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PROBABILISTIC RISK ASSESSMENT OF DISASSEMBLY PROCEDURES

D. A. O'Brien, T. R. Bement, B. C. Letellier

Los Alamos National Laboratory, MS F684
Los Alamos, NM 87543

1. Background and Charter For The Study.

The purpose of this report is to describe the use of Probabilistic Risk (Safety) Assess-
merit (PRA or PSA) at a Department of Energy (DOE) facility. PRA is a methodology for
i) identifying combinations of events that, if they occur, lead to accidents, ii) estimating the
frequency of occurrence of each combination of events and iii) estimating the consequences
of each accident.

Specifically, the studyfocusedon evaluating the risks associatedwith disassemblinga
hazardousassembly. The PRA for the disassemblyoperation includeda detailed evaluation
only for those potential accidentsequenceswhich could lead to significant off-site conse-
quencesand affect public health. The overall purposeof this studywas to investigatethe
feasibilityof establishinga risk-consequencegoalfor DOE operations.

2. Methodology

The methodology outlined in Figure 1 was used to estimate the risk to the population
surrounding the plant. The following summarizes the analysis process:

1. Written procedures and other applicable documentation were obtained and reviewed.
These included disassembly procedures currently in use and records of the
engineering and development of the hazardous assembly.

2. A two-day HAZards and OPerability analysis (HAZOP) was conducted. Unresolved
issues raised during the HAZOP meeting were addressed by experts who developed
the hazardous assembly.

3. A two-day site visit was conducted where all disassembly operations were observed.
There were several opportunities for discussions with engineers and technicians re-
sponsible for disassembly operations.

4. Following the site visit, a numberof deterministic calculations were done. These
were done as part of an initial attempt to identify those accidents that could be ruled
out and those that could clearly lead to significant off-site impact,

5. Event trees and fault trees were then constructed for those operational accidents that
have potential off-site consequences.

6. Probabilities for failure (errors) and their associated uncertainties were determined or
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estimatedfor boththeevent treesandthefault trees.
7. Fault U'eeand event tree equationsweresolved using the Set Equation Transforma-

tionSystem(SETS). I The associatedcalculationsof propagateduncertaintiesfor the
errorsweredoneon the sequencecutsetsusingthe Top EventMatrix AnalysisCode
(TEMAC). 2 Thisgavethe accidentfrequencywith its associateduncertainty.

8. The consequenceanalysis modeled the atmospherictransport of accident-caused
hazardousmaterialas well as the resultingground contaminationand thelatentcan-
cer fatalities(I.,CFs). Weather vadaUonsand source term uncertaintieswere taken
into account.This gave the likelihoodof an effect(contamination or LCFs) with the
associateduncertaintygiven an accident.

9. The accidentfrequencyand likelihoodof an effect were thencombined probabilisti-
cally to give the final frequencyof aneffect with anassociateduncertainty.
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l_,ure 1. OutlineofPRAmethodologyusedfor analysisofdisa,.c_semblyoperations.

3. HAZards and OPerability (HAZOPs) Analysis

A HAZOP is a systematic method for identifying operations that have serious accident
potential, A HAZOP is performed by having an interdisciplinary team of experts systemati-
caUy examine a process and its procedures to attempt to identify the effects of departures
from standard procedures. Experts then determine if the departures will create hazardous
conditions. Identification is also made of actions or systems that mitigate the consequence.

Each step in the disassembly procedures was reviewed by the HAZOP team. Also, a
training videotape showing correct disassembly was reviewed. Tables like Table 1 were
developed for each procedure, listing all steps and hazards. The hazards included impact,
tire, chemical, electrical, and radiological, Each of the potentially hazardous steps were then
used, after screening, as event tree headings for accident-sequence identification.

4. Event and Fault Tree Development

Event trees were used to quantify the possibility of off-site consequences caused by dis-
assembly accidents. Unlike reactor "accident-sequence analysis", where event trees are de-
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veloped for each accident initiator and each branch on an event tree represents an accident
mitigating systen%the event trees in this study were developed around the normal disas-
sembly procedures. The entry points (corresponding to the usual initiating events) for the
event _ees were the beginning of specific procedures and not the occurrence of an accident.
All of the probabilities obtained by solving these trees were on a perdisassembly basis rather
than on a time or frequency basis and were converted to yearly frequencies by multiplying by
the number of disassemblies each year.

Table 1. Sample Hazardous Operations Analysis table.
lU i i

Direct Increased Protection or Interactions

Step What It..; Consequence Vulnembigty MItJpUon withOther DIspodflon
No. Wh_ Its

ii Jlmmq

W Hoistfailure; Droppin_ Referback Wellprotected-- Revisit
handling;lifting asaernbly toT-same bycase;
andmUlgn_ frontsection,ll ii. • i

X Electricalbondin_Low-enertw"Common Low-ener_.... Revisit
faged;result componentssquibs; containedand
susceptibleto couldfire vulnerable protected
staticdischarge , ,, tofiring ....

Z Frontdropped None None Wellsealed' None None
oncenter,, , center;,protected.....

Each operationidentified by the HAZOP was representedby a top event on an appro-
priateeventtree (an illustrationof this is givenin Figure2). The topeventswere developed
furtherby constructingfaultorhumanerror trees. In somecases,the humanerror treeswere
developedto feedinformationintofault trees. An exampleof a fault tree feedinginto a top
event (from Figure 2) is shownin Figure 3, where a humanerror, Failure to Electrically
Bond,is furtherdevelopedin a subsequenthumanerror tree, Figure4. In developingthe
humanerrortrees,the proceduralstepswere brokendown into fundamentalhumanactions
for whichsomekind of failure ratecouldbe estimated. It should be noted that the trees
presented in this paper are for illustration purpo.,_sonly and do not represent the
actual treesdeveloped.

S. Human Error F_thnaflon

Several branchesof the event treesand basiceventsin thesupportingfault treesinvolve
humanactionsthat can lead to humanerrors, Thesehumanactivitieswere modeledusing
human error trees, which were developedusing the methodsdescribedin Swain and
Guttmann.3 The processof developingthe treesinvolvesbreakingdown the proceduraJ
stt;psinto thosefundamentalactionsfor whichtypicalfailure-ratedatacan be obtainedfrom
databasesor estimatedin someother reasonablemanner. These treesthemselvesarc rela-
tively simple, with binary branchingcorrespondingto successor failure of each activity.
However, in a few cases,multiplebranchingis usedto inch=derecoveryactions. In these
casesit is necessaryto accountfor the fact that differentlevelsof recoverycan occur de-
pendingonhow manypreviouserrorshaveoccurred.

In general,abranchto the fight(labeled bya lower caseletter) by conventionwill corre-
spondto a failureto properlycompletean activity. A branchto theleft (labeledby an upper
caseletter)correspondsto successfulcompletionof an activity. Dependingon whatthe ac-
tivity is, a "failure" to completea proceduralstepin somecasesrrdghtactuallyleadto a less
hazardouscondition. Therefore,terminatingbranchesof the treesarc labeledwith an "s" or
"f" to indicatewhetherthat sequenceis consideredan overall"success"or "failure".
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6. Integration of Risk Sources - Consequence Analysis

The SandiaNationalLaboratory"ERAD" codewas selectedforuseinthisstudy.Itisa
constantweather,flatterrainmodelwitha sophisticateddetonationplume-risedescription,

and aMonte Carloparticulatetransportpackage.The codeassumesthattheatmosphere
conditionsvaryonlywithaltitude.

Account is taken of the variation of partlcle settling rate with particle size, and treats the
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stochastic nature of particulate diffusion under unstable atmospheric conditions. ERAD
outputs land contamination and integrated air concentration data on a grid extending down
wind from the source point. A post processor was used to plot contours of contamination
level and potential inhaled dose (for an assumed ICRP standard human, breathing at 330
ee/see). Plumes were tracked to any distance necessary to bound the regulatory action limit
contour of 100 mrem for inhalation and .2 t.tci for deposition, typically 80 to 100 km. This
analysis was repeated for 60 typical weather profiles for the area, and the resultant "potential
inhaled dose" contours were combtned with appropriate weather probabilities, accident
probabilities, and population data to produce expected area contamination and population
radtologtcal exposures (person-rein) per disassembly operation.

Each set of 60 weather profiles with a single source term yields 60 consequence values
which can be expressed as a cumulative distribution function (CDF). Each CDF can be
subtracted from one (1) and expressed as a complimentary CDF (CCDF), If the CCDF is
multiplied by the accident frequency, the resulting exce_lance function (EF) gives the un-
conditional frequency of a consequence at least as severe as a specified value.

Randomly chosen source-term values were paired with randomly chosen accident fre-
quencies to yield 40 EFs. Figure 5 shows a hypothetical example of 40 EFs for a conse-
quence metric. From this set of EFs, one can determine the expected value (mean) and
range of likely values (the 5th and 95th percentiles) of the exceedance frequency over a range
of consequences.

A a
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Figure4. Humanerrortreeforelectricalbonding.

7. Risk of Disassembly Operations and Risk Reduction Measures

Using the actual trees developed for this study, the risk of the disassembly procedure was
found to be very small. The expected individual risk for latent cancer fatality was calculated
to be 3.5 xl0 "12 per individual per year. This is many orders of magnitude less than the
Secretary of Energy goal for nuclear facilities of 2 x 10.6 per individual per year (which
equates to less than a 0.1% increase in an individuals risk of cancer),

The true benefit of the PRA approach, though, is in risk reduction. By providing impor-
tance measures for basic events, the analyst can determine which events contribute the most
to the accident frequency. Plant operators may then be able to implement positive measures
to minimize the likelihood of the important base events from occurring. This ts clearly an
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8. Conclusions

Severalconclusionsweredrawnfromthisstudy:
Q PRAcanprovidearigorous,systematicapproachtosafetyassessmentforDOE

operations,
El PRAcanbe usedto evaluatetotalriskand providea consistentframeworkfor

riskmanagement,
Q Thoughtheuncertaintiesinthefinalnuml_rsarelarge, qualitativeinterpretations

ofresultsarevaluableinidentifying
• thesafetybenefits(gains)ofproposedpositivemeasures,
, therelativerisksposedbyvariouspartsoftheprocessorprocedure,
* areasneedingfurtherstudywhichwillhavethegreatesteffectonreducing

uncertainty.
Finally,theanalystsconcludedthattheestablishmentofaDOE riskcriteria(regulatory

criteria)waspremature,
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