. The 
strategy of secondary blowdown is not probabilistically important at 
Surry, although it provides a last resort means of primary system 
depressurization, given certain unlikely accident scenarios. Similarly, 
the diesel generator maintenance program at Peach Bottom is not 
probabilistically important, due to the importance of other failures that 
mask the diesel generator failures. These strategies could be important 
at other plants.

5. Evaluation of Direct PRA Benefits

Prior to the development of a specific risk management program, a PRA 
study can be useful in identifying vulnerabilities inherent in plant 
design and operation and can provide some direct risk management. A 
determination of the relative risk importance of problem areas at a 
plant, as determined by a PRA study, is useful to the utility in making 
changes to the plant. Examples of important plant and analysis changes 
that have occurred during the NUREG-1150 process are identified in this 
section. Some of these changes may have been influenced by findings in 
the NUREG-1150 analysis process, but they were all made with the intent 
to reduce risk and improve reliability.

SURRY

Recent modifications made at Surry include changes to the:

1. Uninterruptible Power Supplies

Uninterruptible power supplies that feed vital Instrumentation and 
Control busses were added to the electrical system. This change (Phase 1 
of risk management) eliminated the loss of a 480 V bus as an initiating 
event.

2. Heat exchanger valves

The heat exchanger valves in the Containment Spray Recirculation system 
were replaced with more reliable valves which are tested more frequently. 
These Phase 2 changes lowered the mean value for common cause failure of 
the heat exchanger valves by a factor of 17, which significantly lowered 
sequence frequencies involving total loss of containment heat removal.

3. Power operated relief valve (PORV) and atmospheric dump valve 
(ADV) block valves
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The accident responses of feed and bleed cooling and secondary blowdown 
require PORV and ADV operation, respectively. The Surry operations staff 
has been made aware of the importance of having the PORVs and ADVs 
available for accident mitigation, although no procedural or design 
changes were made. This heightened awareness is reflected in the NUREG- 
1150 analysis by increased probabilities for availability of the PORVs 
and ADVs, a Phase 2 risk management strategy.

PEACH BOTTOM

Several significant changes made at Peach Bottom include:

1. Changes to the Emergency Service Water (ESW) system

Phase 2 hardware and procedural changes have been made to the ESW system 
to ensure that ESW system blockage does not occur due to inadvertent 
closure of or maintenance on a critical valve.

2. Revised containment venting and station blackout (SBO) response 
procedures

Phase 2 and 5 containment venting procedures are still undergoing 
modification at Peach Bottom. Recent changes have affected the sequences 
in which venting will be attempted and the pressure at which it will 
begin. Station Blackout procedures have been revised to increase the 
expected battery life upon loss of all AC power.

3. Revised analysis of containment pressure capacity

The containment failure pressure used in the analysis was increased based 
on a revised analysis. This gives a more accurate representation of the 
likelihood of containment failure but does not significantly affect the 
sequence frequencies. However, accident progression results will be 
enhanced by a better representation of the plant response. Thus, both 
Phases 2 and 4 of risk management can be performed from a more accurate 
technical base.

SEQUOYAH

One significant Phase 2 change which has risk management implications was 
included in the Sequoyah analysis. In the draft NUREG-1150 analysis, 
charging and safety injection pumps were assessed to fail if operated 
without seal cooling from the Component Cooling Water (CCW) system. The 
plant supplied compelling evidence that the charging pumps do not require 
seal cooling, which eliminated from the analysis a sequence accounting 
for nearly one-third of the total plant core damage frequency (CDF).

GRAND GULF

Three recent Phase 2 modifications were incorporated at Grand Gulf 
including:
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1. Modifications to the Firewater system

The plant has made significant hardware and procedural changes so that 
the Firewater system may be utilized as a last resort source of emergency 
coolant injection. This Phase 2 and 5 action has a significant impact on 
the core damage frequency.

2. New Emergency Operating Procedures

Updated emergency operating procedures were utilized in the final NUREG- 
1150 report, all of which assist the operator in accident diagnosis and 
mitigative actions.

3. A new assessment of the High Pressure Core Spray (HPCS) pump

The HPCS pump seals and bearings were assessed to catastrophically fail 
when pumping high temperature suppression pool water. Updated 
information on the HPCS pump seals and bearings was utilized to conclude 
that the seal failure will not be catastrophic, but will only result in 
leakage. Also, the bearings were assessed to withstand any expected 
harsh environment without failure. Due to these assessments, many 
sequences were eliminated from further consideration.

Figure S.4 shows the effect of the risk management strategies identified 
in this section on the CDF of the applicable plant. The reduction factor 
in the CDF attributable to each strategy is given, calculated by dividing 
the new CDF (without the strategy incorporated) by the current CDF. The 
strategies for which complete requantification was not possible or was 
not performed or estimated are given in Table S. 1 with a qualitative 
summary of the effect of each on the plant CDF.

The combined effect of the strategies discussed in the three previous 
chapters could be examined for a particular plant. However, an in-depth 
analysis of combining strategies was not within the scope of this report. 
In many cases, different strategies for the same plant affect the same 
sequences, so that the combined effect is not additive.

6. Conclusions

This report presents a general approach for using PRA-type analyses to 
supplement risk management programs in all five of the identified phases. 
This approach is more detailed and comprehensive than previous approaches 
due to the advances in PFA technology as a result of NUREG-1150. This 
technology allows the in-depth, integrated treatment of all phases of 
severe accidents. Further, alternative outcomes in the progression of 
severe accidents can be explicitly treated.

PRA techniques have been demonstrated to be effective in addressing risk 
in three different ways:
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Table S-l

Qualitative Effect of Accident Management Strategies

Plant Risk Management
Strategy

Effect

Surry Status of Block Valves Increased plant staff awareness of importance of
PORV and ADV availability; increased availabilities 
in plant models

Peach Bottom Emergency Service Water
System

Hardware and procedural modifications led to 
increased system reliability

Peach Bottom Venting/Station Blackout
Procedures

Changed the sequences impacted by containment venting; 
battery life increased during station blackout

Peach Bottom Containment Pressure
Capacity

More detailed and accurate understanding of containment 
failure results in enhanced backend representation

Grand Gulf Emergency Operating
Procedures

New procedures give operator increased capability for 
diagnosis and mitigative action

Grand Gulf



1. PRAs provide direct benefits by identifying plant vulnerabilities 
that are corrected by the utilities,

2. Current risk management procedures and hardware can be examined 
to determine their efficacy and help assure correct 
implementation.

3. Future risk management strategies can be developed and evaluated 
in an integrated fashion.

In fact, the nuclear industry has taken many positive steps to reduce 
risk since the accident at Three Mile Island. However, there are many 
improvements that are still possible. The capabilities identified and 
demonstrated in this report should become an integral part of future risk 
management analyses.
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1. INTRODUCTION

1.1 Background

This report discusses the potential uses of NUREG-1150 and similar 
Probabilistic Risk Assessments (PRAs) in NRC and industry risk management 
programs. The methods and results produced in NUREG-1150 provide a 
framework within which current risk management strategies can be 
evaluated, and future risk management programs can be developed and 
assessed. PRAs have been used in the past for similar purposes, but the 
NUREG-1150 methods bring added depth and breadth to the process, along 
with a detailed explicit treatment of uncertainties. While the 
development of plant-specific risk management strategies is beyond the 
scope of this document, examples of the use of the NUREG-1150 framework 
for identifying and evaluating risk management options are presented. 
Thus, this work will support the current NRC risk management programs.

Risk management programs at nuclear power plants have two basic 
obj ectives:

1. Minimize the public health risk from nuclear power plants, and

2. Provide the capability for operators and decision-makers to 
effectively respond to and thereby reduce the frequency and 
consequences of severe accidents.

In practice, risk management can be divided into five separate, but 
interrelated, phases:

1. Prevention of accident initiators (reliability management),

2. Prevention of core damage (accident management),

3. Implementation of an effective emergency response (emergency 
response management),

4. Prevention of vessel breach and mitigation of radionuclide 
releases from the reactor coolant system (accident management),

5. Retention of fission products in the containment and other 
surrounding buildings (accident management).

"Accident Management" is a term that is often used in place of "risk 
management"; however, the former is usually applied to the late stages of 
phase 2 and phases 3 through 5. Thus, risk management is a more 
comprehensive approach.
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A comprehensive PRA provides a framework for identifying severe accident 
vulnerabilities and analyzing current and future risk management options 
in an integrated fashion. The integrated analysis capability of PRA 
methods is crucial, because a particular action taken during one phase of 
the accident may significantly affect later phases. For example, a phase 
2 option at a BWR might involve opening a containment vent. A PRA 
framework allows the evaluation of the impact of venting on future 
accident progression and can assist in the evaluation of evacuation 
strategies based on anticipated releases. In general, this report deals 
with the analysis of risk management options as part of the development 
of overall risk management strategies prior to an event. Future work 
could consider the benefits of having "on-line" PRA-based information, 
but that concept is not the focus of this report.

The nuclear industry has taken significant steps since Three Mile Island 
in the development of risk management strategies, particularly for phases 
1 and 2. Industry trip reduction programs and improved emergency 
operating procedures are examples of industry initiatives that have 
reduced risk. However, there is still room for improvement in all 
phases, and particularly in phases 3 through 5. The development of 
comprehensive risk management strategies is an extremely complex process 
that requires further research by both NRC and industry. Such strategies 
involve development of a good understanding of severe accident phenomena 
and the response of equipment to resulting environments. The strategies 
must be sufficiently flexible that they can deal with the large 
uncertainties that remain associated with many of these phenomena.

1.2 Role of PRA in Risk Management

Severe reactor accidents involve extremely complex system and 
phenomenological responses that are often nonintuitive. When developing 
and evaluating risk management options it is important to understand how 
a particular action may affect other portions of the accident 
progression. The PRA methods developed for NUREG-1150 provide an 
integrated analysis framework that can evaluate the potential 
ramifications of a specific action over a wide range of possible 
outcomes. All five phases of risk management described above can be 
included in such an integrated analysis.

The actual PRA methods used in NUREG-1150 are described in References 2 
and 3. The application of these methods to the evaluation of risk 
management strategies is summarized in Figure 1.1. All evaluations 
depend on an underlying technology base consisting of plant data, 
experiments, equipment tests, and computer models. This technology base 
supplies information to the integrated PRA framework so that realistic 
accident sequences and probabilities can be defined. All of the phases 
of risk management can then be considered, and options can be compared 
using various risk measures, including health and economic risk. Risk is 
not the only measure of the effectiveness of various risk management 
strategies. Cost and practicality of implementation are also important. 
However, a PRA framework with all of the enhancements of NUREG-1150 
provides a powerful tool for supplementing current approaches.

1-2



1-3

PHASE 1 PHASE 2 PHASE 3 PHASE 4 PHASE 5

RiskManagement

Integrated
Framework

Technology
Base

Ranking of StrategiesPlant Information
TradeoffsOptions
Integrated Analysis

Detailed AnalysisResearch Needs
OptionsSafety Insights
Plant StatesIssues

PreventVesselBreach
ContainFissionProducts

PreventCoreDamage
PreventTrips

Emer.Response RiskMgmt.Approach

PLANT DATA, EXPERIMENTS, AND EQUIPMENT TESTING
DETAILED MODELS: TRAC - MELPROG - CONTAIN

PRA CODES: SETS - TEMAC - EVNTRE - XSOR/CLUSTER
PHENOMENOLOGICAL MODELS: MELCOR - MACCS

INTEGRATION TOOLS: PRAMIS

Figure 1.1. Risk Management Analysis Framework.



The actual evaluation of risk management options can be performed in a 
number of ways. The simplest evaluations deal with changes to the 
frequencies and probabilities within the probabilistic models. For 
example, changing out a valve for a more reliable model could be 
evaluated by simply changing the valve failure rate and recalculating the 
risk. Other changes involving changes to the plant configuration would 
require changing the underlying plant models (system fault trees, 
accident progression event trees, etc.) prior to recalculation. Note 
that it is possible that a change may eliminate some sequences and 
phenomena, but also may create new ones to consider. An example is the 
addition of a redundant and independent coolant injection system. Such a 
system would almost certainly be beneficial in an overall sense; however, 
the potential for an additional interfacing system LOCA would need to be 
considered. As another example, the addition of cross-ties between 
cooling systems at different units on the same site can increase the 
reliability of coolant injection, but at the same time produce possible 
flow diversion paths.

Perhaps the most significant area where PRA methods can contribute to 
risk management is in the treatment of uncertainties. The treatment of 
uncertainties in this report is limited but would be a major part of 
future studies. PRA results can supplement detailed deterministic 
calculations by identifying alternative outcomes for the important 
accident sequences. Using advanced probabilistic sampling techniques, 
multiple passes are made through the risk calculation, yielding a variety 
of possible risk measures along with their probabilities. By providing 
these possibilities, risk management can make the operators aware of the 
uncertainty in severe accident progression and the need for sufficient 
flexibility to deal with surprises that are likely to occur.

In the remainder of this report, the manner in which PRA methods can be 
applied to risk management is discussed. The Surry, Peach Bottom, 
Sequoyah, and Grand Gulf power plants are used as the reference plants 
for this effort. The scope of risk management options considered is 
limited to those that affect internally initiated events; however, the 
same approach is applicable to external initiators. Numerous qualitative 
examples are presented, along with some quantitative examples. The 
majority of the quantitative examples are for Surry, with a few important 
examples included for Peach Bottom and Grand Gulf. Numerous references 
are provided relating to the four plant studies. The reader will need to 
refer to these analyses in order to completely understand the examples. 
Chapter 2 briefly discusses the direct benefits to risk management that 
generally result from the performance of a PRA. Chapter 3 presents an 
evaluation of some of the current risk management strategies in place at 
the four plants. Chapter 4 discusses the uses of the NUREG-1150 tools to 
identify and evaluate future risk management options, and Chapter 5 
presents the conclusions of the study.
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2. EVALUATION OF FUTURE RISK MANAGEMENT STRATEGIES
This section addresses the use of NUREG-1150 methods in developing 
advanced risk management strategies. Some specific quantitative examples 
are presented later in the section following a discussion of the general 
approach.

2.1 Approach to the Development of Risk Management Strategies

As discussed in Chapter 1, the methodology discussed in this report is 
intended to address the following five interrelated phases of risk 
management:

Phase 1. Prevention of accident initiators.

Phase 2. Prevention of core damage,

Phase 3. Implementation of effective emergency response,

Phase 4. Prevention of vessel breach and mitigation of 
radionuclide releases from the reactor coolant 
system, and

Phase 5. Retention of fission products in the containment 
and other surrounding buildings.

An integrated and flexible approach to risk management is needed 
because:

1. There are many interrelationships and dependencies among 
the five phases of risk management, and

2. There is significant uncertainty in the system and 
phenomenological responses during a particular severe 
accident.

An integrated Level 3 PRA capability allows the treatment of the 
interrelationships and dependencies among the different phases. System 
and phenomenological models are constructed during the course of a PRA 
reflecting the characteristics of a particular risk management strategy, 
and a selected risk calculation is performed. By developing the models 
probabilistically, alternative outcomes can be identified that reflect 
the uncertainty in system and phenomenological responses. From the 
standpoint of the plant configuration and system design, these 
evaluations of postulated accident scenarios are relatively 
straightforward. The implementation of risk management strategies in the 
form of procedures, however, is more complex. Of particular concern is 
the development of procedures that are sufficiently flexible to deal with 
uncertainties. Fortunately, this is an area where the nuclear industry 
has already made considerable progress.
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The uncertainties in accident progression clearly indicate the need for 
symptom and functional oriented procedures, rather than event based 
procedures. The industry has moved rapidly in that direction since TMI, 
including the development of advanced control room displays. The current 
procedures in place at most plants are generally very good with respect 
to the first two phases of risk management. It is the late phases of a 
severe accident that needs more attention and development.

Current symptom-based procedures can potentially be extended into the 
late phases of severe accidents. Along with system status, however, the 
reactor coolant system and containment status must be considered, 
resulting in an overall plant state. A representative approach for 
dealing with plant states is illustrated in Figure 2.1. As shown in the 
figure, the operator considers a number of indicators (symptoms), 
including those for system status, system pressure and radiation levels, 
in order to classify the current plant state. A number of actions may be 
possible for each plant state, depending upon the symptoms of a given 
plant state. Based on prior analysis, including an assessment of risk 
implications, to provide guidance for the operator, a particular action 
would be selected. This frees the operator from having to identify the 
event prior to initiating mitigative action, as is the case for event- 
based procedures. The outcome of the action is then assessed in the form 
of parameter changes (temperature, pressure, etc.), which forms the basis 
for any subsequent action. For severe accidents there may be significant 
uncertainty regarding the outcome of any particular action, e.g., 
reflooding a molten core in the reactor cavity. Thus, monitoring of the 
outcome of actions is important. In other words, the plant state will 
continue to evolve until the accident is terminated by achieving both 
subcriticality and stable, long-term decay heat removal. By performing 
prior analyses with PRA and other tools, the possible outcomes to 
operator accident response can be identified and the plant personnel are 
more likely to recognize unusual events when they occur.

It should be obvious from the above discussion that a key element in 
managing severe accidents is the availability of reliable monitoring 
instruments and displays. In developing current risk management plans, 
it should be recognized that much of the available instrumentation is not 
designed to operate in the severe pressure, temperature, and radiation 
environments that may occur in the risk-dominant accident sequences.

With the above discussion in mind, each of the five phases of risk 
management will be examined below, with regard to potential future 
improvements.

2.2 Phase 1 - Prevention of Accident Initiators

PRA tools are extremely useful in identifying important accident 
initiators and evaluating methods for reducing their effect on the core
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damage frequency and risk. The accident initiators considered here are 
generally those that occur from full power, thus requiring a plant trip 
and the response of safety systems for decay heat removal. It is 
important to note, however, that significant accidents may also occur 
from low power or even shutdown conditions.

Industry trip reduction programs have already had an impact in this area. 
However, PRA tools can identify and evaluate areas for future 
improvements. For discussion purposes we will include in this phase both 
actions that occur prior to the initiator, and those actions that could 
occur within the first few minutes after the initiator to terminate the 
event.

The first step in reducing the impact of accident initiators is to 
identify the initiators that are important to risk. This is a 
straightforward process with the availability of a PRA. Both the 
initiators dominating the core damage frequency (CDF) and those 
dominating the health and economic risk can be readily identified. This 
information is easily obtained in NUREG-1150 and supporting documentation 
for NUREG-1150 plants (NUREG/CR-4550 and NUREG/CR-4551 volumes).

It is extremely important to recognize that the initiators most 
significant to risk are not usually those that are the most frequent. 
Initiating events such as loss of offsite power, interfacing loss of 
coolant accidents (LOCAs), and anticipated transient without scram (ATWS) 
are likely to be more important than simple turbine trips. Thus, trip 
reduction plans that merely reduce the total number of trips may not 
significantly reduce plant risk.

Given that the most important initiators are identified, the next step is 
to ascertain the root causes of those failures. For example, transient 
initiators, such as loss of feedwater or turbine trip, can occur due to 
many different causes. Before the frequency of such events can be 
reduced, the reasons for their occurrence must be understood. Sometimes 
this information can be obtained from a PRA, but often more studies of 
plant data and operating and maintenance practices are needed.

Once the initiators are identified and understood, they can be 
prioritized in terms of the resources needed to reduce their importance. 
The risk importance of a particular initiator can be readily obtained 
from the PRA; however, upon examination of the root causes, it may be 
determined that reduction of that initiator is not practical. This is 
particularly true in cases where no single root cause dominates the 
frequency of the selected initiator.

The next step is to identify options for reducing the frequency of 
important initiators. These options can include:

1. Improvements to operating procedures
2. Improvements to test and maintenance procedures
3. Changes to technical specifications and limiting conditions for 

operation
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4. Changes to hardware and system configurations
5. Adding or revising automatic "early time” responses

The selection of specific options depends upon the root causes of the 
important initiators.

The final step in this process is to evaluate the risk reduction of each 
option using the PRA framework. Options can be evaluated in terms of 
their impact on the core damage frequency and/or overall risk. In the 
section below, a future option for the Surry plant is discussed. The 
risk management options discussed in this section and subsequent sections 
are not necessary plant changes, but rather are examples of how PRA 
techkiques can be used to identify and evaluate risk management options.

2.2.1 Additional Diesel Generator at Surry

The core damage frequency in the revised NUREG/CR-4550 Surry Unit 1 
report [4] is dominated by the contribution from station blackout (SBO) 
sequences. Four groups of station blackout sequences are dominant in the 
Surry analysis. These include stuck-open relief valve (SBOQ), loss of 
auxiliary feedwater (SBOL), reactor pump seal LOCA (SBOS), and battery 
depletion (SBOB) sequences. Table 2.1 shows SBO sequence subgroups, 
their mean core damage frequencies, and the percentages of the total 
Surry CDF.

Approximately two-thirds of the total CDF is due to SBO sequence 
contributions. Strategies to reduce the frequency of SBO sequences would 
significantly affect the total plant CDF and risk.

Table 2.1

Surry Station Blackout Sequence Subgroups

Sequence Subgroup CDF % of Total

SBO - Batt. Depl. (SBOB) 1.14E-5 27.2

SBO - Seal LOCA (SBOS) 8.60E-6 20.5

SBO - AFW Failure (SBOL) 6.00E-6 14.2

SBO - Stuck-Open PORV (SBOQ) 2.50E-6 6.0

Total SBO Contribution 2.85E-5 67.9
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Among the dominant contributors to the SBO frequency at Surry are various 
failures of the diesel generators, including common cause failures. 
Surry has one diesel generator dedicated to each unit plus a third diesel 
generator that is shared between the two units. One strategy to mitigate 
Unit 1 SBO scenarios is to add an independent diesel generator dedicated 
to that unit, while keeping the swing diesel shared between the two 
units. The addition of a diesel would not directly prevent the initiator 
which is a loss of off-site power, but would provide mitigation within a 
few minutes and could thus be considered a Phase 1 risk management 
alternative. The added diesel generator should be from a different 
manufacturer, be self cooled, have an independent DC power supply,^nd be 
housed at a separate on-site location. Common cause coupling "to the 
existing diesel generators could then be neglected for most accidents.

The effect of an additional diesel generator at Unit 1 can be quantified 
by performing a recovery action on the SBO sequences. Two basic events 
were created to represent failure to restore emergency AC power using the 
new diesel generator. These events, OEP-DGN-RE-DGST and OEP-DGN-RE-DGLT, 
are applicable to short term sequences and long term sequences, 
respectively, and are inclusive of all types of diesel generator 
unavailability. For this analysis, the new diesel generator is assumed 
to have the same independent failure rates as the existing diesel 
generators.

Discussions with the Surry analysis team leader resulted in values for 
mean DG unavailability for long term and short term sequences of 0.04 and
0.03, respectively. The probability for long term unavailability (0.04) 
comes from the sum of the probabilities of failure to start (2.2E-2), 
test and maintenance unavailability (6E-3) and failure to run for six 
hours (1.2E-2). The probability for short term unavailability (0.03) 
comes from the sum of the probabilities of failure to start (2.2E-2), 
test and maintenance unavailability (6E-3) and failure to run for two 
hours (2E-3). Recovery with the two new basic events was applied to 1492 
cut sets in eight intermediate plant damage states (PDSs).*

Quantification using the Top Event Matrix Analysis Code (TEMAC) was 
performed on the individual plant damage states affected by the inclusion 
of a new diesel generator. The resulting point estimate of core damage 
frequency was found to be 1.71E-5. Thus, the CDF is reduced by about a 
factor of two, and the total SBO contribution is reduced from 67.9% to 
30.4%. The results for the intermediate PDSs, primary PDSs, and total 
plant CDF are given in Tables 2.2 and 2.3.

* Intermediate and primary plant damage states are defined in Reference
4.
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Table 2.2
Changes to Intermediate PDSs Due 
to Additional Diesel Generator

Intermediate Plant 
Damage State

SBO Type Existing CDF New CDF

S2RRR-RCR SBOQ 1.67E-6 4.28E-7

S2RRR-RDR SBOQ 6.03E-7 1.47E-7

S3RRR-RCR SBOS 2.41E-7 4.20E-8

S3RRR-RDR SBOS 6.21E-6 1.17E-6

TRRR-RCR SBOB 1.72E-8 7.22E-10

TRRR-RDR SBOB 7.09E-7 1.42E-7

TRRR-RDY SBOB 7.17E-6 1.72E-6

TRRR-RSR SBOL 4.60E-6 1.57E-6

Total SBO Frequency 2.12E-5 5.20E-6

Total Core Damage Frequency 3.30E-5 1.71E-5

Table 2.3

Changes to Primary PDSs Due to 
Additional Diesel Generator

PDS Existing CDF New CDF

PDSl - Slow Blackout 1.68E-5 3.63E-6

PDS2 - Fast Blackout 4.60E-6 1.57E-6
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2.3 Phase 2 - Prevention of Core Damage

The occurrence of an initiating event leads to challenges to the plant 
safety systems. For full power events, the operators must bring the 
plant to a subcritical condition with adequate water inventory and decay 
heat removal. As indicated earlier, the nuclear industry has made 
significant advancements in this area by developing symptom-based 
procedures. For example, at many BWRs the procedures are based on 
responding to four critical parameters:

r
1. Reactor power,

2. Containment pressure,

3. Reactor vessel level,

4. Reactor pressure.

This approach eliminates the need to precisely identify the particular 
accident sequence that is in progress. However, even with this approach, 
there are uncertainties regarding the phenomenology of particular 
accidents and the response of control room instruments to certain off- 
normal events. For example, there has never been a sustained ATWS event 
at a significant power level. For this case, the thermal-hydraulic 
response is very uncertain, although a precise response is usually hard­
wired into simulators and assumed in developing specific emergency 
procedures.

Further, the response to a particular event is likely to involve the use 
of systems that are tested frequently, but that are rarely used in actual 
operation. Once the event has started, the operators may see control 
room indications that they have never encountered before. Thus, the 
quality of both the hardware and operator training is important.

From an analysis standpoint, the evaluation of phase 2 options is similar 
to the evaluation of phase 1 options. The first step is to identify 
important accident sequences. For these sequences, the PRA importance 
calculations identify those failures that contribute most to the core 
damage frequency. To the extent possible, the root causes of these 
failures should be identified. Based on this evaluation, enhanced risk 
management options can be proposed. These could include:

1. Improvements to operating procedures
2. Improved operator training and staffing
3. Improved test and maintenance procedures 

for safety-related systems
4. Hardware modifications
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Some of these methods are the same ones identified for prevention of 
accident initiators; however, here we are concentrating on the systems 
that must respond to an initiating event, not the ones that caused the 
event.

As discussed earlier, the dominant sequences at the Surry plant from a 
frequency standpoint are those involving station blackout. Among the 
significant contributors to the core damage frequency are: 1) failure to 
recover offsite power prior to battery depletion, 2) failure of the 
diesel generators, and 3) an induced reactor coolant pump seal LOCA. 
Using the NUREG-1150 methodology, three options are evaluated below that 
address these particular failures.

2.3.1 Extended Battery Life

As noted previously, the dominant contribution to the Surry core damage 
frequency is from station blackout sequences that include subsequent 
battery depletion. Approximately 27 percent of the total Surry CDF is 
from sequences with station blackout followed by battery depletion. 
These sequences are grouped into the three intermediate plant damage 
states described below:

1. TRRR-RCR - Battery depletion, steam generators (SGs) not 
depressurized, no RCP seal cooling

2. TRRR-RDR - Battery depletion, SGs depressurized, no RCP seal 
cooling

3. TRRR-RDY - Battery depletion, SGs depressurized, RCP seal 
cooling operating

One Phase 2 risk management option to reduce the CDF is increased battery 
life which allows more time for operator recovery actions during the 
first few hours following an initiator. Two changes could be 
incorporated at the plant to extend battery life; 1) increased DC load 
shedding, and 2) installing new battery(s). Associated increases in 
fail-to-run probabilities for the AFW motor-driven pumps (due to longer 
mission time) must accompany increases in battery life.

As currently modeled, the mean time to failure for the batteries at Surry 
is four hours. Including the postulated three hours to arrive at core 
uncovery following battery failure, a time of seven hours is used in the 
NUREG-1150 analysis for nonrecovery of AC power (NRAC-7HR). The assigned 
probability of not recovering power in seven hours (NRAC-7HR) is 0.05. 
Considering the potential for implementing one or more of the three 
strategies identified above, three increased battery depletion times were 
chosen. For each of these times, new NRAC probabilities were taken from 
Surry-specific AC power recovery estimates. Probabilities for the 
corresponding AFW pump fail-to-run events were accordingly changed. The 
current battery life as modeled in the Surry report was increased by 50%, 
100%, and 150%, as were the associated AFW pump events. An assumption
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was made that, for longer battery life, the three hour time to subsequent 
core damage would be extended to four hours as a result of decreased 
decay heat loads and a generally more stable situation. The three new 
values for NRAC time are then 10, 12, and 14 hours, respectively. Table
2.4 shows the chosen NRAC times, AFW pump fail-to-run events, and 
associated probabilities. Quantification with TEMAC was performed using 
these probabilities for three new cases corresponding to the three new 
NRAC times.

Point estimates of the core damage frequency for the intermediate and 
primary plant damage states are given in Table 2.5. As shown, the 
frequencies of the three intermediate plant damage states are reduced by 
factors of two to four, depending on the battery life selected. However, 
the total core damage frequency is reduced by less than a factor of two.

Table 2.4

Battery Depletion Data

Battery
Depletion
(Hrs)

NRAC
(Hrs)

NRAC
Probability

AFW Fail-To-Run 
Basic Event

AFW Fail-To-Run 
Probability

4 7 0.0500 AFW-MDP-FR-3A1HR 3.0E-5
AFW-MDP-FR-3A24HR 7.2E-4
AFW-MDP-FR-3A6HR 1.8E-4
AFW-MDP-FR-3B1HR 3.0E-5
AFW-MDP-FR-3B24HR 7.2E-4
AFW-MDP-FR-3B6HR 1.8E-4

6 10 0.0260 AFW-MDP-FR-3A1HR 4.5E-5
AFW-MDP-FR-3A24HR 1.1E-3
AFW-MDP-FR-3A6HR 2.7E-4
AFW-MDP-FR-3B1HR 4.5E-5
AFW-MDP-FR-3B24HR 1.1E-3
AFW-MDP-FR-3B6HR 2.7E-4

8 12 0.0185 AFW-MDP-FR-3A1HR 6.0E-5
AFW-MDP-FR-3A24HR 1.4E-3
AFW-MDP-FR-3A6HR 3.6E-4
AFW-MDP-FR-3B1HR 6.0E-5
AFW-MDP-FR-3B24HR 1.4E-3
AFW-MDP-FR-3B6HR 3.6E-4

10 14 0.0146 AFW-MDP-FR-3A1HR 7.5E-5
AFW-MDP-FR-3A24HR 1.8E-3
AFW-MDP-FR-3A6HR 4.5E-4
AFW-MDP-FR-3B1HR 7.5E-5
AFW-MDP-FR-3B24HR 1.8E-3
AFW-MDP-FR-3B6HR 4.5E-4
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Table 2.5
Changes in CDF for SBO-Batt Plant 

Due to Increased Battery
Damage
Life

States

NRAC Intermediate
Time (Hrs) Plant Damage State Existing CDF New CDF

10 TRRR-RCR 1.72E-8 8.94E-9

: TRRR-RDR 7.09E-7 3.96E-7

TRRR-RDY 7.17E-6 3.73E-6

PDSl - Slow Blackout 1.68E-5 1.30E-5

Total Core Damage Frequency 3.30E-5 3.03E-5

12 TRRR-RCR 1.72E-8 6.36E-9

TRRR-RDR 7.09E-7 2.62E-7

TRRR-RDY 7.17E-6 2.65E-6

PDSl - Slow Blackout 1.68E-5 1.18E-5

Total Core Damage Frequency 3.30E-5 2.91E-5

14 TRRR-RCR 1.72E-8 4.81E-9

TRRR-RDR 7.09E-7 1.99E-7

TRRR-RDY 7.17E-6 2.01E-6

PDSl - Slow Blackout 1.68E-5 1.11E-5

Total Core Damage Frequency 3.30E-5 2.84E-5

2.3.2 Use of a Gas Turbine Generator

Current NUREG-1150 modeling and analysis of the Surry plant have not 
included the use of the on-site gas turbine generators for recovery of 
station blackout sequences. Two gas turbine generators (16 MW and 25 MW) 
are available to provide emergency AC power to safety and non-safety 
related equipment. The gas turbine generators were not included in the 
base case analysis because, under current administrative control and with 
the current system configuration, it is not clear if they could be made 
operable prior to core damage in the station blackout sequences of 
interest.
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In order to give credit for the addition of one gas turbine generator for 
emergency AC power, it is assumed that Surry plant personnel have the 
authority to start the gas turbines when demanded and that one hour is 
required to start the gas turbines and energize the safety buses. This 
procedure is treated as a recovery action with no changes to the system 
fault trees. Previously in Section 2.2.1, the addition of a diesel 
generator was treated as a Phase 1 option, because the diesel generator 
could be started almost immediately. Since the gas turbine generators do 
not prevent the accident initiator and do not lead to immediate accident 
mitigation, these actions are more appropriately included in Phase 2.

I
As noted in previous sections, there are four groups of station blackout 
sequences to consider. Using the one-hour assumption to start the gas 
turbines, only the SBOS (reactor pump seal LOCA with 4.5 hours non­
recovery time) and SBOB (battery depletion with 7 hours non-recovery 
time) groups can be recovered. These groups include the following five 
intermediate plant damage states:

1. S3RRR-RCR - Seal LOCA, SGs not depressurized, no RCP seal 
cooling

2. S3RRR-RDR - Seal LOCA, SGs depressurized, no RCP seal cooling

3. TRRR-RCR - Battery depletion, SGs not depressurized, no RCP 
seal cooling

4. TRRR-RDR - Battery depletion, SGs depressurized, no RCP seal 
cooling

5. TRRR-RDY - Battery depletion, SGs depressurized, RCP seal 
cooling operating

All intermediate PDSs above fall into the primary plant damage state 
grouping PDSl (slow station blackout sequences).

A new basic event was created, 0EP-GTG-RE-GTG1, to represent failure to 
restore emergency AC power with a gas turbine generator. This basic 
event is inclusive of all types of gas turbine unavailability (failure to 
start, failure to run, out for maintenance or repair, and failure to 
restore after maintenance or repair) and was given a mean unavailability 
of 0.1. The value of 0.1 came from discussions with the Surry analysis 
team leader and his assessment of the various contributions to 
unavailability. Recovery with this basic event was applied to 2034 cut 
sets in the five plant damage states.

Requantification was performed for the individual plant damage states 
affected by the gas turbine generator recovery. The frequency of each 
plant damage state was reduced by a factor of 10 (effectively, every cut 
set in these plant damage states was multiplied by 0.1). The resulting 
point estimate of the total core damage frequency was found to be 2.05E-
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5, which is about a 40% reduction from the original point estimate of 
3.30E-5. The results for the individual plant damage states and the 
total CDF are summarized in Table 2.6.

Table 2.6

Changes to Surry Plant Damage States 
Due to Use of a Gas Turbine Generator

Intermediate Plant Type Existing CDF New CDF
Damage State

S3RRR-RCR SBOS 2.41E-7 2.41E-8

S3RRR-RDR SBOS 6.21E-6 6.21E-7

TRRR-RCR SBOB 1.72E-8 1.72E-9

TRRR-RDR SBOB 7.09E-7 7.09E-8

TRRR-RDY SBOB 7.17E-6 7.17E-7

PDS1 - Slow Blackout 2.68E-5 3.84E-6

Total Core Damage Frequency 3.30E-5 2.05E-5

2.3.3 New Reactor Coolant Pump Seals

The NUREG-1150 analysis for Surry uses a model to predict the performance 
of the reactor coolant pump seals during transients in which seal cooling 
is lost. Resulting higher seal temperatures can lead to degradation. 
Critifcal to the performance of the reactor coolant pump seals are 
elastomer 0-rings, which lose their sealing ability and may extrude at 
temperatures substantially higher than that of seal cooling water under 
normal conditions. LOCAs at a wide range of coolant leak rates can 
result from such postulated seal failures.

Reactor coolant pump seal failure at Surry is most important during 
station blackout sequences. In particular, the SBOS and SBOB sequence 
groups are affected. These sequence groups include four intermediate 
plant damage states described previously; S3RRR-RCR, S3RRR-RDR, TRRR-RCR, 
TRRR-RDR.
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The issue of reactor coolant pump seal failure was included in the NUREG- 
1150 expert elicitation process [5]. To predict the performance of these 
pump seals under accident conditions, probabilities for various leak 
rates were elicited for the existing O-ring material and for an improved 
O-ring material. Installation of improved seal O-rings would be a Phase 
2 risk reduction strategy. The prominent difference between existing and 
new seal material is the predicted time-dependent performance. A leak 
rate for the existing O-rings may not remain constant within a 
postulated leakage scenario. The probability of being at a certain leak 
rate can depend upon how long the pump seals have been exposed to a loss 
of cooling, since it is probable that certain leak rates degrade into 
higher leak rates with time. However, according to the expert 
elicitation results, the performance of the new O-ring material is not 
expected to vary substantially over the time intervals of interest. Leak 
rate probabilities for the new O-ring material reflect this expected 
improvement in performance.

The pump seal LOCA model for Surry consists of eight seal success and 
failure states representing all three pumps combined. These states 
include one state with the design leak rate of 63 gpm and seven states of 
various accident leak rates ranging from 183 to 1440 gpm. Each leak rate 
has associated with it at least one calculated length of time elapsed 
between the loss of RCP seal cooling and the start of seal leakage. 
Recovery of RCP seal cooling within this time frame will prevent the 
accident leakage.

The eight basic events are identified in Table 2.7. Each basic event 
name contains in it a leak rate (gpm) and an associated length of time 
(minutes). The event of no seal LOCA has the basic event name, NSLOCA, 
and represents the occurrence of leakage at the cumulative design leak 
rate of the three pumps (21 gpm per pump). Three basic events represent 
the leak rate of 183 gpm, each with a different time for recovery of RCP 
seal cooling. This difference in times is due to the belief that for 
pump seals with the existing O-ring material, the leak rate of 183 gpm 
may commence at difference times following loss of seal cooling, 
depending upon the conditions of a particular accident pathway.j Two 
basic events represent the evolution of a lesser leak rate to a higher 
leak rate (467 and 561 gpm). The leak rates from new RCP seals are 
expected to remain nearly constant for the duration of the seal LOCA 
event.

Mean probabilities for the eight basic events representing the various 
seal leak rates for the existing O-ring material were replaced with 
probabilities reflecting expert judgment on the performance of the new 0- 
ring material. Predicted seal leak rates for the new O-ring material of 
approximately the same magnitude as seal leak rates for the existing 
material were matched and new leak rate probabilities were substituted 
for the existing leak rate probabilities. In some cases it was necessary 
to lump together new leak rates of similar magnitude that closely
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Table 2.7
Seal LOCA Leak Rates and Probabilities

Basic Event 
Name

Existing Leak 
Rate (gpm)

Existing
Probability

New Leak 
Rate (gpm)

New
Probability

NSLOCA 63 2.70E-1 63 8.11E-1

RCP-LOCA-183-90 183 1.40E-2 103/183/224 2.67E-2

RCP-LOCA-183-150 183 1.61E-2 0 0

RCP-LOCA-183-210 183 1.61E-2 0 0

RCP-LOCA-467-150 467 1.27E-1 294/372/425 9.80E-3

RCP-LOCA-561-150 561 4.00E-3 516/526/546 1.45E-1

RCP-LOCA-750-90 750 5.30E-1 602/614/750 8.17E-3

RCP-LOCA-1440-90 1440 4.30E-3 1440 5.00E-3

correspond to an existing leak rate. This matching of existing and new 
leak rates allows quantification to be performed without recalculating 
the AC power non-recovery times, since the leak rates are similar in 
magnitude. The basic events, existing and new leak rates, and associated 
probabilities are shown in Table 2.7.

Requantification using TEMAC was performed for the appropriate Surry 
intermediate plant damage states using the new leak rate probabilities 
for the seal LOCA basic events, assuming that the new O-ring material was 
in place. All intermediate PDSs fall into the slow blackout plant damage 
state PDS1. The results for the intermediate PDSs, primary PDS, and 
total plant CDF are summarized in Table 2.8. As a result of using the 
new material, the frequency of the SBOS scenarios is reduced 
substantially. However, it is interesting to note that the SBOB 
scenarios are actually increased in frequency. This occurs because some 
sequences that previously were a result of a seal LOCA now progress to 
battery depletion sequences. This example illustrates the need to 
perform risk management analyses systematically in order to fully 
understand the implications of selected actions. The resulting point 
estimate of the total core damage frequency is found to be 3.00E-5, while 
the original point estimate is 3.30E-5. Thus, even though the SBOB 
sequences are increased, the overall effect is a small reduction in the 
CDF.
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Table 2.8
Changes to Core Damage Frequencies 
Due to Improved 0-Ring Material

Intermediate PDS Type Existing CDF New CDF

S3RRR-RCR SBOS 2.41E-7 5.80E-8

S3RRR-RDR SBOS 2.61E-6 1.53E-7

TRRR-RCR SBOB 1.72E-8 5.16E-8

TRRR-RDR SBOB 7.09E-7 2.13E-6

PDS1 - Slow Blackout 1.68E-5 1.56E-5

Total Core Damage Frequency 3.30E-5 3.00E-5

It is important to consider the risk implications of new RCP seal 
material. While not previously quantified here, it is possible that the 
risk could increase as a result of this change. In general, core melting 
and vessel breach under high pressure conditions tends to produce higher 
probabilities of containment failure than low pressure sequences. 
Replacement of the seal material decreases the overall CDF, but may 
increase the frequency of high pressure sequences. Thus, this issue 
should be examined carefully before any changes are recommended.

2.4 Phase 3 - Implementation of Effective Emergency Response

Emergency response involves actions outside the plant to reduce public 
exposure to radiation during and after an accident. A specific emergency 
response will be comprised of some combination of evacuation, sheltering, 
decontamination, and interdiction strategies. Emergency response qan be 
very site-specific, and is strongly influenced by population density, 
road systems, weather conditions, and interactions with and between local 
and state governments. Emergency response strategies vary from plant to 
plant. Some strategies are relatively simple, based primarily on 
evacuation within a ten mile radius, while others incorporate some 
accident-specific graded responses.

There is usually very little guidance concerning correlation of the 
emergency response with the anticipated progression of an accident. For 
example, evacuation should not be initiated if the containment has just 
failed or is being vented. Instead, sheltering followed by timely 
relocation should be considered. Further, there are many unknowns in the
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emergency response process. The sheltering effectiveness of different 
building types, long-term relocation criteria, and the criteria for land 
interdiction and crop disposal are all highly uncertain.

PRA information can assist the utilities and NRC in the emergency 
response decision-making process. For particular sets of conditions,
i.e., plant states, site conditions, and weather conditions, a PRA 
framework can be used to evaluate the public health risk for various 
strategies. At the same time, the effects of in-plant actions, such as 
venting, can be factored into the process. A number of steps are 
involved in this process, including:

1. Characterization of possible source terms.

2. Evaluation of site conditions, including population 
characteristics and road conditions.

3. Evaluation of the operator's predictive capability.

4. Identification of possible short-term actions.

5. Identification of possible long-term actions.

6. Integral evaluation of alternative strategies.

Characterization of the source terms includes identification of 
significant plant damage states and the possible radionuclide releases 
that may result. Release timing and energy are particularly important. 
The possibility of no containment failure should also be included.

The local site conditions are important to the extent that they affect 
evacuation and sheltering options. The local communications and 
institutional structures are important, along with the demographics and 
the road system. Of particular importance in evacuation is the impact of 
local weather conditions, such as ice and snow storms, or external 
events, such as earthquakes.

Real world decisions need to account for the fact that the predictive 
capability of the operators is limited. Timely decisions are essential 
for such actions as sheltering or evacuation. On the other hand, 
unnecessary evacuations are costly and result in additional hazards. 
Thus, emergency response decisions are, of necessity, probabilistic 
decisions based on best estimates of the risks associated with each 
decision. Future analyses will be required to deal with all of the 
intricacies of optimizing emergency response in all possible situations. 
The strategies to improve emergency response could consider combinations 
of the following:

1. Improved training of personnel in the decision chain and of 
the local populace
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2. Increased integration of the emergency response into 
operating procedures, based on prior and expected accident 
progressions

3. Instrumentation, including improved radiation monitors, to 
support decision making

4. Optimization of evacuation/sheltering strategies based on 
risk

5. Optimization of interdiction/decontamination strategies based 
on risk

The integrated PRA framework provides a unique capability for evaluating 
and optimizing emergency response plans that minimize the health and 
economic risk to the public.

2.5 Phase 4 - Prevention of Vessel Breach

If core damage is inevitable or has already occurred, then the goal of 
risk management is to arrest the degradation process and retain the 
fission products and core materials within the vessel and reactor coolant 
system. Recovery may be attempted while the fuel rods are intact, while 
corium is lying molten on the bottom of the vessel or anytime in between. 
The options available are limited and generally would involve restoration 
of vessel water inventory and primary system heat removal. Currently, 
there are no detailed procedures related to the timing and injection of 
water into an overheated core. There is usually little or no guidance 
beyond instructions to flood the core if at all possible. Further, the 
amount of actual experimental data dealing with reflooding a degraded 
core is extremely limited. Thus, as discussed earlier, flexibility is 
important and surprises should be considered likely. In this section, 
quantitative examples are not provided, but rather, we discuss some of 
the factors that are important in Phase 4 risk management and how the 
NUREG-1150 methods can be used in the development of appropriate Phase 4 
strategies.

As discussed in Section 2.1, it is probably best to deal with these 
situations in terms of plant states and functional responses. There is 
no instrumentation to directly measure the state of the core, but much 
can be inferred from temperature, pressure, and radiation levels in the 
primary system. Of course, a key to evaluating the current situation is 
the existence of monitoring equipment that will survive the expected 
environments or at least fail in such a manner that the failure is itself 
an indication of the environment.

Functional responses to degraded cores are limited to injection of water 
and control of system pressure. However, there may be many variations of 
these responses. Low versus high flow rates, cold leg injection versus 
core spray, and high versus low pressure injection are examples of
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alternative injection scenarios that may lead to different outcomes, 
assuming that the operators have a choice. In evaluating various options 
using the NUREG-1150 methods, the following steps would be included:

1. Identify the risk important plant states.

2. Identify the possible plant states (symptoms) that could 
result in these scenarios.

3. Determine the ability of the operators to use available 
instrumentation to identify existing plant states.

4. Identify possible functional responses.

5. Evaluate the probability and consequences of potential 
outcomes to each functional response.

Once the evaluation is complete, then appropriate strategies can be 
selected and implemented. This implementation could involve procedures, 
guidance and hardware modifications along with modifications to training 
and plant practices.

The first step in this process identifies the types of sequences that 
will be important and the information and systems that will be available 
to the operators prior to vessel breach. For example, the availability 
of AC and DC power will determine the availability of much of the 
instrumentation and any systems with motor-driven pumps.

A variety of plant states may be possible, given a particular plant 
damage state scenario. Examples of the types of indicators that could be 
used to discriminate among the plant states include:

1. Reactor coolant system pressure.

2. Reactor coolant system temperature.

3. Radiation levels.

4. Reactor vessel water level.

5. Availability of steam generator (PWR) or power conversion 
system (BWR) heat removal.

6. Reactor coolant system integrity.

7. Containment pressure.

8. Containment temperature.

The plant states need only be delineated to the extent that each one 
could require a significantly different response to potential recovery 
actions.
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After potential plant states are identified, it is important to 
understand the operator's ability to distinguish among the states. In 
some cases instrumentation may not be available, or worse, may be 
misleading due to the environmental conditions.

A number of different types of risk management strategies might be 
proposed under these conditions. These strategies can include:

1. Addition of improved instrumentation.

2. Use of nonsafety systems to provide makeup water.

3. Varying the rate and location of injection, depending on the 
particular plant state.

4. Increasing or decreasing the primary system pressure, as 
appropriate for the scenario.

The major goal of this phase is to obtain a coolable core and mitigate 
radionuclide releases; however, analysis of the possible outcomes of 
various actions is a complex process. For example, reflooding a degraded 
core can result in hydrogen generation, disruption of geometry, fuel- 
coolant interactions, etc. Some of these events may threaten the 
integrity of the reactor coolant system and/or the containment. Examples 
of specific considerations during reflood include:

1. Even a non-energetic quench of a hot core may produce enough 
steam to threaten steam generator tube integrity.

2. Addition of water could lead to rapid hydrogen generation. 
Thus, containment hydrogen control actions might be 
appropriate prior to core reflood.

3. Rapid flooding under depressurized conditions could lead to 
fairly energetic fuel-coolant interactions; thus, under low 
pressure conditions, a slow quench may be preferable. pn the 
other hand, if the vessel eventually fails anyway, it ik 
preferable for the system to be at low pressure to reduce the 
effects of direct containment heating.

While the current state of knowledge and uncertainty regarding 
information available to the operator do not support that a quench of the 
core should not be attempted, it is clear that there will be tradeoffs to 
consider when selecting the most appropriate method for codling a 
degraded core. The NUREG-1150 methods provide a framework for evaluating 
each possible recovery scenario from a probabilistic standpoint to 
evaluate potential outcomes and their influence on overall risk. By 
providing an explicit mechanism for treating uncertainties, these methods 
make it possible to anticipate potential surprises and prepare the
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operators to recognize the symptoms of events that are not considered the 
most likely, but are nonetheless possible. Clearly, the final selection 
of preferable strategies should be supported by appropriate mechanistic 
analysis and any available experimental data.

2.6 Phase 5 - Retention of Fission Products

If the primary system boundary is breached, then fuel and radionuclides 
will be released to the containment, and risk management will be oriented 
toward preserving containment integrity and/or strategies to reduce off­
site radioactive releases. At this point, the risk management 
environment is changed in a number of important ways. First, the plant 
state must be characterized by a different set of parameters, and the key 
diagnostic data are provided via different pathways. Second, longer time 
scales may now govern the accident. Third, the systems and actions 
available for responding to the accident are largely different. Finally, 
the interface with off-site emergency response decisions is at its most 
critical stage.

Despite the differences identified above, the approach to this phase of 
risk management is similar to that of Phase 4. In this section, 
quantitative evaluations of such strategies are not provided, but rather, 
the factors that influence the identification of options and how the 
NUREG-1150 methods can be used in the development process are discussed. 
The steps involved in developing such options include:

1. Identify the risk important scenarios.

2. Identify the possible plant states (symptoms) that could 
result in these scenarios.

3. Determine the ability of the operators to use available 
instrumentation to identify existing plant states.

4. Identify possible functional responses.

5. Evaluate the probability and consequences of potential 
outcomes to each functional response.

The first step in this process identifies the scenarios that will be 
important to risk. This scenario identification includes determination 
of the availability of containment systems. These systems include 
sprays, fan coolers, igniters, venting and isolation systems, ice 
condensers, suppression pools, and any system that can be used to inject 
water into containment.

The next step is to identify the possible plant states. Containment 
states both before and after vessel breach are important. Containment 
failure prior to vessel breach is possible in some scenarios, and the 
conditions in containment at the time of vessel breach can be very 
important. Further, in many cases knowledge of the history of the
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accident will help define the current containment state. For example, 
whether the reactor cavity is wet or dry may depend on the systems that 
have previously injected water into containment. The types of parameters 
that can be used to distinguish among the plant states include:

1. Containment pressure.

2. Containment temperature.

3. Containment integrity.

4. Availability of containment heat removal.

5. Steam and combustible gas concentrations.

6. Presence of water in the reactor cavity.

7. Radiation levels.

8. Availability of fission product scrubbing systems (sprays, 
pools, or filtered vents).

Instrumentation exists in most containments to either directly determine 
or infer most of the parameters identified above. However, this 
equipment is generally not designed to operate in the environments that 
may be produced when molten corium is present in containment and will 
likely fail or display erroneous output. Therefore, caution must be used 
when interpreting the instrument readings.

The functions of importance are removal of heat to preserve containment 
integrity and maximum retention of fission products. A number of 
different strategies may be considered to accomplish these functions 
which are given below with the phases that are affected:

1. Addition of improved instrumentation (2,4,5).

2. Management of combustible gas (4,5).

3. Injection of water into containment (5).

4. Venting strategies (2,5).

5. Alternate methods for containment heat removal (2,5).

6. Alternate methods for reducing suspended aerosols (5).

7. Strategies for controlling high pressure melt ejection (5).

The analysis and evaluation of Phase 5 strategies is a complex process. 
Numerous phenomena must be considered, including core - concrete 
interactions, direct containment heating, combustion, containment
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structural response, and fission product transport. Negative as well as 
positive effects of actions or systems must be understood in order for 
the integrated assessment of risk management options to be complete. For 
example, three relevant considerations are:

1. Opening and reclosing a containment vent prior to vessel 
breach will reduce the baseline pressure in containment and 
thereby decrease the potential for containment failure at 
vessel breach; however, if core damage has occurred, this 
will accelerate the release of noble gases and, potentially, 
other more significant radionuclides, particularly if the 
vent cannot be reclosed prior to vessel breach.

2. Flooding the reactor cavity may decrease the likelihood of 
substantial core-concrete releases; however, associated steam 
production can accelerate the rate of pressure buildup so 
that the containment may fail earlier in scenarios in which 
containment heat removal cannot be reestablished.

3. With the containment at high pressure and high steam 
concentrations, the actuation of sprays following power 
recovery will wash out suspended fission products, but may 
de-inert the containment atmosphere, leading to hydrogen 
burns.

The NUREG-1150 methodology allows for a probabilistic evaluation of the 
risk implications of various Phase 5 risk management actions. Both best 
estimate predictions and the identification of alternative outcomes can 
be produced. Prior knowledge of the possible alternative outcomes will 
allow the operators and response teams to recognize these outcomes and 
respond with revised strategies as the accident proceeds.

2.7 Example of Integrated Risk Management Strategy

This report has examined the individual effect of separate risk 
management options on plant core damage frequency or risk. This shows 
the analyst the relative importance of each option in reducing risk or 
core damage frequency. However, any realistic risk management program 
will include numerous actions dealing with all five phases. The ability 
of a PRA framework to evaluate the interactions among these options is 
crucial. It is outside the scope of this report to provide a complete 
integrated analysis; however, in this section, the combined effect of 
several phase 1 and 2 risk management strategies are examined. Chosen 
for this combined strategy example are four future risk management 
strategies identified in sections 2.2 and 2.3 for the Surry plant. These 
include: •

• addition of an independent diesel generator
• use of an onsite gas turbine generator
• use of improved RCP seals
• extension of battery life
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All of the above options address station blackout sequences, which 
account for two-thirds of the Surry core damage frequency. To evaluate 
the combined effect of these options on the core damage frequency, plant 
models were changed to reflect each option. Although not true generally, 
the reduction in the core damage frequency due to these combined options 
is not as large as the combined effect of the options evaluated 
individually. Most of the plant damage states, all of which are station 
blackout, are affected by more than one risk management strategy. 
Therefore, the combination of risk management options has less effect on 
the core damage frequency, and subsequently, the total reduction in the 
core damage frequency is not as great as the sum of the individual 
reductions for each option evaluated separately.

The two options of utilizing improved RCP seals and extension of battery 
life simply involve changing basic event probabilities. The intermediate 
increase in battery life of 8 hours was used for this combined option 
example. The other two options to enhance onsite emergency power 
reliability, addition of a diesel generator and utilization of a gas 
turbine generator, require the recovery of cutsets within the applicable 
plant damage states, as described in previous sections. The primary and 
intermediate plant damage states affected by each option are given in 
Table 2.9. The designators for these intermediate plant damage states

Table 2.9

Plant Damage States Affected by 
Risk Management Strategies

Primary
PDS

Intermediate
PDS

New DG GTG New RCP 
Seals

Extended
Batt Life

PDS1 S2RRR-RCR X

PDS1 S2RRR-RDR X

PDS1 S3RRR-RCR X X X

PDS1 S3RRR-RDR X X X

PDS1 TRRR-RCR X X X X

PDS1 TRRR-RDR X X X X

PDS1 TRRR-RDY X X X

PDS2 TRRR-RSR X
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are defined in Section 2.2-1 (2.1 and 2.2). Quantification using TEMAC 
(point estimate mode) was performed on the intermediate and primary 
plant damage states affected by this combined strategy, with the results 
given in Table 2.10. The core damage frequency of 1.2E-5 for this 
combined strategy represents a factor of 2.7 reduction from the base case 
value.

Table 2.10

Plant Damage State Changes Due to 
Combined Risk Management Strategies

Plant Damage State Type Existing CDF New CDF

S2RRR-RCR SBOQ 1.67E-6 6.68E-8

S2RRR-RDR SBOQ 6.03E-7 2.41E-8

S3RRR-RCR SBOS 2.41E-7 2.14E-9

S3RRR-RDR SBOS 6.21E-6 5.60E-8

TRRR-RCR SBOB 1.72E-8 7.64E-10

TRRR-RDR SBOB 7.09E-7 3.15E-8

TRRR-RDY SBOB 7.17E-6 1.06E-7

TRRR-RSR SBOL 4.60E-6 1.39E-7

Total SBO Frequency 2.12E-5 4.62E-7

Total Core Damage Frequency 3.30E-5 1.24E-5
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3. EVALUATION OF CURRENT RISK MANAGEMENT PRACTICES
As discussed in Chapter 1, an integrated PRA framework is effective in 
evaluating the efficacy of current risk management practices at a nuclear 
power plant. These practices include hardware improvements already made 
and operating procedures in place. In this chapter, we will discuss 
specific examples of risk management practices and their effect on the 
core damage frequency and risk at two of the plants in question. Both 
qualitative and quantitative examples are presented.

In principle, the methods used to evaluate current practices are 
straightforward. In order to determine the worth of risk management 
practices already credited at the plant in the NUREG-1150 analysis, the 
CDF/risk can simply be calculated with and without a particular practice 
in place. However, in practice this can be a complex process, if 
removing an option changes the fundamental models in the PRA. For phase 
1 and 2 options, changes to basic event data or operator recovery actions 
are easy to evaluate, while changes to fault trees require more effort. 
Similarly, for phases 3 to 5, changes that affect input parameters for 
the accident progression event tree, source term and consequence models 
are readily evaluated, while changes to the models themselves require 
more effort. In this report, phase 1 and 2 options are emphasized and 
quantitative examples provided for selected cases.

There is one important factor to consider when evaluating the 
effectiveness of current risk management procedures, as opposed to 
evaluating proposed new options. In adding new options, the result 
should generally be to reduce the CDF/risk from identified dominant 
accident sequences without introducing any new sequences. On the other 
hand, evaluating the benefit of current plant practices involves 
evaluating the CDF/risk assuming the practice were not installed or 
operational at the plant. This means that the sequences and phenomena 
previously screened out as probabilistically unimportant are likely to be 
reintroduced into the analysis. Where possible in this report, 
requantification of any reintroduced sequences is provided, and in other 
cases, a qualitative discussion is provided.

3.1 Risk Management Practices Affecting All Plants

There are numerous improvements that have occurred throughout the nuclear 
industry since Three Mile Island in the form of changing regulations and 
industry initiatives. Many of these have such pervasive effects on the 
plant that their impact is difficult to quantify, but their importance 
should be noted.

Probably the most risk-significant changes have occurred in the areas of 
operating procedures and operator training. All of the plants analyzed 
have, to some extent, incorporated symptom-based emergency operating 
procedures in place of event-based procedures. Since events are defined 
or identified by symptoms, changes to symptoms are less important than 
the flexibility in operator response now possible because an event no 
longer needs to be precisely defined. Further, the operators have been
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trained much more rigorously in the use of these procedures. These 
changes have been enhanced by the development of improved Safety 
Parameter Display Systems (SPDS) that help reduce the confusion that 
arose during the TMI incident. Overall, these changes have resulted in 
PRA predictions of significantly lower human error probabilities across 
the board. Additionally, due to improved training and procedures for 
operators, PRAs now consider additional operator recovery actions. The 
use of alternative injection systems and other actions are now explicitly 
included in many emergency procedures. As a result of all of these 
changes, human error plays a much smaller role in the NUREG-1150 analyses 
than might be anticipated based on a review of older PRAs.

Numerous other NRC and industry sponsored initiatives have also reduced 
severe accident risks. These include trip reduction programs, ATWS and 
station blackout rulemaking efforts, and improved maintenance programs. 
It is important to note that these efforts have led to the reduction or 
elimination of many accident sequences previously thought to be dominant 
and to their replacement by other sequences that previously were 
relatively less important. For some sequences the perceived risk is 
reduced simply because we now have a more quantitative understanding of 
the sequence. The ATWS sequences are examples of where a combination of 
improved operator preparedness and a more realistic assessment of 
sequence progression have yielded a lower prediction of risk than that of 
previous studies.

3.2 Risk Management Practices at Surrv

In this section, we present examples of significant risk management 
efforts at Surry. This discussion is not intended to be comprehensive, 
but rather will acknowledge a few key efforts and illustrate how the 
effectiveness of these efforts can be evaluated using a PRA framework.

We will discuss three particular Phase 2 risk management practices 
currently incorporated at Surry and estimate their benefit to the plant. 
These practices would be applicable to many other U.S. PWRs, although the 
quantitative impact would vary from plant to plant. These Phase 2 
practices include:

1. The use of feed and bleed primary system cooling,

2. The use of secondary blowdown to remove heat from the primary 
system, and

3. The use of High Pressure Injection (HPI) and Auxiliary Feedwater 
(AFW) system cross-connect injection from Unit 2.

Each of these sets of procedures has had an impact on the Surry core 
damage frequency. The specific evaluations are presented in the 
following sections.
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3.2.1 Feed and Bleed Cooling

The NUREG-1150 analysis for Surry includes the utilization of feed and 
bleed cooling for those sequences in which all feedwater to the steam 
generators is lost. In these sequences, the feedwater inventory is 
boiled off from the steam generators, causing insufficient heat removal 
from the primary system. Feed and bleed cooling restores heat removal 
from the core using HPI (High Pressure Injection) to inject water into 
the reactor vessel and using the pressurizer relief valves to allow 
discharge of inventory from the primary system. In order to be 
successful, feed and bleed cooling must be initiated before the steam 
generators dry out. Otherwise, the primary system pressure may rise to 
the point where sufficient injection can not be provided, even with the 
pressurizer relief valves open.

An evaluation of the effectiveness of feed and bleed cooling in reducing 
the core damage frequency requires two steps. First, dominant Surry 
plant damage states were requantified assuming that feed and bleed 
cooling was not available. Second, sequences that had previously been 
screened out based on a low probability were examined to determine if 
they might have been dominant without feed and bleed cooling available.

The current Surry model includes two basic events to account for feed and 
bleed cooling in the event of a loss of all feedwater. These events 
represent operator failure to initiate high pressure injection, HPI-XHE- 
FO-FDBLD, and operator failure to properly operate the power-operated 
relief valves (PORVs), PPS-XHE-FO-PORVS. If either of these basic events 
is set to 1.0, no credit is given for feed and bleed cooling. These 
events appear in the following primary plant damage state (PDS), which is 
described in Reference 4.

PDS1 - Represents transient initiators leading to loss 
of main feedwater, followed by loss of all auxiliary 
feedwater and ultimate failure of feed and bleed cooling 
due to failure of high pressure injection or failure of 
both PORVs to open.

PDS1 represents the combination of the two similar intermediate PDSs, 
TIYY-YNY and TNYY-YNY, which are described in Ref. 4. TIYY-YNY contains 
cutsets with the PPS-XHE-FO-PORVS basic event and TNYY-YNY contains 
cutsets with the HPI-XHE-FO-FDBLD basic event. Both intermediate plant 
damage states represent transients leading to loss of all feedwater 
(TML) . Feed and bleed cooling is the only way to remove heat for 
accident sequences in these intermediate PDSs. The HPI basic event was 
set to 1.0 in this sensitivity study, which is sufficient to fail feed 
and bleed cooling. Therefore, requantification using the Top Event 
Matrix Analysis Code (TEMAC) was only performed on the TNYY-YNY 
intermediate PDS. The resulting point estimate of the total core damage 
frequency was found to be 4.2E-5, compared to a value of 3.3E-5 with feed 
and bleed cooling available. The results for the primary plant damage 
state and the total core damage frequency are summarized in Table 3.1.

3-3



To complete the estimate of the effect of feed and bleed cooling, we 
considered the additional contributions of the previously non-dominant 
sequences. These contributions are then added to the total core damage 
frequency estimated in the previous paragraph. Table 3.2 shows the 
sequences and associated frequencies that would exist if feed and bleed 
cooling were not available. These sequences were identified by examining 
the listing of dominant accident sequences from Table 4.10-4 in 
Reference 4. Sequences in this table were included in Table 3.2 if 1) 
successful operation of the charging pump system in the feed and bleed 
mode (/D2) and/or the opening of two PORVs for feed and bleed (/P) 
occurred and 2) they were previously eliminated from the analysis due to 
low probability. The frequency given for each sequence in Table 3.2 is 
the 'after recovery' frequency, given in Table 4.10-4 of Reference 4, 
divided by the probability of the feed and bleed failure event for that 
particular sequence. Frequencies calculated for these sequences include 
the recovery action, AFW-XHE-F0-UNIT2, which represents an operator- 
initiated cross-connect to the Unit 2 auxiliary feedwater system. The 
contribution to the core damage frequency of all sequences that 
previously were eliminated and in which feed and bleed cooling was given 
credit was found to be 1.29E-6. The point estimate for the total core 
damage frequency for Surry if feed and bleed cooling were not available 
then becomes 4.3E-5, compared to the current value of 3.3E-5.

3.2.2 Secondary Blowdown

Within the past decade and especially after the TMI-2 accident, operators 
have been instructed to be more active in depressurizing and cooling down 
the reactor under accident conditions. In the event of small break 
initiators (S2, S3), operators are instructed to perform a controlled
cooldown and depressurization of the primary system in order to forestall 
the initiation of ECCS recirculation. In the event that the primary

Table 3.1

Changes to the Core Damage Frequency(CDF)
Without Feed and Bleed Cooling

Plant
Damage State Description Existing CDF New CDF

PDS1 Loss of All Feedwater 1.6E-6 1.0E-5
Transient

Total Core Damage Frequency 3.3E-5 4.2E-5
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Table 3.2
Additional Sequences Affected by 

Feed and Bleed Cooling

Sequence Description CDF

TXLP Loss of off-site power, failure 
of AFW and PORVs

1.1E-6

T3LMP Transient with loss of main 
feedwater, AFW, and PORVs

2.3E-7

Total Contribution 1.3E-6

system can not be or is not depressurized, high pressure recirculation 
will be demanded upon depletion of the Refueling Water Storage Tank 
(RWST). In the event that high pressure recirculation (H2) fails, the 
operator may quickly depressurize the secondary side by blowing down the 
steam generators, thus cooling and depressurizing the primary loop. The 
reduced pressure in the primary system would allow the low pressure 
systems to inject into the vessel. These actions may also be useful 
during TQD2 type sequences in which at least one PORV is stuck open, 
resulting in a transient-induced small LOCA.

Secondary blowdown is unlikely to become an important factor in 
recovering from accidents at Surry. From a safety analysis standpoint, a 
number of sequence types can be identified for which secondary blowdown 
would be a logical and necessary alternative. Specifically, S2H2, S3H2 

and TQD2 type sequences would require secondary blowdown to cool the 
primary system. However, the number of failure events that must occur 
prior to the need for secondary blowdown cause the sequence frequency to 
drop below the risk significant cutoff value, 1.0E-7, even without 
secondary blowdown. Therefore, secondary blowdown never becomes a 
significant event at Surry with regard to probabilistic safety analysis.

For example, the LOCA sequence S3H2 (representing the occurrence of the 
small LOCA initiating event, S3, and failure of the High Pressure 
Recirculation system, H2) includes other implicit failures which decrease 
this sequence probability. These are operator failure to effect a 
controlled depressurization of the primary system (probability of 2.2E-2) 
and operator failure to cross-connect the high pressure injection system 
with the Unit 2 RWST (probability of 3.6E-2). Included in this sequence 
are the events of the S3 initiator and failure of High Pressure 
Recirculation with probabilities of 1.3E-2 and 1.3E-4, respectively.
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Secondary blowdown could next be initiated to cool and depressurize the 
primary system, but the sequence is already probabilistically 
insignificant at a frequency of 1.3E-9. Sequences are disregarded in the 
Surry analysis if they have a frequency below 1.0E-7. Therefore, 
secondary blowdown is not considered a significant risk reduction measure 
at Surry. At plants without cross-connects of high pressure injection 
and automatic switchover to recirculation, secondary blowdown could be 
much more important.

3.2.3 Unit 2 Cross-Connects

The Surry Unit 1 plant procedures direct the operator to recover from the 
loss of the High Pressure Injection (HPI) system or from loss of the 
Auxiliary Feedwater (AFW) system by operator-initiated cross-connection 
to the analogous system at Unit 2. This hardware change was incorporated 
at the plant, prior to the NUREG-1150 analysis, to supply additional 
redundancy to the HPI and AFW systems.

The alignment of either of the cross ties requires operator action. For 
the AFW system, flow from the Unit 2 AFW pumps is provided to the 
discharge headers of the Unit 1 AFW system. The operator must isolate 
the auxiliary feedwater pumps from the steam generators at Unit 2, open 
one of two motor operated valves (MOVs) in parallel to establish the 
cross-connect pathway, and manually start the Unit 2 AFW pumps. For the 
HPI system, flow from the Unit 2 charging pump C is provided to the 
discharge line of the Unit 1 C train charging pump through a cross- 
connect created by the opening of two MOVs in series. The Unit 2 C train 
pump must be isolated from the other charging pumps, and the C pump must 
then be started.

While the added redundancy of cross-connecting is beneficial, it is 
important to note that new system failure modes have been created by the 
cross-connects. A flow diversion pathway can be created through an 
inadvertently open cross-connect valve. This potential fault is modeled 
in the revised Surry NUREG/CR-4550 analysis [4] .

The alignment of the Unit 1 and Unit 2 HPI and AFW systems for cross- 
connect injection is modeled as a recovery action for both systems. Five 
event types are used for the HPI system cross tie and three event types 
for the AFW system cross tie. These represent the failure of the 
operator to properly cross tie the systems under various conditions. Two 
additional basic events model cross ties to the Unit 2 HPI system to cool 
the reactor coolant pump seals during station blackout. All of these 
events are described in Table 3.3.

The analysis of the importance of the cross-connects includes two parts. 
First, the dominant PDSs were examined, and then sequences that were 
previously screened out were checked to determine if they would be added 
to the dominant list in the absence of cross-connect injection.
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Table 3.3
AFW and HPI Cross-Connect Basic Events

Basic Event Description Probability

AFW-XHE-F0-UNIT2 Operator fails to Xconn AFW 
during transients with all 
power available

3.6E-2

AFW-XHE-F0-U1SB0 Operator fails to Xconn AFW 
during station blackout at
Unit 1 with power at Unit 2

8.2E-2

AFW-XHE-F0-U2SB0 Operator fails to Xconn AFW 
during station blackout 
at both units

1.25E-1

HPI-XHE-F0-UN2H1 Operator fails to Xconn HPI 
to Unit 2 HPI or RWST during
S2H1 and S3H1 sequences

1.6E-3

HPI-XHE-FO-UN2S2 Operator fails to Xconn HPI 
to Unit 2 during 820! 
sequences

3.1E-1

HPI-XHE-FO-UN2S3 Operator fails to Xconn HPI 
to Unit 2 during 830! 
sequences

4.4E-2

HPI-XHE-FO-20DH2 Operator fails to Xconn HPI 
to Unit 2 HPI or RWST during 
SzOdHi and S20DH2 sequences

4.3E-3

HPI-XHE-FO-30DH2 Operator fails to Xconn HPI 
to Unit 2 HPI or RWST during 
SsOdH]^ and S30DH2 sequences

2.IE-3

REC-XHE-FO-SCOOL Operator fails to Xconn to
Unit 2 HPI to cool RCP seals 
during station blackout

1.25E-1

N0TW2 Success of RCP seal cooling 
from Unit 2 during station 
blackout

8.1E-1
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In order to reevaluate the point estimate of the core damage frequency 
for the Surry PDSs without credit for cross ties, the probabilities for 
eight of the ten basic events representing injection cross-connects were 
given a value of 1.0. One basic event, REC-XHE-FO-SCOOL, was set to 0.94 
instead of 1.0 to eliminate double counting of some cut sets. Another 
basic event, N0TW2, was set to zero to ensure failure of RCP seal cross- 
connect cooling. All PDSs were examined to ensure that no double 
counting of cut sets occurred as a result of setting the other basic 
event probabilities to 1.0. Quantification was performed using TEMAC, 
and the resulting point estimate of the core damage frequency was found 
to be 1.02E-4, triple the original value of 3.30E-5. The results for the 
intermediate and primary PDSs and total plant are given in Tables 3.4 and 
3.5.

The sequences previously screened out that could become important are 
shown in Table 3.6. These sequences were identified by examining the 
listing of dominant accident sequences from Table 4.10-3 of Reference 4. 
Those sequences present in Table 4.10-3 which were eliminated from the 
analysis in Reference 4 and contained an AFW or HPI cross-connect 
recovery action are included in Table 3.6. The sequence frequency 
without cross-connect injection was calculated by dividing the post­
recovery sequence frequency (from Table 4.10-4 in Reference 4) by the 
applicable cross-connect recovery probability. The sum of all these 
sequence frequencies is 1.19E-5. The point estimate for the total core 
damage frequency assuming cross-connect injection were not available then 
becomes 1.14E-4. The inclusion of cross - connect injection has 
significantly reduced the potential for core damage at Surry.

As shown in the tables, a significant number of sequences and plant 
damage states are affected by the cross-connections. The plant damage 
states involving steam generator tube rupture have risk significance 
because of the potential for containment bypass. The station blackout 
plant damage states are also significant because of the potential for 
early containment failure.

3.3 Risk Management Practices at Peach Bottom

In this section, we present some examples of significant risk management 
efforts at Peach Bottom. As with the discussion for Surry, this 
discussion is not intended to be comprehensive, but rather will 
acknowledge a few key efforts and illustrate how the effectiveness of 
these efforts can be evaluated using a PRA framework.

Section 4.2 describes several actions at Peach Bottom that could be 
considered risk management actions. Further, the discussion in Section
3.1 concerning risk management actions at all plants applies to Peach 
Bottom. In this section we will discuss three particular types of risk 
management procedures or practices currently in place at Peach Bottom and 
evaluate their expected benefit. These are Phase 1,2 and 4 procedures
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Table 3.4
Changes in Intermediate Plant Damage States 

Due to AFW and HPI Cross-Connection

PDS Description Previous CDF New CDF

GIYY-YNY Steam generator tube 
rupture, AFW fails

1.05E-7 3.27E-7

GNYY-YXY Steam generator tube 
rupture, inj ection 
fails

1.74E-7 2.11E-6

S2LYY-YYN Small LOCA, recirc 
fails

4.26E-7 7.89E-7

S3LYY-YYN Small LOCA, HPI fails 5.39E-7 7.34E-6

S3RRR-RCR Station blackout with 
seal LOCA

2.41E-7 9.23E-7

S3RRR-RDR Station blackout with 
seal LOCA

6.21E-6 2.35E-5

TIYY-YNY Loss of MFW and AFW 8.44E-7 2.34E-5

TNYY-YNY Loss of MFW and AFW, 
injection fails

7.16E-7 1.99E-5

TRRR-RCR Station blackout with 
battery depletion

1.72E-8 3.47E-8

TRRR-RDR Station blackout with 
battery depletion

7.09E-7 1.41E-6

TRRR-RDY Station blackout with 
battery depletion

7.17E-6 0

TRRR-RSR Station blackout, AFW 
fails

4.60E-6 7.59E-6

Total Core Damage Frequency 3.30E-5 1.02E-4
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Table 3.5
Changes to Plant Damage States Due 
to AFW and HPI Cross-Connections

PDS Description Previous CDF New CDF

PDS1 Slow Station Blackout 1.44E-5 2.59E-5

PDS 2 Fast Station Blackout 4.60E-6 7.59E-6

PDS 3 LOCAs 9.65E-7 8.13E-6

PDSS Transients 1.56E-6 2.01E-5

PDS 7 SGTRs 2.79E-7 2.44E-6

Total Core Damage Frequency 3.30E-5 1.02E-4

that would be applicable to many other U.S. BWRs, although the 
quantitative impact would vary from plant to plant. These procedures 
are:

1. Use of the Primary Containment Venting system to alleviate 
containment overpressurization,

2. Use of the High Pressure Service Water (HPSW) as an alternate 
injection system, and

3. Improved Diesel Generator (DG) maintenance practices.

Each of these sets of procedures has had an impact on the Peach Bottom 
core damage frequency. The specific evaluations are presented in the 
following sections.

3.3.1 Primary Containment Venting

The Primary Containment Venting (PCV) system is used as a Phase 2 and 
Phase 4 strategy to prevent primary containment overpressurization during 
accident sequences in which all containment heat removal is lost. Most 
of these sequences involve failure of the Residual Heat Removal (RHR) 
systems to perform successfully in any one of several modes that can 
remove heat from containment.
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Table 3.6
Non-Dominant Sequences Quantified with 
HPI and AFW Cross Connects Unavailable

Accident
Sequence

Applicable Cross 
Connect Recovery

CDF After 
Recovery

CDF Without
Cross Connect

TiLP AFW-XHE-F0-UNIT2 7.5E-8 2.08E-6
TiLDz AFW-XHE-F0-UNIT2 6.4E-8 1.78E-6
TzLHi AFW-XHE-F0-UNIT2 1.4E-8 3.89E-7
T3LMP AFW-XHE-F0-UNIT2 1.6E-8 4.44E-7
t3lmd2 AFW-XHE-F0-UNIT2 1.6E-8 4.44E-7
TaQHi HPI-XHE-F0-UN2H1 <5E-10 3.13E-7
t5alp AFW-XHE-F0-UNIT2 1.4E-7 3.89E-6

AFW-XHE-F0-UNIT2 9.0E-9 2.50E-7
T5bLDz AFW-XHE-F0-UNIT2 9.0E-9 2.50E-7
T7DiQs HPI-XHE-FO-UN2S3 4.8E-9 1.09E-7
SzH, HPI-XHE-F0-UN2H1 7.2E-10 4.50E-7
SaWaH! HPI-XHE-F0-UN2H1 5.9E-10 3.69E-7
s3odh2 HPI-XHE-FO-20DH2 <5E-10 1.16E-7
S30qHj HPI-XHE-F0-20DH2 4.6E-9 1.07E-6

Total Contribution 1.19E-5

Availability of PCV plays a significant role in TW sequences. TW-type 
sequences are those in which core cooling is initially successful, but 
containment cooling fails. Containment failure can flood the reactor 
building with steam, possibly leading to failure of core cooling 
equipment. Containment venting can prevent this failure, provided that 
the venting itself does not also lead to steam in the reactor building. 
Peach Bottom has a six inch Integrated Leak Rate Test (ILRT) Line that is 
a hard pipe vent line through the reactor building. The use of this line 
will not produce steam flooding. On the other hand, this line is not
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adequate for all accident scenarios. Other lines are available, but some 
contain ductwork that is likely to fail when pressurized, thus 
introducing steam into the reactor building. The preferred primary 
containment vent paths, in the order of recommended use, are:

1. 2-inch torus vent to the Standby Gas Treatment 
System (SBGT)

2. 2-inch drywell vent to the SBGT
3. 6-inch ILRT line from Torus
4. 18-inch torus vent path to SBGT
5. 18-inch torus supply path
6. ILRT line from the drywell
7. 18-inch drywell vent path to SBGT
8. 18-inch drywell supply path
9. two 3-inch drywell sump drain lines

The 2-inch lines are also hard pipe, but are not adequate for most of the 
sequences of interest. Use of the 18-inch lines can lead to steam 
flooding in the reactor building.

Another concern when venting is that saturation conditions in the 
suppression pool can result. These conditions can lead to failure of the 
Low Pressure Coolant Injection (LPCI) or Low Pressure Core Spray (LPCS) 
pumps in the recirculation mode resulting from lack of adequate Net 
Positive Suction Head (NPSH). However, this is usually not a problem at 
Peach Bottom because other low pressure injection sources that do not use 
the suppression pool as an injection source, such as High Pressure 
Service Water (HPSW) or Condensate, can provide needed coolant makeup.

The current venting procedures require that a vent path be established if 
the containment pressure rises to 100 psig. At this pressure, the 
suppression pool temperature will be approximately 337°F, which is above 
the failure temperature for High Pressure Coolant Injection (HPCI) and 
Reactor Core Isolation Cooling (RCIC). RCIC may have previously tripped 
due to high turbine exhaust pressure. The remaining high pressure system 
is the Control Rod Drive (CRD) system. If CRD is not available, the 
operators must depressurize the primary system and initiate low pressure 
injection. This requires maintaining the containment pressure below 115 
psig, or the safety relief valves will close and repressurize the primary 
system. Thus, for the TW sequences, two different venting success 
criteria exist:

1. With CRD operating - successful venting after 100 psig is 
reached, but before containment failure. The calculated human 
error probability is 0.01.

2. With CRD failed - successful venting after 100 psig is reached, 
but before 115 psig is reached. The calculated human error 
probability is 0.5.
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These human error probabilities come from Appendix C of Reference 6. The 
second case represents a conservative screening value. A more refined 
calculation was not performed, since no TW sequences with CRD failure 
were dominant in the analysis after screening. There are a few other 
sequences, such as small LOCAs with loss of heat removal, that are 
affected by venting. However, the dominant sequences, Station Blackout 
and ATWS, are not affected by venting. During Station Blackout, venting 
can not be accomplished from the control room during station blackout, 
and operator venting actions in the reactor building would be hazardous. 
Also, the venting capacity is not considered to be adequate for most ATWS 
sequences.

This analysis considered the impact of venting on both the dominant 
accident sequences (>lE-8) and those sequences that might have been 
dominant without the benefits of containment venting. None of the final 
dominant accident sequences included primary containment venting as an 
event. Therefore, venting had no impact on these sequences. Thus, our 
analysis concentrated on those sequences that were found to be non­
dominant with containment venting present. The actual quantification of 
the importance of venting on the previously non-dominant sequences is a 
complex process, performed here in an approximate manner.

The accident sequence quantification from the Ref. 6 analysis must be 
reviewed to begin this process. First, the output of the cut set 
screening process from the PCV fault tree solution (obtained from SETS 
computer run results) in Reference 6 was examined. The top four cut sets 
were shown to be:

1. 5E-1 PCV-XHE-F0-PCV
2. 5E-2 LO S P*RBC-XHE-FO-SWCH
3. 5E-2 LOS P*CRD-XHE-FO-BRKRS
4. 5E-2 L0SP*RBC-XHE-FO-LCVAL

The values for the four cut sets given above sum to a value of 0.65 out 
of a total of 0.671 for the entire PCV system. These cut sets comprise 
97% of the unavailability of the PCV system, given that power is 
available to open the containment venting valves. PCV human error 
probabilities were treated in the following manner in the NUREG-1150 
analysis. The first cut set, comprised only of the basic event PCV-XHE- 
FO-PCV (operator failure to vent), was initially given a conservative 
(screening) probability of 0.5. If this basic event appeared in a 
dominant cut set, a more realistic probability (such as 0.01) was needed 
to more accurately model this human interaction. The screening value of
0.5 was replaced with the more realistic probability for subsequent 
accident sequence quantification. A general discussion of the technique 
used to determine the new basic event probability can be found in 
Appendix C of Reference 6. The other three cut sets involve human error 
basic events ( . . .-XHE- . . . ) which were initially assigned screening 
probabilities (0.5). As above, if these basic events appeared in
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dominant cut sets, more realistic values were needed for each and the 
screening values were replaced. Accident sequences were then 
requantified with more realistic system models. The major PCV 
dependencies are AC power and instrument air. In nearly all cases, if 
venting is possible at all (i.e., power and air is available to the 
valves), then the PCV failure probability is dominated by the failure of 
the operator to vent.

To determine the significance PCV has on the non-dominant sequences, all 
of the Peach Bottom event trees were reviewed. The success branches for 
PCV were ignored since they do not exist if the PCV system is removed 
from the tree. All of the non-dominant sequence failure branches were 
traced. There are approximately 2000 sequences containing PCV that were 
previously screened out.

These sequences were requantified with the PCV system eliminated from the 
event tree. The PCV event tree designator or symbol is a "Y". Table 3.7 
is a compilation of these sequences listing the accident sequence 
numbers, estimated frequencies and approximate "Y" event probabilities 
assigned to each sequence from Table 4.10-1 of Reference 6. The "Y" 
event probability is specific to each sequence. Table 3.7 also lists the 
corresponding event tree sequences, new estimated frequencies, relevant 
comments and whether the sequence could be screened out. Some of the 
2000 sequences have frequencies below the cutoff value of IE-8 without 
consideration of the "Y" event and were eliminated from the 
requantification.

To determine these new estimated sequence frequencies, probabilities for 
PCV system failure from the NUREG-1150 analysis were utilized. Sequence 
frequency estimates from the NUREG-1150 analysis were divided by the 
appropriate PCV failure probability to estimate sequence frequencies 
without credit for the PCV system. Ideally, a SETS run would have been 
performed for the remaining sequences (approximately 1000) and the use of 
approximate frequencies would not be necessary. Additional SETS analysis 
was not feasible with the time and resources available. Therefore, each 
sequence was quantified by an estimated frequency.

Some of the "Y" event probabilities used in the initial quantification 
were stated in the comment sections in Table 4.10-1 of Reference 6. For 
sequences not covered in this way, the success or failure of the Control 
Rod Drive (CRD) system determined the appropriate "Y" event probability. 
If CRD is unavailable, a value of 0.5 was chosen for failure to perform 
venting. If CRD is available, the time between reaching the venting set- 
point and containment failure is sufficient to allow a third independent 
check/correction in the procedure, which reduces the value to 0.01. 
Refer to Tables C-51 through C-58 in Appendix C of the revised Peach 
Bottom NUREG/CR-4550 report [6], for a more complete description of the 
derivation of these values. Note that if CRD is available, then the 
operator may not need to vent in order to prevent core damage, since CRD 
may continue operation after containment failure.

(text continued on page 3-47)
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TABLE 3.7

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comments

2 A-8 <6E-9 0.1 No <6E-8

4 A-16 <6E-9 0.1 No <6E-8

6 A-23,29 <lE-9 0.1 Yes <lE-8
9 Sl-8 <lE-8 0.1 No <lE-7

11 Sl-16 <lE-8 0.1 No <lE-7
13 Sl-24 <lE-8 0.1 No <lE-7

15 Sl-33,41,49 <lE-8 0.1 No <lE-7
18 Sl-57,63,69 <lE-9 0.1 Yes <lE-8

20 Sl-76,82,88 <lE-9 0.1 Yes <lE-8
25A 52-4-9,10,12 <lE-9 .01 No <lE-7

26 82-4-19,20,21,26,27,28,
33,34,35,40,41,42

<3E-9 Yes Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

30 S2-7-9,10,12 <3E-9 .01 No <3E-7
82-7-19,20,21,26,27.
28,33,34,35,40.41,42

<3E-9 Yes Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

31 82-10-9,10,12,19,
20,21

<lE-8 Yes Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

32 82-13-7,8,10,15,16,17 <lE-8 Yes Sequence(s) previously
quantified (Table 4.10-1)^ 
without PCV and eliminated

i
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TABLE 3,7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value 
Used

Sequence Estimate Comments
Eliminated Frequency

With "Y”
Unavailable

33 32-16-7,8,10,15,16,17 <1E-10

34 32-19-7,8,10,15,16,17 <lE-8

38

to
40

32-24-9,10,12

32-24-19,20,21,26,27,
28,33,34,35,40,41,42

32-27-9,10,12

82-27-19,20,21,26,27,
28,33,34,35,40,41,42

<lE-8 .01

<lE-8

<lE-8 .01

<lE-8

41 32-30-7,8,10,15,16,17 <lE-8

42 32-33-7,8,10,15,16,17 <lE-8

43 32-36-7,8,10,15,16,17 <lE-8

47 33-2-4-9,10,12,19,20, <lE-9
21,26,27,28,33,34,35,40,
41,42

33-2-7-9,10,12,19,20, <lE-9
21,26,27,28,33,34,35,40,
41,42

Yes Sequence(s) previously
quantified (Table 4.10-1)^ 
without PCV and eliminated

Yes Sequence(s) previously
quantified (Table 4.10-1)* 
without PCV and eliminated

No <lE-6

Yes Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

No <lE-6

Yes

Yes

Yes

Yes

Yes

Yes

Sequence(s) previously 
Quantified (Table 4.10-1)1 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated
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TABLE 3.7 (Continued)

U>

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y” Value 
Used

Sequence
Eliminated

Estimate 
Frequency 
With ”Y" 
Unavailable

Comments

53-2-10-9,10,12,19,20,
21

33-2-13-7,8,10,15,16,
17

83-2-16-7,8,10,15,16,
17

33-2-19-7,8,10,15,16,
17

S3-2-2A-9,10,12,19, 
20,21,26,27,28,33,34,
35.40.41.42

33-2-27-9,10,12,19,20,
21,26,27,28,33,34,35,40,
41.42

33-2-30-7,8,10,15,16,
17

53-2-33-7,8,10,15,16,
17

33-2-36-7,8,10,15,16
17

51 Tl-4-7,8,10

<lE-9 Yes

<lE-9 Yes

<lE-9 Yes

<lE-9 Yes

<lE-9 Yes

<lE-9 Yes

<lE-9 Yes

<lE-9 Yes

<lE-9 Yes

<lE-8 IE-2 No

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV smd eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated

<lE-6 TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comments

53 Tl-4-15,16.17,22,23,24,
29,30,31

<5E-9 .5 Yes <lE-8 Sequence(s) below "cutoff" 
TW Sequence(s)

57 Tl-6-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

58 Tl-6-16,17,18,24,25,26, 
32,33,34

<lE-8 Yes Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

61 Tl-10-7,8,10 <1E*8 .01 No <lE-6 TW Sequence(s)

Tl-10-15,16,17,22,23, 
24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

63 Tl-12-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

Tl-12-16,17,18,24,25,
26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

65 Tl-16,7,8,10 <lE-9 .01 No <lE-7 TW Sequence(s)

67 Tl-16-15,16,17 <lE-9 .5 Yes <2E-9 Sequence(s) below "cutoff" 
TW Sequence(s)

68 Tl-20-7,8,10,15,16,17 <lE-8 Yes Sequence(s) previously 
quantified (Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

70 Tl-24-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

72 Tl-24-15,16,17 <lE-9 .5 Yes <2E-9 Sequence(s) below "cutoff" 
TW Sequence(s)
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TABLE 3,7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y” Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y"
Unavailable

Connents

77 Tl-29-5,6,7 <1E-10 .01 Yes <lE-8 Sequence(s) below "cutoff" 
TW Sequence(s)

79 Tl-29-12,13,14 <1E-10 .01 Yes <lE-8 Sequence(s) below "cutoff" 
TW Sequence(s)

81 Tl-29-19,20,21 <lE-8 .01 No <lE-6 TW Sequence(s)

84 Tl-31-7,8,10 <5E-9 .01 No <5E-7 TW Sequence(s)

89 11-36/32-24-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

T-36/S2-24-19,20,21,26, 
27,28,33,34,35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

T1-36/S2-27-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

Tl-36/32-27-19,20,21, 
26,27,28,33,34,35,40,41,
42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T1-36/S2-30-7,6,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T1-36/S2-33-7,8,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T1-36/S2-36-7,8,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)
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TABLE 3■7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comments

93 T1-40/S1-57,63,69 <lE-8 0.1 No <lE-7 TW Sequence(s)

T1-40/S1-76,82,88 <lE-8 0.1 No <lE-7 TW Sequence(s)

97 T1-43/A-23.29 <lE-8 0.1 No <lE-7 TW Sequence(s)
101 T2-4-9,10,12,28,29,30,

31
<lE-8 .01 No <lE-6 TW Sequence(s)

T2-4-19.20,21,36,37,38 
43,44,45,50,51,52

<lE-8 .5 No <2E-8 TW Sequence(s)

12-10-9,10,12,28,29,30,
31

<lE-8 .01 No <lE-6 TW Sequence(s)

12-10-19,20,21,36,37,38,
43,44,45,50,51,52

<lE-8 .5 No <2E-8 TW Sequence(s)

12-6-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

12-6-20,21,22,28,29,30,
36,37,38,44,45,46 <lE-8 .5 No <2E-8 TW Sequence(s)

T2-12-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

T2-12-20,21,22,28,29,30, 
36,37,38,44,45,46

<lE-8 .5 No <2E-8 TW Sequence(s)

T2-16-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

12-16-19,20,21 <lE-8 .5 No <2E-8 TW Sequence(s)

12-20-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

12-20-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)

T2-24-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y” Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y"
Unavailable

Comments

12-24-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)
T2-28-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

12-28-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)

12-33-14,15,16,21,22,
23,28,29,30

<lE-8 .01 No <lE-6 TW Sequence(s)

12-35-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)
12-37/32-4-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

12-37/32-4-19,20,21,26,
27,28,33,34,35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

12-37/32-7-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)
T2-37/32-7-19,20,21,26, 
27,28,33,34,35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

12-37/32-10-9,10,12,19,
20,21

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

12-37/32-13-7,8,10,15,
16,17

«lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

12-37/32-16-7,8,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comments

T2-37/S2-19-7(8,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

T2-38/S1-8,16,24,33,41,
49

<lE-8 .1 No <lE-7 TW Sequence(s)

T2-39/A-8,16 •clE-8 .1 No <lE-7 TW Sequence(s)
T2-41/T1-4-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

T2-41/Tl-4-15,16,17,22,
23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

T2-41/Tl-6-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

T2-41/Tl-6-16,17,18,24,
23,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T2-41/T1-10-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T2-41/T1-10-15,16,17,22, 
23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

T2-41/T1-12-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)
T2-41/T1-12-16,17,18, 
24,25,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

12-41/11-16-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value 
Used

Sequence Estimate Comments
Eliminated Frequency

With "Y"
Unavailable

12-41/11-16-15,16,17 <lE-9 .5 Yes <2E-9 Sequence(s) below "cutoff" 
TW Sequence(s)

12-41/11-20-7,8,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

12-41/11-24-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)
T2-41/T1-24-15,16,17 <lE-8 .5 No <2E-8 TW Sequence/s)

12-41/11-29-5,6,7,12,
13,14

<lE-8 .01 No <lE-6 TW Sequence(s)

12-41/11-29-19,20,21 <lE-8 .01 No <lE-6 TW Sequence(s)

T2-41/T1-31-7,8,10 <5E-9 .01 No <5E-7 TW Sequence/s)

T2-41/T1-36/S2-24-9,
10,12

<lE-8 .01 No <lE-6 TW Sequence/s)

T2-41/T1-36/S2-24-19,
20,21,26,27,28,33,34,
35,40,41,42

<lE-8 Yes Sequence/s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence/s)

T2-41/T1-36/S2-27-9,
10,12

<lE-8 .01 No <lE-6 TW Sequence/s)

T2-41/T1-36/S2-27-19,
20,21,26,27,28,33,34,
35,40,41,42

<lE-8 Yes Sequence/s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence/s)

T2-41/T1-36/S2-30-7,8, 
10,15,16,17

<lE-8 Yes Sequence/s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence/s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary
Containment-Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Connents

T2-41/T1-36/S2-33-7.8,
10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T2-41/T1-36/S2-36-7,8, 
10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T2-41/T1-A0/S1-57,63,
69

<lE-8 .1 No <lE-7 TW Sequence(s)

T2-41/Tl-40/Sl-76,82,
88

<lE-8 .1 No <lE-7 TW Sequence(s)

T2-41/T1-43/A-23,29 <lE-8 .1 No <lE-7 TW Sequence(s)
105 T3A-40/A-8,16 <6E-9 .1 No <6E-8 TW Sequence(s)

T3A-39/S1-8,16,24 <lE-8 .1 No <lE-7 TW Sequence(s)
T3A-38/S2-4-9,10,12 <lE-9 .01 No <lE-7 TW Sequence(s)

T3A-38/S2-4-19,20,21,
26,27,28,33,34,35,40,
41,42

<3E-9 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

T3A-38/S2-7-9,10,12 <3E-9 .01 No <3E-7 TW Sequence(s)

T3A-38/S2-7-19,20,21,
26,27,28,33,34,35,40,
41,42

<3E-9 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y”
Unavailable

Conxnents

T3A-38/S2-10-9,10,12,
19,20,21

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV sind eliminated 
TW Sequence(s)

T3A-38/S2-13-7,8,10,
15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3A-38/S2-16-7,8,10,
15,16,17

<1E-10 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T3A-38/S2-19-7,8,10,
15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T3A-/(T2-l)-4-9,10,
12,28,29,30,31

<lE-8 .01 No <lE-6 TW Sequence(s)

T3A-/(T2-l)-4-19,20,21,
36,37,38,43,44,45,50,51,
52

<lE-8 .5 No <2E-8 TW Sequence(s)

T3A-/(T2-1)-10-9,10,
12,28,29,30,31

<lE-8 .01 No <lE-6 TW Sequence(s)

T3A-/(T2-1)-10-19,20,
21,36,37,38,43,44,45,50,
51,52

«lE-8 .5 No <2E-8 TW Sequence(s)

T3A-/(T2-l)-6-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

T3A-/(T2-l)-6-20,21,22,
28,29,30,36,37,38,44,45,
46

<lE-8 .5 No <2E-8 TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y"
Unavailable

Connents

T3A-/(T2-l)-12-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

T3A-/(T2-1)-12-20,21,22, <lE-8 .5 No <2E-8 TW Sequence(s)
28,29,30,36,37,38,44,45,
46
T3A- / ( T2-1) -16-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

T3A-/(T2-1)-16-19,20,21 <lE-8 .5 No <2E-8 TW Sequence(s)

T3A-/(T2-l)-20-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)
(T3A-/(T2-l)-20-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)
T3A-/(T2-l)-24-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3A-/(T2-l)-24-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)

T3A-/(T2-l)-28-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3A-/(T2-l)-28-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)

T3A-/(T2-l)-33-14,15,
16,21,22,23,28,29,30

<lE-8 .01 No <lE-6 TW Sequence(s)

T3A-/(T2-l)-35-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

T3A-42/T1-4-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

T3A-42/T1-4-15,16,17, 
22,23,24,29,30,31

<5E-9 .5 Yes <lE-8 Sequence(s) below 
TW Sequence(s)

T3A-42/T1-6-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

T3A-42/T1-6-16,17,18, <lE-8 Yes Sequence(s) previc
24,25,26,32,33,34 quantified Table 4.10-1)1 

without PCV and eliminated 
TW Sequence(s)
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TABLE 3,7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frecjuency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Connents

T3A-42/T1-10-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3A-42/T1-10-15,16,17, 
22,23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

T3A-42/T1-12-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3A-42/T1-12-16,17,18, 
24,25,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3A-42/Tl-16-7,8,10 clE-9 .01 No <lE-7 TW Sequence(s)

T3A-42/T1-16-15,16,17 <lE-9 .5 Yes <2E-9 Sequence(s) below "cutoff" 
TW Sequence(s)

T3A-42/T1-20-7,8,10,15,
16,17

•clE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3A-42/T1-24-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

T3A-42/T1-24-15,16,17 <lE-9 .5 Yes <2E-9 Sequence(s) below "cutoff" 
TW Sequence(s)

T3A-42/T1-29-5,6,7 <1E-10 .01 Yes <1E'8 Sequence(s) below "cutoff" 
TW Sequence(s)

T3A-42/T1-29-12,13,14 <1E-10 .01 Yes <1E'8 Sequence(s) below "cutoff" 
TW Sequence(s)

T3A-42/T1-29-19,20,21 <lE-8 .01 No <lE-6 TW Sequence(s)

T3A-42/T1-31-7,8,10 <5E-9 .01 No <5E-7 TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comnents

T3A-42/T1-36/S2-24-9,
10,12

<lE-8 .01 No <lE-6 TW Sequence(s)

T3A-42/T1-36/S2-24-19,
20,21,26,27,28,33,34,
35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

T3A-42/T1-36/S2-27-9,
10,12

<lE-8 .01 No <lE-6 TW Sequence(s)

T3A-42/T1-36/S2-27-19,
20,21,26,27,28,33,34,
35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3A-42/T1-36/S2-30-7, 
8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3A-42/T1-36/S2-33-7,
8,10,15.16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3A-42/T1-36/S2-36-7, 
8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3A-42/T1-40/S1-57,63,69 <lE-8 .1 No <lE-7 TW Sequence(s)

T3A-42/T1-40/S1-76,82,88 <lE-8 .1 No <lE-7 TW Sequence(s)

T3A-42/Tl-43/A-23,29 «=lE-8 .1 No <lE-7 TW Sequence(s)
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TABLE 3.7 (Continued)

to

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tcee
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comments

106 T3B-1/T2-4-9,10,12,28, 
29,30,31

<lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/12-4-19,20,21,36, 
37,38,43,44,45,50,51,52

<lE-8 .5 No <2E-8 TW Sequence(s)

T3B-1/T2-10-9,10,12,28, 
29,30,31

<lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/T2-10-19,20,21,36, 
37,38,43,44,45,50,51,52

<lE-8 .5 No <2E-8 TW Sequence(s)

T3B-1/T2-6-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)
T3B-1/12-6-20,21,22,28, 
29,30,36,37,38,44,45,46

<lE-8 .5 No <2E-8 TW Sequence(s)

T3B-1/T2-12-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/T2-12-20,21,22,28, 
29,30,36,37,38,44,45,46

<lE-8 .5 No <2E-8 TW Sequence(s)

T3B-1/T2-16-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)
T3B-1/T2-16-19,20,21 <lE-8 .5 No <2E“8 TW Sequence(s)
T3B-1/T2-20-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/T2-20-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)

T3B-l/T2-24-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/T2-24-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)
T3B-1/T2-28-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)
T3B-1/T2-28-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y"
Unavailable

Comments

T3B-l/T2-33-14,15,16,
21,22,23,28,29,30

<lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/T2-35-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

T3B-l/T2-37/S2-4-9,10,
12

<lE-8 .01 No <lE-6 TW Sequence(s)

T3B-l/T2-37/S2-4-19,20,
21,26,27,28,33,34,35,40,
41,42

<lE-8 Yes <lE-8 Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-37/S2-7-9,10,
12

<lE-8 .1 No <lE-7 TW Sequence(s)

T3B-1/T2-37/S2-7-19,20, 
21,26,27,28,33,34,35,40,
41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-37/S2-10-9.10,
12,19,20,21

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-37/32-13-7,8, 
10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-37/S2-16-7,8, 
10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y” Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y"
Unavailable

Comments

T3B-1/T2-37/S2-19-7,8, 
10,15,16,17

<lE-8 Yes Sequence(s) previously 
(Quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-38/S1-8,16,24, 
33,41,49

<1E~8 .1 No <lE-7 TW Sequence(s)

T3B-1/T2-39/A-8,16 <lE-8 .1 No <lE-7 TW Sequence(s)

T3B-l/T2-41/Tl-4-7,8,
10

<lE-8 IE-2 No <lE-6 TW Sequence(s)

T3B-1/T2-41/T1-4-15,16, 
17,22,23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

T3B-1/T2-41/T1-6-7,8,
10

<lE-8 IE-2 No <lE-6 TW Sequence(s)

T3B-l/T2-41/Tl-6-16,17,
18,24,25,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T3B-l/T2-41/Tl-10-7,8,
10

<lE-8 .01 No <1E*6 TW Sequence(s)

T3B-1/T2-41/T1-10-15,16, 
17,22,23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

T3B-l/T2-41/Tl-12-7,8,
10

<lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/T2-41/T1-12-16,
17,18,24,25,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y” Value 
Used

Sequence
Eliminated

Estimate 
Frequency 
With "Y” 
Unavailable

Comments

T3B-1/T2-41/T1-16-7,8,
10

<lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/T2-41/T1-16-15,
16,17

<lE-9 .5 Yes <5E-9 Sequence(s) below "cutoff" 
TW Sequence(s)

T3B-1/T2-41/T1-20-7,8, 
10,15,16,17

<lE-8 Yes (Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-41/T1-24-7,
8,10

<lE-8 IE-2 No <lE-6 TW Sequence(s)

T3B-1/T2-41/T1-24-15,
16,17

<lE-8 .5 No <5E-8 TW Sequence(s)

T3B-l/T2-41/Tl-29-5,6,
7,12,13,14

<lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/T2-41/T1-29-19,
20,21

<lE-8 .01 No <lE-6 TW Sequence(s)

T3B-l/T2-41/Tl-31-7,8,
10

<5E-9 .01 No <5E-7 TW Sequence(s)

T3B-1/T2-41/T1-36/S2-
24-9,10,12

<lE-8 .01 No <lE-6 TW Sequence(s)

T3B-1/T2-41/T1-36/S2-
24-19,20,21,26,27,28,33,
34,35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-41/T1-36/S2-
27-9,10,12

<lE-8 .01 No <lE-6 TW Sequence(s)
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TABLE 3,7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value 
Used

Sequence Estimate Connents
Eliminated Frequency

With "Y"
Unavailable

T3B-1/T2-41/T1-36/S2-
27-19,20,21,26,27,28,
33,34,35,*0,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-41/T1-36/S2-
30-7,8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-41/T1-36/S2-
33-7,8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-41/T1-36/S2-
36-7,8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3B-1/T2-41/T1-40/S1-
57,63,69

<lE-8 .1 No <lE-7 TW Sequence(s)

T3B-1/T2-41/T1-40/Sl- 
76,82,88

<lE-8 .1 No <lE-7 TW Sequence(s)

T3B-1/T2-41/T1-43/A-
23,29

<lE-8 .1 No <lE-7 TW Sequence(s)

T3C-2/S2-4-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)
T3C-2/S2-4-19,20,21,26, 
27,28,33,34,35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3C-2/S2-7-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)
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TABLE 3,7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comments

T3C-2/S2-7-19,20,21,26, 
27,28,33,34,35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

T3C-2/S2-10-9,10,12,19,
20,21

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3C-2/S2-13-7,8,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3C-2/S2-16-7,8,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
(quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3C-2/S2-19-7,8,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3C-3/Tl-4-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

T3C-3/T1-4-15,16,17,22, 
23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

T3C-3/T1-6-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

T3C-3/T1-6-16,17,18,24, 
25,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)



3-35

TABLE 3,7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
”Y” Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y”
Unavailable

Comments

T3C-3/Tl-10-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3C-3/Tl-10-15,16,17,22, 
23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

T3C-3/T1-12-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3C-3/T1-12-16,17,18, 
24,25,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table A.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

T3C-3/Tl-16-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3C-3/T1-16-15,16,17 <lE-8 .5 No «2E-8 TW Sequence(s)

T3C-3/T1-20-7,8,10,15,
16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

T3C-3/T1-24-7,8,10 <lE-8 IE-2 No E-6 TW Sequence(s)
T3C-3/T1-24-15,16,17 <lE-8 .5 No <2E-8 TW Sequence(s)

T3C-3/T1-29-5,6,7 <lE-8 .01 No <lE-6 TW Sequence(s)

T3C-3/T1-29-12,13,14 <lE-8 .01 No <lE-6 TW Sequence(s)

T3C-3/T1-31-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

T3C-3/T1-36/S2-24-9,
10,12

<lE-8 .01 No <lE-6 TW Sequence(s)

T3C-3/T1-36/S2-24-19,
20,21,26,27,28,33,34,35,
40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW SequenceCs)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y” 
Unavailable

Comments

T3C-3/T1-36/S2-27-9,
10,12

<lE-8 .01 No <lE-6 TW Sequence(s)

T3C-3/T1-36/S2-27-19,
20,21,26,27,28,33,3A,35,
AO,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

T3C-3/T1-36/S2-30-7,8, 
10,15,16,17

<1E*8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

T3C-3/T1-36/S2-33-7,8, 
10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated 
TW Sequence(s)

T3C-3/T1-36/S2-36-7,8, 
10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

T3C-3/Tl-40/Sl-57,63,
69

<lE-8 .1 No <lE-7 TW Sequence(s)

T3C-3/T1-40/S1-76.82,
88

<lE-8 .1 No <lE-7 TW Sequence(s)

T3C-3/Tl-43/A-23,29 <lE-8 .1 No <lE-7 TW Sequence(s)

108 S3-1/T3A-40/A-8,16 <lE-8 .1 No <lE-7

S3-1/T3A-39/S1-8,16,24 <lE-8 .1 No <lE-7
S3-T3A-38/S2-4-9,10,12 <lE-8 .01 No <lE-6
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value 
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Connents

S3-1/T3A-38/S2-4-19,
20,21,26,27,28,33,34,
35,AO,Al,A2

<lE-8 Yes Sequence(s) previously 
quantified Table A.10-1)^ 
without PCV and eliminated

S3-l/T3A-38/S2-7-9,10,
12

<lE-8 .01 No <lE-6

S3-l/T3A-38/S2-7~9,20,
21,26,27,28,33,3A,35,AO,
Al, A2

<1E~8 Yes Sequence(s) previously 
quantified Table A.10-1)1 
without PCV and eliminated

S3-1/T3A-38/S2-10-9,10, 
12,19,20,21

<lE-8 Yes Sequence(s) previously 
quantified Table A.10-1)1 
without PCV and eliminated

S3-1/T3A-38/S2-13-7,8, 
10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table A.10-1)1 
without PCV and eliminated

S3-l/T3A-38/S2-16-7,8,
10,15,16

<lE-8 Yes Sequence(s) previously 
quantified Table A.10-1)1 
without PCV and eliminated

S3-l/T3A-38/S2-19-7,8,
10,15,16

<lE-8 Yes Sequence(s) previously 
quantified Table A.10-1)1 
without PCV and eliminated

S3-l/T3A/(T2-l)-A-9,
10,12,28,29,30,31

<lE-8 .01 No <lE-6

S3-1/T3A/(T2-l)-A-19,20, 
21,36,37,38,A3,AA,A5,50,
51,52

<lE-8 .5 No <2E-8

S3-l/T3A/(T2-l)-10-9,
10,12,28,29,30,31

<1E“8 .01 No <1E_6
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value 
Used

Sequence
Eliminated

Estimate 
Frequency 
With "Y" 
Unavailable

Coaxnents

S3-1/T3A/(T2-l)-10-19,
20,21,36,37,38,43,44,45,
50,51,52

<lE-8 .5 No <2E-8

S3-1/T3A/(T2-l)-6-9,
10,12

<lE-8 .01 No <lE-6

S3-l/T3A/(T2-l)-6-20,21,
22,28,29,30,36,37,38,44,
45,46

<lE-8 .5 No <2E-8

S3-1/T3A/(T2-l)-12-9,
10,12

<lE-8 .01 No <lE-6

S3-l/T3A/(T2-l)-12-20,
21,22,28,29,30,36,37,38,
44,45,46

<lE-8 .5 No <2E-8

S3-l/T3A/(T2-l)-16-9,
10,12

<lE-8 .01 No <lE-6

S3-1/T3A/(T2-l)-16-19,
20,21

<lE-8 .5 No <2E-8

S3-l/T3A/(T2-l)-20-7,
8,10

<lE-8 .01 No <lE-6

S3-1/T3A/(T2-l)-20-15,
16,17

<lE-8 .5 No <2E-8

S3-1/T3A/(T2-l)-24-7,
8,10

<lE-8 .01 No <lE-6

S3-l/T3A/(T2-l)-24-15,
16,17

<lE-8 .5 No <2E-8
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value 
Used

Sequence
Eliminated

Estimate 
Frequency 
With MYH 
Unavailable

Comments

S3-l/T3A/(T2-l)-28-7,
8,10

<1E~8 .01 No <lE-6

S3-1/T3A/(T2-l)-28-15,
16,17

<lE-8 .5 No <2E-8

S3-l/T3A/(T2-l)-33-14,
15,16,21,22,23,28,29,30

<1E'8 .01 No <lE-6

S3-l/T3A/(T2-l)-35-9,
10,12

<lE-8 .01 No <lE-6

S3-l/T3A-42/Tl-4i-7,8,
10

<lE-8 IE-2 No <1E~6

S3-1/T3A-42/T1-4-15,16, 
17,22,23,24,29,30,31

<lE-8 .5 No <2E-8

S3-l/T3A-42/Tl-6-7,8,
10

<lE-8 .01 No <lE-6

S3-1/T3A-42/T1-6-16,17, 
18,24,25,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated

S3-l/T3A-42/Il-10-7,8,
10

<lE-8 .01 No <lE-6

S3-1/T3A-42/T1-10-15,16, 
17,22,23,24,29,30,31

<lE-8 .5 No <2E-8

S3-l/T3A-42/Tl-12-7,8,
10

<lE-8 .01 No <lE-6

S3-1/T3A-42/T1-12-16,
17,18,24,26,32,33,34

<lE-8 Yes Sec[uence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated
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TABLE 3,7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value 
Used

Sequence Estimate Comnents
Eliminated Frequency

With "Y”
Unavailable

S3-1/T3A-42/T1-16-7,
8,10

<lE-8 .01 No <lE-6

S3-1/T3A-42/T1-16-15,
16,17

<lE-8 .5 No <2E-8

S3-l/T3A-42/Tl-20-7,8,
10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated

S3-1/T3A-42/T1-24-7,8,
10

<lE-8 IE-2 No <lE-6

S3-1/T3A-42/T1-24-15,
16,17

<lE-8 .5 No <2E-8

S3-1/T3A-42/T1-29-5,
6,7

<lE-8 .01 No <lE-6

S3-1/T3A-42/T1-29-12,
13,14

<lE-8 .01 No <lE-6

S3-1/T3A-42/T1-29-19,
20,21

<lE-8 .01 No <lE-6

S3-1/T3A-42/T1-31-7,
8,10

<lE-8 .01 No <lE-6

S3-1/T3A-42/T1-36/S2-
24-9,10,12

<lE-8 .01 No <lE-6

S3-1/T3A-42/T1-36/S2-
24-19,20,21,26,27,28,
33,34,35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated

S3-1/T3A-42/T1-36/S2-
27-9,10,12

<lE-8 .01 No <lE-6
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y” Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comnents

S3-1/T3A-42/T1-36/S2-
27-19,20,21,26,27,28,33,
34,35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated

S3-1/T3A-42/T1-36/S2-
30-7,8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated

S3-1/T3A-42/T1-36/S2-
33-7,8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated

S3-1/T3A-42/T1-36/S2-
36-7,8,10,15,16,17

<1E“8 Yes Sequence(s) previously 
quantified Table 4.10-1)* 
without PCV and eliminated

S3-1/T3A-42/T1-40/S1-
57,63,69

<lE-8 .1 No <lE-7

S3-1/T3A-42/T1-40/S1-
76,82,88

<lE-8 .1 No <lE-7

S3-1/T3A-42/T1-43/A-23,
29

<lE-8 .1 No <lE-7

109 TAC/DC-4,10-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)
TAC/DC-4,10-15,16,17,22, 
23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

TAC/DC-6,12-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-6,12-16,17,18,24, 
25,26,32,33,34

<lE-8 .5 No <2E-8 TW Sequence(s)



3-42

TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y” Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comments

TAC/DC-16,20,24-7,8,
9,10

<lE-8 .01 No <lE-8 TW Sequence(s)

TAC/DC-16,20,24-15,16 <lE-8 .5 No <2E-8 TW Sequence(s)

TAC/DC-29-15,16,17,22, 
23,24,29,30,31

<lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-31-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-33/S2-4-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-33/S2-4-19,20,
21,26,27,28,33,34,35,
40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-33/S2-7-9,10,12 <lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-33/S2-7-19,20,
21,26,27,28,33,34,35,
40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-33/S2-10-9,10, 
12,19,20,21

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-33/S2-13-7,8, 
10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-33/S2-16-7,8,10,
15,16,17

<lE-8 Yes Sequence(s) previously 
(Quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value 
Used

Sequence Estimate Comments
Eliminated Frequency

With "Y"
Unavailable

TAC/DC-33/S2-19-7,8,10, 
15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-33/S2-24-9,10,
12

<lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-33/S2-24-19,20,
21,26,27,28,33,34,35,40,
41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-33-S2-27-9,10,
12

<lE-8 .01 No <lE-6 TW Sequence(s)

TAG/DC-33/32-27-19,20, 
21,26,27,28,33,34,35,40,
41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

TAG/DC-33/S2-30-7,8,10, 
15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-33/S2-33-7,8,10, 
15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-33/S2-36-7,8,10, 
15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)^ 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-34/S1-8,16,24 <lE-8 .1 No <lE-7 TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y” 
Unavailable

Comments

TAC/DC-35/A-8,16 <lE-8 .1 No <lE-7 TW Sequence(s)

TAC/DC-37/T1-4-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

TAC/DC-37/T1-4-15,16, 
17,22,23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

TAC/DC-37/T1-6-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)

TAC/DC-37/T1-6-16,17, 
18,24,25,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-37/T1-10-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-37/T1-10-15,16, 
17,22,23,24,29,30,31

<lE-8 .5 No <2E-8 TW Sequence(s)

TAC/DC-37/T1-12-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-37/T1-12-16.17,
18,24,25,26,32,33,34

<lE-8 Yes Sequence(s) previously 
quantified Table 4.10-1)1 
without PCV and eliminated 
TW Sequence(s)

TAG/DC-37/Tl-16-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-37/T1-16-15,16,
17

<lE-8 .5 No <2E-8 TW Sequence(s)

TAC/DC-37/T1-20-7,8,10, 
15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-37/Tl-24-7,8,10 <lE-8 IE-2 No <lE-6 TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value
Used

Sequence
Eliminated

Estimate
Frequency
With "Y" 
Unavailable

Comments

TAC/DC-37/Tl-24-15,16,
17

<lE-8 .5 No <2E-8 TW Sequence(s)

TAC/DC-37/Tl-Z9-5,6,7 <lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-37/Tl-29-12,13,
14

<lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-37/T1-29-19,20,
21

<lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-37/Tl-31-7,8,10 <lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-37/T1-36/S2-24-
9,10,12

<lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-37/T1-36/S2-24-
19,20,21,26,27,28,33,34,
35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4-10-1)^- 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-37/T1-36/S2-27-
9,10,12

<lE-8 .01 No <lE-6 TW Sequence(s)

TAC/DC-37/T1-36/S2-27-
19,20,21,26,27,28,33,34,
35,40,41,42

<lE-8 Yes Sequence(s) previously 
quantified Table 4-10-1)* 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-37/T1-36/S2-30-
7,8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4-10-1)1 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-37/T1-36/S2-33-
7,8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4-10-1)* 
without PCV and eliminated 
TW Sequence(s)
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TABLE 3.7 (Continued)

Non-Dominant Sequences Quantified with Primary 
Containment Venting System Unavailable

Accident Event Tree
Sequence Sequence

Previously
Estimated
Frequency

Approximate 
"Y" Value 
Used

Sequence Estimate Comments
Eliminated Frequency

With "Y”
Unavailable

TAC/DC-37/T1-36/S2-36-
7,8,10,15,16,17

<lE-8 Yes Sequence(s) previously 
quantified Table 4-10-1)^ 
without PCV and eliminated 
TW Sequence(s)

TAC/DC-37/T1-40/S1-57,
63,69

<lE-8 .1 No <lE-7 TW Sequence(s)

TAC/DC-37/T1-40/S1-76,
82,88

<lE-8 .1 No <lE-7 TW Sequence(s)

TAC/DC-37/T1-43/A-23,
29

<lE-8 .1 No <1E~7 TW Sequence(s)



Table 3.8 contains a list of the estimated frequencies for sequences 
without the PCV system. These are listed by their associated initiating 
event. Recovery can be applied to the S2, S3, Tl, T2, T3A, T3B, T3C and 
TAC/DC events. The recovery action applied was PCSNR13HR (probability of 
1.0E-2), which denotes recovery of the Power Conversion System (PCS) 
within 13 hours. Successful recovery implies heat removal to the PCS, 
which removes it to the ultimate heat sink. The core is cooled and the 
containment pressure and temperature are no longer rising. The PCS is of 
no use to sequences with initiating events A and SI, since heat is 
escaping out the break into the containment.

Adding the total frequency of 5.65E-6 from Table 3.8 to the previous 
point estimate of 3.62E-6 yields a value of 9.27E-5, an increase of a 
factor of -2.6. While this is not a large increase in the point estimate 
of the plant, it does indicate a change in perspective for the plant. 
The results of this analysis are extremely plant specific, depending on 
the piping configuration and emergency procedures. Also, the analysis 
does not consider any possible negative effects from venting due to 
fission product releases as a result of unnecessary venting.

Table 3.8

Estimated Sequence Frequencies without PCV

Initiating
Event

Estimated
CDF Without 
Recovery

Estimated
CDF With
Recovery

A- <1.2E-7 <1.2E-7
SI- <6.0E-7 <6.0E-7
S2- <7.2E-6 <7.2E-8
S3-1- <8.88E-5 <8.88E-7
Tl- <2.68E-5 <2.68E-7
T2- <8.47E-5 <8.47E-7
T3A- <7.36E-5 <7.36E-7
T3B- <8.51E-5 <8.51E-7
T3C- <4.DIE-5 <4.01E-7
TAC/DC- <8.64E-5 <8.64E-7

Total <4.93E-4 <5.65E-6

LOCAs <9.672E-5 <1.68E-6
TWs <3.967E-4 <3.97E-6

Total point estimate from NUREG/CR-4550 [6] is 3.62E-6.
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3.3.2 High Pressure Service Water Injection

The High Pressure Service Water (HPSW) system can be used as a Phase 2 
option to provide an alternate source of cooling water during a variety 
of accident sequences at Peach Bottom. The sequences affected are 
typically those in which some dependent failure has occurred that affects 
multiple safety systems. Since the HPSW components are located mostly 
outside containment and it takes suction from the river, the system is 
not affected by those dependent failures. Thus, it provides diversity as 
well as redundancy. The drawback of using this system is that it injects 
river water into the reactor which requires extensive cleanup after this 
typq of use.

The HPSW injection is accomplished via a cross-tie to the Residual Heat 
Removal (RHR) injection lines (event tree nomenclature -"V4"). A 
simplified schematic of the HPSW system is provided by Figure 3.1. As an 
injection source to the reactor vessel, the HPSW discharge to the RHR 
injection lines is from the B/D pump header which connects to the RHR 
header. To inject water into the reactor vessel via the RHR system, the 
operator starts HPSW pumps B and/or D and opens MOV-176 and MOV-174. 
Pump B or D must supply flow through the cross-tie and corresponding RHR 
injection line under depressurized conditions in the reactor vessel. 
Despite its name, the HPSW is a low pressure system relative to the high 
pressure injection systems at Peach Bottom. Pumps A or C can be used 
with operation of a cross tie valve. The system depends on AC power and 
manual actuation for success.

To determine the significance HPSW has had on the Peach Bottom analysis, 
the solution to the HPSW fault tree obtained from a SETS analysis in 
Reference 6 was reviewed. The dominant system cut set consists of the 
single event ESF-XHE-FO-HSWIN. This cut set represents a failure of the 
operator to realign HPSW for injection and accounts for 82% of the 
unavailability of the HPSW system in this analysis.

There was one plant damage state in the NUREG-1150 analysis which 
contained HPSW injection. This plant damage state contained cut sets 
from the dominant sequences, as described in Reference 6. Only the 
sequences which appeared to have frequency estimates greater than IE-8 
were completely analyzed in Reference 6. The technique chosen to 
eliminate the HPSW system from these sequences (and their corresponding 
plant damage states) was to set the probability of the basic event, ESW- 
XHE-FO-HSWIN, to 1.0, which ensures HPSW injection failure. This is an 
approximation which neglects the small amount of double counting of cut 
sets (<18%) that is possible with this method.

One plant damage state (PDS-03) and the total plant were requantified 
using the TEMAC computer code. A detailed description of the plant
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damage states can be found in Section 4.11 of Reference 6. Table 3.9 
compares the estimated frequencies from NUREG-1150 to those which have 
been requantified. Although an increase of a factor of 4 is realized for 
PDS-03, the total plant calculation shows only a slight increase. For 
the NUREG-1150 dominant sequences, the HPSW system does not have a 
significant influence on the total plant core damage frequency.

To determine the significance HPSW availability or unavailability has on 
the previously non-dominant sequences, all of the event trees from 
Reference 6 were reviewed. The success branches for HPSW were ignored 
since they do not exist if HPSW is removed from the tree. All of the 
non-dominant sequence failure branches were traced and approximately 900 
sequences containing HPSW were found that previously were screened out in 
the Ref. 6 analysis.

Table 3.9

Estimated Plant Damage State Frequencies without HPSW

PDS Description NUREG-1150
Estimated
CDF

New
Estimated
CDF

PDS-03 Transient with Loss of Low 
Pressure Injection Systems 
and Two Stuck Open Relief 
Valves

5.83E-9 2.33E-8

Total Plant 3.62E-6 3.64E-6

These 900 sequences were requantified with the HPSW system eliminated
from the event tree. Some of these sequences with frequencies below IE-8 
were previously screened out (see Table 4.10-1 of Reference 6) without 
using the "VA" event failure and were subsequently eliminated from this 
requantification. This left approximately 150 sequences.

Table 3.10 is a compilation of these sequences listing the accident 
sequence numbers, estimated frequencies and the approximate "V4" event 
probabilities assigned to each sequence from Table 4.10-1 of Reference 6. 
Table 3.10 also lists the corresponding event tree sequences, new 
estimated frequencies, and relevant comments and indicates whether or not 
the sequence could be screened out.

To determine the new estimated sequence frequencies, previously estimated 
sequence frequencies were divided by the appropriate "V4" event 
probabilities used in the 1150 analysis. Some of the "V4" values used in

(text continued on page 3-62)
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Table 3.10

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident
Sequence

Event Tree 
Sequence

Previously Approximate 
Estimated "V^" Value 
Frequency Used

Sequence
Eliminated

Estimate 
Frequency 
With "V4" 
Unavailable

Comments

1 A-5 <6E-9 6E-2 No <1.OE-7 "Y" has succeeded, W-type sequence. Type 4 from Table 
Three

3 A-13 <6E-9 6E-2 No 1.0E-7 ”Y" has succeeded, W-type sequence, Type A from Table 
Three

6 A-21,27 <lE-9 6E-2 No <1.7E-8 "Y” has succeeded, W-type sequence. Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

8 Sl-5 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence. Type 4 from Table 
Three

10 Sl-13 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence, Type 4 from Table 
Three

15 Sl-30,38 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

16 Sl-50 <7E-9 .1 No <7E-8 "V^” value given in Table 4.10-1^

18 Sl-55,61 <lE-9 6E-2 No <1.7E-8 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

19 Sl-70 <lE-9 .1 Yes <1.0E-8 V-type sequence, Type 4 from Table Three

20 Sl-74,80 <lE-9 6E-2 No <1.7E-8 "YM has succeeded, W-type sequence. Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

Sl-89 <lE-9 .1 Yes <1.OE-8 V-type sequence, Type 4 from Table Three

24 S2-4-4 <1E-10 6E-2 Yes <1.7E-9 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three
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TABLE 3,10 (Cont.)

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously Approximate 
Estimated "V^" Value 
Frequency Used

Sequence
Eliminated

Estimate 
Frequency 
With "V4" 
Unavailable

Comments

30 S2-7-4 <3E-9 6E-2 No <5.OE-8 "YM has succeeded, W-type sequence, Type 4 
Three

from Table

35 S2-20 <lE-9 2.5E-2 No <4.OE-8 V-type sequence. Type 3 from Table Three

38 S2-24-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 
Three

from Table

40 S2-27-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 
Three

from Table

44 S2-37 dE-8 2.5E-2 No <4.OE-7 V-type sequence. Type 3 from Table Three
47 S3-2/S2-4-4 <lE-9 6E-2 No <1.7E-8 "Y" has succeeded, W-type sequence. Type 4 

Three
from Table

S3-2/S2-7-4 <lE-9 6E-2 No <1.7E-8 ”Y“ has succeeded, W~type sequence, Type 4 
Three

from Table

S3-2/S2-20 <lE-9 2.5E-2 No <4.OE-8 V-type sequence. Type 3 from Table Three

S3-2/S2-24-4 <lE-9 6E-2 No <1.7E-8 ”Y" has succeeded, W-type sequence. Type 4 
Three

from Table

S3-2/S2-27-4 <lE-9 6E-2 No <1.7E-8 "Y" has succeeded, W-type sequence, Type 4 
Three

from Table

S3-2/S2-37 <lE-9 2.5E-2 No <4.OE-8 V-type sequence, Type 3 from Table Three

49 Tl-3-5 <1E-10 6E-2 Yes <1.7E-9 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

54 Tl-4-32 <1E-10 6E-2 Yes <1.7E-9 Long term V-type sequence, use Type 4 from Table Three
for W-type sequence for conservatism



3-53

TABLE 3.10 (Cont.)

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate 
"VA" Value 
Used

Sequence
Eliminated

Estimate 
Frequency 
With "V4" 
Unavailable

Comments

60 Tl-9-5 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

61 Tl-10-32 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

73 Tl-25 <lE-8 .1 No <lE-7 ”V4" value given in Table 4.10-11

74 Tl-27-4 <1E-10 6E-2 Yes <1.7E-9 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

75 Tl-28-4 <1E-10 6E-2 Yes <1.7E-9 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

82 Tl-29-22 <5E-9 6E-2 No <8.3E-8 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

89 T1-36/S2-4-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 
Three

from Table

T1-36/S2-7-4 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence, Type 4 
Three

from Table

T1-36/S2-20 <lE-8 2.5E-2 No <4.OE-7 V“type sequence, Type 3 from Table Three

T1-36/S2-24-4 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence, Type 4 
Three

from Table

T1-36/S2-27-4 <lE-8 6E-2 No <1.7E-7 MY” has succeeded, W-type sequence, Type 4 
Three

from Table

T1-36/S2-37 <1E~8 2.5E-2 No <4.OE-7 V-type sequence. Type 3 from Table Three

93 Tl-40/31-55,61 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.



TABLE 3.10 (Cont.)

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident Event Tree Previously Approximate Sequence Estimate Comments
Sequence Sequence Estimated "V4" Value Eliminated Frequency

Frequency Used With MV4" 
Unavailable

T1-40/S1-70 <1E*8 .1 No <lE-7 V-type sequence. Type 4 from Table Three

T1-40/S1-74,80 <1E*8 6E-2 No <1.7E-7 ”YM has succeeded, W-type sequence, Type A from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

T1-40/S1-89 <lE-8 .1 No <lE-7 V-type sequence. Type 4 from Table Three

97 Tl-43/A-21,27 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

101 T2-37/S2-4-4 <lE-8 6E-2 No <1.7E-7 ”Y" has succeeded, W-type sequence. Type 4 from Table 
Three

T2-37/S2-7-4 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence. Type A from Table 
Three

T2-37/S2-20 <lE-8 2.5E-2 No <4.OE-7 V-type sequence, Type 3 from Table Three

105 T3A-38/S2-4-4 <1E-10 6E-2 Yes <1.7E-9 "Y" has succeeded, W-type sequence. Type 4 from Table 
Three

T3A-38/S2-7-4 <lE-9 6E-2 No «1.7E-8 "Y" has succeeded, W-type sequence. Type 4 from Table 
Three

T3A-38/S2-20 <lE-9 2.5E-2 No <4.OE-8 V-type sequence. Type 3 from Table Three

T3A-39/S1-5,13 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type A from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

T3A-39/S1-30,38 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.



3-55

TABLE 3.10 (Cont.)

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident Event Tree Previously Approximate Sequence Estimate Comnents
Sequence Sequence Estimated "V^" Value Eliminated Frequency

Frequency Used With "VA" 
Unavailable

T3A-39/S1-50 <7E-9 .1 No <7E-8 "V^" value given in Table 4.10-11

T3A-40/A-5,13 <6E-9 .01 No <6E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

T3A-42/T1-3-5 <1E-10 6E-2 Yes <1.7E-9 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3A-42/T1-A-32 <1E-10 6E-2 Yes <1.7E-9 Long term V-type sequence, use Type 4 from Table Three 
for W-type sequence for conservatism

T3A-42/T1-9-5 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3A-42/T1-10-32 <lE-8 6E-2 No <1.7E~7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3A-42/T1-25 <lE-8 .1 No <lE-7 "V value given in Table 4.10-1*

T3A-42/T1-27-4 <1E-10 6E-2 Yes <1.7E“9 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3A-42/T1-28-4 <1E-10 6E-2 Yes <1.7E-9 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3A-42/T1-29-22 <5E-9 6E-2 No <8.3E-8 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3A-42/T1-36/S2-4-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 
Three

from Table

T3A-42/T1-36/S2-7-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 
Three

from Table
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TABLE 3.10 (Cont.)

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident Event Tree 
Sequence Sequence

Previously Approximate Sequence Estimate Comments
Estimated "V^" Value Eliminated Frequency
Frequency Used With "V^"

Unavailable

T3A-42/T1-36/S2-20 <lE-9 2.5E-2 No <4.OE-7 V-type sequence. Type 3 from Table Three
T3A-42/T1-36/S2-27-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 

Three

T3A-42/T1-36/S2-24-4 <1E*8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three

T3A-42/T1-36/S2-37 <lE-8 2.5E-2 No <4.OE-7 V-type sequence, Type 3 from Table Three
T3A-<t2/Tl-40/Sl-55,61 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence, Type 4 from Table 

Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

T3A-42/Tl-40/Sl-74,80 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

T3A-'.2/Tl-89 <lE-8 .1 No <lE-7 V-type sequence, Type 4 from Table Three

T3A-42/Tl-43/A-21,27 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

T3B-1/T2-37/S2-4-4 <lE-8 6E-2 No <1.7E-7 ”Y" has succeeded, W-type sequence. Type 4 from Table 
Three

T3B-1/T2-37/S2-7-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 from Table 
Three

T3B-1/T2-37/S2-20 <lE-8 2.5E-2 No <4.OE-7 V-type sequence. Type 3 from Table Three

T3C-2/S2-4-4 <lE-8 6E-2 . No <1.7E-7 "Y” has succeeded, W-type sequence, Type 4 from Table 
Three

107
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TABLE 3.10 (Cont.)

OJ

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident Event Tree Previously Approximate Sequence Estimate Comments
Sequence Sequence Estimated "V^" Value Eliminated Frequency

Frequency Used With "V^"
Unavailable

T3C-2/S2-7-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 
Three

from Table

T3C-2/S2-20 <lE-8 2.5E-2 No <4.OE-7 V-type sequence, Type 3 from Table Three

T3C-3/T1-3-5 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3C-3/T1.-4-32 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3C-3/T1-9-5 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3C-3/T1-10-32 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3C-3/T1-25 <lE-8 .1 No <lE-7 "V^" value given in Table 4.10-11

T3C-3/T-27-4 «lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3C-3/T1-28-4 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3C-3/Tl-29-22 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

T3C-3/T1-36/S2-4-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 
Three

from Table

T3C-3/T1-36/S2-7-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 
Three

from Table

T3C-3/T1-36/S2-20 <lE-8 2.5E-2 No <4.OE-7 V-type sequence. Type 3 from Table Three



TABLE 3.10 (Cont.)

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously Approximate 
Estimated "V^” Value 
Frequency Used

Sequence
Eliminated

Estimate 
Frequency 
With "V4" 
Unavailable

Comments

T3C-3/T1-36/S2-27-4 <lE-8 6E-2 No <1.7E-7 MYM has succeeded, W-type sequence. Type A from Table 
Three

T3C-3/T1-36/S2-24-* <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence. Type 4 from Table 
Three

T3C-3/T1-36/S2-37 <lE-8 2.5E-2 No <4.OE-7 V-type sequence. Type 3 from Table Three

T3C-3/T1-40/S1-55,61 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

T3C-3/T1-40/S1-74,80 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence. Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

T3C-3/T1-40/S1-89 <lE-8 .1 No <lE-7 V-type sequence. Type 4 from Table Three

T3C-3/T1-43/A-21,27 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

108 S3-1/T3A-42/T1-40/S1-
55,61

<lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

S3-1/T3A-42/T1-40/S1-
74,80

<lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

S3-1/T3A-42/T1-40/Sl-89 <lE-8 .1 No <lE-7 V-type sequence, Type 4 from Table Three
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TABLE 3.10 (Cont.)

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident
Sequence

Event Tree
Sequence

Previously
Estimated
Frequency

Approximate
Value

Used

Sequence
Eliminated

Estimate 
Frequency 
With "V4" 
Unavailable

Comments

S3-1/T3A-42/T1-43/A-
21,27

<lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

109 TAC/DC-25 <lE-8 2.5E-2 No <4.OE-7 V-type sequence, Type 3 from Table Three

TAC/DC-33/S2-4-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three

TAC/DC-33/S2-7-4 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence, Type 4 from Table 
Three

TAC/DC-33/S2-20 <lE-8 2.5E-2 No <4.OE-7 V-type sequence. Type 3 from Table Three

TAC/DC-35/A-5,13 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

TAC/DC-35/A-21,27 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

TAC/DC-34/SI-5,13,30,38 <lE-8 6E-2 No <1.7E-7 HY” has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

TAC/DC-34/S1-50 <lE-8 .1 No <lE-7 "V4" value given in Table 4.10-1^

TAG/DC-34/SI-55,61,74,80 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence, Type 4 from Table 
Three. Values apply for each event tree sequence; they 
are not a total of all event tree sequences listed.

TAC/DC-34/S1-70,89 <lE-8 .1 No <lE-7 V-type sequence, Type 4 from Table Three. Values apply
for each event tree sequence; they are not a total of 
all event tree sequences listed.
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TABLE 3.10 (Cont.)

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident Event Tree Previously Approximate Sequence Estimate Comments
Sequence Sequence Estimated "V^" Value Eliminated Frequency

Frequency Used With "V^"
Unavailable

TAC/DC-37/Tl-3-5 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

TAC/DC-37/T1-4-32 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type A from 
for W-type sequence for conservatism

Table Three

TAC/DC-37/Tl-9-5 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type A from 
for W-type sequence for conservatism

Table Three

TAC/DC-37/Tl-10-32 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type A from 
for W-type sequence for conservatism

Table Three

TAC/DC-37/Tl-25 <lE-8 .1 No <lE-7 "V^" value given in Table 4.10-1^

TAC/DC-37/Tl-27-4 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type A from 
for W-type sequence for conservatism

Table Three

TAC/DC-37/Tl-28-4 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type 4 from 
for W-type sequence for conservatism

Table Three

TAC/DC-37/Tl-29-22 <lE-8 6E-2 No <1.7E-7 Long term V-type sequence, use Type A from 
for W-type sequence for conservatism

Table Three

TAC/DC-37/T1-36/S2-4-4 <lE-8 6E-2 No <1.7E-7 "Y" has succeeded, W-type sequence. Type 4 
Three

from Table

TAC/DC-37/T1-36/S2-7-4 <lE-8 6E-2 No <1.7E-7 MYM has succeeded, W-type sequence, Type A 
Three

from Table

TAC/DC-37/T1-36/S2-20 <lE-8 2.5E-2 No <4.OE-7 V-type sequence, Type 3 from Table Three
TAC/DC-37/T1-36/S2-27-4 <lE-8 6E-2 No <1.7E-7 "Y” has succeeded, W-type sequence. Type A 

Three
from Table



TABLE 3.10 (Cont.)

Non-Dominant Sequences Quantified 
with HPSW System Unavailable

Accident Event Tree 
Sequence Sequence

Previously Approximate Sequence Estimate Comnents
Estimated "V^" Value Eliminated Frequency
Frequency Used With "V^"

Unavailable

TAC/DC-37/T1-36/S2-24-4 <lE-8 6E-2 No <1.7E-7 ”Y" has succeeded, W-type sequence, 
Three

Type 4 from Table

TAC/DC-37/T1-36/S2-37 <lE-8 2.5E-2 No <4.OE-7 V-type sequence. Type 3 from Table Three



the initial quantification were given in the comment sections in Table 
4.10-1 of Reference 6. For those sequences not covered in this way, 
Table C-47 (given in the appendices of NUREG/CR-4550, Volume 4, [6]) was 
used in conjunction with the event tree to determine the "VA" event 
probabilities that were used. Table 3.11 is a compilation of those 
portions of Table C-47 relevant to finding the "V4" probability values. 
V-Type and W-Type sequence designators refer to loss of injection and 
loss of containment heat removal sequences, respectively. No recovery 
actions were applicable for the HPSW analysis.

Table 3.11

Human Error Probabilities for High 
Pressure Service Water Sequences

Type Description of Event Tree 
Sequence

Total Human 
Probability

Error
(HEP)

V-Type
Sequence

W-Type
Sequence

1 Two or less safety systems 
failed and no operating 
safety systems subsequently 
failed.

4E-3 8E-4

2 Two or less safety systems 
failed and operating safety 
system(s) did subsequently 
fail.

2.5E-2 IE-2

3 More than two safety systems 
failed and no operating 
safety systems subsequently 
failed.

2.5E-2 IE-2

4 More than two safety systems 
failed and operating safety 
systems subsequently failed.

0.1 6E-2

The estimated frequencies with ”V4" unavailable (see Table 3.10) were 
totaled for each initiating event. These frequencies are listed in Table 
3.12. Adding the total estimated frequencies from Table 3.12 (2.46E-5) 
and Table 3.9 (3.64E-6) yields a new point estimate of 2.82E-5. This is 
an increase of a factor of 7.8 over the NUREG-1150 value of 3.62E-6 and 
represents a high estimate. This point estimate would be less if time 
permitted a complete requantification using the SETS and TEMAC computer 
codes.
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Table 3.12

Non-Dominant Sequence Frequencies with HPSW 
Unavailable Grouped by Initiating Event

Initiating Event Estimated CDF

A <2.3E-7

SI <7.8E-7

S2 <8.3E-7

S3 <1.5E-7

T1 <3.22E-6

T2 <7.4E-7

T3A <5.87E-6

T3B <7.4E-7

T3C <5.75E-6

TAC/DC <6.25E-6

Total <2.46E-5

3.3.3 Diesel Generator Maintenance

Peach Bottom has a very reliable emergency AC power system as a result of 
a combination of system design and new maintenance practices. Although 
these factors will not prevent the initiating event of a loss of offsite 
power, it provides immediate accident mitigation and is considered a 
Phase 1 risk management practice. The system design is such that, upon 
loss of offsite power, any one of four diesels can supply the loads for 
both units. With this level of redundancy, only dependent failures of 
the diesels have any significant impact on the core damage frequency. 
Additionally, the maintenance program at Peach Bottom is such that the 
probability of a diesel generator failing to start has been reduced from 
a generic value of 3E-2 per demand to 3E-3 per demand, an order of 
magnitude decrease.

The station blackout frequency at Peach Bottom tends to be dominated by 
failures in the Emergency Service Water (ESW) system. This two train
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system provides cooling to the diesel generators, and failure of the 
system leads to diesel generator failure. This dependent failure 
dominates the diesel generator failure rates even when other common cause 
failures are considered. Analysis indicates that the reduced diesel 
generator failure rates do not have a large impact on the core damage 
frequency. Nonetheless, the diesel generator maintenance program is to 
be commended as a significant risk management effort that could have a 
large impact at other plants with less redundancy in their emergency 
power systems.
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4. DIRECT BENEFITS FROM PRAs

In performing a PRA, important plant vulnerabilities are identified which 
may encourage utilities to initiate plant improvements. In general, any 
significant vulnerabilities are fixed by the utility when they are 
uncovered, often before the PRA is completed. Some of these 
vulnerabilities may be ones that current utility risk management 
programs, which are not always based on systematic evaluations, have 
overlooked. Also, there are usually large numbers of plant changes that 
a utility may be considering at any point in time, and PRA results may 
provide further impetus to undertake some of these changes.

The best way to illustrate the direct benefits of PRAs is by example. 
There are numerous risk significant changes that have occurred at the 
four NUREG-1150 plants during the process of completing the NUREG-1150 
study. It would be incorrect to conclude that all of these changes 
occurred solely as a result of NUREG-1150; indeed, many of the changes 
are a result of industry initiatives and utility decisions. Nonetheless, 
we do believe that NUREG-1150 and other PRA studies have contributed to 
the process and increased the priority of many of these changes. In the 
sections below, we identify some of the most important plant changes that 
occurred during the NUREG-1150 process and evaluate their perceived 
impact on the final NUREG-1150 results.

4.1 Direct Benefits at Surrv

Numerous changes have occurred at Surry during the past three years. 
Examples of some of the more significant Phase 1 and 2 changes from a 
probabilistic risk viewpoint are:

1. Uninterruptible power supplies have been provided for vital 
instrumentation buses.

2. New heat exchanger valves have been added to the 
Containment Spray Recirculation system.

3. Operating emphasis has changed so that block valves on the 
atmospheric dump valves are more likely to be open.

Each of these changes and its potential significance is discussed in the 
following sections. Quantitative evaluations are included where 
possible.

4.1.1 Uninterruptible Power Supplies

A significant Phase 1 hardware configuration change has been made at 
Surry concerning the power supplies to the four 120 VAC vital 
Instrumentation and Control (I and C) buses. Previously, two vital buses 
were powered by DC buses via inverters and the other two were powered by

4-1



480 VAC buses via solatron transformers. In the event of a loss of a 480 
VAC bus, the associated 120 V vital I and C bus was also lost, resulting 
in a turbine trip because the vital buses on the solatron transformers 
power the turbine control system. The reactor trips following the 
turbine trip. Previously, the plant had often been operated with the 
atmospheric dump valves (ADVs) inoperable. The abrupt turbine runback, 
combined with inoperable ADVs, caused the pressure and temperature in the 
steam generators to increase above normal post-trip levels. This results 
in an increased cold leg temperature and subsequent high primary system 
temperature. Thus, the power-operated relief valve (PORV) demand 
probability in this situation was assessed to be 1.0. A transient- 
induced loss of coolant accident (LOCA) will result if the PORV sticks 
open. The LOCA can not be isolated in this instance since the block 
valve is powered by the failed 480 V bus.

The four vital 120 VAC buses are now each powered by uninterruptible 
power supplies (UPS), which are fed by three sources. The loss of a 480 
VAC bus is no longer considered an initiating event. A reactor trip does 
not result, since the 120 VAC buses do not lose power and the turbine 
control system is unaffected. If a stuck-open PORV results from other 
initiating events, power to the block valve is maintained and the PORV 
can be isolated.

In order to quantify the core damage frequency (CDF) change due to the 
addition of uninterruptible power supplies, numbers from the original 
NUREG/CR-4550 Surry report [7] were examined. Current Surry analyses do 
not include T* (loss of 480 V bus) events as initiators. Four T4 
sequences were dominant in the original 4550 analysis. The affected 
sequences and their point estimate probabilities are given in Table 4.1. 
If the plant changes had not been made, and the T* sequences were to be 
included in the current analysis, the point estimate of the core damage 
frequency at Surry would be increased by 5.00E-6 to 3.84E-5, based on the 
frequency of these sequences in the original analysis.

4.1.2 Containment Spray Recirculation System Heat Exchanger 
Valves

Containment heat removal at Surry is provided by the Inside and Outside 
Containment Spray Recirculation systems, each of which is a two train 
system. Thus, there are a total of four heat exchangers available to 
remove containment heat loads. Cooling for the heat exchangers is 
provided by a gravity flow service water system. Two pipe trains supply 
service water to a header connected to all four heat exchangers. Each 
pipe train contains two inlet valves in parallel, with only one of four 
valves needed to be open to supply sufficient cooling water to the heat 
exchangers.

In 1983 an incident occurred in which all four valves failed to open upon 
demand. This failure was due to a combination of marine growth and 
corrosion. As a result of this failure, the valve test interval was
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Table 4.1

Sequences Eliminated Due to Addition of UPS

Sequence Description

Annual
Sequence
Frequency

TajQH! Failure of 480V Bus U and 
low pressure recirculation

1.9E-6

TahQHx Failure of 480 V bus 1H and 
low pressure recirculation

1.6E-6

T4jQH2 Failure of 480 V bus 1J and 
high pressure recirculation

8.1E-7

T^hQHz Failure of 480 V bus 1H and 
high pressure recirculation

6.8E-7

Total Reduction in CDF 5.0E-6

changed from 18 months to 3 months. The original NUREG/CR-4550 analysis 
[7] used a plant-specific data analysis that factored in the changed test 
interval and produced a median value of 0.Oil per demand for the common 
cause failure of all four service water valves.

More recently, in 1986, the actual valves were replaced by valves 
containing material more resistant to marine growth that require less 
torque to open. No additional common cause failures have been observed 
since the 1983 incident. As a result of the new valves and additional 
operating data, the revised NUREG/CR-4550 analysis [4] used a mean value 
of 6.3E-4 per demand for the common cause failure of the four valves.

The impact of this Phase 2 change can be seen by examining the plant 
damage states that involve the total loss of containment heat removal. 
The frequencies of the plant damage states as calculated for the original 
analysis are summarized in Table 4.2. In the new analysis, no accident 
sequences with a frequency above IE-7 were identified; thus, no plant 
damage state frequencies were developed. Overall, we estimate that each 
of the sequences (and therefore the plant damage states) dropped about an 
order of magnitude. While this may not be a particularly large change to 
the total cor£ damage frequency, the risk impact could be important since 
these are accident sequences in which containment heat removal is lost 
and containment failure may precede core damage.
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Table 4.2

Plant Damage States Involving Loss of 
Containment Heat Removal (CHR) 

(Previous Analysis)

PDS Description
Mean

Frequency

SYNI Small LOCAs with failure of 
recirculation and CHR

5.0E-8

AYNB Large and Medium LOCAs with failure 
CHR and subsequent ECCS failure

of 8.3E-8

AYNI Large and Medium LOCAs with failure 
recirculation and CHR

of 6.2E-8

TYNI Transient with failure of auxiliary 
feedwater, CHR, and subsequent ECCS failure

9.5E-10

Total for These Plant Damage States 2.0E-7

Current Analysis Estimate 3.0E-8

4.1.3 Status of Block Valves

At Surry, as with most PWRs, block valves are provided for the 
pressurizer relief valves (PORVs) and the atmospheric dump valves (ADVs). 
The block valves are used to isolate a PORV or ADV that should happen to 
stick in the open position. Often, a plant will operate with one or more 
of these block valves closed to stop leakage from PORVs or ADVs.

The PORVs and ADVs can be important during many accident sequences. As 
discussed later in Chapter 3, feed and bleed cooling and secondary 
blowdown can be important factors in accident response. Feed and bleed 
cooling requires opening two PORVs at Surry, while secondary blowdown 
requires opening all of the ADVs. In some accident sequences, power to 
the block valves is lost, so that if the block valves are closed at the 
start of the accident, feed and bleed cooling may not be available.

In the original Surry analysis [7] it was determined, based on operating 
experience at Surry, that at least one PORV block valve would be closed 
50% of the time and both block valves would be closed 10% of the time. 
The ADV block valves, on the other hand, were closed most of the time. 
Plant operations did not emphasize the availability of the PORVs and 
ADVs.
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NUREG-1150 analysts determined that PORV and ADV availability was poor. 
The revised analysis, discussed in Reference 4, reflects that Surry 
operations personnel are more aware of the importance of having the PORVs 
and ADVs available. The new analysis assumes that each PORV is 
unavailable 30% of the time and that each ADV is unavailable 15% of the 
time. The importance of the PORVs and ADVs to feed and bleed cooling and 
secondary blowdown was discussed in Section 3, and these Phase 2 changes 
to the block valve status are important factors in the evaluation of 
those risk management actions.

4.2 Direct Benefits at Peach Bottom

As with Surry, numerous changes have occurred at Peach Bottom during the 
past three years. Examples of some of the more significant changes are:

1. Changes have been made to the Emergency Service Water 
system to increase the reliability of a key flow path.

2. Revised procedures have been implemented for containment 
venting and station blackout.

3. A revised analysis of containment pressure capacity has 
been performed.

Each of these Phase 2 and 4 changes and its potential significance is 
discussed in the following sections. Quantitative evaluations are 
included where possible.

4.2.1 Emergency Service Water System

The Emergency Service Water (ESW) system has a common discharge valve on 
the flow path to the river, labeled MV0498 on the Peach Bottom ESW 
schematic (see Figure 4.1). Operating procedures have been changed to 
ensure that ESW system blockage does not occur due to inadvertent closure 
of MV0498 and to clarify under what conditions the valve may be closed 
for maintenance.

In the original NUREG/CR-4550 analysis [8], closure of MV0498 causes flow 
to be diverted through the Emergency Diesel Generator (EDG) coolers, ESW 
Booster pumps, Fans and possibly, the Emergency Cooling Water (ECW) pump. 
The plant-specific value for MV0498 unavailability due to maintenance 
used in the original analysis was based on operational experience for 
MV0498. It was assumed that sufficient head does not exist to pump water 
to the loads and the cooling tower structure with MV0498 shut and both 
booster pumps inoperative. High pressure pump trips are associated with 
the ESW system due to the likelihood of pump damage when operating at the 
shutoff head. This implies that closure of MV0498 affects the ESW loads, 
and the failure of diesel generator cooling could lead to station 
blackout following loss of offsite power.
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In the revised analysis [6], Peach Bottom procedures for MV0498 closure 
were changed. The valve actuation circuitry no longer permits the valve 
motor to receive an inadvertent closure signal. Further, strict 
procedures were developed for when and under what conditions the valve 
may be closed for maintenance. These actions reduce the failure 
probability of the ESW system. However, during a maintenance outage of 
MV0498, there must be enough flow through an alternate flow path that all 
loads are properly cooled and there is no problem with pressure buildup 
in the system.

Peach Bottom is in the process of adding manual valves to the piping into 
and out of each room cooler (see page 2 of the ESW schematic, XVA through 
XVT). This allows any room cooler to be isolated for maintenance tasks 
while the rest of the system is still operating. Credit was taken for 
this hardware change in the final analysis. Further, the plant has 
provided evidence that the booster pumps are not required to provide 
circulation through the cooling towers. Therefore, even with the ESW 
booster pumps unavailable, pressure buildup in the system is not a 
problem.

The Phase 2 physical and procedural improvements to the Emergency Service 
Water system had a negligible effect on accident sequence quantification, 
given that the booster pumps are not necessary for successful operation 
of the ESW system. The changes provide an added assurance of the 
reliability of the system, but they do not decrease the core damage 
frequency significantly. The assessment that the booster pumps are not 
necessary significantly decreased the perceived risk and illustrates the 
need to accurately assess system requirements and dependencies in the 
plant modeling process.

4.2.2 Containment Venting and Station Blackout Procedures

Phase 2 changes were recently made at Peach Bottom concerning the 
procedures for containment venting and station blackout scenarios.

Containment venting procedures in the original NUREG/CR-4550 analysis [8] 
required venting to occur when the containment pressure reached 60 psig. 
The revised NUREG/CR-4550 analysis requires venting to occur at 100 psig. 
Peach Bottom is in the process of changing this value back to 60 psig. 
The venting pressure affects the Safety Relief Valve (SRV) operation in 
the drywell. The SRVs remain open due to differential pressure between a 
nitrogen supply and containment, which is normally 95-115 psid. If 
venting is required at 100 psig, this differential pressure will be near 
zero and the SRVs may drift closed. This results in primary system 
pressure increase and eventual failure of the low pressure cooling 
systems [i.e., Low Pressure Core Spray (LPCS) and Low Pressure Coolant 
Injection (LPCI)]. If the Control Rod Drive (CRD) system is operating, 
venting at either 100 psig or at 60 psig does not result in core damage 
sequences (Peach Bottom ADS valves have only been pressure tested to 60

4-8



psig, so their behavior at 100 psig is unknown). If the CRD system is 
lost, only low pressure cooling is available and some sequences utilizing 
the 100 psig venting criteria go to core damage. For this case, if the 
core is boiled off before the containment reaches 100 psig and the 
operator vents, core damage occurs. Low pressure cooling can be restored 
if the operator vents before the core is boiled off. The thermal- 
hydraulic analyses indicate that boil-off occurs before the time at which 
the operator vents. If procedures require venting at 60 psig, the 
containment pressure will not be allowed to rise to 100 psig and disable 
core cooling, which will eliminate a number of current core damage 
sequences.

The original containment venting procedures allowed local action (i.e., 
operators could manually open air-operated valves utilized for venting 
by opening the regulators on air tanks). This was performed if control 
room operation of the valves did not work. The new procedures do not 
allow local action, due to high radiation and possible steam in the 
reactor building. The ductwork may rupture due to high pressure, 
allowing steam to escape into the reactor building. The sequence 
frequencies which gave credit for local action are now increased since 
that credit has been removed, but it is not a significant increase. Only 
a slight impact on the accident sequences occurred in the revised 
analysis from increasing the containment venting pressure from 60 psig to 
100 psig and revising local action procedures. The TW sequences 
(transient followed by loss of containment overpressure protection 
systems) are now more important than the original analysis indicated but 
the change was one of an already low core damage frequency increasing 
slightly.

The station blackout procedures at Peach Bottom have recently 
incorporated two changes. The first change specified DC loads to be shed 
during station blackout conditions. The resulting load reduction 
enables the batteries to operate for approximately 12 to 15 hours. 
Without shedding unnecessary DC loads, the batteries nominally last 6 
hours. The total core damage frequency has been reduced due to these 
load shedding capabilities. A detailed analysis would be required to 
determine the factor of decrease. The second change was the addition of 
written, detailed steps for the operation of the HPCI/RCIC systems when 
the batteries are depleted. This change eliminates a potential failure 
mode, although the effect on the accident sequences is minimal.

4.2.3 Containment Pressure Capacity

During the course of a PRA, changes occur in the model used to represent 
a plant. These changes lead to a more accurate portrayal of the plant. 
An example of such a change concerns the containment failure pressure at 
Peach Bottom, which affects Phases 2 and 4.
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In the original Peach Bottom NUREG-1150 report [8] , analysts suggested 
that the containment (i.e., the drywell and/or the wetwell) would fail at 
approximately 130 psia. The revised analysis showed that failure would 
occur at approximately 170 psia (mean value). For this re-analysis, a 
probability distribution was used to reflect the uncertainty in the exact 
failure pressure. A more detailed analysis of the failure location and 
mode was also performed.

All aspects of the containment failure process (i.e., the failure 
pressure, location, and mode) are important to different portions of the 
analysis for different reasons. The failure pressure is important in the 
front-end analysis since the time at which the failure pressure is 
reached determines the extent of core damage for some scenarios. The 
amount of time elapsed for boiloff and core uncovery will determine if 
any core damage occurs for the TW and ATWS sequences. Given low pressure 
injection has been established, high containment pressure may compromise 
the ability to inject to the core. As the differential pressure between 
the ADS valve nitrogen supply (for opening the ADS valves) and 
containment approaches zero, which occurs at a containment pressure of 
approximately 95 to 115 psig, the ADS valves drift closed and the reactor 
vessel repressurizes. Low pressure injection soon fails and boiloff 
begins to lower the water level in the reactor vessel. If the 
containment fails before the water level is low enough for core damage to 
begin, decreasing containment pressure establishes a differential 
pressure between containment and the ADS nitrogen supply. The ADS valves 
will then open, the primary system pressure will decrease, and low 
pressure cooling can then be established to prevent core damage, although 
some low pressure injection systems that draw from the suppression pool 
may not be available at this point due to saturated pool conditions. If 
containment failure occurs after core damage has begun but before vessel 
breach, reflooding the damaged core may arrest core damage and prevent 
vessel breach. In the back-end analysis, a higher failure pressure will 
allow more time for recovery of various systems and for deposition of 
fission products in the containment.

Indirectly, the failure pressure affects the likely mode and location of 
the containment failure. As containment pressure increases, the probable 
failure location changes. The three locations for containment failure 
are 1) the drywell head to the refueling floor, 2) the drywell to the 
reactor building, and 3) the torus (wetwell) to the reactor building, 
above or below the water line. As the failure pressure increases, the 
failure mode changes from a leak to a rupture. A leak is defined as an 
opening (10 square inches to 1.8 square feet) that would result in a slow 
(> 2 hour) containment depressurization. A rupture is defined as an 
opening (> 1.8 square feet) that would result in rapid (< 2 hour) 
containment depressurization.

If the location of the failure is such that the flow is to the reactor 
building, a severe environment can be created which leads to an increased
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probability of failure for all systems that have equipment in the 
building. This problem was examined using thermal-hydraulic analyses to 
calculate environments and an expert judgement elicitation to quantify 
equipment failure probabilities in these environments. Also, failure 
within the reactor building or to the refueling floor will change the 
decontamination factor for fission product release. Failure in the 
suppression pool above or below the water line will affect the amount of 
suppression pool bypass that occurs. The relative probability of each 
failure location changes as the pressure increases, therefore the failure 
pressure used for the base case directly affects the sequence 
quantification.

The mode of failure affects system operability. If the mode is a leak, 
containment pressure will remain high, the ADS valves will remain closed 
and low pressure injection will be unavailable. If the failure mode is a 
rupture, the containment will depressurize and low pressure injection 
systems may be utilized, if the environment does not fail the systems. 
The LPCI system can not pump saturated water; therefore LPCI will fail if 
the pool is saturated as a result of the containment failure whether the 
failure mode is a leak or a rupture. This directly affects the accident 
sequence quantification. In the back-end analysis, the failure mode also 
affects the rate at which fission products are released and the duration 
of the release.

The re-analysis did not significantly affect the TW sequences since these 
sequences were already evaluated to have low frequencies of occurrence. 
However, the resolution of the ATWS sequences is changed. The back-end 
results will be influenced by the more accurate representation of both 
the best estimate and the uncertainties in the various modes and 
locations of the containment failure. These will give a better 
representation of the possible source terms that can result from 
different accident progressions.

4.3 Direct Benefits at Sequoyah

While numerous changes have occurred at Sequoyah during the past three 
years, few of them have had an impact on the PRA results. A new 
assessment of charging pump cooling requirements provided to the NUREG- 
1150 analysts is one example of a significant phase 2 change. This 
change and its potential significance is discussed in the following 
section. A quantitative evaluation of its importance is included.

4.3.1 Charging Pump Cooling

As noted previously, significant insights into the workings of a plant 
can occur during the course of a PRA. These insights may cause major 
changes in our perception of plant risk, even if they do not lead 
directly to any plant changes. An example of such an insight concerns 
cooling requirements for charging pumps at Sequoyah.
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The original charging pump cooling analysis for NUREG-1150 presented in 
Reference 9 was based on an assessment that, during an accident, the 
charging and safety injection pumps required both seal cooling by the 
Component Cooling Water (CCW) system and lubricating oil cooling by the 
Service Water System. In turn, the charging pumps provide seal injection 
flow to the reactor coolant pumps (RCPs). The CCW system also provides 
cooling water to the reactor coolant pump (RCP) thermal barrier heat 
exchanger. Thus, if CCW fails, both the seal injection and thermal 
barrier methods of RCP seal cooling are lost. This condition leads to 
RCP seal failure in a short period of time and, subsequently, a small 
LOCA. Because of the previous CCW failure, the charging and safety 
injection pumps would be inoperable, leaving no way for the plant to 
maintain the water inventory in the primary system. Containment sprays 
would also fail, since they depend on CCW for lubricating oil cooling, 
resulting in a sequence with a potentially high risk significance. The 
sequence of interest, Trrw, had a point estimate frequency of 2.7E-5 out 
of a total CDF of 8.6E-5.

As a result of reviewing the material in Reference 9, plant personnel 
have investigated this issue further and supplied compelling evidence 
[10] that the centrifugal charging pumps in question do not require seal 
cooling to operate in the sequences of interest. In the seal injection 
mode, the pumps will be pumping water from the Volume Control Tank. With 
the expected low water temperature, the charging pumps will be able to 
operate for many hours before a problem occurs due to lack of cooling. 
Thus, RCP seal cooling continues despite a loss of CCW, thereby 
eliminating the risk of a seal LOCA.

Given the new information, the Tccw sequence has been rendered 
probabilistically unimportant. The revised analysis has rendered moot 
most concerns about the reliability of the CCW system, and may have 
prevented unwarranted efforts to improve it.

4.4 Direct Benefits at Grand Gulf

Numerous changes have occurred at Grand Gulf during the past three years. 
Examples of the more significant changes are:

1. Modifications have been made to the Firewater System to 
allow its use in additional sequences.

2. New Emergency Operating Procedures have been implemented.

3. A new assessment of High Pressure Core Spray Pump failure 
at high temperatures has been provided to the PRA team.

Each of these Phase 2 changes and its potential significance is discussed 
in the following sections. Quantitative evaluations are included where 
possible.
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4.4.1 Firewater System

Initial NUREG-1150 PRA analysis efforts for Grand Gulf considered 
utilization of the Firewater system for emergency coolant injection, but 
did not give any credit for this action based on inadequate procedures 
and hardware configurations. In order to obtain credit for the system in 
the revised analysis, the plant has made significant system and 
procedural modifications. As a result, the Firewater system at Grand 
Gulf can now be used as a backup source of low pressure coolant injection 
to the reactor vessel. The system is used for long-term accident 
sequences in which makeup water is provided by other injection systems 
for several hours before their subsequent failure. The Firewater system 
primarily aids the plant during station blackout conditions and is 
considered a last resort effort.

A simplified schematic of the Firewater system is provided by Figure 4.2. 
The system has two diesel-driven pumps and one motor-driven pump, which 
draw from either of two water storage tanks. The motor-driven pump 
requires AC power. The two diesel-driven pumps have no outside 
interfaces or dependencies. Each pump has self-contained batteries which 
provide it with power. Since the major benefit of the Firewater system 
is during station blackout conditions, the diesel-driven pumps are 
important. However, the reactor vessel must be depressurized with ADS to 
utilize the Firewater system. Since the ADS valves require DC power, 
Firewater can only be used in station blackout conditions until the 
batteries deplete.

The modifications to the Firewater system concern fire hose adapters used 
to connect fire hoses to various injection systems within the plant. 
These adapters were not readily available for use in emergency 
situations. Adapters were manufactured and located in the plant so they 
may be utilized in a timely manner when needed. The Firewater system was 
also put into the plant emergency operating procedures as a source of 
coolant injection. The final change was to ensure that all Firewater 
connections are clearly marked within the plant.

The Firewater system is manually initiated. To align the system, the 
operator connects the fire hose to the chosen injection line and opens 
the valve(s) in that line. The diesel-driven pumps start automatically 
once the firewater valve is opened.

To determine the significance of the Firewater system to the Grand Gulf 
core damage frequency, both the dominant sequences and those sequences 
previously screened out were re-examined. Initially, station blackout 
plant damage states quantified as part of the NUREG/CR-4550 analysis were 
identified and requantified with the Firewater system unavailability set 
to unity. This removes the effect of the Firewater system from the core 
damage frequency. This process involved the following steps:
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(1) The dominant accident sequences (i.e., any sequence with 
core damage frequency above IE-8) involving the Firewater 
system were identified. All sequences involved station 
blackout scenarios.

(2) The cut sets of the identified sequences were examined to 
identify those events which involved failures of the 
Firewater system. A single event, FWS-XHE-ALIGN, dominated 
the Firewater system failure. This event represents a 
failure of the operator to properly align and actuate the 
Firewater system for injection. In the initial 
quantification steps for the revised analysis, the basic 
event FWS-XHE-ALIGN was set to 1.0 for screening purposes, 
which ensures the operator will fail to align the Firewater 
system. If this event appeared in a dominant cut set in 
the final quantification steps, a more realistic value was 
calculated using HRA methodology. The dummy basic event, 
RA-FWSACT-12HR, was created and included in the cutsets 
with every appearance of the basic event FWS-XHE-ALIGN.
The latter event retained the value of 1.0. A probability 
of 2.0E-2 was calculated for the dummy event. The 
combination of these two events in the cutsets results in 
the correct probability at Grand Gulf that the operator 
will fail to properly configure the Firewater system for 
injection. These two events comprise approximately 99% of 
the unavailability of the Firewater system.

(3) The plant damage states resulting from the above dominant 
sequences were identified. These plant damage states 
(PDS4, PDS5, and PDS6) and the entire plant model were 
requantified with the probability of the basic event RA- 
FWSACT-12HR set to 1.0. This effectively eliminates the 
Firewater system (event "V5" in the event tree) from the 
analysis.

A comparison between the plant damage state frequencies calculated for 
the NUREG/CR-4550 analysis and those calculated without the Firewater 
system is given in Table 4.3. Increases of a factor of 33 for the 
frequencies of the plant damage states PDS4, PDS5 and PDS6 are realized 
when the Firewater system is eliminated. However, the total core damage 
frequency increased only by a factor of 1.3. The Firewater system has a 
significant impact on some of the lesser station blackout plant damage 
states, but does not greatly influence the dominant station blackout 
plant damage states which contain short term sequences at high pressure, 
for which the Firewater system could not be utilized.

To determine the significance that the Firewater system has on the non­
dominant sequences, all of the accident sequences involving the Firewater 
system were reviewed. Sixty-three previously non-dominant sequences 
involved the Firewater system (event "V5").
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Table 4.3

Dominant Sequence Frequencies with 
Firewater System Unavailable

Plant
Damage
State

Current
Frequency

Frequency
Without
Firewater

Factor
of

Increase

PDS4 2.0E-8 6.8E-7 33

PDS 5 5.9E-10 2.0E-8 33

PDS6 1.9E-9 6.3E-8 33

Total Plant 2.1E-6 2.8E-6 1.3

These sixty-three sequences were requantified with the probability for 
Firewater system unavailability set to 1.0. Table 4.4 is a compilation 
of these sequences, which are described in the revised Grand Gulf 
NUREG/CR-4550 report [11]. Shown are the accident sequence numbers, 
descriptors and frequencies from Tables 4.10-1 and 4.10-3 in Reference 
11. In the tables from Ref. 11, sequence frequencies are shown before 
and after appropriate recovery actions were applied to the cutsets by the 
NUREG-1150 analyst. Table 4.4 also lists the new frequency of the 
accident sequence without the Firewater system, relevant comments, and 
whether the sequence could be eliminated. All sequences which had a 
frequency less than 1.0E-8 were eliminated.

The approach used to determine the new frequencies involved identifying 
the probabilities used for Firewater system unavailability in the Ref. 11 
analysis, which varied depending on the sequence. The estimated 
frequencies of the sequences from Ref. 11 'after recovery', or, if no 
recovery was applied, 'before recovery' , were then divided by the value 
for the unavailability of the Firewater system. This resulted in the new 
sequence frequencies without credit for the Firewater system.

All of the Firewater system values used in the final quantification 
(i.e., NUREG/CR-4550 analysis after recovery) are indicated in the 
comment section of Table 4.4. The frequencies of the sequences which 
were not eliminated (all had frequencies >1.0E-8) were grouped together 
by initiating event. Table 4.5 is a list of these non-dominant sequence 
frequencies grouped by initiating event.
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Adding the non-dominant sequence frequencies from Table 4.5 (1.61E-6) to 
the dominant system frequency (2.8E-6) yields a new point estimate of the 
core damage frequency of 4.4E-6. This is an increase of a factor of 2.1 
over the revised NUREG/CR-4550 analysis value of 2.1E-6 and is a 
conservative estimate due to assumptions made when recovering the 
previously non-dominant sequences.

Many sequences in Table 4.4 were given the cutoff value frequency of 
1.0E-8. Although the actual frequency is lower, this conservatively 
estimates their contribution to the core damage frequency without 
considering the benefit of the Firewater system.

4.4.2 Emergency Operating Procedures

Grand Gulf Operating Procedures (OPs) have been revised since the 
original NUREG/CR-4550 analysis [12] was performed. Many OP updates 
reflect changes to the GE Emergency Procedures Guidelines (EPG). Earlier 
Grand Gulf OPs were based on Rev. IB of the GE EPG [13] and updated OPs 
are now based on Rev. 3 of the GE EPG [14] . Plant-specific operating 
procedure changes were also made which are reflected in the revised 
Grand Gulf report.

GE operating procedures used by Grand Gulf personnel during the time of 
the original analysis were written in a prose format. Updated GE 
procedures are written in a flowchart format, which is easier for 
operators to understand and follow. Therefore, more credit is given to 
operators for following procedures during accident conditions, which is 
reflected in lower operator error probabilities for diagnosis and action.

Most procedural changes resulting from Rev. 3 of the GE EPG [14] concern 
operator response to ATWS scenarios. The earlier procedures do not allow 
operators to initiate Standby Liquid Cooling (SLC) until reactor power 
exceeds a certain percent. Updated procedures include this restriction 
for most cases but make an allowance for the operators to initiate SLC 
before the pool temperature reaches 110°F. This gives the operator 
greater flexibility to observe trends in reactor conditions and react 
accordingly. For instance, the operator may notice a rapidly escalating 
suppression pool temperature and initiate SLC at 95°F, and yet not be as 
concerned by a higher suppression pool temperature which is increasing 
very slowly. Another new EPG procedure dealing with ATWS conditions is 
to inhibit the Automatic Depressurization system (ADS) following 
initiation of SLC. Generally, the above EPG changes give the operator 
more capability to control power in an ATWS situation by controlling the 
reactor water level and pressure.

Updated, plant-specific OPs were also utilized in the revised Grand Gulf 
analysis. Two OPs have recently been incorporated at the plant

(text continued on page 23)
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Table 4.4

Non-Dominant Sequences Quantified with 
Firewater System Unavailable

Accident
Sequence

Event Tree 
Sequence

NUREG-1150
Sequence
Frequency
Before
Recovery
(per year)

NUREG-1150
Sequence
Frequency
After
Recovery
(per year)

Frequency 
With "V5" 
Unavailable

Sequence
Eliminated

Comroents

11 S2-12 1.3E-8 <1.0E-10 <5.0E-9 Yes Sequence estimated frequency for "V^" was 2E-2.

13 S2-19 3.0E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj" was 2E-2.

17 S3-a/T3A-19 3.3E-10 6.6E-10 Yes Sequence estimated 
screening value o£

frequency for "V^" was at a 
.5. No recovery was applied.

18 S3-a/T3A-24 3.7E-10 7.4E-10 Yes Sequence estimated 
screening value of

frequency for "V5" was at a 
.5. No recovery was applied.

19 S3-a/T3A-31 8.0E-10 1.6E-9 Yes Sequence estimated 
screening value of

frequency for "V5" was at a 
.5. No recovery was applied.

20 S3-a/T3A-36 9.3E-10 1.9E-9 Yes Sequence estimated 
screening value of

frequency for "V^” was at a 
.5. No recovery was applied.

21 S3-a/T3A-39 1.0E-10 2.0E-10 Yes Sequence estimated 
screening value of

frequency for "V^" was at a 
.5. No recovery was applied.

22 S3-a/T3A-41 2.5E-10 -- 5.0E-10 Yes Sequence estimated 
screening value of

frequency for "V^" was at a 
.5. No recovery was applied.

25 S3-a/T3A-83 9.3E-9 1.9E-8 No Sequence estimated 
screening value of

frequency for "Vj” was at a 
.5. No recovery was applied.

26 S3-b/S2-12 1.3E-9 2.6E-9 Yes Sequence estimated 
screening value of

frequency for "Vj" was at a 
.5. No recovery was applied.

28 S3-b/S2-19 3.0E-9 6.OE-9 Yes Sequence estimated 
screening value of

frequency for "V^" was at a 
.5. No recovery was applied.

32 Tl-17 <1.0E-9 — <2.OE-9 Yes Sequence estimated 
screening value of

frequency for "Vj" was at a 
.5. No recovery was applied.
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Table 4.A (Cont.)

Non-Doralnant Sequences Quantified with 
Firewater System Unavailable

Accident
Sequence

Event Tree 
Sequence

NUREG-1150
Sequence
Frequency
Before
Recovery
(per year)

NUREG-1150
Sequence
Frequency
After
Recovery
(per year)

Frequency 
With ”V5" 
Unavailable

Sequence
Eliminated

Comments

33 Tl-23 3.3E-6 9.9E-10 5.0E-8 No Sequence estimated frequency for "Vj" was 2E-2.

38 Tl-78 <1.0E-9 -- <2.OE-9 Yes Sequence estimated 
screening value of

frequency for "V^” was at a 
.5. No recovery was applied.

40 Tl-84 1.3E-7 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj" was 2E-2.

43 Tl-107 2.8E-3 5.5E-9 2.8E-7 No Sequence estimated frequency for "V^" was 2E-2.

51 TIB-3 1.5E-5 4.6E-9 2.3E-7 No Sequence estimated frequency for "V5" was 2E-2.

55 TIB-10 6.0E-7 1.8E-10 9.OE-9 Yes Sequence estimated frequency for "V5" was 2E-2.

58 TIB-14 5.2E-5 1.5E-8 7.5E-7 No Sequence estimated frequency for "Vj” was 2E-2.

62 TIB-19 2.1E-6 6.0E-10 3.0E-8 No Sequence estimated frequency for "V5" was 2E-2.
65 T2-18 3.6E-6 4.0E-10 2.0E-8 No Sequence estimated frequency for "V5" was 2E-2.

66 T2-25 8.8E-6 <1.OE-10 <5.OE-9 Yes Sequence estimated frequency for "Vj" was 2E-2.

73 T2-b/S2-12 2.8E-7 2.6E-10 1.3E-8 No Sequence estimated frequency for "V5" was 2E-2.

75 T2-b/S2-19 6.5E-7 6.5E-10 3.3E-8 No Sequence estimated frequency for "Vj" was 2E-2.
79 T2-C/T1-17 <1.6E-12 <3.2E-12 Yes Sequence estimated 

screening value of
frequency for "V^” was at a 
.5. No recovery was applied.

80 T2-C/T1-23 5.3E-9 1.1E-8 No Sequence estimated 
screening value of

frequency for "V5" was at a 
.5. No recovery was applied.

85 T2-C/T1-78 <1.6E-12 — <3.2E-12 Yes Sequence estimated 
screening value of

frequency for "V5" was at a 
.5. No recovery was applied.
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Table 4.4 (Cont.)

Non-Dominant Sequences Quantified with 
Firewater System Unavailable

Accident
Sequence

Event Tree 
Sequence

NUREG-1150
Sequence
Frequency
Before
Recovery
(per year)

NUREG-1150
Sequence
Frequency
After
Recovery
(per year)

Frequency 
With "V5" 
Unavailable

Comments

87 T2-C/T1-84 2.1E-10 — 4.2E-10 Yes Sequence estimated 
screening value of

frequency for "Vj” was at a 
.5. No recovery was applied.

90 T2-C/T1-107 4.5E-6 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for ''V5" was 2E-2.

98 T2-c/Tlb-3 2.4E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj" was 2E-2.

102 T2-c/Tlb-10 9.7E-10 — 1.9E-9 Yes Sequence estimated frequency for "V5” was 2E-2.
105 T2-c/Tlb-14 8.4E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj” was 2E-2.

109 T2-c/Tlb-19 3.4E-9 -- 6.8E-9 Yes Sequence estimated 
screening value of

frequency for ”VS" was at a 
.5. No recovery was applied.

112 T3A-19 5.0E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "V5” was 2E-2.

113 T3A-24 5.6E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "V5" was 2E-2.
114 T3A-31 1.2E-7 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "V5" was 2E-2.

115 T3A-36 1.4E-7 <1.OE-10 <5.OE-9 Yes Sequence estimated frequency for "V5” was 2E-2.

123 T3A-b/S2-12 7.8E-7 7.2E-10 3.6E-8 No Sequence estimated frequency for "V5" was 2E-2.

125 T3A-b/S2-19 1.8E-6 1.8E-9 9.0E-8 No Sequence estimated frequency for "Vj" was 2E-2.

129 T3A-C/T1-17 <4.5E-12 <9.0E-12 Yes Sequence estimated 
screening value of

frequency for "V5" was at a 
.5. No recovery was applied.

130 T3A-C/T1-23 1.5E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj” was 2E~2.

135 T3A-C/T1-78 <4.5E-12 — <9.0E-12 Yes Sequence estimated frequency for "V5" was at a
screening value of .5. No recovery was applied.
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Table A.A (Cont.)

Non~Dominant Sequences Quantified with 
Firewater System Unavailable

Accident
Sequence

Event Tree 
Sequence

NUREG-1150
Sequence
Frequency
Before
Recovery
(per year)

NUREG-1150
Sequence
Frequency-
After
Recovery
(per year)

Frequency 
With "V5" 
Unavailable

Sequence
Eliminated

Comments

137 T3A-C/T1-84 5.9E-10 — 1.2E-9 Yes Sequence estimated 
screening value of

frequency for "Vj" was at a 
.5. No recovery was applied.

140 T3A-C/T1-107 1.3E-5 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj" was 2E-2.
148 T3A-C/T1B-3 6.8E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "V5" was 2E-2.

152 T3A-C/T1B-10 2.7E-9 — 5.4E-9 Yes Sequence estimated 
screening value of

frequency for "V5" was at a 
.5. No recovery was applied.

155 T3A-C/T1B-14 2.4E-7 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj" was 2E-2.
159 T3A-C/T1B-19 9.5E-9 1.9E-8 No Sequence estimated 

screening value of
frequency for "Vj" was at a 
.5. No recovery was applied.

165 T3B-a/T2-18 1.7E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj" was 2E-2.
166 T3B-a/T2-25 4.1E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj" was 2E-2.
173 T3B-C/S2-12 1.3E-7 1.2E-10 6.OE-9 Yes Sequence estimated frequency for "Vj” was 2E-2.
175 T3B-C/S2-19 3.0E-7 3.0E-10 1.5E-8 No Sequence estimated frequency for "Vj" was 2E-2.
179 T3B-d/Tl-17 <7.6E-13 -- <1.5E-12 Yes Sequence estimated 

screening value of
frequency for "V5" was at a 
.5. No recovery was applied.

180 T3B-d/Tl-23 2.5E-9 — 5E-9 Yes Sequence estimated 
screening value of

frequency for "Vj” was at a 
.5. No recovery was applied.

185 T3B-d/Tl-78 <7.6E-13 — <1.5E-12 Yes Sequence estimated 
screening value of

frequency for "Vj" was at a 
.5. No recovery was applied.

187 T3B-d/Tl-84 9.9E-11 — 2.0E-10 Yes Sequence estimated frequency for "V5" was at a
screening value of .5. No recovery was applied.
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Table 4.4 (Cont.)

Non-Dominant Sequences Quantified with 
Firewater System Unavailable

Accident
Sequence

Event Tree 
Sequence

NUREG-1150
Sequence
Frequency
Before
Recovery
(per year)

NUREG-1150
Sequence
Frequency
After
Recovery
(per year)

Frequency 
With "V5" 
Unavailable

Sequence
Eliminated

Coonents

190 T3B-d/Tl-107 2.1E-6 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj" was 2E-2.

198 T3B-d/TlB-3 1.1E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "Vj” was 2E-2.
202 T3B-d/TlB-10 4.6E-10 9.1E-10 Yes Sequence estimated 

screening value of
frequency for "Vj" was at a 
.5. No recovery was applied.

205 T3B-d/TlB-14 4.0E-8 <1.0E-10 <5.OE-9 Yes Sequence estimated frequency for "V5” was 2E-2.

209 T3B-d/TlB-19 1.6E-9 3.2E-9 Yes Sequence estimated 
screening value of

frequency for "V5" was at a 
.5. No recovery was applied.

212 T3C-a/S2-12 6.1E-9 ““ 1.2E-8 No Sequence estimated 
screening value of

frequency for "V5" was at a 
.5. No recovery was applied.

214 T3C-a/S2-19 1.4E-8 <1.0E-10 5.OE-9 Yes Sequence estimated frequency for ’’V^" was 2E-2.



Table 4.5

Non-Dominant Sequence Frequencies With 
Firewater System Unavailable

Initiating
Event Description Frequency

S3 Very Small LOCA 1.9E-8

T1 Loss of Offsite
Power

3.30E-7

TIB Station Blackout 1.01E-6

T2 Transient with
Loss of PCS

7.7E-8

T3A Transient with
PCS Available

1.45E-7

T3B Loss of Feedwater 1.5E-8

T3C IORV Transient 1.2E-8

Total 1.61E-6

the High Pressure Core Spray (HPCS) diesel generator and the Firewater 
system. The HPCS system is provided with a dedicated diesel generator as 
a source of onsite power independent of the primary diesel generators, 
ensuring the availability of high pressure injection in station blackout 
conditions. During a station blackout, operators may now crosstie the 
HPCS diesel generator pump to a primary electrical train to power 
critical emergency systems. Another procedural change concerns the 
Firewater system. As recently modified (see Section 4.4.1), the 
Firewater system is currently included in plant emergency OPs as a source 
of emergency coolant injection. Prior to Firewater system modifications 
resulting from the NUREG-1150 analysis, Grand Gulf OPs did not include 
this system as an injection source.

While all of these changes are not quantified here, they have had the 
effect of lowering the overall core damage frequency at Grand Gulf.
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4.4.3 High Pressure Core Spray Pump Assessment

The HPCS pump at Grand Gulf Unit 2 is a motor-driven and self-cooled unit 
that is provided with a dedicated diesel generator. A fraction of the 
water pumped by HPCS is circulated through the pump internals to cool the 
seals and bearings. These pump components could lose their integrity and 
fail if very high temperature water is circulated through the pump. This 
situation is only possible if two conditions are met: (1) the HPCS pump 
is drawing water from the suppression pool and (2) the pool temperature 
is increasing. The first condition occurs approximately one hour 
following a transient initiator and immediately following a LOCA 
initiator. The second condition is met when containment heat removal is 
lost, which occurs during station blackout sequences or sequences in 
which random failures of the containment heat removal systems occur.

In the original Grand Gulf NUREG/CR-4550 analysis [12], the analysts 
initially were unsure of the suppression pool temperature at which the 
HPCS pump seals and bearings would fail. An assumption was made that at 
250°F the seals and bearings would fail and that the failure would be 
catastrophic. Updated information on the HPCS pump was utilized in the 
revised Grand Gulf analysis. Pump seals are assessed to fail at 250°F as 
in the original analysis, but leakage is postulated to result, not 
catastrophic failure. Examination of the systems and components at the 
plant in the vicinity of the HPCS pump revealed no potentially harmful 
consequences from pump seal leakage. Pump bearings were also given more 
credit for operation in a harsh environment than in the original 
analysis. Documents were obtained which show HPCS pump bearings are 
qualified for safe operation at 350°F for 24 hours. Thermal-hydraulic 
analyses indicate the peak suppression pool temperature prior to 
containment failure is approximately 280°F. Therefore, pump bearings 
were not assessed to fail in the revised analysis.

The new assessment of the HPCS pump has a significant effect on the 
quantitative results of the revised NUREG/CR-4550 analysis [11]. Many 
sequences that appeared in the original report did not appear in the 
revised report due to the HPCS pump assessment. Dominant sequences that 
were eliminated decreased the core damage frequency by 76% in the new 
draft report. Most of this decrease is due to elimination of station 
blackout sequences. The lone action of eliminating the event 
representing HPCS pump seal failure, HPCS-SEAL, decreased the CDF from 
2.9E-5 to 7.0E-6.
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5. SUMMARY AND CONCLUSIONS

The purpose of risk management programs is to reduce the public health 
risk and provide additional capability for reducing the probability and 
consequences of severe accidents. Risk management is a complex process 
that has been divided into five interrelated phases ranging from 
prevention of accident initiators to retention of fission products. This 
report has presented a general approach for using PRA-type analyses to 
supplement risk management programs in all five of the identified phases. 
This approach is possible as a result of the advances in PRA technology 
from the NUREG-1150 analyses. Further, while not addressed in detail in 
this report, uncertainties in the progression of severe accidents can be 
explicitly treated. This advanced PRA technology allows the in-depth, 
integrated treatment of all phases of severe accidents, although this 
could not be fully demonstrated in this limited-scope report.

The integrated treatment that PRA provides is necessary in order to deal 
with the complex interactions and synergistic effects that can result 
from a particular risk management action. Care must be taken to assure 
that risk management options that could reduce the core damage frequency 
do not increase overall risk by generating sequences with lower frequency 
but higher radioactive releases. The optimization of risk management 
strategies may vary, depending on the particular figure of merit 
selected. Actions to reduce health risks may not reduce economic risks 
and vice versa. It is also important to consider the interactions and 
tradeoffs among multiple risk management options. One example of an 
integrated strategy involving multiple options was included in this 
report.

The consideration of uncertainties is important in any program that deals 
with the analysis of severe accidents. The Three Mile Island accident 
and other incidents make it clear that prescriptive, deterministic 
analyses and procedures are not always appropriate. The NUREG-1150 
methodology provides a framework for identifying and examining a wide 
range of potential outcomes and building flexibility into risk management 
strategies.

Due to resource constraints, this study has focused on the quantitative 
analysis of Phase 1 and Phase 2 risk management options (prior to core 
damage), with qualitative discussions of the other three phases. The 
particular results from this study are not as important as the 
demonstration of the approach and the future potential that it offers. 
The quantitative results presented here are extremely plant-specific and 
should not be assumed to represent the condition of risk management 
efforts within the nuclear industry.
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Three particular areas have been examined in this study. These areas 
are: 1) the direct benefits of performing PRA studies, 2) the 
effectiveness of current risk management procedures, and 3) the 
evaluation of future risk management options. The NUREG-1150 methodology 
can be used to analyze each of these areas and gain insight into 
improvement of plant performance.

Generally, the performance of a PRA will directly impact the risk of the 
plant. Vulnerabilities are identified, and any unacceptable plant 
problems are quickly remedied by the plant's utility. Several examples 
of plant changes were discussed in the earlier chapters. Also, the PRA 
provides a much greater awareness by the plant staff of the range of 
outcomes that can result from severe accidents. This requires a 
concerted effort on the part of the PRA analyst to involve the plant 
staff in the study and inform them of the subsequent results, which can 
substantially improve the staff training programs.

All plants have some risk management capabilities in place, to the extent 
that they have emergency operating procedures and systems designed to 
mitigate severe accidents. This report has examined the efficacy of a 
few such systems and procedures. The evaluation of existing procedures 
is important to assure that unexpected adverse results will not occur 
during an accident. Often, procedures and hardware are altered to 
address a specific problem. The integrated risk analysis framework can 
be used to assure that unexpected interactions with other systems and 
during other portions of an accident do not result from the change.

The largest potential for using the methods outlined in this report is in 
the area of developing and evaluating future risk management 
capabilities. The nuclear industry has made great strides in managing 
accidents prior to core damage. However, much remains to be done for the 
later phases of an accident. It appears that the current industry 
approach of developing symptom-based, as opposed to event-based, 
procedures has been extremely successful and can be extended into the 
later stages of an accident. The NUREG-1150 methods can help provide a 
basis for selecting the symptoms to be included in such procedures, and 
thereby assist in defining information and instrumentation needs for 
monitoring the progress of severe accidents. Ultimately, alternative 
strategies can be evaluated and compared, and an optimal risk management 
program can be developed.
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