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ABSTRACT : .

The results of a hazard analysis and a probabilistic safety analysis for the same system,

a nuclear weapon dismantlement process, are discussed. The probabilistic safety analysis
was begun as a pilot project to investigate the feasibility of performing this type of analysis
on a nuclear weapon process. During the course of the pilot study., it was decided that a

- hazard assessment should be performed on the same system. Thus, the hazard assessment
and the probabilistic safety analysis procceded in parallel on the same process and using
many of the same resources. This gave the authors a unique opportunity to apply both
hazard assessment and probabilistic safety assessment techniques to the same system. In
this paper, the authors examine the two methods, including relative strengths and
weaknesses, differing technical expertise requirements, and optimal methods for combining
the two appvoaches w achieve an efficient analysis.

I. INTRODUCTION

Los Alamos National Laborasory performed a pilot safety smdy to explore the usc of
probabilistic safety analysis (PSA) techniques in nuclear weapons safety and to assess the
adequacy of rmodels and data for producing quantitative estimates of the frequency of
nuclear weapons accidents.' Shortly after the inceplion of the pilot study, the DOE hegan
an initiative identified as “SS-21."? This initiative was intended to intcgrate safcty analysis
with weapon-handling process design 50 that the benefits of safety analysis were realized
during the design of procedurcs and tooling for the weapon dismantlement process, ‘This
cffort was wider in scope than the pilot study because it addressed worker safety issucs as
well as nuclear safety issues. The pilot study used what will be termed a PSA approach to
analysis; the approach used in the §5-21 study will be termed a hazard analysis (HA)
approach. ‘The intent of the HA approuch was to identity and address significant safety
issucs during the process design through identification gzgxmiti\fc measures or procedural
changes, whereas the intent of the PSA was to identify and quantity the dominant accident
scquences leading to a specific class of accident outcome.

]

These circumstances resulted in two parallel efforts on the saine process with
considerable overlap in scope but differing approaches, The principal investigator and a
lcad anulyst for the pilot study also participated in the 8S-21 study, so there was overlap of
personnel betwoen the two studies. This ;;Irovidod an unique opportunity for exploring
techniques for integrating the HLA approach with the analytical methods associated with the
PSA approach.



II. THE HAZARD ANALYSIS APPROACH

The HA approach used in the SS-21 study is a systematic evaluation of the weapons
dismantlement process. Experts in weapons desige and processing (the subject expens)
provided expertse on the weapon hazards, responscs to abnormal environments, and
process details. A small set of the safety assessment experts (the normative experts)
provided the safety analysis expertise required to produce a systematic and well-
documented analysis. A few follow-up meedngs were held Lo work out difficulues, but
these were restricted in scope and nu.mgcr by the didTiculty of assembling the entire team
time after time. The HA approach used in this analysis included the identification of
accideut sequences, the identification of preventive and mitigative features, and estimates of
accident-sequence frequencies and consequences by a team of process and weapons
experts. The team was headed by normative experts familiar with HA echniques and
exper clicitation. Other members of the eam included weapons engineers for both the
nuclear and nonnuclear portions of the weapon, weapons processing experts, and process
design specialists. Before the team meeting, the normative experts spent several weeks
srudying safery studies and other documents to becbme familiar with the weapon and the
dismandement process.

The team was convened at the dismanuement plant. The foimat of the team mecting
included reading the procedwe simultaneously with viewing a video of the dismantlement
process. At each step in the nrocess, the video was halted, and accident initiating events
were elicited from the team. Potential safety probiems were noted, and possible
improvements were documented. For cach accident initiating event that was identified, one
or more accident sequences were constructed by the team members. The team's consensus
on the relative frequency of the accident sequences and their likely consequences was
clicited. The frequencies were expressed as order of magnitude estimates. The
consequences were binned according 1o broad classes of outcomes. An initial atternpt was
made to elicit the frequency of un entire accident sequeace as one estimate, bt this proved
inoractable for the experts, s0 each accident sequence was broken into an initiating event.
accident progression events, and a weapon response.

Information on exach accident sequence wis entered on 2 spreadsheet, including a
description of the initiating event and accident progression, the weapon response, all the
probability and frequency cstmates, and the consequence class. The accident -sequence
frequency cstimates were converted to qualitative ranges at the conclusion of the hazard
team meeting. The risk ranking for cach accident scquence was estimated based on the
accident-sequence class and consequence class according to a set of combinatorial rules.
The result of the analysis was a matrix of accident sequences that could be ordered by
frequency. outcome, or a combination of both.

1. THE PROBABALISTIC SAFETY ASSESSMENT APPROACH

The PSA approach uses so-called noimative experts familiar with PSA techniques to
collect and analyze data on the process. ;ch_ggns in the subject are treated more as
consuttants than partners in the analysis. 'The PSA approach to the satety analysis began
with a study of thc weapon design, the process procedurcs, previous safety studies. and an
operational history of weapon processing collected in the form of unusual occurrence
reports (UORs). Based on this information, a fault tree was consteucted whose cut sets
were accident sequences for the process. This fauit tree Is called the accident scquence
logic diagram (ASLD) and is an extension of the master logic dingram (MLD) concept.’
The ASLD was updated and expanded continuously during the next severnl moaths as new



accident sequences were identified from a further study of historical records or interviews
with subject excerpts of various types.

Based on an examination of the accident sequences identified on the ASLD, a set of
cvent trees was constructed that modeled the accident progression for all the accident
sequences on the ASLD. The process of constructing the event trees expanded the number
of separate accident sequences over that identified by the HA because many more possible
branches in the accident progression were constructed. For the purposes of the pifot study,
no quantitative estimates of accident consequence were required, but qualitative accident
outcome bins similar 10 those used in the $S-21 study were used.

The accident-sequence frequencics were estimated using a variety of sources. Many
initiating-event frequencies were estimated based on surrogate data from other sources or
were developed using an operational data base that used the UORs as cvent data and
nuclear weapen processing records for population data.* Human relisbility analysis
contributed many others.® Conditional probabilities for accident progression events, which
appear as branches on the event tree, were estimated from a variety of analyses, including
structural analysis, geometric considerations, and Weapon response estimates. 1he weapon
response estimates used a limited test data base along with an extensive expert elicitation.®
Uncertainty was included for each probability or frequency estimate. Probability
distributions for the frequencies of the accident sequences that contributed 99% of the total
estimated frequency for each accident consequence category were generated with Monie
Carlo simulation.

1V. DISCUSSION OF THE APPROACHES

A discussion of using these two methods for accident analysis and arriving at similar
results is very instructive. The discussion indicates that the two approaches, when
intcgrated, produce a superior result with more efficicnt use of resources than the exclusive
use of cither approach.

A. Initiating Event ldentification

The HA tcam approach was an excellent way to ideatify initiating events in the process
itsclf. The process and weapons experts were efficiently utilized by using the video to
walk through the dismantlement process, which allowed time for discussion. tHowever,
using this method requires some carcful handling. The subject maticr experts tend to he
success oricnted and must undergo a considerable attitude change to begin looking for
fautts and failurcs. Human error is a pardcularly sensitive topic with the technicians on the
HA team, and the subject must be treates; with care. When the notmative experts gained the
trust of the technicians, the technicians got into the spirit of the HA and identified many
putential accidents cither from their personal expericnee with the relative difficulty of a
procedure or from “close calls” or incidents they had witnessed in the past.

The PSA methodology added a new dimension to initiating-event identification through
the ASLD. The ASLD is developed by first identifying possible energy sources that can
affect the process. This approach aaturally includes events exterual o the & itselt,
which are very difficult to identify with a process-oriented approach. In addition, the
ASLD tmposes an order and logic on the search for initisting ovents that enhance the
probability of identifying initiating cvents. The ASLD had been developed before the first
meeting of the HA teum and was brought to the teum meeting. In the tewm context, the
ASLD scrved as a prompt for ensuring that all types of potential sectdents, including those
that t‘?ﬁ: #ué)jcct experts had ignored bused on preconceived natons of likelihood, weee
considered.



An important aspect of the PSA analysis is the time spent observing live process
operations. The luxury of this type of observation is not available 10 the HA team but can
be used by a small team of normative experts, The normative experts were able to observe
many dismantlement processes on weapons trainers by experienced technicians. This
provided the opportunity for the analysts to stop the technicians during operations and ask
questions, redo steps, and even try things themselves to determine such things as alerting
factors for human errors and the difficulty of reading umponent identification numbers,
This information was not always readily available in the HA team setting because the
technicians either could not remember or had never paid attention to that aspect of the work.

The HA normally would be preceded by a study of historical incidents . This was
already available from the ASLD constructed for the PSA, allowing the HA 1o focus
immediately on the process. Here having an ASLD to use &s a prompt for the HA proved
{0 be a very useful addition to traditional HA techniques. The HA team approach, when
supplemented by the ASLD, was very effective at rapidly identifying initiating events.

B. Accident-Sequence Development ¢

Most of the important accident sequences were identified using the HA approuch.
Accident-sequence development by HA is rapid but relatively incomplete compared with
PSA analysis because it tends to identify only one path on cach event tree, whereas the
PSA can look at all paths. The HA approach to accident-sequence development is excellent
for outlining the types of accidents that can occur and providing a rapid view of the
important steps in accident progression,

Some important results of accident-sequence analysis were more completely realized in
this study when event-tree analysis was used, The HA approach is less systematic in
developing accident sequences that can result from a single initisting event because of
accident progression brunching. In the HA approach used in this study, the ene or two
most important branching sequences were identified, whereas many more were identified
using event-tree modeling. This miy not be an imporntant consideration when there is only
one consequence of interest for zn accident. However, it becomes important when several
different accident consequences of widely varying importance are possible. Event-tree
development is also itportant for fisk reduction. In several instances, uecident sequences
that were identified only by event-tree development provided significant risk-reduction
opportunities that were missed using the less-detailed HA accident sequences.

Qualitative understanding of the accident sequences also was enqanced by event-tree
development. The thought processes involved in event-tree construction helped place the
different steps i the accident progression in much better focus than was possible using
team elicitation, For example, the importance of the orientation of the high explosive when
it strikes an objects as well as the chameteristics of the stiiking surface were highlighted by
event-tree development. The importance of these parameters was much less clear during
the team clicitation. The event trees also provided an imxmvcd qualitative understanding ot
the relative importance of deperidence between events, As an example, the event trees
clewly outlined the dependencies between u airplane crash into the plunt, the probable
disablement of fire fighting systems in the vicinity ot the crash, and the probable fire
resulting from the crush,

HA is un effective method for idemifying the dominunt accident sequences, The
expericnce of this study demonstrated the utility of cveat-tree development in producing o
xlx;om comprehensive accident sequence set for a subset of the accidents identificd through

¥ Al



1. Accident-Sequence Screening. The HA is a very effective tool for
identifying accident sequences with consequences so low that they are not of interest. It
also can be used to identify any accidents among a group of related accident sequences that
have a much lower frequency for some reason. When this is the case, the low-frequency
accident sequences can be absorbed into the higher frequency accident sequences und
reduce the calculational effort. Screening is an extremely important funcoon in PSA
because it can significantly nairow the field of accideat sequences that must be quantified.
The key to using the HA to screen 1s to carefully record the judgments of the experts
conceming the consequences and the relative likelihood of accidents. In many cases. ne
analysts noted similarities between different accident sequences that the subject experts had
consiructed. Often. one of the accidents would be considered much less likely to result in a
particuiar consequence than another refated accident because of some difference in weapon
configuration or insult energy. In these cases, several accident sequences forming a logical
grouping could be consolidated into one accident represented by the most likely member.

2. Frequency and Probability Estimates. Many of the best estimates for
accident sequeaces made in the HA captured the bdsic nature of later, more detailed
estimates. The relative frequency of many of the accident sequences in the PSA was littde
different than values estimated during the HA. Many of the initial human error probabilities
made during the HA using rules of thumb were well within reasonable uncentainty bounds
of the value estimated using the Technique for Human Error Rate Prediction (THERP).
The main advantage to performing the more detailed PSA calculations was that the PSA
values are better documented. Quantifying a problem invariably leads to a more thorough
consideration of the details and a much more thorough understanding.

The weapons engineers used in the HA had a general feeling about the sensitivity of the
high explosives to certain classes of insults but did not have the devailed knowledge of this
specialized ficld that was required 10 differentia‘e between more subtle distinctions in insult
type or energy. The PSA expert clicitation and test analysis showed that the weapons
cngincers were less conservative than the high explosive experts in their estimates. The
high explosive experts tended to have wide uncertainty bounds on their estimates that they
could express numerically, whereas the weapons experts had less quuntitative feel for their
uncertzinty, which they expressed more as a lack of knowledge than numerical bounds.,
The high explosives experts used in this analysis were intelligent and thoughtful. Some
wished to consider their responses in private for some time before committing themselves
to a responsc, Others preferred to talk through the thought process they followed in
formulating a response to a question and discuss their intermal models of the problem in
detail. In either case, much of the most valuabl¢ intormation clicited by the interviews
would have been much more difficult to gather in a group environument.

3. Uncertainty Estimates. The HA approach usually does not muke any
awcmpt to quantify uncertainty. The results of this analysis are best estimates that are
bianed in frequency and conseqlucncc classes without any uncerntainty statements. The £SA
techniques treat uncertainty explicitly by estimating uncertainty bands for each of the
frequency and probability estirnates used in the c'l?:miﬁcnuon of accident tfrequency. These
individual uncertainties are propagated through the analysis to the final frequency result
using a Monte Cardo simulation. This simulation provides a probability distribution ot the
frequency. This uncentainty is no better than the uncertninty estimases of the individual
trequency and probability estimates and does include model or phenomenological
unceruintics that usually dominse this type of analysis. Nevertheless, the uncertiinty
capabliities of the PSA provide some additional insights into the teuning of the PSA
frequency estimates.



C. Level and Type of Effort

1. Use of Subject Experts. The HA and PSA approaches use experts much
differently. The HA brings together a variety of experts in an interactive format. The
experts make judgments as a group about accident initiating events, accident progression,
and consequences. To control the size of the group, the experts used in the HA approach
wepe more generalists. Specialists in such areas as tooling design and change control were
brougbt.in on an as-necded basis.

The PSA used more specialists as experts, A prime example is the high explosive
response data buse. This base was constructed entirely independently of the weapons
process personnel. TTw experts were consulted using a forzal elicitation process that took
up to two days and, in some cases, several visits to complete. The data coilected from the
experts were organized, interpreted, statistically anatyzed, and then checked with the
experts for comrectness.

2. Documentation. The documentation of the HA includes an explantation of the
entries on the accident-sequence matrix, including preventive and mitigative features;
additional controls are identified as well. Some ratonalization for the team decisions is
entered on the matrix. Many of the reasons for the frequency and consequence estimates in
the HA are simply declared 10 be engineering judgments.

Documentation in the PSA approach is quite detailed and is designed to defend the
analysis. The probabiiities and frequencies in the PSA approach must have a wraccable
provenance for credibility. In many casc:', this requires a detailed explanation of a
calculation, such as the complete human response analysis (HRA) event trees and THERP
wble references for a human error probability estimate. In other cases, reference to a data
base and some justification of why the data are appropriate is required. The effort required
10 document in this manner is very great and consumes a considerable fraction of the 1otal
PSA cffort. However, the result 1s a substantial data repository for furure work.

The extensive documentstion of a PSA can be tumed to advantage by treating the study
as a reference basis for future studies of a similar type. Many of the detailed probability
calculations in the PSA can be used in their entirety in later work. For example, an HA
performed at a later time could reference rany of the detailed and traceable estimates in a
PSA study instcad of relying on new estimates by the HA team. In this way, the
advantages of PSA documentation can be coupled with the rapidity of the HA approach.
This approach ib being used currently for the analysis of the disussembly of a different
weapon.

V. CONCLUSIONS

Thic usc of HA or PSA approaches to safety assessment depend on the objective of the
study. For many purposes, an HA approach is preferred, whereas in somie cases, a PSA
may be justificd. An integration of both approaches is ideal and is essentially the approach
deseribed in DOE Standurd 3009, In the case reported here, the HA achieved a rapid and
cifective survey of the process safety and identified numerous improvements and conurols
for the safety process, The PSA produced a more complete identificution of aecident
scquences and risk -reduction measures. Future integrated studies of weapons processes
that arc .;ilr\nilnr to the one in this study can ben it from ths models and database developed
in the PSA.

The HA method produces a compichensive assessment of the safety of the process.
The HA requires less effort than a PSA approach, with the greatest saving being in the



documentation of the results. The probabilistic study required a substantial investment in
analytical resources for many accident sequences that turned out to be insignificant from a
risk perspective because screening of mnsignificant sequences is difficult. The HA
techniques were excellent for forming an overview of the process safety concerns and
including the process experts in the analysis. Much additional information was gained by
the use of PSA techniques in identifying and developing accident sequences. Using these
techniques did not increase the effort involved in accident-sequence identification as much
as expeeted and provided a valuable supplement to the HA team approach.

For analyses where the results will be scrutinized closely, an integrated approach is
recommended. This approach would begin with a HA team accident analysis to scope the
problem and reduce the numbér of accident sequences that are considered by rapidly
identifying accident sequences and screening out impossible, low-consequence, or
relatively lower frequency sequences. PSA techniques then can be used to provide more
detailed models for the reduced set of accident sequences that survive the screening process
and provide a defensibie and traceable quantitative data base for accident-sequernice
frequency estimates with relatively little additional effort. In this way, resources are
concentrated on accident sequences that have 2 high potential of being significant
contributors to the risk. In addition, the documentation provided by a previously
completed PSA study can be used o produce a highquafity safety analysis in a relatively
short time by using the HA team approach to identify accident sequences ard extending the
results of the PSA to the new study. In this manner, the team is used to do what it does
best, i. e., identify accident sequences, and the frequencies of these sequences are
quantified rapidly using well-documented estimates from previous work.,
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