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Evaluation of Safety Assessment Methodologies
in

I Rocky Flats Risk Assessment Guide _1985)and

Building 707 Final Safety Analysis Report (1987)

I
1. INTRODUCTION

_ 1.1 Background

I _. Rockwell International, as operating contractor at the Rocky Flats plant, conducted asafety analysis program during the 1980s. That effort resulted in Final Safety Analysis Reports
(FSARs) for several buildings, one of them being the Building 707 Final Safety Analysis Report, June 87

(707FSAR) and a Plant Safety Analysis Report. Rocky Flats Risk Assessment Guide, March 1985(RFRAG85) documents the methodologies that were used for those FSARs.1

Resources available for preparation of those Rocky Flats FSARs were very limited. Afteraddressing the more pressing safety issues, some of which are described below, the present contractor
(EG&G) intends to conduct a program of upgrading the FSARs. This report presents the results of a
review of the methodologies described in RFRAG85 and 707FSAR and contains suggestions that might

be incorporated into the methodology for the FSAR upgrade effort.

Systematic Evaluation Program. As a result of the Defense Nuclear Facilities Safety Board

(DNFSB) recommendation for long-term safety improvements, the DOE has decided to develop andimplement a Systematic Evaluation Program (SEP) at the Rocky Flats plant over about the next four

years. 2"5 The purpose of this program will be to assure proper evaluation and coordination of the

i facility changes under consideration. With respect to the SEP, the DNFSB recommended that theDOE:

• Take a balanced approach concerning the criteria for improving the seismic

I resistance of safety equipment and the criteria for improving seismic resistance of
the building housing such equipment;

I • Consider other external events and related design improvements in an integratedmanner to ensure a balanced and integrated level of safety;

i • Consider in the same integrated fashion the safety issues regarding a comparison ofexisting facility design features with those required by commercial criteria and
standards, such as fire protection, as well as the impact of expected new criteria
and standards, such as life extension;

I

I • Place appropriate emphasis on improving defense in depth as a means for
enhancing safety at the plant;

i

i • Consider using probabilistic results, to the extent reasonable, in assisting in the
integration process;

a process that is flexible to accommodate the levels of
Conduct the review with

protection to public health and safety appropriate to the differing operations
carried out in the various buildings at Rocky Flats;

I 3



I • Take full account of the methodology and experience developed by the commercial
power reactor industry for dealing with similar issues; and

I • Establish a backfit policy applicable to the Rocky Flats plant to provide a
framework for making decisions on which facility changes identified under the SEP
will or will not be implemented.

I The DNFSB further recommended that the Rocky Flats SEP address all outstanding current safety
issues and include, but not be limited to, consideration of the following items:

• Effects of severe external events, with particular emphasis on seismic events and
- high winds;

• Effects of severe internal events with particular emphasis on fire;

• Ventilation system performance under severe external and internal events,

including redundancy consideration;

• Interaction of equipment and structures due to severe internal and external events;

i and
• The basis and procedures for making backfit decision on which the facility changes

identified under the new program will or will not be implemented.

I
1.2 Purpose of This Report

I Science and Engineering Associates, Inc. (SEA) was requested by the Los Alamos National
Laboratory (Los Alamos) to review the methodologies used in RFRAG85 and 707FSAR. This effort was

i performed in the months of June through September 1990 for a total level of effort of approximately 8staff months. A trip to Rocky Flats including a detailed familiarization tour of Rocky Flats Building
707 was also undertaken by the principal SEA contributors as part of the review effort.

The objectives of this review were to provide Los Alamos with independent insights into thefollowing topics:

i • Review and provide comments on the methodology delineated in the RFRAG85 and707FSAR,

• Evaluate the applicability and limitations of the methodology with respect to the
1 facilities and types of operations conducted at the Rocky Flats plant, and

• Provide recommendations for potential enhancements to the methodology.

1.3 Acknowledgements

i This document incorporates extensive comments contributed by Stan Logan of S.E. Logan and
Associates. Mr. Bob Clark, the SEA program director, provided guidance and expert review of this
document. Messrs. Bob Knudson and Steve Ross, also of SEA, provided considerable support by assisting

I with the acquisition of background reports and general information of Rocky Flats.
(
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I 2. GENERAL OBSERVATIONS

2.1 Purpose of Risk Assessment

The methodology used in a risk assessment is determined in part by the required format and content of

the final report. The format and content may be specified by the sponsoring agency, but they mustreflect the primary objectives of the risk analysis. For the Rocky Flats plant, we suggest that the
objectives of the risk analyses are:

• To bound the risks from the Rocky Flats plant as tightly as is reasonably
- achievable;

I • To the maximum risks from the Flats actual risks fromcompare Rocky plant to
other hazards of the same character;

• To communicate those comparisons as clearly as possible to the DOE, to its advisoryboards, and to the public; and

I • To document the process of each risk analysis in sufficient detail that aknowledgeable person can audit the process by hand without reference to other
documents.

DOE Orders require that the risk assessment

• Assess facilities as they exist or are likely to bc built, not as they were conceived;

• Assess human reliability that would be expected with current management, not
with perfect operation; and

• Be scoped to cover classes of operations so that individual operations are bounded
by a risk that is acceptable to the DOE, rather than scoped to analyze individual
operations to obtain a best estimate of total risk.6"7

i However, to assure a balanced approach in the SEP, the methodology must also identify the classes of
operations and hazards whose risk bounds are the dominant contributors to the total risk bound.

I
2.2 Bounding Risk Curves

Total Expected Risk. Section 8.4 of RFRAG85 refers to the safety analysis process as though its
objective were to "estimate the total expected risk of a facility." A lesser goal, to determine an upper
bound on the total expected risk of a facility, is all that is required and the most that should be

claimed.

Figure 2-1 shows a family of risk curves. The figure is taken from Figure 7.1-1 of RFRAG85. The

curve for p=0.75 shows a frequency of about 10-4 per year for a consequence of about 10 man-rem. If thiswere presented in a FSAR, it should be made clear that the 75th percentile was arrived at
conservatively. That is, there is at least a 75% probability that accidents more severe than 10 man-

rem will occur less often than 10-4 per year.
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I
I Bounding the Uncerta.int;y. However, the family of risk curves in Figure 2-1 would not be very

encouraging. They say nothing about the remaining 25 percentiles. The mean frequency over the rest of

the probability distribution may be much higher. If the exposure time for the risk is forty years, thenthere are two cases to consider:

• Seventy-five percent of such consequences would have a frequency less than 10-4 per

year for such accidents.

• Twenty-five percent of such consequences would have a frequency greater than 10-4
I per year, perhaps as much as one per year, one thousand per year, or one million per
1 year.
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Figure 2-1. RFRAG85 Figure 7.1-1

J
The most we can conclude from this information is that the probability of such an accident occurring in

t forty years is less than 0.253, which is the value of
0.25 + 0.75 (1 - e'.004).

I
I
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The discussion of Section 8.2.5 of RFRAG85 characterizes the 90th percentile risk curve as a
"conservative estimate." But there is a 10% probability that the risk is greater than the 90th

percentile. Without further information that characterizes the tail of the distribution, it is notpossible to conclude that the risk of a severe accident is acceptable. A FSAR would have to indicate
the 99.99th, 99.999th, and 99.9999th percentile or indicate how they may be inferred.

We suggest that a family of risk curves is not only inadequate to describe the risk of severe
consequences, but is also unnecessarily confusing for a final risk presentation in a FSAR. The family of
risk curves could be replaced by two simpler graphs. One would be an upper bound conservative

I probability distribution for the total frequency of all accidents with non-zero consequence, such as inFigure 2-2. This would represent the asymptotic behavior of the risk curves at low consequence.
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I Figure 2-2: Conservative Cumulative Probability Distribution

I The other graph would contain a maximum-probability curve over the range of severe
consequences. The ordinate would be probability of an occurrence during the life of the plant. For each

1 consequence, the curve would show an upper bound on the expected probability of occurrence, as in Figure
I 2-3. That is, it would be an upper bound on the result that would be obtained if:

• Each risk curve were converted from frequency to failure probability, using the

i expected facility life, and

• The expected failure probability for each consequence was obtained by integrating
t over the risk curves.
I

This approach presents the results of integration over all risk curves at a given consequence; i.e., the
expected value of the conservative analysis which is called a "maximum."
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I Figure 2-3: Maximum Probability Distribution

Pms,_ntation of Major Accident Categories. RFRAG85 conectly requires separatereporting of

I frequency and consequence for ma_orcategories of accidents. It would be useful if RFRAG85 also requiredreporting the estimated consequences of accidents investigated but found to have an estimated frequency
less than one per million years.

I The 707FSAR, that the looks realistic estimates of the of
Page 2-5, states report at consequences

severe accident scenarios and the impact of uncertainty on those estimates. Ranges of values are said to
be used throughout the analysis wherever possible and realistic values, together with ranges of

I uncertainty, are used in the final result. The summary Table 2.2-1 of 707FSAR offers no such indicationof the ranges of uncertainty in the results. The radiological doses are compared to DOE guidelines
(Order 5480 series). In the NRC world, comparisons of calculated radioiogical doses for siting

i evaluations to the guidelines of 10 CFR Part 100 are made for conservatively calculated doses. Therecan easily be several orders of magnitude between realistically calculated and conservatively
calculated radiological doses. Therefore, the approach taken in the 707FSAR is potentially
nonconservative by several orders of magnitude. Figure 2.3-3 of 707FSAR does show the uncertainty in

i the summary results in graphical form. This presentation would be improved if the estimateduncertainty associated with each event analyzed was 3hown in the table (such as 707FSAR Figure 2.3-
4) so the relative contributions to the overall uncertainty could be assessed.

!
2.3 Comparison with Other Risks

I

i Any comparison of the maximum risk from a Rocky Hats facility to accepted actual risks from
t other hazards should be consistent with current understanding of how public perceptions of risk are

guided by the character of the hazard. Social psychologists have found that:

I • Familiar hazards are more acceptable than unfamiliar ones;

i • Voluntary risks tend to be accepted readily; whereas involuntary risks are resisted;

!



* Risk is more acceptable where an individual has some control than where one's life
is entirely in someone else's hands;

• Risks are judged in relation to their perceived benefits; and

• One of the most influential characteristics of a hazard is the potential it poses for

i for hundreds thousands of at once.8catastrophe, killing or people

Occupational risk is voluntary and has an immediately perceived benefit. The hazards are or
should become familiar. Many hazards at Rocky Flats are under the control of the worker most likely
to be injured. Therefore, we suggest that a FSAR compare the occupational risks with those in other

- occupations.

For the public, on the other hand, exposure to toxic materials from Rocky Flats is an unfamiliar
hazard and the hazard is out of the individual's control. To the extent that the hazard may be
transported beyond the inunediate neighborhood of Rocky Flats, such as by animals, plants, weather,

or drainage, it is involuntary. In addition, the perceived benefit may be altered by the changing
geopolitical situation. Therefore we suggest that a FSAR compare the risks of severe Rocky Flats
accidents with risks of severe accidents from other hazards that are unfamiliar, uncontrollable, and/or

involuntary.

2.4 Documentation of the Process

Probability of Freauency. Section 7.1 of RFP.AG85 adopts a subjective definition of probability.
Martz and Waller point out that "... the subjective probabilities assigned to a particular hypothesis by

one individual may be quite different from those that would be assigned by some other individual. ''9Reliance on a subjective definition opens a risk analysis to the criticism that its risk bour.ds are not
reproducible. Therefore, the argument might proceed, the calculated risk bound may not represent the

risk bound that would be determined by other knowledgeable individuals, such as officials of the DOE,members of a DOE advisory board, or experts representing the interests of the general public.

We suggest that any definition of probability that is presented in a FSAR, whether directly or

by reference, on objective concepts. Appendix C presents one possible approach to establishing
be based

an objective definition of probability of frequency.

References. A FSAR is a document that should be as self-contained as possible, with a
minimum of references. Where references are used, they should have complete citations and be readily
available. We suggest that methodology references be cited in a methodology report, separate from the
risk assessment guide. For software, for instance., the methodology report should include configuration
identification, detailed descriptions of the encoded models and data, summaries of software test
results, and any other information that bears on software reliability. The methodology report should

, also describe the quality assurance procedures that are applied to the risk analysis process.
f

I



3. OVERALL APPROACH

_. RFRAG85 emphasizes calculation of risk of accidental plutonium releases, stating that
the same techniques address other radioactive materials and toxic chemicals. We suggest that all of
these hazards be considered simultaneously. It is more efficient to consider all consequences in a failure

mode effects analysis, for instance, than to perform a separate analysis for each type of consequence.

The emphasized operations are chemical processing, metal working, research and

I development, and waste processing. Risk assessment is also needed for modification, specialmaintenance, deactivation, decontamination, and decommissioning. This should not require any
- additional methodologies, because a methodology that is applicable to the diverse normal processes of

the Rocky Flats plant should be adequate for these special activities.
Safety.Document Control. We recommend that the risk assessment methodology include a

document control system. A document control procedure should state which documents are subject to

configuration control and should either describe a separate Configuration Management System for plantsafety documents or else specify a,, interface with a more general Configuration Management System.
The system should control not only Safety Analysis Reports, but nearly all records of safety engineering,

including safety notebooks, risk analysis software configurations and test results, and minutes of reviewmeetings. Each risk assessment should identify the specific plant configuration being evaluated, using
specific reference to a configuration management system for facility design documents.

Safety Ouality Assurance. In order to limit the probability of human error or software error inthe risk assessment process, we recommend that the process be subject to strict quality control. We
suggest that formal quality assurance procedures and guidelines be developed for safety engineering,
implementing at least the DOE quality assurance requirements. 10I

I
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4. ACCIDENT FREQUENCYANALYSIS METHODOLOGY

4.1 Hazard Identification Methodology

Comvleteness. The most severe error in a risk assessment is omission of a severe hazard. One

J to assure complete of hazards is to scrutinize the design more than using different
way coverage once,

formal procedures. We suggest that each facility be surveyed for hazards by every reasonably
applicable methodology. Appendix A contains suggested procedures and/or details for several formal

hazard analysis methods.
- RFRAG85 specifies Preliminary Hazard Analysis (PHA) and Failure Mode and Effects

Analysis (FMEA), both of which are appropriate tools for locating potential hazards. If either ofthese steps were omitted, there would be much less confidence that all potential accidents had been
identified.

For the batch chemical processes being performed at Rocky Flats, we suggest that the PHA andFMEA be preceded by analyses that clarify the functional relationships among process stages. Two
such tools are HAZOPS and the digraph method, which can also be used to model control systems.

J The FMEA may miss some potential initiators that involve multiple failures. The FMEA
should be followed by development of Initiating Events Logic Diagrams fiELDs). An IELD is a top-

down analysis for a particular class of accident initiator.
Appendix A suggests gt_idelines for all of the procedures mentioned above.

External Hazard_;. RFRAG85 provides good coverage of natural phenomena. We suggest thatthe coverage be extended to include consequences from adjacent facility accidents and building damage
by vehicular accidents.

We suggest that a methodology be developed for assessment of on-site transportation accidents,
for use in the site safety analysis report.

I lnitiatin_ Event Categories. The initiating events should be gathered into categories to sim-plify the tabulation of safety system response. All initiating events in a category should have the
same or equivalent local effects. This conforms to the requirement that the safety analysis be "scoped

I wherever possible to cover classes of ... operations within a facility ... so that individual operations ..., are bounded by the general analysis. "6 (If IELDs have been prepared, a category may correspond to one
IELDor one major branch.)

i '
4.2 Design Basis Analysis Methodology

Defense in Depth. The DOE requires that nuclear facilities be designed conservatively. Some
of the principles of conservative design are:

• Wide margins for error, such as temperature design requirements that are above any
expected temperature;

• Redundancy;
• Emergency safety systems;

I
I 11
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I • Nested confinement/containment volumes; and

• Remote siting.
Definition of Failure and Success Criteria. For both qualitative and quantitative analysis, it is

important to have a consistent definition of failure and success criteria. We suggest that the terms

I "failure" and "rating" be defined such that correlated. That is, if isthey are a component subjected to

loads that are within its ratings, but does not or is not able to perform its intended function, then that is
a failure. If any load exceeds its rating, the component is not expected to perform its function, but the

absence of function under those circumstances is not considered a failure of the component.
- Components are typically derated; that is, the rated load for a particular component failure

mode would be much more than the expected load on the system. The mode failure rate may be modeledwith a dependence on the extent of derating, usually expressed as a dependence on the stress ratio, the
ratio of actual load to rated load. To be conservative, a model of failure rate dependence on stress ratio
will only be used for stress ratios less than one. Whenever the load on a component exceeds the rating

for a failure mode, such as when damage is propagated, a conservative analysis assumes that thecomponent fails in that mode.

I Design Basis Ac¢i_i_n_s. The DOE defines Design Basis Accidents as accidents "for which theconfinement structure, systems, components, and equipment must meet their functional goals. ''11 In the
context of probabilistic risk analysis, the ratings of these items must be such that all expected stress

I ratios from design basis accidents will be less than one. The actual ratings may be higher than requiredto meet a given design basis requirement, either because of deliberate provision of a safety factor or
because the higher rating is required to meet another requirement.

I As knowledge increases, the design bases for new facilities may change. One must be careful not
to confuse new design bases with original design bases. We suggest that the FSAR for a particular
building use the term "design basis" to refer to the logic that underlies decisions made in that

i particular building design. New knowledge may change estimates of accident frequencies or accidentconsequences, and it may change the requirements for continuing to operate or for modifying an existing
building, but it does not change the design basis for something that has already been designed.

Top-Down Facility An01y_is. The RFRAG85 methodology for plant familiarization is
basically bottom-up, from initiator to consequence. Top-down analyses are performed only for
individual systems. This is a beginning, but hazard identification should be followed by top-level,

top-down facility analyses to assure that all potential accidents are identified, whether or not theyhave well-defined initiators.

We suggest that a top-down analysis be prepared that completely documents the safety designbasis, including redundancy and defense-in-depth. This analysis might consist of success trees for the
containment of releases, the safe evacuation of workers, the preservation of the environment, and the
control of damage to the facility.

We further suggest that all of the design basis analysis be supported by deterministic
calculations. These would show, given certain failures, what loads would be placed on other
components. Such calculations are part of the risk assessment; they should be subjected to full quality
assurance procedures.

i The blind use of reactor PRA methodologies on facilities such as Rocky Flats is fraught withpotential problems. Top-level analysis of commercial reactor designs is not usually presented, but it is
implicit in the establishment of Level I, II, and III Probabilistic Risk Analyses. The implied top-down
analysis branches once on the integrity of the containment and a second time on the integrity of the

!
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I reactor core. This structured breakdown, however, is not directly applicable for the Rocky Flats plant
since there are no clear-cut boundaries as in the commercial reactors: fuel element case - reactor vessel -

I containment building.
Accident |_i_ia_ign. Without a top-level top-down analysis, it is difficult to assure that there

are no combinations of normal operations, typically rare in occurrence, that can lead to partial or

complete facility failure without component failure or operator error; that is, without an initiator.
any

For instance, normal operation may cause a buildup in contamination at some point within containment,
followed by release of that buildup during a rare maintenance procedure. Another example would be an

i unusual combination of breaker settings which could cause a loss of power to an instrument which in turnwould cause the defeat of an accident mitigation system.

The methodology presented in RFRAG85 assumes that all operational accidents have anidentifiable initiator. This may be true; it may not be necessary to include any additional
methodologies. However, the matter should be left open until hazard identification and design basis
analysis are completed and all of the identified accidents have been shown to result from an initiating

event.

4.3 Accident Sequence Development Methodology
Safety System Response. Potential mitigating actions in response to an accident initiator

include both operation of engineered safety systems and intervention by operators. These responses are

I modeled in event trees, as discussed in Section 2.2 of RFRAG85.

SuDvort Systerr_. Section 2_..2 of RFRAG85 is correct in requiring that support system responses

appear in tl_e event tree if they may affect two or more safety systems. The analyst should consider thepotential effect of a support system on all safety systems, because its failure may inadvertently impact
safety systems other than those it was designed to support.

i In the 707FSAR, Page 8-9, a model for fire suppression is described that is not justified and
seems out of place in the context of a frequency-based risk analysis. Following this model in the text is
a model for leakpath factors, given a fire, that is also not well-justified.

System F_ilur_ Effects. Although a system normally has only one success state, it may have
multiple failure states. If the accident consequences or the subsequent system operations may differ for

I different failure states, then the tree should separate into three or more branches at that point.
System Dependencies. Section 2.2.2 of RFRAG85 assumes that all dependencies at system level

are deterministic, whereas in actual situations they may often be probabilistic. That is, the fault treefor one system may contain basic events or conditional states whose probability depends on the
operation or failure of another system. This may cause the split fraction to depend on the accident
sequence.

I For a bounding analysis, the risk assessment can and should use worst case split fractions
wherever possible. To make this feasible, it is necessary to construct the event tree such that system

i failure always increases the risk. Therefore, in the event that success of a system is undesirable in aparticular accident sequence, the event tree should assume that the function is always successful. For
example, if a fire causes a HEPA filter to fail open (loss of filtration), no credit should be taken for

mitigation by failure of a blower in the system.
Page 8-10 of the 707FSAR discusses a fire in a glovebox owing to a loss of inert atmosphere

where combustible material (Pu) is present only 1% of the time. However, all of the gloveboxes and

I conveyors associated with modules A, B, and C have a common inert ventilation system so the 1%figure

I ,3



would be expected to be close to 100%. Another example of no consideration for propagation
considerations can be found in Page 8-55 of the 707FSAR where it discusses damage to a glovebox by a

i wooden plank driven by a tornado through the building exterior wall. It goes on to say that theventilation continues to operate with benign radiological consequences. The analysis is deficient in
that damage to other ventilation system components were not analyzed, particularly major ducts or
ventilation system components on the second floor.

The multitude of potential fire scenarios are very critical for Building 707, some of which
apparently were not considered in detail or the results of these considerations were not documented.

Page 8-11 of the 707FSAR states that damage owing to a glovebox fire would be limited to the gloveboxitself and contamination of the room for credible accident scenarios. This does not address the effects of
- the lack of exhaust HEPA filters on some gloveboxes and the loss of production resulting from dispersal

i of plutonium combustion products throughout the exhaust ventilation plenum up to and including thesecond floor filtration components and ducting. Page 8-11 also addresses fire outside a glovebox and
states a mitigating feature is that combustible material in a module will be present only 1% of the time.
Since the plant has been shut down for 9 months, and the aisles of many of the modules had lots of

combustible material during our recent inspection, following resumption the module would have to haveno combustible material present for 900 months to retain the validity of the estimate. In other words,
the 1%sounds very low.

Adverse FunctiQn_. Any safety system that might be activated in response to an initiator
should be checked not only for mitigating functions, but also for potential adverse functions or failures.
Attempted recovery actions may have an adverse effect. These potential operator errors should be

I included in the analysis. As an 8-11 of the 707FSAR discusses worker risk for
example, Page a glovebox

fire and assumes a respirator can be donned within 15 seconds and the area evacuated within 2 minutes,
the worker dose does not exceed DOE guidelines. There is no discussion of the probabilities that these

actions can be successfully accomplished or discussion of the consequences should they be unsuccessful.
Simvlification. For a bounding analysis, safety systems which are not specifically designed to

prevent or mitigate the consequences of the class of initiating events should be omitted from the list ofresponders. Because of the inherent uncertainties in the frequencies and consequences of the initiators,
we suggest that RFRAG85 be extended to provide guidelines for the minimum effectiveness required of a
mitigating safety system function for its inclusion as a potential responder to a class of initiators. The

guidelines should specify a minimum design frequency of prevention or mitigation and a minimumdesign effect on consequences. However, an adverse safety system function should be included at this
stage regardless of its design frequency.

Documentation Err_)r_. Section 2.2.2 of RFRAG85 contains some errors, which appear to be
typographical or editorial, that happen to affect the definition of the methodology. These are:

I steps to safety systems, but are clearly intended to apply to all
The numbered refer

systems that appear in the event tree, including support systems.

• Step (4), paragraph 2, line 9 should be: "function, and (3) the operation of thesystem" instead of: "function, or (3) the operation of the system".

i • Step (5) is confusing in that it implies that sequences are quantified in this step,whereas that it clearly not the case. The description also refers to "conditional
probabilities" for each branch of the event tree in Figure 2.2-2. In fact, however,
there is no discussion anywhere else of calculating conditional probabilities, and the
figure implies that the fault tree and therefore the probability for F2 are not
conditional on the acciJent sequence. As noted above, only worst-case split fractions
are all that are needed for a bounding analysis. Therefore, the discussion of frequency
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I of accident sequence occurrence should be moved to Section 2.5.3, and the term
"conditional probabilities" should be clarified or eliminated.

Externally-Initiated Accidents. RFRAG85 provides no procedure for analyzing events
following an external initiator. The methodologies described do not appear to be capable of
quantifying event trees that have strongly correlated split fractions.

We suggest that accident sequences be developed for all initiators, especially natural
phenomena that reach "incipient failure" levels. The effects of split fraction dependency can be

i bounded. Furthermore, there are now analysis tools, such as RISKMAN, that can treat split fractiondependency if that is desired.

4.4 Availability Analysis Methodology for Safety Systems

System Availability .D0ta. Section 2.3.2 of RFRAG85 states that fault trees are only necessary

i -for safety systems that do not have sufficient system-wide reliability data. We suggest that fault
trees be developed for all safety systems.

I The development of fault trees is necessary to assure that the design has eliminated all singlepoint failures and that all potential common failures of multiple systems have been identified. The
detailed examination necessary for fault tree development may also uncover unnecessary design
weaknesses that may be readily eliminated.

I Plant experience with system availability can be used as a check against the detailed
analysis, but it should not be the basis for risk assessment. Data obtained under test conditions may not

I be representative of actual performance under emergency conditions. Operator errors and otherintermittent failures may not be reported; the test may simply be repeated, "to make sure the test was
conducted correctly."

Modular Fault Tree Analy_i_. RFRAG85 lists modular fault tree analysis as a methodology
that is used by Safety Analysis Engineering for development of fault trees. Modular fault tree analysis
is based on the use of standardized modules which model complex systems and their support system and

I operator interfaces. Standardization of logic structures and nomenclature for common systems orcomponents is a desirable practice that is applicable to Rocky Flats facilities, but modular fault tree
analysis is a formal methodology that is based on a computerized library of models.

I The primary reference for modular fault tree analysis describes a library, but that library is
designed for use in developing fault trees for nuclear power plant systems that will be analyzed using
the SETS computer program. 12 As presented in the reference, the library is not applicable to Rocky
Flats.

The modules in the primary reference might be obtained from Sandia National Laboratories,

modified to represent Rocky Flats systems, and converted to a format compatible with FTAP or other
fault tree software to be used at Rocky Flats. The models would have to be reviewed and revised as
necessary to reflect typical Rocky Flats installations. Additional modules would have to be created to

model systems that do not appear in nuclear power plants, but are common at Rocky Flats, such as gloveboxes and HEPA filtration systems. The nomenclature scheme would have to be revised, preserving
uniqueness of event trees and maintaining correct linkage, and the revised nomenclature scheme should
be documented in a revision to RFRAG85.

However, we suggest that the formal modular approach be abandoned for Rocky Flats. Unlike
nuclear power plants, Rocky Flats has few similar sites that could share the cost of developing a

I
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module library. The limited benefits available from the use of this methodology do not appear to
justify the investment necessary to develop the library of modules.

I Toy-Down Approach. Section 2.3.3.3 of RFRAG85 lists "Immediate Cause Method" as an
optional methodology for use in developing fault trees. As described in RFRAG85, the Immediate Care
Method is the usual top-down procedure for developing fault trees. Failure to use this method would be

I a significant deviation from generally accepted practice and would reduce confidence in the results ofthe risk assessment.

Common, Cause .F_i!ures. The plant-specific data may indicate potential common-cause rela-tionships that are not included in the bulleted list given in Section 2.3 of RFRAG85. All potential
- common-cause failures should be reflected in the fault tree, regardless of whether the actual cause can

i be identified.
Guidelines. Section 2.3.2 of RFRAG85 suggests simplifying assumptions that appear to have

been adapted from the procedures for performing an Interim Reliability Evaluation Program (IREP)

I analysis. 13 The objective of an IREP analysis was preliminary identification of dominant accident
sequences in nuclear power plants as a foundation for subsequent risk assessment. No such simplification
should be used in a final safety analysis at Rocky Flats without a detailed justification.

I We suggest that RFRAG85 be modified to include specific guidelines that would standardize
minor features of the fault tree, thereby causing errors in draft versions to stand out more prominently

and generally making the trees easier to read and understand. The guidelines might include proceduresto follow in developing a fault tree. Appendix B suggests some guidelines for fault tree development.

Ou01itativ_ Fault Tr(_ Analysis. Section 2.3.4 of RFRAG85 describes a procedure for merging of

I support and safety systems into one fault tree before obtaining minimal cut sets. We recommend thatthe safety system fault trees be separately analyzed as they are developed, to check for single-point
failures and unexpected double failures.

I DOE Order 6430.1 requires that safety class systems be designed to perform their safety function
with the imposition of a single failure (defined in the order). 11 Therefore, any such single-point

failure would be sufficient to disqualify the design of a facility addition or alteration.

4.5 Reliability Database Development Methodology

I Integration of Human Errors Into Methodology. Section 2.4.1 of RFRAG85 treats the
identification of human interactions as if the procedure were an add-on to an already completed risk

I assessment that did not include human failures. In fact, potential human errors should be consideredthroughout the analysis. The PHA should include examination of operating, test, maintenance, and
emergency procedures, as well as training and certification pertaining to safe operation and
maintenance. The FMEA should include operator and maintenance failure modes and their effects.

Potential human should be considered in and in the
errors any top-down top-level analysis

development of IELDs. Any satisfactory method for development of fault trees will identify potential
human faults unless the analyst specifically excludes them.

I Table 2.4-1 of RFRAG85 omits any measure of uncertainty or any other indication that the
frequency of a human error will be assigned a probability distribution. Each failure rate should be

assigned an error factor or the equivalent. In fact, there seems to be little reason to describe separateprocedures for human and component reliability data bases. The only major differences are the sources
for generic data. The remainder of this section contains a review of the methodology for developing a

!
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component reliability database and makes recommendations for improvements. Those discussions and
recommendations apply to the human failure rates as well.

Scope of R_liabi!ity D_tabas_. The approach described in Section 2.4.2 of RFRAG85 assigns
failure rate or unavailability distributions directly to the basic events. Current practice is to identity
classes of basic events that would each include events expected to have the same frequency. A database
is created to contain the failure rates and/or unavailabilities for those events. Each individual basic

event is assigned to one of the classes and thereby receives a failure rate or unavailability.

This approach permits tracking of multiple appearances of an uncertainty arising from one
failure rate estimate. The correlation of these uncertainties increases the mean accident frequency.

- Therefore an analysis that neglects such correlations may not be a bounding analysis.

Recent Sources. RFRAG85 might be updated to include more recent sources for generic data. For

hardware items, the IAEA publishes a useful compendium of nuclear power plant data. TM

Page 8-6 of the 707FS_R says that the mitigating system failure and success probabilities are
calculated by fault tree analysis or estimated by a "modified Delphi approach using current operating
conditions, plant response capabilities, operator's experience, and engineering judgments." It could be

concluded from this that generic equipment failure rates and human error rates that are well-documented in the literature and available when the FSAR was produced may not have been used to
predict the accident scenario frequency in many of the cases treated to analysis. This could account for
the very low frequencies predicted in the FSAR when human error was involved in the accident

I sequence.

Plant-Specific Data. The discussion in Section 2.4.2 of RFRAG85 is not clear on the use of the

I word "component." A "generic database" is organized failure modes of with
by generic components,

"generic failure rates" based on data from a variety of sites (but Perhaps only one type of plant). A
"plant-specific database" provides failure rate estimates that are specific to one site, but the estimates
are still organized by failure modes of generic components.

With the above clarification, the methodology for obtaining plant-specific failure rates is

applicable to Rocky Flats, and plant-specific data should be sought for each database entry. However,compiling good plant-specific data may consume considerable resources and may not be necessary for a
bounding analysis. "Ihe examination of plant experience for a particular failure rate need only be
sufficient to detect any trend toward higher rates at Rocky Flats and be sufficient to provide a basis for

I estimating the uncertainty in the plant-specific rate.

Note that Page 8-62 of the 707FSAR has the following statement: "The Fault tree/Event tree

I data used to calculate operational accident risks are based on generic component and human errorfailure rates and documented uncertainty ranges. If manufacturer's reliability data for a specific
component are available, or a detailed human factors engineering evaluation is Performed to identify

I and quantify human error rates, the operational accident risks are expected to be several orders ofmagnitude higher." Are we to conclude from this that risk analysis results calculated from fault/event
tree data are too low by several orders of magnitude? If so, that would apply to virtually all of the
results documented in the FSAR.

Logarithmic Distributions. The restriction to lognormai or loguniform distributions (Section 7.3
of RFRAG85) is satisfactory provided that the distributions are shown to bound the actual

i distributions, particularly at the high-frequency end.
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External Evfnt Frequencies. We suggest that the database include frequencies of various
external events, by severity level. Each frequency should be represented by a probability distribution,

expressing the uncertainty in the frequency.

4.6 Accident F_'equency Quantification Methodology

I Calculation of Afcid_nt Frfquencies. In Section 2.3.4 and 2.3.5, RFRAG85 describes a four-step
process for calculating frequencies, using the large-fault-tree approach. Two or three of the steps

appear to be performed by computer software. The first step is the merging of support and safetysystems into one fault tree for each event tree heading, resulting in a set of Boolean equations. To say, as
RFRAG85 does, that this checks the draft fault tree for "accuracy" seems to be too strong. "Consistency

and completeness" may be a more apt description of the qualities that could be checked by this process.
The second step, apparently manual, uses the result of the previous process to prepare input for

the FTAP computer model. In the third step, the FTAP code obtains minimal cut sets. Finally, a

computer file created by FTAP is used as input to the IMPORTANCE code, which quantifies the largefaalt tree. The IMPORTANCE code also requires reliability data, which are apparently prepared
manually.

This methodology is not applied to external events. Instead, the quantification is based on the
Design Basis Earthquake (DBE), Wind (DBW), and Tornado (DBT), used in this context to refer to the
most severe such events applicable to the site. It should also be noted that these event severities were

I not necessarily the original basis for the design of each building.

Earlier analyses indicated that structurt_l capacities of various specific buildings are less than

i the loads cause by Design Basis events. The LATA reports (e.g., RF006360[01]) estimate various"conservatism factors" and produce various realistic (higher) capacities for threshold and total
damage. These realistic capacities are mean values (buildings may be stronger or they may be weaker).

I It is cause for some concern that the estimated conservatism factor conveniently turn out to yield
"Realistic Capacity" for the Building 707 complex that is apparently adequate for the design basis
wind and tornado (except wind-driven missiles). After removal of conservatism factors, "realistic"

I earthquake levels for the Building 707 complex range from less than the DBE to greater than the DBE.

The LATA reports are referred to in RFRAG85 (e.g., Pages 34 and 36) but not listed in the

references. The LATA reports are cited in "Risk From Natural Phenomena Events for ExistingPlutonium-Handling Facilities at the Rocky Flats Plant," prepared by Safety Analysis Engineering,
July 1986. This report is also not cited in RFRAG85, though it appears to be intended to supplement
RFRAG85.

I Uncertainty Propaga0on.. According to Sections 2.5.1 and 7.4.2 of RFRAG85, the propagation of
uncertainty is not done with the large fault tree. Instead, the IMPORTANCE code propagates
uncertainties through fault trees by the Monte Carlo method. Uncertainty is propagated through event
trees using the method of moments, perhaps by hand.

RFRAG85 provides no guidance to the accuracy to be demanded of the Monte Carlo procedure. It
is important that the calculated distribution be either accurate or else a bound on the actual
distribution, especially at the high-frequency end. Monte Carlo methods do not normally provide any
accuracy at the tail of the distribution unless they are biased to concentrate on the tail.

I The original IMPORTANCE methodology did not calculate uncertainty. 15 Chapter 7 of
RFRAG85 is not clear on whether the IMPORTANCE software configuration being used by Safety

I
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i Analysis Engineering includes the effects of correlated uncertainty (failure rates from the same source).
Although Table 2.4-2 suggests that distinction between median and mean is noted, Section 2.5 of

RFRAG85 fails to say which is reported when a central value is given for frequency.
Apparently propagation through event trees ignores correlations in uncertainties. If so, the

calculated frequency distribution may not be an upper bound.

Uncertainty analysis has been an area of active research during the 1980s. We suggest that the
FSARs provide greater detail of the methods used for uncertainty analysis. This would include how

I events were grouped for correlated uncertainty, the number of Monte Carlo trials, and the number ofmoments carried in the analysis.

The approaches described in RFRAG85 may be valid if they include an acceptable treatment of

and they are executed The is but it is within the
uncertainty correctly. required analysis complex,
current state of the art.

I Ouality Assurance. RFRAG85 and the FSARs provide no assurance of the accuracy of theanalysis tools. Neither do they provide any assurance that the manual procedures were followed
correctly. The evaluation being reported here did not include independent verification and validation

i of the particular software configurations that were used to prepare the FSARs.
To provide for independent review of the FSARs, we suggest that they include supporting

documentation of quality assurance procedures that were applied to the software and to the software
input and operation. We also suggest that sufficient intermediate results be given to permit

I independent tracing of the entire quantification process.

I Success Fractions. Event tree branches have split fractions that assign a probability to eachbranch. Usually one branch is a system failure and the other is system success. Section 2.5.2 of
RFRAG85 suggest two methods for obtaining the probability of system success.

However, unless there is a priori knowledge that one branch has both greater frequency and
greater consequence than the other, a bounding analysis must use upper bounds for each split fraction.
Although the sum of the actual split fractions will be one, the sum of the upper bound split fractions

will generally be greater than one. In fact, we suggest that a split fraction of 1.0 be assigned to anysuccess branch because that will usually not be much greater than the actt,.al split fraction.

i Screening. The RFRAG85 is correct in cautioning against assuming that risk of low frequencyevents will be acceptable. To maintain assurance that the analysis bounds the total risk, the
frequencies of "incredible" events (Section 8.3A) may be totaled and assigned to the maximum credible

consequence (Section 8.3.2).
Similarly, the risk assessment should not accept a design assumption that the risks from

accidents larger than DBA are acceptable (Section 8.3.1). The purpose of safety analysis is to check the
design assumptions, and the probabilistic risk assessment should explore the entire frequency space.
Here, again, the risk of larger accidents may be bounded by determining an upper bound on their
frequency and assigning the maximum credible consequence.

!

I Page 707FSAR, states that boundaries of the analysis include the cutoff of accident2-6 of the

scenarios below the level of credibility as defined by a frequency of 1 E-6 per year and of not considering
the impact of natural phenomena events above design basis levels. There is no clue in the FSAR as to

how uncertainty was treated when rejecting further consideration (or documentation) of scenarios
considered and then discarded because the estimated frequency of occurrence was below the cutoff.
Additionally, Page 2-6 of the 707FSAR, says that the radiological dose to an off-site individual

I



exceeds the DOE guidelines at a frequency of once per 8000 years. There is also no clue as to how
uncertainty was considered when deriving this statement.

Page 8-2 of the 707FSAR states that for accident scenarios having high consequences, but a
predicted frequency of occurrence less than the cutoff frequency (1 E-6), they are "considered" because of
the large uncertainties involved in such an analysis. It is not clear what this means.

I Iteration. Section 2.5 of RFRAG85 describes a separation of quantification into two stages, the
first using generic data and the second using improved or plant-specific data for dominant sequences.

This is a good approach for interim analyses during design of a new building or modification of anexisting building.

However, because there are many buildings and processes to be analyzed at Rocky Flats, plant-specific data will ultimately be needed for most failure rates. Once these data have been developed,
there is no reason to use generic data in other analyses. In particular, FSARs should be based on the best
available data.

Uncert_inW in Prior Ep_im_tes. Section 7.4.2 of RFRAG85 suggests that literature values of
failure rate uncertainty (which are reported as covering 90 percent of the population) be interpreted as

i including only 80 percent of the population. We concur with this conservative practice because itmitigates the tendency of expert panels to underestimate the uncertainty of their predictions.



5. ACCIDENT CONSEQUENCE ANALYSIS METHODOLOGY

5.1 Energy Release Damage Analysis Methodology

Fault Trees fgr External Even_. Chapter 3 of RFRAG85 makes no mention of applying fault

trees to external initiating events. In fact, fault trees should be applied to these events as well as to
operational accidents. There is a distinct overlapping of external events and operational failures.

I Combustion. The subject of fires is only briefly addressed in RFRAG85 (see Page 10). It appearsthat the intent with respect to fires of various types, as indicated in implementation of RFRAG85 in
- FSARs, is to use historical data on fire incidents, coupled with an arbitrary "improvement factor" of

ten. The Building 771 FSAR references RFRAG85 and applies an "assumed improvement factor of 1E-1"for fire inside incinerator gloveboxes (Page 8-11), fire in small furnace operations (Page 8-12), and fire
in noninerted gloveboxes (Page 8-12). We suggest that each category of fire be analyzed with fault tree
methodology to _efine each factor and probabilities that led to occurrences of fire, instead of using an

I arbitrary _:2justment of historical data.

Multiple Phe..n_pmena. RFRAG85 ignores the potential for accident sequences with multiple

energy release, such as explosion followed by fire and vice versa. We suggest that event trees beextended to include all phenomena that can occur before the situation is stabilized.

Damage Analysis Methodology
5.2 Contamination

Sourc¢_ of Contamination. We suggest that the methodology be extended to include

determination of upper bounds for non-radioactive contamination, especially toxic chemicals.
Material-at-Risk. Section 3.1.3 of RFRAG85 defines material-at-risk as "material that is in

i jeopardy from impacts caused by falling/blowing debris and is subject to resuspension from ambientwinds." It states that material stored in sealed cans is generally not at risk, and merely taping on a lid
constitutes "sealed." It does not appear to be reasonable to assume that collapse of building with heavy
concrete panels, plus the possibility of fire, will not cause the rupture or lid separation on at least some

I of the containers, increasing the ;amount of material-at-risk. Section 3.1.3.1 says that the material-at-risk really isn't all at risk. An "inventory availability" (material actually at risk) is obtained by
multiplying the material-at-risk by a residence time factor. We suggest that detailed consideration of

material-at-risk be deferred to the next chapter in RFRAG85, where the source term for bothoperational accidents and external events is characterized.

Damage R_ios. In Section 3.1.4 of RFRAG85, a "damage ratio" is from the LATA assessmentand is "either the percentage of gloveboxes crushed by falling debris or perforated such that two
unfiltered openings are created." The LATA assessment provides estimates of damage levels in
categories of "minor, moderate, and heavy," and does not address the number of openings created. Only

I one unfiltered opening can result in release in the presence of varying wind velocities or fire. One valueof "damage ratio" applied to a given building for a given scenario appears to be too simplistic to be
credible; appropriate damage levels can be evaluated for various parts of a building by use of branches

l in event trees. RFRAG85 confuses the procedure by confusing the term "damage ratio" with the conceptof "release fraction" in Chapter 4. We suggest that the treatment of "material-at-risk" aJ,d applying a
simple "damage ratio" to define a source term is out of place in Chapter 3 (external events) and should

l be left to an expanded characterization of the source term in Chapter 4.
Source Terms and Release Factors. Characterization of the source terms in Chapter 4 of

RFRAG85 should incorporate considerations presently in Chapter 3 on external events. The "material-

at-risk" in Section 4.4.1 apparently should include the "residence time factor" introduced in Chapter 3.
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I The effect of a sequence of environments does not appear to have been considered. Page 8-21 of
the 707FSAR describes an accident in which a ventilation system failure causes overpressurization of a

glovebox(es) leading to release of contamination. The accident sequence does not continue withrestoration of ventilation pressure and the consequent inrush of room air causing a glovebox fire. A
realistic assessment would consider the occurrence of such obvious results of the postulated initiating
event. Another area of concern is the treatment of the earthquake scenarios at different lateral
accelerations as discussed beginning on Page 8-39. The scenarios typically result in leak of
contamination from damaged gloveboxes and exhaust ventilation ducts in the inert ventilation system.
The accident scenarios do not appear (except for the most severe earthquakes) to include the possible
scenario of burning plutonium caused by loss of inert atmosphere as another mechanism for dispersal and
increasing the inhalable source term. Page 8-45 discusses the dispersal of plutonium from the rubble pile

- where modules J and K were before the earthquake. There appears to have been no consideration of
enhanced dispersal owing to chemical reaction between the material in the storage vaults with either
water or carbon tetrachloride released from their respective piping and storage systems by the same
earthquake. These are examples of nonconservative truncating of the accident sequence by the analysts
responsible for producing the data from which the FSAR was produced.

I Material Transvort and Aerosols. According to RFRAG85, the TVENT1P and MSPEC codes are
applied to flows and depositions within an intact HVAC system during passage of a tornado. It is not

I clear how this contributes to a release from a building unless there are associated HEPA filter failures.
Page 8-45 of the 707FSAR states that, for a catastrophic earthquake, the source term for

modules A through H is negligible since the leakpath occurs through the exhaust ventilation system by

I natural circulation and all effluent is filtered. A risk should include scenariosproper assessment

where: filters are damaged or bypassed, other leakpaths are created by the earthquake, winds defeat
the natural draft, etc. All of these other scenarios are credible and may be of significant likelihood.

I 707FSAR Page 8-54 states that the same release fractions were t,sed for extreme winds as was used forearthquakes. The inference is that the consequential structural damage determines the release. This is
non-intuitive in that, subsequent to the structural damage, persistence of high winds may significantly

i increase the rate of dispersal by blowing briskly through the damaged building and the rubble.
In the presence of structural failure, an atmospheric exchange method is described (Section

5.2.4). A methodology for getting from the LATA damage assessments (minor, moderate, or heavy) to
input to the somewhat complex release equations in Table 5.2-1 is not provided. The expulsion of
material from a glovebox when crushed (as with a bellows blower) is not mentioned.

I Under Section 5.3.2, dealing with deposition factors, it states: "For particulates less than 10• uum in diameter, a removal factor of 1.0 is recommended." (Here "u" represents "mu.") If this means "10
micro-micron," it would represent only 0.1 Angstrom, surely a much smaller diameter than would be
considered If it is intended to be "l-micron-squared in area," it would correspond to 3.6 micron in

I diameter.

Dispersion and Conseauence Analy_i_. As described by RFRAG85, the TRAC code calculates

I plume concentrations and surface depositions and resuspensions in various zones around the facility.The code then calculates population doses (Section 6.1.6) from inhalation and air-shine from the
passing plume, inhalation from resuspension of deposited materials, ground-shine from deposited

materials, and ingestion of foods and drinking water contaminated by surface deposition. Libraries ofdose conversion factors for the several pathways were assembled from several publications and codes.

Caution is in order for interpretation of input that produced the ingestion dose conversion

I factors. Presumably, some sort of of food andaveraging crops production consumption, population
densities, surface drinking water, etc., is done in applying the PABLM code for ingestion factors that
are then combined with ground-shine factors. A 50-mile radius from Rocky Flats includes much area in

mountains, forests, and desert land. The concept that each person standing on a given area with an



associated deposition of radionuclides and exposed to the corresponding ground-shine, consumes food
and water from that area (though he may be standing on a rock in the mountains or in downtown

Denver) is not realistic. We suggest that the logic and input related to dose conversion factors becarefully reviewed.

Effects. Worker accidental dose (Section 6.3.1 of RFRAG85) uses Table 6.3-1 for "50 and 1-year

I integrated acute inhalation dose conversion factors." Examination of numbers in the table indicate that
it is at least partially a table for chronic instead of acute exposure and is not appropriate for the st,ated
purposes. For example, the value for "total" for 1-year commitment, solubility class Y, and 1-micron

size, is 2.1 E+3. The corresponding value for 50-year commitment is 5.7 E+5, a factor of 271 greater than. for one year. For a one time intake, the 50-year commitment, even if there is no physical decay and no
biological decay, cannot exceed 50 times the 1-year commitment. The corresponding ratio from the table

i for 7-micron is 84 and for 30-micron is 42.
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Appendix A

Suggested Procedures for Hazard Identification

I HAZOPS
HAZOPS is one of the structured methodologies available to identify process hazards and

potential operating problems. The method is based on the use of a series of guide words to evaluate thesources of potential process deviation. The. use of HAZOPS methodology is very prevalent in the
_ chemical industry where the hazards and the potential initiators are varied and different between

different facilities. A list of guide words, such as "High" and "Low" which when associated with

J another list of parameters such as "How" provides the analyst with a check-list to associate possiblecauses for es_mating the sources of hazards. Additionally, the immediate consequence and the action
required to mitigate the hazard are generally listed.

!
Preliminary Hazard Analysis (PHA)

Checklist. Section 2.1.1.1 of RFRAG85 should show the PHA checklist. In addition to the
items mentioned in the RFRAG, the checklist should cover the safety design criteria to be used. This
includes documentation of overall process safety success criteria, success criteria for individual systems,

I the bases for these criteria, and the dependencies that relate them. This information is needed to un-derstand the potential dependencies of events in accident sequences.

The checklist should cover not only normal energy sources, but also toxic chemicals, stored fuels,combustibles, reactive chemicals, and pressure systems. The PHA should describe not only energy
sources and barriers, but also sources and barriers for toxic and radioactive materials. The Rocky Hats
plant differs f_'om reactors in that there are diverse nonradioacOve energy sources, whereas the

radioactive material itself is not usually an energy source.

The PHA checklist should include examination of the following for identification of hazards:

I * Safety related interface considerations among various elements of a process. (e.g.,
material compatibilities, electromagnetic interference and other possibilities of

inadvertent actuation, fire/explosive initiation and propagation).
• Environmental constraints including the normal operating environments. (e.g., drop,

shock, extreme temperatures, noise and health hazards, flammable gases, liquids,

I and dusts, cryogenic systems, high temperature systems, inert and low oxygenatmospheres, effects of chemical exposures, high intensity magnetic fields, toxic
and noxious emissions, mechanical and moving equipment dansers, inadequate

ventilation, working at heights, pesticide use, electrostatic discharge, highvoltage, lightning, X-ray, electromagnetic radiation, and laser radiation).

• Operating, test, maintenance and emergency procedures. (e.g., human error analysis
of operator functions, tasks, and requirements; effect of environmental factors such
as equipment layout and lighting requirements on human performance; possible
abnormal operations; potential credible accidents; accident amelioration; egress,

rescue, and survival).



l • Facilities and support equipment. (e.g., provisions for storage, assembly, checkout,
prooftesting of hazardous systems/assemblies which may include toxic, flammable,

corrosive or cryogenic fluids; electrical power sources).
• Training. (e.g.training and certification pertaining to safe operation and

maintenance).

I • Safety related equipment, safeguards, and possible alternate approaches. (e.g.,
interlocks, system redundancy, fail-safe design considerations, subsystem

i protection, fire suppression systems, and personal protective equipment).

i Failure Mode Effects Analysis (FMEA)
Iteration. While the objective of an FMEA is to identify all modes of failure within a system

design, its first purpose is the early identification of all catastrophic and critical failure possibilities

I so they can be eliminated or minimized through design correction at the earliest possible time.Therefore, the FMEA should be initiated as soon as preliminary design information is available at the
higher system levels and extended to the lower levels as more information becomes available on the

i items in question.
System Definition. The RFRAG should specify that all existing process descriptions, functional

block diagrams, functional sequence diagrams, technical specifications, interface specifications, piping

I diagrams, wiring diagrams, reliability test data, and failure reports must be examined before theFMEA is considered complete. All data, drawings and engineering notebooks generated during design
should be available for reference, including corrective actions initiated and their resolution. All

I operation and maintenance manuals and training materials should be examined.
Analysis Appro_¢h. The RFRAG should specify a top-down functional approach to the FMEA.

This is the approach normally used for the complexity that is generated by defense in depth.
Indenture Level. The RFRAG should also provide guidance for selecting the functional level at

which failures will be postulated for the FMEA. Once the design has progressed to appropriate detail,

I the resolution should be at least to the level of the database for item failure modes and human errors.It is preferable to go to even lower levels, to assure that no hazard is overlooked. Items identified as
having a catastrophic or critical failure mode should be analyzed to as low a level as possible.

Worksheet. The FMEA worksheet format should be expanded to include the unit identification
(e.g., drawing and part numbers), the operational mode, and maintenance actions. For hardware items,
the identification should be by hardware breakdown structure, drawing and part number, or other

similar uniform numbering Humans should be identified or maintenancesystem. by specific operation
task, individual by individual, except for functional redundancy within a team. Operational modes
may include standby, startup, shutdown, test, and other modes appropriate to the facility and process,

and the effects of each failure mode should reflect any dependence on operational mode., Documentation of maintenance actions is needed to assess the duration of the failure and the potential
for maintenance errors.

I If the failure effect is the loss of a protective feature or the loss of a redundancy, there should
be an explicit statement of the system, process, or facility failure effects that have an increased
probability of occurrence or a reduced probability of mitigation. This will assure that the failure mode

i is nc_ overlooked when fault trees are prepared.

i
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Failure modes and effects should be defined in terms of performance parameters and allowable
limits. The example in Table 2.1.1 is deficient in this respect. What constitutes failure to close? That

is, what is the limiting condition of operation (LCO) for leakage through the valve and what is theLCO for negative pressure? How is the LCO for leakage related to the LCO for negative pressure? Can
the valve be within its leak rate LCO and still cause the negative pressure to exceed its LCO? Can the
valve exceed its LCO without causing excess negative pressure? What is the nominal value of negative

l for the alarm and what is its tolerance? Which of the is the definition of "fails topressure following
close":

i • How exceeds valve leakage LCO,• Negative pressure exceeds its LCO, or
- • Negative pressure is sufficient to trigger alarm

- at nominal value or- at low end of tolerance?

What about timing? How fast must the valve close before it is considered a failure?

Severity Classification. The RFRAG should specify a standard set of effects categories, per-
haps by reference to MIL-STD-1629A.1 However, DOE Order 6430.1 requires that safety class systems

be designed to perform their safety function with the imposition of a single failure (defined in theorder). 2 Therefore any such single-point failure would be sufficient to disqualify the design
of a facility addition or alteration.

I Procedure. The following discrete steps should be followed in performing an FMEA:

• Define the facility to be analyzed. Complete facility description includes

I identification of internal interfaces between and interfaces with otherprocesses
facilities, expected performance at all indenture levels, process and system
restraints, and failure definitions. Functional narratives of the facility should

I include descriptions of each process in terms of functions which identify tasks to beperformed for each process, process phase, and operational mode. Narrative
should describe the process environment, expected batch process times and

i equipment utilization, and the functions and outputs of each item. Additionally, aninventory of hazardous and potentially dangerous and toxic substances should be
clearly identified.

• Construct block diagrams. Functional and reliability block diagrams whichillustrate the operation, interrelationships, and interdependencies of functional
entities should be obtained or constructed for each process and system in the

facility. All process and system interfaces should be indicated.
• Identify all potential item (hardware and human) failure modes and all interface

i failure modes. For each failure mode, define its effect, by operating mode, on theimmediate function or item, on the system or process, and on the facility. Identify
any reduction of the degree of protection against failures of the function, item,
system, process, or facility.

• Evaluate each failure mode in terms of the worst potential consequences which may
result and assign a severity classification category.

I ® Identify failure detection methods, maintenance actions, and compensating
provisions for each failure mode.

I
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* Identify corrective design or other actions required to eliminate the failure or
control the risk.

l • Document the analysis and summarize the problems which could not be corrected by
design and identify the special controls which are necessary to reduce failure risk.

Initiating Eve.nts Logic Diagram fiELD)

An initiating events logic diagram (IELD) analysis identifies initiating events. The structureof the IELD follows the categorization of events. For a nuclear reactor, for example, specific initiating
- events may be developed within the following categories: overpower, undercooling, events requiring

setback and/or manual shutdown, and spurious reactor trips. The intent of the IELD is to identifyspecific component failures that comprise each of the categories of initiators. Development of the IELD
is driven by the following considerations:

* Completeness• Common Cause Effects
• Ease of Quantification

I • Linking with Mitigating Events.
The IELD must be complete so that all credible initiating events are recognized. Incomplete

I identification of initiating events results in incomplete quantification of risk.
The IELD is developed in a logical manner so that common cause events are correctly considered.

For example, failure of an electrical bus which affects numerous motors is a common cause event.

Specific identification of all components rendered inoperable by the failure is important so thatsubsequent consideration of mitigating events does not take credit for components that are actually
unavailable due to the initiating event.

The IELD is developed to a level of detail consistent with the database used to quantify events.
It is meaningless to develop a component failure into specific subcomponent failures if data does not
exist to quantify the subcomponent failures.

i In the development of the IELD, it is important to understand how various events can be
mitigated. Different initiating events require different systems and components to mitigate their

i impact. In a nuclear reactor, for example, a loss of coolant accident may render normal primary coolingunavailable while failure of thermal shield cooling does not. At a more detailed level, failure of a
primary pump would render the pump unavailable while failure of an ac motor to a primary pump

i would not negate the ability to use the pump with its dc pony motor. This consideration of howinitiating events will be linked with mitigating events is important.

Multiple independent failures of concern as credible initiating events can be easily identified
1 once failure frequencies are assigned to the initiating events on the IELD. The process for this
I identification is as follows. Multiple independent failures which occur during the initiation phase of

an accident are of concern; multiple failures occurring after the initiation phase during the mitigation

I phase are handled by analysis of the mitigating systems fault trees. The initiation phase of theaccident can be defined as the time from the first failure until a mitigating system _hou!d be initiated;
for most initiators, ten seconds is a conservative value. Two independent failures are of concern if their

I cumulative frequency exceeds some conservatively small value, typically 10-7/year. The cumulativefrequency is the product of two terms: the frequency of the first failure, F1, and the probability a second

!
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independent failure occurs within ten seconds of the first which is F2T where F2 is the frequency of the

second failure and T is ten seconds. Thus, multiple independent initiators are of concern when

F1F2T > 10"7/year.

For F1, and F2 in units of year"1and T equal to 10 seconds, this criteria is

F1F2 > 0.32/yr 2.

t A search of all combinations of independent initiating events which satisfy this criteria
_ provides those multiple independent initiating events of concern. This technique can be refined to

consider common mode failures by considering combinations where

F1P2 > 10"7.

I P2 is the fraction of event I failures which cause event 2 due to common mode. In practice, it is difficult
to apply this criterion for two reasons:

I • Most initiating events are associated with operating equipment as opposed tostandby equipment and as such common mode failures are more difficult to quantify.

• Only common mode failures occurring within time T (typically ten seconds) qualifyas initiating events and the likelihood of a common mode failure occurring within
this short interval is difficult to quantify.

I These two reasons also mean that common mode initiating events (except of course those due toexternal initiators) are of less concern than common mode mitigating events which consider both
standby equipment and a longer fault exposure time, typically 24 hours.

1
Digraph-Fault Tree Methodology

Section 2.3.3 of RFRAG85 the of the Tree for thesuggest use Digraph-Fault Methodology
development of safety and support system fault trees. We suggest this methodology be considered
instead for the development of IELDs.

The digraph is a multi-valued deductive logic diagram that describes the interrelationships
among process variables. It is in essence an intermediate step between the system schematic and the

construction of a fault tree.
The digraph procedure was devised for failure analysis of control systems; it has been applied

to safety analysis of chemical process systems and security systems. Manual fault tree techniques in

general do not work well in modeling these systems because it is difficult to envision the topology fromthe system schematic when manually constructing a fault tree.
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I Appendix B

Suggested Procedures for Fault Tree Development

Guidelines. We suggest that RFRAG85 be modified to include specific guidelines that would
standardize minor features of the fault tree, thereby causing errors in draft versions to stand out more
prominently and generally making the trees easier to read and understand. The guidelines should
include:

• Standard syntax for fault descriptions,
- • Standard nomenclature for identifiers, and

I • Standard left-right order for faults under a gate.

The RFRAG should indicate how the procedures should be followed in developing a fault tree.

I This might be done, in part, by reference to the following basic rules in NUREG-0492:1
• State precisely what the fault is and when it occurs.

I functioning a component propagates a sequence, then assume
If the noel of fault

that the component functions normally.

I • Define all inputs to a particular gate before undertaking further analysis of one ofthem.

I Reference

Fault Tree Handbook, NUREG-0492, U.S. Nuclear Regulatory Commission, Rockville MD, January

1981.



l Appendix C

Suggested Theoretical Basis for Probability Distributions of Frequency

I Section 7.1 of RFRAG85 adopts a subjective definition of probability. Martz and Waller pointout that "... the subjective probabilities assigned to a particular hypothesis by one individual may be
quite different from those that would be assigned by some other individual. "12 Reliance on a subjective

i definition subjects a risk analysis to the criticism that its risk bounds are based on subjective judgementsby the analyst. Therefore, the argument might proceed, the calculated risk bound may not represent
_ the risk bound that would be determined by other knowledgeable individuals, such as officials of the

DOE, members of a DOE advisory board, or experts representing the interests of the general public.

Instead, probability might be defined objectively in terms of a nested collection of experiment
spaces. Each experiment space consists of trials. In the present context, a trial is the operation of a

I specific facility under specific time-dependent operating conditions. Operating conditions include theexternal physical environment, the production levels of the facility, and the facility management
(hiring policies, manuals, operator training, etc.)

experiment space just one trial; is, an Rocky
The smallest such would contain that actual Flats

facility with its actual time-dependent operating conditions. This trial has a deterministic conse-
quence, although unknown in advance. It is not meaningful to talk of probability or frequency for a one-

I trial experiment space.

A larger experiment space corresponds to the concept of "fundamental" reliability. This

"fundamental" experiment space contains many facilities, all constructed to the same specifications andwith the same facility management. However, they may have different histories of physical
environment and production levels, representing the expected uncertainty in external events and
inventory.

Each trial in the fundamental space has a consequence. The variability of these consequences is
referred to in RFRAG85 as the "variability fundamental to the phenomenon being studied." The result

of actually doing such an experiment would be a single risk curve, showing for each consequence, thefrequency of trials that yield at least that consequence.

No PRA methodology can distinguish among the facilities and managements in the fundamen-tal space. In fact, because a PRA is based on approximate models, there are infinitely many other
fundamental spaces, representing other possible facilities and managements, that would not be dis-
tinguished by the PRA methodology. We may define the "model" space as the collection of all

I fundamental spaces that would fit a given model. Given a particular facility of interest, the modelspace that includes its fundamental space will depend not only on the facility, but also on the PRA
methodology.

t Each of the fundamental spaces in a model collection has its own risk curve. These infinitely
many risk curves may be represented by percentile risk curves, such as those in Figure 7.1-1 of the
RFRAG. For any given consequence, the p=.75 curve may indicate the 75th percentile of the values of

I the risk curves at that consequence.4

Furthermore, a bounding analysis does not identify the pe_'centile risk curves, it only bounds

I them. That is, adding any further detail to the analysis should never increase those curves.
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This interpretation is objective and deals directly with the question that concerns the public. If
we allow the technical community to construct and operate all sorts of facilities under its proposed

I standards of safety analysis, how often might we have problems and how bad might they be?

i

I

j 33



• • t




