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Abstract— In this paper a study about human error
optimization is presented. A discussion about the maintenance
or operation management is done. The models of human error
were made using a well known technique named Technique for
Human Error Rate Prediction (THERP), wisely used in the
nuclear area. These models were included in the Probabilistic
Safety Analysis (PSA) to evaluate the impact of human error on
the frequency of a damage plant states. This paper shows how
the optimization of maintenance management is only possible
with a global approach and it is not feasible focusing on each
task in a particular way.
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I. INTRODUCTION

In general the human error could be classified in Error of

Omission (EOO) and Error of Commission (EOC) [1]. The
first implies the lost of one or more steps in a procedure. The
last is when a different procedure was made. The difference
may be one or more steps. The main issue in both of them is
that the human is unconscious of the error. The personnel
believe that the procedure is complete (in EOO) or better than
the original procedure (in EOC).

During the design stage of an industrial facility, the
importance of the maintenance management is considered

negligible or very important. Then, the organization of

maintenance and operation management will be poor or
overwhelming. A balanced design [2] is only possible when a
global model of the facility includes human errors and global
optimization is done. Several works in this area support the
previous sentence [3-8]

In nuclear area, the regulation in many countries around
the world includes the development of a Probabilistic Safety
Assessment (PSA) [9-10] for the construction and operation
license. This study includes models for the external events,
components and systems failures, accident sequences and
human error. But this powerful tool is not used to optimize
the human intervention.

In this work will see like a PSA support a human error
optimization and the special aspects to model it.
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II. MODEL HUMAN ERROR WITH THERP

“THERP is a method to predict human error probabilities
and to evaluate the degradation of a man-machine system
likely to be caused by human errors alone or in connection
with equipment functioning, operational procedures and
practices, or other system and human characteristics that
influence system behavior” [1].

This method uses conventional reliability technology with
adaptations to the uncertainties and interdependencies of
human performance. The basics steps to follow are:

1) Define the system failures of interest.

2) List and analyze the related human operations (task
analysis).

3) Estimate the error probabilities.

4) Estimate the effects of human errors on the system failure
events.

The previous steps are used during design stage for
assessment and for obtain the construction license. If possible
to add a step to remark changes and then recalculate the error
probabilities during design or redesign tasks.

THERP is not a model in the usual way, is a Boolean
representation of the human behavior. The basic tool of
THERP is called Human Event Tree. The Fig. 1 shows an
example.

successful action erroneous action

Failure

successful action erroneous action

Successful Failure

Figure 1. Example of Human Event Tree

The right branches represent the erroneous actions and the
left branches the successful action. All probabilities, except
those in the first branching, are conditional probabilities.

The other well known technique to model human error is
named Fault Tree [11]. This technique has the negative
aspect that is difficult to represent dependencies among
human actions. Due to this in this work we use THERP.

In the failure branch a successful intervention of a
supervisor can drive to a recovery action and the successful
path is taken again. That is recovery actions are represented
as dash lines.
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III. HUMAN ERROR MANAGEMENT

Human Error Management in the facilities is a complex set
of organizational, qualification and control aspects [12-14].
In a simple way several decisions must be taken by the
managers.

1) Isneed it the administrative control on written procedures

use?

2) Isneed it the supervisor for a specific task?

3) Isneed it to use a written procedure to follow a task?

4) Isneed it a special qualification for a task?

The answers are not clear at first. Because the answers
depend on component complexity, component relevancy,
time availability, personnel availability, etc.

The right answer represents a right combination of
administrative control, supervision and qualification for each
component or system.

Five models will be taken into account for this work.

1) Technician. The technician work alone, without
supervision nor administrative control for written
procedure use.

2)  Technician and supervision. The technician works with
a supervisor but without administrative control for
written procedure use. In this case the written
procedures are available but not used.

3) Technician, supervision with written procedures.

4)  Technician and administrative control. The technician
work alone with administrative control for written
procedure use.

5) Technician, supervision and administrative control.

In Figs. 2-6 the models for each alternative are shown.

Figs. show the probability of each branches beside them.
The probability of each branch identified like S (successful)
or F (Fail). Each branch has their probability and the total
human error probability (HEP) for each model is shown too.

These alternatives represent only some of actual schedule
for organize and control the work of technician. The models
are valid for operators and maintenance personnel.

For simplicity the models for maintenance personnel and
their probabilities are shown. Table I resumes the used data.

Table I. Human error probabilities

Description Probability
Erroneous setup equipment to maintenance 0.01
Fail to restore (previous condition) 0.5
Supervisor fail to check 0.1
Fail to check restoration tasks 0.2
Written procedures are available but are no 0.001
used
Fail to use a restoration list 0.01
Administrative control fail to use written 0.3
maintenance procedure
Checkoff provisions are incorrectly used 0.001

The data were selected from [1].
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erronecus setup
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Fig. 2. Model for technician work alone.

erroneous setup
equipment to
maintenance

0.01

0.1 supervisor fail
to check

F3 0.001

0.5 failtorestore
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Fig. 3. Model for technician with supervision but without use
of written procedures

written procedures
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Fig.4. Technician works with supervision and written
procedures.
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Fig. 5. Technician works with written procedures and without supervision.
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Fig. 6. Technician works with supervision and administrative control.
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IV. EVENT TREE

When the undesired event succeeds the accident begin.
The sequence may be represent graphically by mean the
Event Trees [15]. This tool allows follow the safety action
intervention in a graphical way step by step. The Fig. 7 shows
the original Event Tree built with information from CAREM
25 Project [16-17].

999E-01 S9.99E-01 999E-01 S9.99E-M
1.10E-03
1.22E-06
1.35E-09
1.10E-03 — 1.49E-12
Undesired event T 122E06
4\— 1.35E-09
1.35E-09
f——— 1.49E-12
] 1.B5E-15
1.10E-03 1.10E-03 1.10E-03 1.10E-03

Fig. 7. Event tree original built from CAREM 25 Project.

The sequences were built simplifying the headers to show
only the human error intervention. The undesired event
comes from a human error and the header is another human
erTors.

At first, the model is the model number 5. Technician
works with supervision and administrative control for use of
written procedures. The all headers with the same complexity

level of management.

At the left is located the undesired event and ordered by
column the human interventions. The up branch is a

successful intervention and the down branch is a wrong

intervention. On the right hand are quantified the final plant

states (PS). Successful PS are underlined.
For unsuccessful PS a frequency of 1E-7 to 1E-9 is

reasonable value. Then any value lower than 1E-9 represent

higher cost for the facility.

According to models seen previously, it is possible select
the right model to a specific header in the event tree. A
different model will modify the frequency of the PS (with a

higher frequency) and diminish the operational cost.
The modified unsuccessful PS frequencies
accomplish with the nuclear regulatory to be valid.

V. SOLVER

Genetic Algorithms [18-19] are a branch of the Evolutive
Computation based on the Charles Darwin theory [20].

Several works in nuclear area with this tool show their

advantages [21-27].

A specific Hybrid Genetic Algorithms (HGA) was

designed to face up with this type of problem.

The main issue to solve is the chromosome structure. The
genetic information forms a chain named chromosome (by
their similarity with the biological chromosome). In this
work, the chromosome contain information about the
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must

schedules of maintenance and test activities. The first
information will modify the Event Tree Headers and it will
produce changes in the PSA. From other point of view, the
space searching can be reduced using integer numbers and
not real numbers (i.e. HEPs). This is a trivial change. For this
reason, the process in the HGA must handle this
characteristic. Alternatives will be obtained faster, and any
infeasible solution will be avoided. This scheme allows
avoiding infeasible chromosomes treating routines,
accelerating the search process.

It is important to clarify the relationship between the
human error models and the model used. A gen (a place in
the chromosome) will be assigned to each model. Besides,
each gen will have assigned a range of values to represent the
whole models. For example, a specific component gen may
have a range from 1 to 3, that is, solutions may appear where
this models may be the models 1), 2) or 3).

So defined, the generation of the initial population is a
trivial work, where the possibility to generate non-feasible
individuals does not exist.

This algorithm use the Darwin’s natural selection concept
starting with several and random (but feasible designs and
maintenance models) alternatives that obtain the best
alternative, by using recombination and mutation operators.
The recombination operator generates offspring (a new
alternative) by genetic information cross and constitutes an
individual. The mutation operator changes one gene
information, allowing skipping a local optimum and
searching in the existing search space. For both operators
special gene probabilities were calculated. This approach
allowed adequately weighting each maintenance and testing
group.

The main task before generating the next offspring is to
make the ‘parents’ selection. This task selects the individuals
that will be crossbred. To do this, a new sampling method
was implemented. The method is named Stochastic Stratified
Tournament Sampling (SSTS). This method obtains a sample
that allows to adequately handling the genetic diversity
(alternative diversity). This is an important issue on the
searching for the best alternative.

The goal of the SSTS technique is to maintain a high
diversity of alternatives as long as possible, by the
apportation of portions of relevant information to the new
generations, as a faster way to obtain the quasi optimum of
the solutions.

VI. RESULTS

Several type of constraints were done (e.g. low and high
bound for PS frequencies, type of models allowed for each
header, special constraint to avoid common cause failure
from human error, etc.).

Then, a specific case was analyzed.

The upper bounds to unsuccessful PS frequencies were
1E-5. These constraints are related to the nuclear regulation.

The lower bounds to unsuccessful PS frequencies were
1E-10. These constraints are related with an extra cost for the
facility.

The first header was fixed to model 5.

The results were, in order from left to right, models 5, 2, 2
and 1. For the first intervention the model included a
technician working with supervision and administrative
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control for use of written procedures. For the second and third
intervention the model included a technician working with
supervision but without written procedures. And finally a
technician working alone (without supervision nor
administrative control for use of written procedures).

The Fig. 8 shows a new balanced design on the right hand.
The unsuccessful PS frequencies are bounded in a totally
feasible region with 3 order of magnitude of size.

9.83E-M .99E-01 §.95E- 4 85E-M

9.82E-04

1.O0E-04

5.56E-06

1.10E-03
Undesired event

b——— A567EDB
T 4.87E07
1. 1ED07

L11E-O7

B.15E09

B.25E-09

1.10439E-03 1.00900E-01 1 .00900E-01 5.05000E-04
Fig. 8. Event tree modified

VII. CONCLUSION

This work show the possibility of applies management
strategies for operation or maintenance tasks based on PSA.
The strong basement (i.e. PSA) allows accomplish with the
nuclear regulatory and diminish the cost in a reasonable way.

The concept of this work is valid for others facilities
different than Nuclear Power Plants. Optimizing the human
error allows take in focus the real important tasks. Separate
important tasks from the others is not a trivial work in large
facilities. This work resolve this problem.
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