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Abstract

A complex reality, such as a nuclear power plant, requires the maximum order in the

methods of operation. A state of "organizational confusion" is the frequent root cause of many

errors. An initial situation of organizational confusion, about one or more human allocated

functions, generates further malfunctions or lacks and, what is worse, tollerates them because it

makes them less visible. Order in the operators society can be improved by improving the

quality of the safety organizational design and can be maintained with an effective

autocorrectrve system.

1. Introduction

Organizational and managerial factors influence human performance having

conditioned the various subsystems that have a connection with the human system operating a

plant

Some systems (the personnel selection, the training, the staff assessment) determine the

characteristics of the individual, of the single operator seen as " a component", how this human

component fits the job.

Others systems (the interface man-machine, the operating and maintenence manual, operators-

aids, the preventive maintenance, the technical specifications, the surveillance tests) influence

the characteristics of the interrelation operators-plant.

Others more (the operators responsibilities system, the operators supervision system, the

organizational procedures system) influence the characteristics of the interrelations man-man.

They determine the functioning of the operators society on a plant
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About this last, and more general, aspects of the human system we intend to present our past

experience in the work of improving the Italian NPPs Safety Organizational Rules, a utility's

document required by the Italian law and that has to be approved by the Regulatory Body.

2. The Italian law and the Safety Organizational Rules for the NPPs

According to the Italian law the holder of the authorization or of the clearance

certificate, before carryng out tests with irradiated fuel, including that of its insertion, must

provide to the Regulatoru Body the following documents:

a) Final Safety Report;

b) Safety Organizational Rules;

c) Operational Manual;

d) General Programme of tests with nuclear fuel or irradiated fuel;

e) Results of the tests preceding the loading of fuel or of the insertion of irradiated fuel

including those relating to pressurized containers designed to contain any radioactive

substances;

f) Organizational Chart,

g) Technical Prescriptions.

The Safety Organizational Rules is a document which specifies the organization and functions,

under both normal and expeptional conditions, of the staff responsible for the direction,

operation and maintenance of a nuclear power plant, including the physical and medical

supervision of protection at all stages, including those of start-up and operations.

Anyone not observing the Safety Organizational Rules is in Italy liable to up six monihs'

imprisonement or to a fine.

The document has to be approved by the Regulatory Body after consultation with the

Technical Commission.

The Regulatory Body has defined requisites for the contents of the Safety

Organizational Rules.
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3. Conceptual bases of die requisites for the contents of
the Safety Organizational Rules

A few basilar concepts have guided the Italian Regulatory Body in writing the criteria

for the approval of the utility's document

A complex reality, such as a nuclear power plant, requires the maximum order in the

methods of operation. The work must be clearly defined, properly assigned, executed

accordingly predetermined and written procedures, carefully recorded, regularly supervisioned,

and the whole system readily corrected when necessary. A state of "organizational confusion"

is the frequent root cause of many errors. It has been largely recognized that an accident is

rarely due only to "an individual confusion", a single act or situation or decision, but is more

frequently due to a chain of lacks, in the design of the human system and in the supervisory

system, which reduce the necessary support to human beings. An initial situation of

organizational confusion, about one or more human functions, generates further malfunctions

or lacks and, what is worse, tollerates them because it makes them less visible. When the

human latent malfunctions, present on the plant, are joined in a critical situation, an accident

will happen.

The whole operating organization may be seen as the great and diffused intelligence that must

be always maintained in the condition to understand the operation of the whole plant and its

safety. Order in the operators society can be improved by improving the quality of the safety

organizational design and can be maintained with an effective autocorrective system.

In this paper we present the Italian translation of human factors concepts in practical criteria to

improve Italian NPPs Safety Organizational Rules. Our criteria consider various aspects of the

safety organizational design and of the autocorrective system. Some criteria could seem

obvious but, observing the functioning of the human reality, we found they were not always

followed.
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4. Organizational design of safety

Our criteria for a reliable functioning of an organizational structure derive from the

consideration of more general aspects:

* definition of the safety work in terms of identified technical tasks;

* organization of the safety work;

* dimensions of the operating organizational structure;

* assignement of the responsibility for the safety tasks;

* definition of all the tasks, technical and/or organizational, assigned to the various

individual working positions of the structure;

* organizational procedures.

4.1 Definition of the safety work in terms of identified technical tasks

The safety objectives, written in the final safety report as safety functions enunciation,

have to be translated, for both normal and abnormal conditions of the plant, in precise and

concrete safety tasks or duties of immediate understanding for the operators. The plant

conditions, assumed in the safety analysis, as safety physical and chemical limits of process

parameters or as components and systems conditions limiting the operation, have to be well

known to the operating organization. The bases of technical specifications must be understood

by all those that have safety responsibilities. A course on transients and accidents analysis has

to be in the training programme of reactor operators.

All the safety tasks to reach the following main objectives have to be clearly precised:

- to maintain under control external discharges during normal operating conditions or

planned operations;

- to maintain under control radiation doses of workers during normal operating

conditions or planned operations;

- to maintain under control physical and chemical parameters of the process and the

state of components, systems, materials and structure for minimizing the probability of

transients and accidents;
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- to maintain under control the conditions on the plant to assure that eventual accident

have initial conditions not worse than those assumed in the safety analysis for minimizing the

consequences of transients and accidents;

- to maintain the operators capacity to face transients and accident with sufficient and

effective Event and Syntomatic procedures, learnt in class and on the simulator, for minimizing

emergency consequences on the plant.

4.2 Definition of the organization of the safety work

A good definition of the safety technical work is not sufficient. The safety work has to

be well organized and maintained under control. It is essential:

* to maintain an integrated vision of the safety activity;

* to assure information flows, along the vertical and orizzontal axis the structure, rapid,

inaltered and without obstructions;

* to coordinate the safety work done by different departments, units, individuals;

* to assure sufficient and effective procedures and a careful implementation of them;

* to assure personnel training and retrainining on safety tasks;

* to assure the due information to the regulatory body;

* to assure the presence in Control Room of the licensed personnel requested by the

law;

* to maintain up-dated all the technical documentation on the plant;

* to plan the emergency drills;

* to assure effective procedures for the phisical protection of the plant

43 Dimensions of the operating organizational structure

We do not intend to suggest a detailed organizational structure but only to fix some general

safety criteria.

* The division of the work along the orizontal axis of the organizational chart, in

departments and units, has to ensure the capacity to have a sufficient specific competence;
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* Distinct supervisors have to assure a competent specialist supervision of the different

departments or units;

* An immediate and competent replacement of the plant manager or departments

managers or units supervisors, during their absence periods, has to assure the management,

supervisory and coordination functions, essential for the plant safety;

* Great "supervisory ratio" along the vertical organizational axis and an organization

lean with few hierarchical levels have to assure fast and correct information and an high safety

visibility from the top of the structure;

* Hierarchical autonomy of the training, quality assurance and radioprotection

departments, from the operation department, has to assure a real their functioning;

* Direct supervision of tasks that have a direct and immediate impact on the safety

(control room, refuelling tasks, etc);

* Limits to the continuos working hours, worloads not excessive;

4.4 Assignement of the responsibility for the safety tasks

The process of sub-division and assignement of the responsibility for the safety is a very

critical one. Our criteria are the following:

* To assign a responsibility for each task important for the safety and the

radioprotection;

* To assign responsibility to individuals and not to whole departements or units;

* To assign each responsibility together with the necessary authority or functional

indipendence, to implement safety controls and actions established by the Technical

Prescriptions. This functional indipendence of operators, in their specific work, is necessary to

assure a faster human response and an effective multiple barrier of the human element

(operator, unit supervisor, department manager, plant manager) able to avoid common-mode

human malfunctions, especially for tasks having an immediate impact on the safety of the plant;

* To avoid, in the process of division and assignement, a pulverized responsibility,

difficult to coordinate and to control;
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* To distribute supervision responsibilities along the vertical axis of the organization

chart in a logical and clear way;

* To assign each responsibility without ambiguity, without overlaps, avoiding shared

responsibility, avoiding conflict, saying exactly the type of the assigned responsibility for the

specific task ( execution of the task, direct supervision of the task, indirect and successive

supervision of the task);

* To assign responsibility to competent individuals;

* To avoid power abuses, to state clearly the limits of the managers authority;

* To regulate clearly transfers of responsibility, according predetermined rules.

4.5 Definition of all tasks, technical or/and organizational, assigned to each individual working
position

It has been requested a clear picture of the assigned safety responsibilities through a

detailed description of the individual working positions belonging to the organizational chart

and being responsible of tasks relevant for the safely. In this way each working position knows

all his responsibilities and those of each other working position,

hi particular have been defined the following working positions:

* the plant manager,

* the assistent plant manager,

* the department managers; (operation, reactor physics, maintenance, chemistry, health

physics, planning, spare parts management, documentation, training, security, quality

assurance)

* the assistent department managers;

* the unit supervisors; (shift supervisors, mechanical, electrical, instrumentation and

control, chemical and radiochemicaL, workers radioprotection, environment radioprotection,)

* each member of the shift.

As an example we report the Plant Manager safety tasks:

* to determine, to subdivide, to coordinate and to control the safety
activities, done on the station and connected to its functioning;
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* to definy clearly authority and responsibilities, of departements,
units, committees, individuals, for all the activities important to
plant safety, protection of individuals and public, protection of the
environment, particularly the surveillance tests, required by the
technical prescriptions;

* to respect the corporate guidelines on the personnel qualification.

* to ensure the existence of adeguate programmes and effective operating

procedures for all the activities important for the safety and the

radioprotection;

* to designate substitutes of department managers or unit supervisors
during every their absence;

* to give instructions for the substitutions of licensed operators so

that maximum limits of working hours are respected;

* to ensure effectiveness to the Quality Assurance program;

* to authorize the restart of the plant after each shutdown;

* to ensure that components, important for the safety, are not replaced

by components with inferior characteristics;

* to send to the regulatory body the second and the third notification
on each anomalus event;

* to apply for approval of the regulatory body to any proposed

modification to the surveillance rules;

* to give notification to the regulatory of any modification of the

Operating and Maintenance Manual within 30 days;

* to ensure that the Final Safety Report is maintained up to date;

* to apply for approval of the regulatory body to the fuel loading and

the next start of the plant;

* to ensure, in case of accidental contamination or external

irradiation, that workers exposed are immediately subjected to tha

appropriate decontamination procedures by the authorised doctor;

* to plan the emergency drill;

* to oversee the thermal effects on the environment;

* to assure the control of the safety at plant, department and unit
level.

4.6 Organizational procedures

Good interrelations among the operators working on a plant require the definition of the

functional flow of safety activities involving more people and an optimal flow of information to

the wright person, without omissions, excessive delays, obstructions or alterations. Wright
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functional and information flows have to be assured by organizational procedures of the

activities relevant for the safety. Among the main activities that have to follow specific

procedures we cite:

* Log-books compilation;

* Shift turnover and transfer of responsibility;

* Work permits;

* Authorization for the surveillance tests

* Management of the refuelling activity;

* Extraordinary tests and experiences;

* Temporary alterations of electrical circuits;

* Management of plant modifications;

* Management and book keeping of the radioactive sources;

* Management of the documents;

* Emission and distribution of operation orders;

* Emission and management of licensee event reports;

* Management of revisions of Final Safety Report;

* Management of surveillance tests;

* Management of measures and tests apparatus;

* Management of the process computer;

* Activity of the Advisory Council on Safety;

* Transmission of information reports to the Authority Control;

* Recycle of Operating Experience;

* Activity for personnel reception;

5. Autocorrective characteristics of the safety organization

Events do not originate at the moment of the accident. They develop themselves through the

following phases:

a) The human malfunctions are in a latent state. They are small and insignificant, at the

beginning stage, and can be seen only recognizing each lack in the human system design, each

bad habit in the operators behavior, each toHerated small root-cause of the human error.

Examples of these preconditions for errors are:

* Safety tasks not defined clearly,

* Safety Responsibilities not assigned properly;

* Lack of procedures or of technical documentation;

* Scarce qualities (correctness, completeness, comprehensibility) of existent procedures or

of technical documentation;

* Inadeguate understanding of responsibilities;

* Inadeguate training programmes;

* Inadeguate trainees evaluation;
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* Inadeguate supervision of the operators;

* Inadeguate hardware design;

* Inadeguate work programming;

* Inadeguate work conditions;

* Inattention caused by scarce organization;

* Inadeguate communication intraorganization and interorganizations;

* Individual carelessness, non compliance to the procedures;

b) The previous preconditions for errors manifest themselves on the plant with clear

symptoms. They may be small human malfunctions, generally tollerated, that are not recorded

or if recorded are not followed by any measure to correct them. Sometimes they are major

malfunctions that, having not generated an accident, are nor immediately followed by adeguate

measures. This is the level of the immediate causes of events, the causes generally recognized

during the investigations. Indeed this is only a symptom level, and the measures taken at this

level do not remove the root cause, that remains and can cause many others accident or future

operational problems. Examples of these are:

* Incorrect or omitted actions in Control Room;

* Unauthorized actions in Control Room or on the plant;

* Inadeguate electrical maintenance;

* Inadeguate mechanical maintenance;

* Deliberate violations of technical Specifications;

* Power abuses;

* Arbitrary alterations of the state of the plant or of the logical circuits of the various

systems;

c) A plurality of these minor malfunctions may, in any moment, drift the state of the plant

from a safe condition to uncontrolled conditions, that manifest themselves on the plant and are

recorded as events, which may be:

* Accidents;

* Transitories;

* Safety systems missed interventions;
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* Anomalous radioactive releases to the environment;

• Anomalous radiation doses;

We retain essential the presence of a safety organizational system, autocorrective and capable

to monitor the organizational functioning at various levels along the vertical axis, with

sensitivities different. Only inside the various units, there is all the information on the work and

it is possible to reveal lacks of human system and suggest measures to correct errors in the

initial phase of events development. In Italy has been requested an autocorrective system

functioning at various levels: unit level, department level, plant level. It is essential that" errors,

when committed, have to be seen less as a matter of concern than as a source of experience

from which benefit can be derived. Individual have to be encouraged to identify, report and

correct imperfections in their own work in order to help others as themselves to avert future

problems. Only for repeated deficiency or gross negligence, managers have to take disciplinary

measures. Nevertheless sanctions should not be applied in such a way as to encourage the

concealment of errors.

- Unit level

On each specialists unit of the departments, the Unit Supervisor has the responsibility to

evaluate the collected data, to control both the good qualification and the behavior of his

technicians, to assure the correct implementation of the procedures. He has to suggest an

eventual need of: personnel training or immediate modifications of components of the plant

and of operating procedures for a surer operation.

- Department level

On each department the Assistent manager has to analyze the results of tests and inspections

made by the personnel of the department and observe the trend of the collected data with the

scope to suggest eventual modifications of components of the plant, of operating procedures or

of administrative procedures for a better operation.
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- Plant level

On each plant is required an Advisory Council on Safety that has the following consultative

functions defined by the Italian law:

a) to give prior consideration to any proposed modifications to the plant or to part of
it;

b) to give prior consideration to any proposed modifications to the operating procedures
of the plant;

c) to give prior consideration to programmes of trials, tests, and operations of an
abnormal kind to be carried out on the plant;

d) to review periodically the overall operation of the plant, and express hi3 view with
eventual recommendations regard to safety and protection;

e) to lay down the internal emergency drill for the plant and arrange for any necessary
modifications in consultation with the Provincial Fire Service Headquarters;

f) to assist the 3hift supervisor or the plant manager in the adoption of the measures
which may be necessary to deal with any unusual conditions or abnormalities which may
constitute a danger to persons or things.

6. Information reports to the Regulatory body

The correctness and completeness of the information send to the Regulatory body on each

single event and on the semiannual operation, and the respect of the time in sending these

reports are a significant index of the functioning of the safety organization.

In Italy is requested the following information:

6.1 Informative report on each event

The first notification has to be made by the shift supervisor as soon as possible, in any

case within the next 24 hours. A phonogramme with informations on the state of the plant at

the moment of the event, the description of what has happened, the safety measures taken,

informations on the reasons and the causes which have determined the event.

The second notification has to be made the next workday by the plant manager with a

telex to give more details on the event and the results of the first analisys of the event and a

global evaluation.

The third notification has to be made within the next four weeks by the plant manager

with a written detailed report.
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6.2 Information report on each semiannual operation

The report has to contain:

- a discussion and an evaluation of the operation of the plant and the results of the

periodic review made by the plant manager advisory council on safety.

- information on the capacity factor and a list of the principal maintenance works,

information on the risults of the surveillance tests;

- informations on radiation dose of workers engaged in radioactive area, specific

maintenance works that cause a radiation dose greater man 5 mS-man, radiation and

contamination levels in various rooms of the plant, informaion on the radwastes, total radiation

to wich all employee and contractor workers on the nuclear power station were exposed, and

data on the evironmental situation.

- information on nuclear fuel.

7. Conclusions

The safety committment of NPPs operating organizations may be known observing
many specific characteristics of the safety organizational design and the autocorrective system.
The human reliability is high when many of the following safety organizational characteristics
are present.

Specific organizational characteristics

- comprehensive vision of the safety;

- translation of the safety objectives in precise and concrete tasks of immediate

understanding;

- coordination of the safely work at various levels of the structure;

- control of the safety works at more levels of the structure;

- competent technical supervision at departments level;

- competent sustitutes for managers and supervisors during their absence periods;

- direct supervision of tasks having a direct and immediate impact on the safety (control

room operators, refuelling operator, etc)

- sufficient and effective operating, maintenance, administrative and emergency

procedures;
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- plant specific simulator,

- training of the operators on the scenarios of the transients and accident analysis, on

the technical prescriptions bases, on normal and emergency procedures;

- periodic retraining on emergency procedures;

- correct and fast information flow inside the operating organization;

- up-dated technical documentation;

- limits at the continuos work;

- very little overtime;

- maintenence department able to repair immediately components and systems;

- low radiation and contamination levels on the plant;

- record of all the events;

- ready investigation on all recorded events;

- deep investigation until the root cause of the events is known;

- provisions to avoid new, similar events;

- regular introduction of technical and organizational improvements to correct latent

malfunctions, also if they have not produced consequences to the plant or to the personnel;

- fast and complete information to the Regulatory Body.

A few words about the italian NPPs situation

As you well know, as a consequence of the Chernobyl accident, a
general public debate took place in Italy on the implications of the use of nuclear
energy. The debate culminated in a referendum vote on nuclear matters in
November 1987, whose results were interpreted by the political field as negative
for the existing nuclear technology. The Government, with parliamentary
approval, decided to shutdown indefinitely the 4 operating NPP's and to stop the
2 under construction.

In Italy the Regulatory body has been for several years the Directorate for
Nuclear Safety and Health Protection (DISP) an autonomous branch of the
National Committe for Energy, Environmental and New Technologies (ENEA).
Accordingly a law approved by the Parliament in the 1994, DISP has become the
core of a new governmental agency, denominated ANPA (National Agency for
Environmental Protection), charged with other general duties related to
environmental protection. Human factors represent one of the important areas on
which ANPA will have to express evaluations. ANPA could become a reference
point for the safety of other industrial sectors as the chemical one.

The author of this paper, before being charged with the work on Human Factors,
has worked, as a resident inspector of the Italian Authority Control, on the
Caorso NPP for six years.
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