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Abstract

Indian nuclear power programme started with the installa-
tion of 2 noe. of Boiling Water Reactor (BWR) at Tarapur (TAPS
I & II) of 210 MWe each commissioned in the year 1969. The
Pressurized Heavy Water Reactor (PHWR) programme in the country
started with the installation of 2x220 MWe stations at
Rawatbhatta' near Kota (RAPS I & II) in the State of Raj as than
in the sixties. At the present moment, the country has 10
stations in operation. Construction is going on for 4 more
units of 220 MWe whereas work on two more 500 MWe units is
going to start soon. Fire safety systems for the earlier units
were engineered as per the etate-of-art knowledge available
then. However, there have been several developments 6ince then
in the understanding of the subject of Fire Safety. New
engineering information by way of standards and codes from
various national as well as international organizations,
materials of construction for cables, fire barriers etc,
construction practices, surveillance requirements, detection
systems have since been available in the market. Feed back
available from several fire incidences within as well as
outside the country have taught number of lessons. The
engineering design as well as the installation of the existing
fire safety system at the plants need to be reviewed with
reference to these in order to ensure better protection against
fire incidences.

The need for review of fire protection systems in the
Indian nuclear power plants has also been felt since long
almost after Brown's Ferry fire in 1975 itself. Task forces
consisting of fire experts, systems design engineers, O&M
personnel as well as the Fire Protection engineers at the plant
were constituted for each plant to review the existing fire
safety provisions in details and highlight the upgradation
needed for meeting the latest requirements as per the national
as well as international practices. The upgradation at one of
the two unit6 of a plant was done during rehabilitation after a
fire incidence on the unit. The fire protection system design
for the 4 units under construction as well as the 500 MWe units
yet to be taken up for construction was already reviewed to
meet the current requirements/standards.

The recommendations made by three such task forces for the
three plants are proposed to be reviewed in this paper. The
paper al6o highlights the recommendations to be implemented
immediately as well as on long-term ba6i6 over a period of
time.
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1.0. INTRODUCTION

Electricity generation through the nuclear route is a very
important option for meeting the energy requirement of any
country. Although presently in India, nuclear energy
contributes only around 2% of the total electricity
generated in the country, in view of the environmental
problems associated with the use of fossil fuel6 as well
as limited availability of these in the immediate future,
nuclear energy becomes a very important alternative for
producing electric energy.

Indian nuclear power programme started with the installa-
tion of 2 nos. of Boiling Water Reactors (BWRs) at Tarapur
(TAPS "I & II) of 210 MWe capacity each in the year 1969.
The programme is based on Pressurised Heavy Water Reactors
(PHWRs). The first two PHWR units of 220 MWe capacity
each were installed at Rawatbhatta near Kota (RAPS I & II)
in the state of Rajasthan in the year 1973. At the
present moment, the country has 10 stations in operation.
Construction is in progress at 4 more units of 220 MWe
each. Work on 2 units of 500 MWe each is going to start
soon. Details of the Indian nuclear power programme is
given in annexure-I.

Fire safety systems in the units installed initially were
engineered as per the state-of-art knowledge available
then. There have been continuous advancements in the
field of fire safety engineering and several developments
in the understanding of the subject. It has therefore
been necessary to continuously review the engineering
design as well a6 installation of the existing fire safety
systems at the plants and upgrade these with reference to
the knowledge available now in order to ensure better
protection against fire incidents.

The need for review of fire protection systems in the
Indian nuclear power plants (NPPs) also has been felt
since long almost after the Brown's Ferry fire in 1975
itself. This incidence caused an almost global awareness
to look into the subject of fire safety afresh. New
engineering information by way of standards and codes from
various national as well as international organisations,
better materials of construction for cables, fire barriers
etc., construction practices, surveillance requirements,
detection systems have since been available in the market.
Feed back available from several fire incidents within as
well as outside the country has taught lessons to learn.

The exercise for reviewing the existing fire protection
system engineering to identify the weaknesses in the
existing systems at the country's NPPs with a view to
upgrade the fire safety was taken up in a very systematic
manner. Details of these studies are discussed in the
ensuing paragraphs.
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2,0. PHILOSOPHY OF FIRE SAFETY REVIEW

The fire safety syeteme for the plants were designed to be
in general conformity with the National Fire Protection
Association (NFPA) Standards of USA, being most commonly
followed globally. Fire Protection Safety Guide 50-SG-D2
issued by IAEA, fire protection standards 1.120 of D.S.
Nuclear Regulatory Commission (which was later on
superseded), Canadian, French & German Standards gave
detailed guidelines and latest requirements for the fire
protection system design. Atomic Energy Regulatory Board,
which is the regulatory body for the Indian nuclear
installations also issued Fire Protection Standards and
the design safety guide is under issue.

The r.eview of the fire safety provided at the various
NPPs was planned to be conducted through knowledgeable
persons having sufficient knowledge in the field of fire
safety, engineering of the systems provided at the plant,
knowledge about the codes, knowledge about electrical as
well as control and instrumentation systems designed for
the plants etc. Dedicated task forces were constituted
for the individual plants who were required to look into
the detailed provisions at the respective plants, analyse,
evaluate and then identify weaknesses in the specific
areas. The task forces were also expected to carry out
hazard analysis for the critical plant areas.

3.0. PHILOSOPHY OF FTRE SAFETY TIPGRADATTON

After reviewing the fire protection systems provided at
the operating stations, the weaknesses are identified.
The reports produced by the task forces are formally
discussed in the respective Station Operations Review
Committees (SORC) appointed for each station. Once the
recommendations are finalised, these are then taken up for
implementation.

Depending upon the constraints in the implementation, the
action plan is decided to execute these upgrading
activities on short term or long term basis. The
constraints could be by way of working out engineering
details and getting these designs cleared through the
regulatory authority, procurement of materials, need for a
station shutdown for short or long duration etc.

Although it will be desirable to have the fire protection
system design as well as the plant layout to meet the
latest standards, practically it is not possible. This
has been experienced even globally also. US N.R.C. in May
1976 issued Branch Technical Position, Auxiliary and Power
Conversion Systems Branch 9.5-1 (BTP A - PCSB 9.5-1)
"Guidelines for Fire Protection of Nuclear Power Plants"
which applied to plants licensed for construction after
July 1, 1979. In order to establish an acceptable level
of fire protection at the older, operating plants without
having a significant impact on plant design, construction
or operation, the NRC modified the guidelines in the
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original BTP in September 1976 and issued Appendix A to
BTP 9.5-1 "Guidelines for Fire Protection for Nuclear
Plants Docketed prior to July 1, 1976".

In India, although no codes have been issued for fire
protection acceptable levels in respect of plants
constructed as per older designs exclusively, the
philosophy of defence-in-depth wa6 applied to each case on
its merit.

For the new plants, adequate provisions have been made in
the designs to meet the requirements of the available
national and international codes, some of which are as
under:-

IAEA Safety Series - Fire Protection in Nuclear Power
No. 50-SG-D2 Plants.

NEC Guide 1.75 - Physical independence of Systems.

IEEE 384 - Criteria for Independence of Class
IS equipment and circuits.

NRC 10 CFR 50 - Fire Protection
Appendix B.

NFPA Codes

AERB/S/IRSD-I - Standard for Fire Protection Systems
of Nuclear Facilities, issued by
Atomic Energy Regulatory Board.

Fire Protection Codes & Standards issued by Bureau of
Indian Standards.

The Regulatory authority is also bringing out Safety Guide
No. AERB/SG/D-4 on "Protection Against Fire in Nuclear
Power Plants" shortly.

As in the case of NRC, for upgrading at Indian plants also
in respect of 3 hours fire barriers everywhere, a decision
was taken that wherever automatic suppression and
detection systems have been provided, a 1 hour rated
barriers can be considered an equivalent level of
protection to that provided by a 3 hour barrier without
suppression or detection between redundant
trainfs/equipment.

4.0. OPGRADATION OF FIRE SAFETY IN THE OPERATING NPPR

As has been discussed earlier, in order to review the fire
safety measures provided in the existing operating plants
and then identify the weaknesses in order to upgrade the
fire safety systems, task groups were constituted for each
of the operating plants. The task groups after reviewing
the systems and combustibles present in the various areas
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in details, and carrying out a fire hazard analysis,
put forward recommendations which are discussed in the
succeeding para.

4.1. Tarapur Atomic Power Station

TAPS being the oldest station, weaknesses were
identified by the ta6k force. The reports of the task
force is still under finalisation. However, the
following recommendations need attention:-

4.1.1. Recommendations

4.1.1.1. £ab_l££

1. fire retardant coating with a minimum fire rating of
30 minutes needs to be applied to the horizontal as
well as vertical cable runs. All horizontal runs of
cables to be coated for 2 meters length at the
interval of 6 metres. Vertical cable runs could be
coated on their entire length between floor and
ceiling.

2. For important safety related equipment, cables
should be segregated, if not already done so.

3. As far as possible, all future procurement of
instrumentation and electrical cables should be of
Fire Retardant Low Smoke (FRLS) type.

4.1.1.2.Ventilation

1. Wherever not provided, ventilation fans for the main
plant buildings should be interlocked with fire
detection system to trip on detection of smoke/
flame.

2. Smoke evacuation systems should be provided in cable
spreading room. Proper procedures need to be
written for exhausting 6moke from the Turbine
building through roof exhausters.

4.1.1.3.Fire Barriers

Provision of fire barriers need to be reviewed
particularly in respect of the safety related
equipments. Wherever not provided, Fire barrier of
appropriate fire ratings need to be installed.

4.1.1.4.Fire Detection & Suppression Systems

The fire detection system provided is of old design.
Recommendations have been made to consider upgrading
the existing system with the later versions by
installing addressable detectors. Also review of
existing detector coverage with diverse type detectors
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has been suggested. Provision of dykes around the oil
tanks needs to be made. Provision of 10 SCBA sets is
also recommended for the control room.

4.1.1.5.Augmentation

Diesel generating set for Station Blackout (SBO)
condition would supply emergency power to the station
equipment.

Fire safety in reactor instrument vault may be reviewed
and upgraded.

4.1.2. Degradation Plan

Some of the recommendations can be readily implemented
and action has already been initiated. Some recommen-
dations need engineering review and material procure-
ment after which these can be implemented. For some
recommendations, alternative measures such as increased
surveillance, augmentation of passive measures,
administrative controls etc. have been considered.
However, there are a few recommendations which need in-
depth engineering review and these have been planned on
a long term basis.

4.2. Raiasthan Atomic Power Station (RAPSQ

4.2.1, Recommendations

4.2.1.1.

The following needs to be looked into for the cables
and cable runs throughout the plant:

1. All horizontal runs of cables to be coated with 30
minutes rating fire retardent paint for 2 meter
length at the interval of 6 meters and vertical runs
in entire length from floor to ceiling.

2. All trunk routes of cable trays should have manual
fire water sprinkler system.

3. Cable spreading room below 3.3 KV switch gear should
be enclosed by a wall and be provided with sprinkler
system. This room should be provided with separate
duct-fan type smoke evacuation system.

4. Cable-bridge area to be covered with G.I. sheets and
manual/remote sprinkler system to be installed in
this area.

5. All cable-trays penetrations to be sealed with one
hour rating fire barriers.

6. All safety related cable routes to be divided on the
basis of Group-1 and Group-2 philosophy.
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4.2.1.2. Vent Hat ion Systems

1. R/B exhaust ventilation should have a spare bank of
prefliter and absolute filter common to both the
units in some other area.

2. One remote/manual operated damper to be provided in
R/B exhaust duct at 1263' floor for purging smoke
from boiler room.

3. All presently installed fusible link type fire
dampers to be replaced with air operated type fire
damper of one hour fire rating for formation of fire
zones.

4. Control room, control equipment and MCC room should
have a separate fan duct type 6moke evacuation
system and control room make-up air should be taken
from T/B ventilation duct instead of turbine
building ventilation duct.

5. Control room and control equipment room R-l and R-2
should have isolation damper in supply and return
duct to contain the smoke in the affected area.

4.2.1.3. Fire Dtection and Protection System

1. Presently installed fire detection and alarm system
to be replaced with addressable type fire detec-
tion and alarm system having total 209 address
points of various type6 for each unit.

2. Areas out6ide operating island should also have a
fire detection and alarm system having total of 100
smoke detectors.

3. Main oil tank of turbine should be provided with C02
dousing system inside tank and gravity oil draining
system to drain MOT oil to outside turbine building.
If it is not feasible, then provide draining into
dirty oil purifier tank inside T/B.

4. Hydrogen leak detectors to be installed in turbine
building near generator and battery room.

5. To meet the station black-out condition due to fire,
RAPS-1&2 fire water header may be connected to RAPP-
3&4 fire water header.

6. Fire hydrants outside operating island to be
connected to fire water system.

4.2.1.4. Fire Barriers

1. All doors inside reactor building, control room,
battery room, DG room, MG room should be tested for
fire-rating to meet the fire rating requirement of
one hour.
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4.2.2. Ut>gradatiort Plan

The implementation of the above is in progress during
the current capital maintenance outage of the RAPS-Unit
2 alongwith the coolant channel replacement work. The
work in Unit-I will be taken up at the earliest
opportunity,

4.3- Madras Atomic Power Station

4.3.1- Recommendations

4.3.1.1.

1. Fire retardant coatings of minimum 1/2 hour rating
needs to be provided for a length of 2 metres after
every 6 metres and on the vertical runs between the
floor and ceiling. About 1 metre length of the
cable needs to be coated at the entry to the panel
for all cables entering the panels.

2. Segregation of important cables supplying to safety
related cables need to be reviewed and cables
segregated wherever required.

3. Fire protection on cables running close to high
energy process system lines need to be reviewed.

4. Redundancy in power supplies to important loads need
to be reviewed for supply from both the units.

4.3.1.2. Fire Detection & Protection Svfitfimfi

Adequate physical segregation/installation of barriers
between important safety related loads a6 needed.

4.3.1.3. Fire Barriers

1. Review of fire stops/brakes in the cable tunnel and
corrective measures as appropriate.

2. Dykes/isolation for oil tanks.

3. Review of fire barrier/physical separation between
important safety related equipment and corrective
measures as required.

4. Improvement on some of the fire barriers provided
already.

4.3.1.4. Ventilation

1, Fans for ventilation systems should be relocated to
direct the exhaust in a proper manner.

4.3.1.5. House Keeping

1. Oil drums stored in SB near MM shop are to be
shifted outside.
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4.3.1.6. Supplementary Control Room

1. The supplementary control room as already
recommended by MAPS should be provided.

4.3.1.7. Redundancy

1. The field flashing unit is common for both MG1 & 2.
Independent field flashing units should be provided
for each MG set.

It may be noted that the above are only 6ome of the
major recommendations. Wherever further weaknesses are
noted during any stage, the 6ame should be upgraded.

4.4. Narora Atomic Power Station fNAPS^

NAPS Unit I had a major fire on March 31, 1993. The
fire resulting from failure of LP turbine blades
started from the Turbine hall and spread upto control
equipment room through ineffective fire barriers
damaging several cables and ultimately resulting into a
station blackout condition. The reactor was shutdown
manually. Fortunately there was neither any damage to
the reactor, nor spread of radioactivity nor death of
any human being due to the incident.

Extensive modifications were carried out in the NAPS-I
after the fire incidence during its rehabilitation.

4.4.1. Passive Fire Protection

a) Segregation of power and control cables of safety
related equipments which are required to be
available during and after fire.

b) Some of the local control panels are relocated to
the easily accessible areas during fire.

c) LTG panels for both units have been physically
separated.

d) Hydrogen charging station i6 relocated outside of
the Turbine building. Hydrogen leak detection
system has been introduced.

e) The Fire Water System in nuclear power plants
performs additional duty as heat sink. During
station blackout fire water is injected to steam
generators through manually operated valves. These
valves were relocated from inside reactor building
to the outside to provide better access during
emergency.

4.4.2. Fire Isolation

a) Ventilation system has been reviewed from the
point of view of fire spread and isolation of area
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under fire. It is retrofitted with about 90 fire
rated dampers in several strategic areas like
electrical equipment rooms, control room, control
equipment room etc. to isolate in the event of fire.
Fire dampers of minimum one and half hour rating as
per UL-555 in accordance with NFPA-90A and IAEA
Safety Guide 50-SG-D2 are considered.

b) All cable penetrations are reviewed and upgraded
with fire rated cable penetrations and fire stops.
Additional fire rated stops have been installed.

c) Additional Fire barriers have been considered as
permitted by the available space.

4.4.3. Minimising Combustibles

a) For safety related service the use of Fire Survival
cables is considered. The other cables are upgraded
to Fire Besi6tant Low Smoke (FRLS) type. All
Control and power cables have been given fire
retardant treatment.

b) Provision to drain the main oil tank in case of fire
to an outside storage tank to minimize the fire load
is considered.

4.4.4. Elimination of ignition source

Oil collection trays are provided beneath the probable
leakage points in the oil piping. Local barriers to
separate oil piping from cables and hot piping are
provided.

4.4.5. Active Fire Protection

a) Existing sprinkler system is extended to cover the
seal oil piping and turbine bearings. Additional
sprinklers are planned for area6 having higher cable
concentrations like Cable Bridge, PHT passages and
Massanine floor passage.

b) Addition of microprocessor based detection system
having individually addressable detectors in cross
zoning to ensure earliest warning of fire and
minimization of false alarms. This also
incorporates the controls for actuation of fire
dampers & tripping of exhaust and ventilation
system. Multiple fire detection systems have been
considered for critical areas.

4.4.6. Control Room Habltabilitv

Special emphasis has been given to the control room
habitability during emergency. Operators are trained
to use mask air stations, breathing apparatus, portable
6moke exhausters and emergency lights which are
provided along with portable Halon extinguishers. An
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alternate path is provided for fresh air intake for
control room ventilation during emergency. Additional
control for stopping and starting of smoke exhausters
and AHU'6 feeding to control room is provided in
control room. Gravity closing door6 are considered
between control equipment room and control room to
facilitate their opening only on requirement.

4.4.7. Fire Protection Management

To improve the fire protection management, following
provisions are considered.

1. A regular fire prevention plan is envisaged to take
care of regular inspection and maintenance of fire
barriers, fire sealing and fire retardant coatings.

2. Marking of Escape routes and emergency exits to
show the way out for safety of personnel.

3. A Fire Fighting Preparedness Plan is envisaged for
every plant area. This involves fire drills and
training to the operators, house keeping and record
of the safety procedures.

4. Pre fire plan for training and actual fire fighting.

5. Inviting constructive safety suggestions from plant
personnel. This helps to maintain safety awareness,
reduce combustibles and improve fire safety.

6. Upgradation of manual fire fighting crew and
equipment.

7. Training of fire fighting crew to identify the plant
areas, the inventory of combustibles and their
evacuation requirements.

4.4.8. Implementation in Unlt-2

Most of the above modifications have been carried out
in NAPS Unit-2 also.

5.0. UPGRADING THE FIRE PROTECTION SYSTEMS

Implementation of upgrading efforts posed its own share
of problems. Some of the problem areas were as under:-

1. Lack of space available in the plant for rerouting
or providing physical separation.

2. Difficulty in segregating cables for various
voltages and belonging to separate trains.

3. Lack of standardisation in the fire . resistant
properties for cables.
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4. Availability of adequately fire rated fire barriers.

5. Availability of fire rated fire doors, dampers etc.

6. Economic considerations

Lack of space for physical separation of cables/
equipment wa6 a problem that could not be easily solved
in the older plants. Also introduction of physical
barriers/partitions of appropriate fire rating could mean
restriction of access during operation and maintenance of
the equipment.

Lot of development efforts were put in to standardise on
fire resistance coatings for cables, fire barriers of
suitable fire ratings, good quality cables of appropriate
low smoke as well a6 fire survival quality. Experiments
were conducted in-house at our plants as well as at some
of the established national laboratories like Central
Building Research Institute (CBRI) at Roorkee. These
efforts paid dividends and we were able to get the
desired quality of cable coatings and barriers.

On the cables already laid out in thick bunches,
installation of fire barriers at area penetrations also
posed challenges and installation procedures had to be
developed to suit each penetration.

Considerable difficulty is being experienced in the
availability of adequately fire rated doors and dampers.
Testing for the fire resistance quality to meet
international standards e.g. ASTM E-152/NFPA 252 for
doors or OL 555 for dampers has not been easy always.
Doors and dampers tend to become very heavy in weight and
pose difficulties in installation and operation.

Although no compromise on economic considerations for
fire safety can be made, the expenses involved do become
an important criterion in carrying out the upgrading
programmes. Again here al6o, this i6 not only our
experience but true globally. As such the upgrading
programmes need to be reviewed for fire safety
enhancement vis-a-vis economics involved.

6.0. CONCLUSION

To conclude

1. Indian nuclear power programme has attained maturity
in all areas.

2. Fire Safety in the older plants has been reviewed
through constitution of task forces. The
recommendation of these task forces are reviewed from
regulatory point of view.

3. Difficulties have been experienced in the availability
of adequately fire rated equipment for the plants.
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4. Upgrading has been done for the fire safety at the
operating plants consistent with the defence-in-depth
philosophy.

5. Review of fire safety system design is an ongoing
process in our nuclear programme.

6. Fire Safety in the new plants has been provided as
per the current international practices.

7. Fire Safety in the Indian nuclear power plants is
given very high priority.
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Annexure-1
NUCLEAR POWER — THE INDIAN PROGRAMME

Onitfi

Tn oneration

TAPS

RAPS

MAPS

NAPP

NAPP

KAPP

KAPP

1 and 2

1 and 2

1 and 2

1

2

1

2

Installed
capacity
CMW(e)]

2 x 160
(320)

2 x 220
(300)

2 x 170
(340)

220

220

220

220

Under Construction

KAIGA 1 and 2

RAPS 3 and 4

2 x 220

2 x 220

Year of
commissioning
and/or comm.
operation

1969

1973/1981

1984/1986

1991

1992

1993

1994'

1998/1999

1998/1999

Remarks

Units derated to 160 MWe
because of the downgrad-
ing of some equipment.

RAPS-1 derated to
100 MWe and RAPS-2 to
200 MWe.

MAPS-1 & 2 derated to
170 MWe.

NAPS - 1 derated to
220 MWe.

PI
2

4

2

4

armed

units

units

units

units

X

X

X

X

500

220

1000

500

2

4

2

4

X

X

X

X

500

220

1000

500

2003

2003

Infrastructure already
developed at Tarapur
Site.
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