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Abstract

Accidents including radioactive exposure have variety of nature and
size. This makes such accidents complex situations to be handled by
radiation protection agencies or any responsible authority. The situations
becomes worse with introducing advanced technology with high
complexity that provide operator huge information about system working
on. This paper discusses the application of reliability techniques in
radioactive risk management. Event Tree technique from nuclear field is
described as well as two other techniques from nonnuclear fields, Hazard
and Operability and Quality Function Deployment. The objective is to
show the importance and the applicability of these techniques in radiation
risk management. Finally, Expert Systems in the field of accidents
management are explored and classified upon their applications.

1. Introduction
Advanced technology such that used in nuclear industry has the

tendency to build plants of greater capacity and complexity. The system
operating conditions have increasingly become more complex. Although,
large efforts have been made to reduce accident probability, the
consequences of undesired behavior become more complicated. The
complexity is due to many interconnected systems, subsystems and
components. The situation becomes worse by the large number of different
physical phenomena, which are utilized simultaneously in different parts of
the plant. The automation is another factor that increase the complexity of
the plants by adding another level of interconnections between the different



parts of the process. As a result, the importance of reliability and safety
assessment of such type of installation has been given more and more
attention, especially after the occurring of major accidents such as TMI and
Chernobyl. In order to quantify the probability per unit time that an
undesirable event may occur, the concepts of reliability engineering are
needed to quantify the expected frequency with which these events might
be initiated. An understanding of potential accidents, and the capabilities
that exist to prevent or mitigate these accidents are important issue not only
during the planning and response phases of accident management but also
during design phases. Much of the information leading to this
understanding would be acquired through the development of a
Probabilistic and Risk Assessment PRA study. For this reason the concepts
of reliability and risk analysis are linked together.The assessment of design
or operational adequacy is a clear application of the risk assessment
technology. There are other applications of PRA type methodology such as
operator training and simulator, and design and system reliability. There are
five activities required in disaster preventation and limitation[l]. These are
preventation actions, hazard assessment and warning, short and long term
protective actions, and risk assessment. There are some types of reliability
and safety techniques used in each activity.

More attention has been focused in the past few years in expert systems
as a computer supported aid in risk management applications. The growing
role for such systems is due to their ability to deal with complicated
situations that require expert knowledge as well as dealing with huge data
in minimal time. In this paper, some of reliability techniques used in risk
management with the latest developments are presented. These are Event
Tree (ET), Hazard and Operability (HAZOP) and Quality Function
Deployment (QFD). The first technique has been used in nuclear field for
many years. The others have been used in other displances. They are
mentioned here to focus on other reliability techniques that may be useful
in radiation risk management. Moreover, expert systems in the field of
radiation risk management will be explored and classified' upon their
applications.

2. Event Tree

Event Tree (ET) ,which is also called as Consequence Tree, as well as
Fault Tree (FT) are the major techniques in probabilistic risk assessment
used in nuclear field. It was derived from the decision tree method used in
business applications and it was first applied between 1972 and 1975 to



assess risks associated with light water reactors [2]. The event tree plays a
control role in connecting the accident initiators to the consequences e.g.
core melt or plant damage statethrough a transformation involving systems
reliability. The result of the event tree analysis is accident sequences that is
a chronological set of failures or errors that define an accident. It is well
suited for plant that have safety systems or emergency procedures in place
to respond to specific initiating events. Therefore, it can be used in the de-
sign and operation stages. Two types of data are required for event tree
analysis. These are :

Knowledge of initiating events.

Knowledge of safety system function or emergency procedures that
potentially mitigate the effects of an initiating event. Unlike fault tree
analysis, event tree analysis is a "forward-thinking" process that is the
analyst begins with an initiating event and develops the following
sequences of the events that describe potential accidents, accounting for
both the successes and failures of the safety functions as the accident
progresses. It provides a precise way of recording the accident sequences
and defining the relationships between the initiating events and the
subsequent events that combine to result in an accident. Then by ranking
the accidents.or through as ubsequent quantitative evaluation, the most
important accidents are identified. Therefore, the technique is a powerful
tool in risk management applications not only in nuclear field but also in
chemical and other fields which are characterized by complexity of their
systems.

2.1. The technique

Event trees construction process can be accomplished through four
stages. Theses are definition of safety functions, definition of initiating
events, construction of function consequence'trees, and finally construction
of the system consequence trees. Therefore, two types of event trees are
developed. Functional event trees which are used to relate plant safety
functions as they respond to an initiating event, and systemic event trees
which are used to relate the response of the actual systems which perform
the essential safety functions to the initiating event. The sources of the data
required in performing event tree analysis are obtained from design and
operation data as well as others. The plant Final Safety Analysis Report
(FSAR) is a good source of basic information needed for event tree analysis
of a nuciear power plant [3].



2.2. Limitations

Although event tree methods are powerful tools for delineating accident
scenarios as representatives of classes of events for probabilistic safety
assessment purposes. They are, however, hardly give adequate accounting
of dynamic process interacting with systems states [4] and usually exclude
backward looping logic[5]. The interactions between human recovery
actions and systems and interactions among systems themselves are
frequently time dependent. As in other PRA, the major deficiency is the
presence of uncertainty in the results. The main sources of uncertainties
come from parameter variation (data), modeling and incompleteness [6].
parameter variation includes failure rates of pieces of equipment and human
error. Another limitations presents in the form cost and time [7]. For
complex system, event tree analysis is extremely costly in term of time and
funding .

2.3. Recent Developments in ET

Ordinary event tree methods are called to be static. The dynamic event
tree analysis method is a simulation based approach that models the
integrated, dynamic response of the plant/operating crew system to an
accident. It extends the conventional event/fault tree methodology for
accident sequence analysis by different ways e.g. by allowing for tree
branching at discrete points in time. Although the results show to be less
conservative with ordinary event tree, it describes complex accident
sequences scenario in more detailed and allows better definition of steps for
risk reduction [5,8,9]. Other dynamic model used object oriented
programming techniques was proposed in the form of a real-time
knowledge-based decision aid system [10]. Another artificial intelligence
technique used in expert system and object oriented programming was also
proposed for accident sequences analysis based on event tree [11].The aim
of the system was to reduce time and efforts required in the analysis. A
Random Escalation Model (REM) was built to forecast the most sever
accident in commercial nuclear plants [12]. The structure of REM includes
models such as those derived from the event tree for accident sequences. It
was claimed that REM forecast accidents with less uncertainties and more
accurate. A modified event tree technique was also used to analyze human
errors [13]. The main conclusion was that with certain limitations the
technique can be used to predict sequences of human errors if the
procedural actions are performed.



3. Hazop

The hazard and operability study ( HAZOP ) technique is now widely
used on design for chemical plants and mainly applied to thermal-hydraulic
systems in the British chemical industry[2,14]and elsewhere. It was
developed by Imperial Chemical Industries (ICI) in the 1970s . ICI advises
its use whenever a new facility project or the extension of the existing
installations are studied .It helps to ensure that design errors have been
eliminated or reduced before the plant is built. It has been less used on
existing plants . one of the benefits of the technique is that it help the
operator to observe deviations from the design parameters [15].The main
purposes of HAZOP are:

(1) to identify areas of the design that may possess a significant hazard
potential.

(2) to identify and study features of the design that influence the probability
of a hazardous incident occurring.

(3) determine methods to reduce such hazards.

3.1. The Technique

Hazop represents an extension or modification of a FMECA technique
in the sense that also includes operability factor which can be examined and
rectified [!]. However, the technique includes using several keywords to
describe specific points or study nodes in the plant design to identify
potential deviations of the plant process parameters at those nodes. The
words are [16]:

NONE PART OF
MORE OF MORE THAN (or AS WELL AS)
LESS OF OTHER THAN

Several hypothetical questions are raisin using each word which cover
all possible events and their consequences. The main idea is to identify all
expected hazards and operating problems such that recommendations for
design changes and improvement steps will be drawn. One may consult
reference [16] to get more description for the technique. It is clear that
HAZOP is qualtitative approach and can be used before an event can be
quantified [14,17] and after plant design is completed. Therefore, HAZOP
requires more detailed information on the plant such as engineering
drawing, procedures, and flow charts. Moreover, process knowledge and
instrumentation should b*e prepared before performing hazard identification
[1]. Several experts (from five to seven) from different disciplines are
required to do HAZOP.
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3.2. Applications and Limitations

As it mentioned before HAZOP is a technique mainly oriented to
chemical and petrochemical applications. It is best descriptive tool for
hazards and their sequence for a process including fluid flow. In spite of its
primarily usage in post design phase, it can be used in an existing plant.
HAZOP faces two difficulties to be carried out by computer as reference
[18]. It can be summerized in one point " the domain of HAZOP is large
enough to be handled by computer Knowledge-based". Other limitation is
that, the technique is qualitative procedure. In addition little can be done to
modify the design after its compilation due to cost matter . The technique is
quite good to identify hazards and their consequences in emergency
planning and operation. However, this should be limited to the fields that
HAZOP work with.

4. Quality Function Deployment

Quality function deployment (QFD) or the " House of Quality " is an
engineering tool that can be used to organize and rank information into a
matrix form showing all the relation among customer requirements and
how to be done technically. Therefore the technique gives an analysis and
planning tool [19,20]. It has been basically used in products manufacturing
planning. QFD was first used by the Japanese who developed the work
done by an American statistician Dr. W. Edward Deming, at the end of
World War II. They used it to rebuild the destroyed industrial bases in an
efficient manner. The Americans used it in the mid-1980's due to the
competition with the Japanese.

QFD is a ah integration tool for huge required information in a clear
picture. There several benefits emerge through using the technique. These
can be summarized as follows:

1. reduction in productions times, design changes and overall costs.
2. better improvements in quality, reliability, teamwork and planning and

profitability.

4.1. The Technique

QFD can be done by creating a matrix of relation between a list of
customers' expectations and how these can be done. Matrix shape similar to
that of house therefore the technique is known as " House of Quality " and
in most of cases there is more than one matrix created. The main matrix
represents the overall summarized system, whereas the others represent the



detail of its components. Suppose that speed of a car needs to be increased
to certain limit. This represents customer requirement and there are several
alternatives fulfill this requirement. The main matrix show the relation
between such requirement and the alternatives. In the second matrix each
alternative is considered as a requirement and several new possible
alternatives can be done to meet such objective. Succeeding matrices are a
flow-down of more detail. The right side of each matrix consists of a list of
requirements.Across the top of the matrix is the list of how such
requirement be achieved. Several quantitative and qualitative values can be
obtained through each matrix to figure out the rank of priorities and the
recommended decisions needed.

4.2. QFD For Emergency Planning

QFD can easily be applied in different types of planning and
information organization. Therefore one may expect its success in
emergency planning. Schaub and Tufekci [21] illustrated how the technique
can be used to help in emergency planning and engineering. However, no
detailed study supports their conclusion.

5. Expert Systems

A nuclear emergency by its nature is an extremely complex task since it
involves a wide range of scenarios and there is always a risk of
contamination and irradiation to the environment and to population due to
accident release of radioactive material. Due to complexity of nuclear
systems and accidents involving radioactive release, computer support
systems such as Expert Systems (ES) have been introduced since the
beginning of eighties to help operator to take the proper decision. ES
applications is very wide subject, bibliographies of some publications
related to the subject were done by several authors [22, 23].

5.1. ES Structure

ESs is a branch of artificial intelligence. They are computer software
with bounded area of knowledge and expertise. They differ from
conventional programs in the nature of the models and how they are used
[24]. In general, the major components of ESs.are the knowledge base,
inference engine, and user interface. The knowledge base includes the
problem solving information which can be presented in a number of
formalisms. The most simple one is a set of facts and rules in the domain of
knowledge. Facts and rules are addressed by their certainty and confidence
factors. The inference engine is the mechanism by which ES generates



conclusions or new facts from conditions or known facts built in the
knowledge base. The user interface is the tool that connects user with ES.
Natural languages interfaces are the most used in this purpose.

5.2. ESs Applications

As mentioned before, ESs in risk management have been used in a wide
range of applications. Depending on the task that ESs applied for, one may
classified them to the following types.

• Decision support systems
• Training and teaching
• Transportation of hazardous materials
• Waste Management
• Prediction of hazard dispersione in the environment
• PRA studies .
Only a short brief of each application is presented here.

5.2.1. Decision support systems

Decision support system have wide range of applications. They are used
to aid the operator in diagnosis and evaluating plant status as well as
providing him with optimal operational actions as guidance. Other systems
are used to help organizations dealing with emergency situations insite and
offsile. They are required when the amount of information necessary for
accident management is so large, the time required for making decision is
short, and complexity ol the system is high.

5.2.2. Training

One of the most important issue in radiation emergency management is
to imply adequate (raining for emergency teams. This can be done by
theoretical and practical exercises which arc time consuming, costly and
applicable for few scenarios. Knowledge based systems offered powerful,
flexible and less expensive tool. With HSs staffs can be familiar with not
only normal operation but also with accidents with wide range of scenarios.
It is important to be mentioned here, that knowledge is an accumulated
process through lessons obtained from accidents which are happening
continuously. Therefore, i( is expected that ESs efffeciency increased with
knowledge expansion.

5.2.3. Transportation of hazardous materials

The movement of hazardous material such as radioiactive shipment can
be controlled using expert systems. Moreover, response to accidents caused



on the roads and involving such materials can also be drawn through ESs.
Geographic information systems for transportation (GISTs) are an example
of ESs utility in this field. GISTs are used as decision-support in risk
management, routing and scheduling, emergency preparedness, and
evacuation planning. The information required in their analysis include
network infrastructer and use, material-specific attributes, shipment and
vehicle-operating characteristics, emergency responses capabilities, and
others.

5.2.4. Hazardous waste treatment

Facilities dealing with treatment of different types of radioactive waste
are facing difficulties in chosen appropriate technique or method for
treatment that meet with the regulations. This is an important task from
both a design and operational perspective. " From a design perspective, this
is important to ensure that the facility will be capable of accepting and
treating the full range of expected wastes. From an operational perspective,
a " recipe" of unit treatment processes including the order in which they are
to be applied must be generated for each waste to be treated [25]". ESs are
useful tool in choosing the proper treatment and design as well as providing
action procedures required [26].

5.2.5. Prediction of hazard despesive to the environment

An important part of emergency response including release of hazardous
material to the environment is the capability to detect and follow up the
accident. Moreover, forecasting for future development of such release as
well as setting procedure to cope the problem are crucial points in risk
management. ESs with real time measuring devices (meteorological and
particulates measurement) coupled with atmospheric transport model are
powerful tool in fulfill this necessity.

5.2.6. PRA studies

In this application, ESs do specific part of PRA studies. The aim is to
simplify tedious and complicated calculations with minimum error and
time. SQUIMP [11] is an example for such task. It is designed to calculate
event tree sequence importance. Subsequent addition to the system allow
complete event tree analysis, starting from the initiating events to the post
analysis of event and associated risk. Another example is CAFOS which is
used to transform hazard and operability analysis expressed in the form of
Cause and Symptom equations into pictorial fault trees, and to enable rapid
calculation of event probabilities [27].
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6. Conclusion and-Recommendations

Reliability studies are important issue in risk management not only
during the design and operation phases but also during response and
mitigation stages after accident occurring. Although there are certain
techniques have been used in nuclear field, there are techniques from other
fields useful in risk management including radioactive hazards. As
mentioned before, reliability techniques have certain limitations and further
work is still needed for improvment. One of the major limitation is the
uncertainty in their results that comes from several sources. Expert systems
are powerful tools in risk management and have wide range of applications.
The major advantages of using such systems are money saving, less time
requirement, and better results achievement. Several recommendations can
be drawn here.

1. More intention needed to be done on reliability techniques in accident
management.

2. Developing existing reliability techniques in nuclear field should be a
continuos activity. Moreover, exploring techniques from other fields is
required.

3. Applying expert systems in risk management in Arab countries should be
starting soon, especially in environmental risk control.
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