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ABSTRACT

The fire protection is an important safety issue of nuclear power utilities. The

author depicts the strategy and management system of fire protection implemented

successfully at Guangdong Daya Bay Nuclear Power Plant of China.



INTRODUCTION
As early as 1991 when Guangdong Daya Bay Nuclear Power Plant (GNPP)

was still in the period of operation preparation, the plant manager instructed the

Industrial Safety Section of the Health Physics Branch to start designing and setting

up a fire protection mechanism in view of the commercial operation. As a result, a

policy and the subsequent implementation procedures were developed and put into

application up to the end of 1993. In the early months of 1994 a comprehensive

updating of the system was performed taking into account the experience of the past

few years' practice as well as the comments resulted from an external assessment by

an international team of specialists. After one year's operation, some additional

significant changes were made to the fire protection mechanism again. From then on,

fire protection has been incorporated to the mission of the Plant Nuclear Safety

Committee, the highest management level of the plant safety. In the meantime all the

fire protection related procedures were taken under the title of the Plant Quality

Management Manual. All this laid up the corner stone for the satisfactory

performance of the plant fire safety which has been witnessed since the commercial

operation.

1 STRATEGY

1. 1 The Objective of Fire Protection Program
First of all, fire protection is included in the nuclear safety program of the plant.

The plant Fire Protection Policy states that Fire Protection is regarded as an integral

part of nuclear safety in the plant. By this statement, the nuclear safety shall be

ensured even when a fire breaks out in whatever operation mode of the units, either

in normal operation or in refueling outage, or even in incident status. In other words,

fire shall be prevented and the consequences shall be mitigated so effectively that

the safe shut down of the reactors, the removal of residual heat and the containment

of radioactive material shall be realized. In the meantime the personnel safety is

maintained and the damage to the property is limited.

1. 2 Law, Codes and Standards

The fire protection program of GNPP follows and makes reference to both the

national and the international laws, standards, codes and guidelines.

The major rules are included:

(1) Fire Protection Law by the National People's Congress;

(2) Fire Protection Rules by the National Public Security Ministry;



(3) Fire Protection in Nuclear Power Plants (HAF0202) by the National

Nuclear Safety Agency (NNSA);

(4) 50-SG-D2 Fire Protection In Nuclear Power Plants by International Atomic

Energy Agency (IAEA);

(5) Design and Construction Rules for PWR Nuclear Power Plants Rules

for Fire Protection (RCC-I) by the Electricity de France (EDF);

(6) The International Guidelines for the Fire Protection of Nuclear Power

Plants by the Nuclear Insurance Pools' Forum.

All these rules form the legal basis for the fire protection policy of the station.

1. 3 Principle and Strategy

The Fire Protection Policy states that the principle of the program to follow is

the prevention first with the supplement of fire fighting capacity. This principle is

realized through in-depth defense approaches. Despite of the realization of these

approaches in the design phase of the project, the plant adapts them to the fire safety

management in operation as well. This could be illustrated by the figures below (See

Fig. 1).

Fig. 1 In-depth defense from function point of view
Key elementary functions

1. Effective control of combustibles and ignition sources;

2. Maintaining the integrity of fire compartments;

3. Early detection and prompt correct response to alarms;

4. Availability of fixed fire-fighting systems and internal manual intervention;

5. Intervention of the operation shift in fire-fighting and unit control;

6. External support by fire brigades.



Fig. 2 In-depth defense from managerial point of view
Key Management Principles

1. Comply with the rules and procedures;

2. Leadership and supervision at all the

administrative levels;

3. Independent inspection and evaluation.

As the figures above (See Fig. 2) demonstrate it is obvious that in GNPP fire

protection is no longer the responsibility of a particular section in the hierarchy

(traditionally it is the business of the security function) but the responsibility of all

the people in the station.

2 FIRE SAFETY MANAGEMENT SYSTEM

Based upon the legal requirements and the successful experience abroad, the

plant has set up and run a fire safety management system of its own characteristics.

This system is composed of two parts, the main one is Fire Safety Assurance, the

other, the Fire Safety Supervision.

2. 1 Fire Safety Assurance

The fire safety is assured by three elements.

First, the clear definition of responsibilities headed by the plant manager. For

instance, any one of the staffsis accountable for:

(1) Detecting and reporting any violations and/or fire risks;

(2) Complying with the fire safety rules;

(3) In case of fire, doing everything in one's power to report and fight fire.

Secondly, the complete process controls depicted in the procedures covering all

the processes concerning prevention, detection and fire fighting.

Regarding the fire prevention, the process control procedures cover

housekeeping, work preparation, temporary storage of material and hazardous

products, hot work, opening of fire barrier, the isolation of fire fighting systems, the



modification and new design control and the use of fire fighting water for

maintenance purposes etc.

As far as a specific job is concerned, the fire safety control can be illustrated

with the following figure (See Fig. 3).

Sequence of Actions:

Deficiency
detected

Work
request

Job

preparation

Job

execution

Return to

operation

Fire Prevention Measures:

Equipment status
Housekeeping

Combustibles

Fire areas

Fire systems

Etc.

Potential Consequence
Oil leakage

Breaches of barrier

Fire system unavailable

Etc.

Job Fire Risk Analysis
Energy and fluid

Methods and tools

Maintenance material

Etc.

Job Execution Fire Control
Hot work

Inflammable liquid

Fire barrier opening

Etc.

Fig. 3 Fire safety control

Finally, the fire safety is assured by the quality hardware and qualified people.

In view of the hardware all the fire detection and suppression systems and

equipment are taken into the standard operation, testing and maintenance programs

as all the other operation systems and equipment. The quality grading of the fire

safety system is normally in line with the grading of the protected system. For

instance, the suppression system for the primary coolant pumps of the reactors is

graded as the safety and quality related system (QSR). Besides, according to these

programs the task sharing and job division is clearly made.

As for the qualification of the staff, all the plant people including the

contractors are given basic training and in addition, special training courses are

conducted to the operation teams and the maintenance people as part of the

authorization program. Once authorized, the staff is required to attend re-training

courses every one or two years depending on the job position he or she occupies.

In regard of fire fighting organization, the plant relies on a four-level

intervention organization as illustrated in the figure below (See Fig. 4).



Detection of fire

Level 1 intervention

Level 2 intervention

Level 3 intervention -

Emergency plan

in action

Level 4 intervention

Fig. 4 Fire fighting organization

Level 1 intervention: fire witnesses or the first arrivals after alarm;

Level 2 intervention: operation shift team;

Level 3 intervention: site fire brigade;

Level 4 intervention: off-site fire brigade.

2. 2 Fire Safety Supervision
Fire Safety Supervision is made up of three parts. First, a supervision network

extending from the quality assurance department at the top of the management to the

industrial safety section of the health physic branch in the middle as a specialist

team and to the safety inspectors in the root units such as operation shift teams and

the maintenance groups.

Secondly, a comprehensive surveillance program covering

(1) Patrols by building managers (the users of the buildings as defined in the

job division procedure);

(2) Start-up inspections to be performed before either the unit start-up or the

start-up of important equipment such as feed water pumps and transformers etc;

(3) Operation monitoring;



(4) Periodic testing;

(5) Preventive maintenance;

(6) Independent inspection by the fire protection engineers;

(7) Quality assurance audit or assessment by the regulatory bodies.

Third and the last element of the supervision system are the function of

experience feedback, which is operated in order to improve the plant fire safety in a

continuous manner. This subsystem consists in:

(1) Reporting criteria of fire safety related events;

(2) Reporting, investigation and analyzing process of the events;

(3) Fire safety performance indicators;

(4) Assessment of the fire safety status and the trend analysis;

(5) Open-mind communications with domestic and foreign nuclear utilities and

organizations.

3 CONCLUSION

Since the commercial operation of the two units in 1994, GNPP fire safety

performance has been satisfactory. Up to now, no serious fire has ever occurred in

the plant and the performance indicators show that the situation has been continually

improved in terms of the reduction of human errorts, the effective control of ignition

sources and the integrity of fire compartments and the high stable availability of the

fire-related systems. The OSART mission by IAEA in 1996 concluded that the fire

safety of GNPP was satisfactory as a whole but with four observations to be

addressed, and the follow-up inspection in 1998 by the OSART team found that all

these weak points had been rectified.
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