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ABSTRACT

Human reliability is the probability that a persocorrectly performs some required activity by theteyn in a
required time period and performs no extraneousvigctthat can degrade the system. Human reliabilit
analysis (HRA) is the analysis, prediction and eatibn of work-oriented human performance using esom
indices as human error likelihood and probabilitytask accomplishment. The human error concept maost
have connotation of guilt and punishment, havingeadreated as a natural consequence, that enthrgds the
not continuity between the human capacity and ffmesn demand. The majority of the human error is a
consequence of the work situation and not of tlepassibility lack of the worker. The anticipationdathe
control of potentially adverse impacts of humaricercbr interactions between the humans and theesysire
integral parts of the process safety, where thefadhat influence the human performance musebegnized
and managed. The aim of this paper is to propasethodology to evaluate the emergency evacuatiocess
on industrial installations including SLIM-MAUD, ldRA first-generation method, and using virtual ityadnd
simulation software to build and to simulate thesd#gn emergency scenes.

1. INTRODUCTION

Human error is any member of a set of human actiwaisexceed some limit of acceptability.
It is an out-of-tolerance action, where the lindfsacceptable performance are defined by the
system [1]. Human reliability is the analysis, potidn and evaluation of work-oriented
human performance in quantitative terms using smuees as human error likelihood and
probability of task accomplishment. HRA has thrasib functions, namely the identification
of human errors, the prediction of their likelihoesthd reduction of their likelihood, if
required [2]. Human reliability can be useful iraghosing the factors that lead to less than
desired human performance and can also be useetéondne the increase in performance.
Quantitative HRA can be used in probabilistic redsessments (PRA), where the resulting
probabilities of failure for task sequence are cm@d with probabilities of failure for the
equipment in a system fault tree or a system etreet Human reliability considerations
occupy an important place in the engineering of glem systems. During the last decade it
has become self-evidence that to minimize the fitibaof failures, the human factor must
be taken into account. The dependability of petplmake the correct decision and then take
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the correct action at the correct time cannot lexloeked. The purpose of HRA is to render a
complete description of the human contributionisé& and to identify ways to reduce the risk.

HRA has its roots in the study of human performandée assessment of the human error
becomes a tool for identifying the factors thatiuahce the human performance. These
factors are known by risk analysts as performahepisg factors (PSFs). PSFs include the
guality of the operations, inservice tests, procegluthe quality of the interfaces, training,
workload, stress, environment, etc [3]. When thasers adversely affect performance of a
given task, there is opportunity for improving merhance by making the PSFs more
favorable. Human performance is also influencedwnether personnel have to rely on
intuition, past experience, personal knowledgeusergell-defined knowledge.

The major need in HRA is for quality data. Datanfrdata base is available [1]. If properly
collected, data from experiments in simulatorspfrplant operations are very useful. The
general objective of HRA methods is to produce micagdata for use in probabilistic risk
assessment (PRA), bring about improvements in pdafiety and improvements in plant
performance and availability. Some HRA methods ased in the quantification of
probability of failures for the human actions, sashTHERP (technique for human error rate
prediction), SLIM-MAUD (success likelihood index thed multiattribute utility
decomposition), HEART (Human error assessment auliction technique) and HCR
(human cognitive reliability).

The aim of this paper is to propose a methodologgvaluate the human performance during
the emergency evacuation process of the workersingustrial installations. This
methodology includes a HRA first-generation meth8#M-MAUD, and computational
tools, such as virtual reality and simulation seaitey to build and to simulate the chosen
emergency scenes.

2. THE SLIM-MAUD METHOD (SUCCESS LIKELIHOOD INDEX M ETHOD
MULTIATTRIBUTE UTILITY DECOMPQOSITION)

The study of the human factors is a scientific igisee that involves the systematic
application of information relating to human chaesistics and behavior to enhance the
performance of man-machine systems. The initigtodies about human error prediction has
come from the nuclear industry through the develepnof expert judgment techniques such
as SLIM-MAUD. The need for expert judgment techmgiuies in the lack of human error
data. The SLIM-MUD technique is intended to be sgupto tasks at any level of detail and
its development was prompted by lack of HEP (humaar probability) data. Errors can be
guantified at various stage including tasks andtasks. The premise of SLIM-MAUD is
that the probability of a human error associateth whe task is a function of the PSFs
associated with the task. It assumes that exparisate the PSFS and estimate the failure
rates. The SLIM uses ratings of the relative gosdnef PSFs in a particular situation
weighed by their relative impact as determined lpanel of experts. The analysts provide
values employed as upper and lower bounds on éailuates for a particular task. The
method assumes that the log of success probaisilégual to the experts judgment and two
empirically derived constants. Two tasks for whikl probability of success are known are
required, and in order to estimate a HEP, successapilities must be subtracted from 1.0.
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Variants of the core SLIM procedure lie in the tneant of the rating and weighting data, and
how the elicitation of those data is performed. éxtension of SLIM presents the use of
multi-attribute utility decomposition (SLIM-MAUD)Multi-attribute decision problems are
decision making situations in which the alternatiage described by their attributes (PSFs)
that cannot be optimized simultaneously. This tegmn provides a method for quantifying
how important each PSF is in comparison to therddss [3].

3. THE COMPUTATIONAL TOOLS

Some computational tools will be used, such agtsalireality and simulation software, to
build and to simulate the chosen emergency scenes.

3.1 Virtual Reality

CAD software have been developed for design of inash systems, workplaces, etc,
utilizing design parameters derived from a real etaaf the product, such as, shape, size,
distance and position. 3D visualization technolegs originally developed for viewing and
design CAD files. It uses 3D polygons so that tie $ize becomes small enough for its
transmission and manipulation. Although this sifingdition process discards some high level
design features, important geometric data areredailt demonstrates the potential of 3D
visualization as an interface technology for hurfestors evaluation. Virtual prototype is a
simulation of an object with an adequate degreeeafism that is comparable with the
physical functionality and the appearance of tred object [4]. Virtual design is a process
applied to the development of a product that ugdasial prototypes in selected process
phases. Typical simulated features are includesh sis visual appearance, shape, texture,
surface materials, colors, displays, lights and hmaaal controls. Stereo vision is often
included in a virtual reality system. This is acghished by creating two different images of
the world, one for each eye. The images are offgethe equivalent distance between the
eyes. The images can be projected through diffiergatarized filters, with corresponding
filters placed in front of the eyes and displayeduentially on a conventional monitor or on
projection display.

3.2 Simulation Software

Simulex It is a software tool capable of modeling the aaadion of large populations
through multi-storey buildings and the physicalgarece of each person as the person moves
through complex spaces.dtoduces more comprehensive analysis of emergeramuation
times and highlights potential problem areas of éliacuation strategy. Human movement
parameters such as rates of body twist, accelardgoeleration and speed have all been
collated during extensive tests. The tests dematestrthat Simulexaccurately models
individual movement, and hence produces realissetilts when the performance of group is
analyzed. The output of the model tracks the imldigl position throughout the evacuation.
Also, the occupants have an individual view of thelding because the route choice can
consist of either the shortest route calculatedheydefault distance map or a user-defined
route obtained by assigning an alternate distaragetman individual or group of occupants.
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Exodus The purpose of this model is to simulate the aa#ion of a large number of person
from a variety of enclosures. The model consistsinfsub-models that interact with one
another to pass information about the evacuationulsition. They are the Occupant,
Movement, Behavior, Toxicity, Hazard and Geometmp-models. The model views the
occupants as individuals by giving each occupartaicecharacteristics. The occupant sub-
model’s purpose is to describe information suclgesder, age, maximum running speed,
maximum walking speed, response time, agility, gyete, drive, etc. The sub-model also
maintains such information as the distance travdigdthe occupant throughout the
simulation, the person’s locations, and exposur®xa gases. Some of these attributes are
static, and some of these change with the condifiothe building.

Egress The purpose of this model is to determine theceation of crowds in a variety of
situations, such as theaters, office buildingdweni stations, and ships. The floor plan of a
building is covered in cells that are equivalensipe to the minimum area occupied by an
occupant. Instead of being square, like most geitscthe cell is hexagonal in shape. The
model views the occupants as individuals. The margmof each occupant are carefully
monitored throughout the simulation. Each individalso has certain goals and a specified
time period to complete that goal. The occupantr'spective of the floor plan is also
individual. EGRESS contains a route finding aldortthat defines the shortest distance from
each cell on the floor plan to each specified negio exit. Then, the behavioral modeling
aids in choosing which objective the occupants rmdoeard.

Simwalk: It is a multi-purpose pedestrian simulator thab\af to evaluate and to ensure the
security and comfort of walking in different envimoents. It models every pedestrian - up to
thousands of pedestrians - as single persons wagr tbehavior and goals. Typical
applications of Simwalk are: security testing ofems routes of complex buildings, design
and walk-ability validation of public buildings andtegration of pedestrian scenarios in
normal traffic simulation.

The figure 1 shows a simulation of an emergencyeceising a computational tool.
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Figure 1: The simulation of an emergency scene

4. THE EMERGENCY EVACUATION PROCESS

A key element of emergency planning is the evaonatplanning. Protective action
recommendations (PAR) are recommendations madedsidn makers in an emergency.
These recommendations generally involve three elsoior workers action: do nothing,
shelter in place, or evacuate the area. The mahiiz time represents the time required by
evacuees to perform all their necessary preparatctiyities prior to starting the trip. Good
evacuation planning methodology involves an itggapirocess to identify the best evacuation
routes and to estimate the time required to evadhatarea at risk [5].

An industrial installation presents many risks e form of process hazards, gas release,
radiation, fire and explosion. These events caruoet any time. The evacuation alarm
indicates to all personnel to start the evacuasiequence and gather at the temporary safe
refuge. The workers are required to stop the waidk @ return the process to a safe state.
The next step is to make their workplace safe abttie others workers will not be impeded
by obstructions. Once the temporary safe refugee@éhed, all workers are required to
register their name on a tag. After, the tags amukers count are performed and all
personnel are required to remain in the temporaiy efuge. The key aspects to a successful
evacuation are influenced by the type of the hureaonr and the severity of the event
initiator. The factors that define a successfulcenation are: early recognition, accurate
evaluation, quick access to egress route and efti¢travel to temporary safe refuge [6]. The
emergency evacuation process concerns with thenactbeginning at the time of event
initiation (Ti) and ending with the tasks performadhe temporary safe refuge (TSR), before
moving on to the abandonment phase. Each phabe efvacuation process has an associated
elapsed time, such as Ta, Tev, Teg and Tr. Thesestmake up the total time of evacuation
(Tevac).

Tevac=Ta+ Tev+Teg + Tr
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The figure 2 shows the graphical representatiothefphases of the evacuation sequence.
The first three phases (awareness, evaluation gre$® are the phases where workers have
the greatest exposure to the effects of the initiavent (e.g. heat, smoke, pressure) and to
high levels of physiological and psychological stre
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Figure 2. Graphical Representation of the Phasasfacuation Sequence (Adapted from
Dimattia [7] )

5. THE METHODOLOGICAL FRAMEWORK

The proposed methodological framework to evaludie human reliability during the
emergency evacuation process on industrial insiallais shown in figure 2. The phases are:

* Phase 1: Establish criteria to choose and to naaKdllowing judges: the principal team
(PT) and the elicitation team (ET).
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* Phase 2: The PT defines the emergency evacuagmases.
* Phase 3: The PT develops the hierarchical tasksindbr each evacuation scenario.

» Phase 4. The PT develops a list of the most rateRSFs through a pairwise
comparison.

* Phase 5: The PT develops the questionnaire forrdeteg the PSFs weights and ratings.
* Phase 6: The ET determines the importance weighisaich of the PSFs.

 Phase 7: The ET rates each action on the hieratdaisk analysis through a numerical
scale.

» Phase 8: Perform statistical checks on the data frloase 6 and 7.

* Phase 9: Determination of human error probabilittesough the SLIM-MAUD
procedure.

* Phase 10: Develop the risk consequence and risfatiiin for each muster scenario

The phases 6 and 7 are supported by the followesgurces: administrative and operating
procedures, video tapes of emergency training,yaisalof workers performance during

emergency training, simulation using computatiaioalls, such as virtual reality, simulex,

exodus, simwalk or egress software. Through thestals, the elicitation team (ET) can get
useful information and data that will help thendetermine the importance weights for each
of the chosen PSF and to assign a value on thenmuahecale.

4. CONCLUSIONS

In this paper we have presented a methodologiaaldwork to analyze the human reliability
during the emergency evacuation process of theaversf an industrial installation. Due to a
lack of human error databases for the emergenocguatian of the industrial installation, an
expert judgment technique, the SLIM-MAUD, will besad to predict human error
probabilities. The chosen of the simulated scesasadased on the expert judgment, on the
expert experience, on the analysis of evacuatioogalures, and on the observations of the
evacuations drills. The elicitation team (ET) detires the importance weights for each of
the PSFs and rates each action on the hierardhslalanalysis. Computational tools may be
used by ET as an aid support to the elicitatiothese data. The computational tools, such as
virtual reality, simwalk, exodus and simulex, dsnused to build and to simulate the chosen
scenarios. The data taken from the simulations beaysed by the experts to improve the
elicitation of more PSF data.

The results of this research may be used in thetifdation of the areas where traditional
evacuation training does not adequately prepar&evsito deal with high stress and difficult
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environments. The results will provide a clear @adiion of situations where the risk is
highest, which actions can end in failure, whichB &ffects the performance of the workers
and increases the times related to awarenessiatioal, egress and recovery phases.
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