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ABSTRACT

Fire incidents cause both loss of lives and finalndsses. The lessons learnt during large logsasid be
studied by all and to be used in the larger intered the society. The proper design, operation and
maintenance of systems and procedures will recheentpact of losses should they occur in futurdsTh
paper discusses about some of the learning froge lasses.

INTRODUCTION

Fires in various buildings located in the indudtaiad non industrial sectors have caused majoesehe
size of the losses are determined by the numbdeaths and injuries, financial losses and interoupin
the business operations etc. The most severe damagdebeen felt by many of the fire affected
organizations in terms of their reputation damdaguws is felt more in the case of service sectoesjite
the technology development in the various walkéfefthe lapses in the fire safety pose the sameath
which the world has experienced few decades age.ahalysis of losses and the learning from theekos
can help the organizations to plan their fire safetich includes the prevention, passive protectamtive
fire protection and emergency planning.

MAJOR FIRE LOSSES

As per National Crime Research Bureau, India aloi® of total deaths due to natural and unnatural
causes were due to fire accidents in the year 2Bi@tirel). The fire victims during the period igpoeted

to be 20772 which is increased by 8.1% from theviptes year's statistics. The above fire deathsimre
addition to the deaths due to explosion (669) aldhime/ factory related accidents (836) some afnthe
involved fire also. The major losses (each estichater Rs. 5 Millions) reported by the Indian ireuce
companies in the year 2007 -08 indicate that 45qreage of the claims are due to fire losses. Rger
1952 Million are paid towards major fire claims.€elbther portfolios like marine and engineering each
constitute only 50% of the total fire losses. Thblé-1 gives the major claims reported by the iasce
companies in India. The statistics indicate thadref fire portfolio forming the major chunk of m®d
losses. Given the lower penetration of insurandadiia the actual fire losses both major and micmuld

be much higher. The fire losses have been repbd#din the industrial premises and other non itrihls
premises like hotels, hospitals, commercial comgaexrducational institutions, assembly halls etc.
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Table 1: Major Claims ( each over Rs. 5 Million) in the year 2007-08
Total loss (in INR

Portfolio No of claims Millions) Lossin percentage
Fire 120 19525 45.41
Engineering 516 1020.3 23.72
Marine 18 1046.3 24.33
Miscellaneous 7 280.9 6.53
Liability 0 0 0
Total 661 4300.0 100

ANALYSIS OF LOSSES

In general the fires in the non industrial buildinghere the assembly general public have causee logs

of human lives and the industrial fire accidentsehaaused more financial losses in terms of prgpert
damage and business interruption. Table 2 givegsspgeport on a major fire in one of the petrodbam
complexes. Though causes of fire accidents are ritengommon features of the major fire losses ohelu
failure of systems causing release of combustihlk flammable materials, presence of ignition system
spread of fire due to poor construction/ equipmemd building lay out and ineffective fire emergency
response. For ease of discussion it may be sta#tdrany of the above causes are due to the faibiréhe
following:

Layout of buildings,

fire resistant structures,

Design and maintenance of equipment and instrument
Design, operation and maintenance of fire protactigstem,
Fire safety training and emergency drill etc.
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Table2: Press Clipping on amajor fireloss

Haldia Petro may get Rs 310 cr for firelosses
BS Reporter / Mumbai August 18, 2009, 0:05 | ST

Haldia Petrochemicals may get Rs 310 crore inseratem for a fire that engulfed a part of the nesth
plant on July 2 this year.

According to a senior insurance company executive,plant is insured by four companies, New India
Assurance, National Insurance, United India ancClQClombard Insurance Company.

Out of Rs 310 crore, Rs 100 crore is for loss ajpprty while the rest, Rs 210 crore, is for losgaffit.
The plant is likely to suffer 30 per cent loss apacity because of the accident, affecting the ey
profitability in 2009-10. Ram Prasad, general mamageneral Insurance Corporation (GIC), said |the
reinsurer would bear a part of the total claim didgt not know the exact amount to be paid. The carypa
could not be reached for comment.

An executive of a public sector company that hawuried the plant said that the exact loss because of
damage to plant and machinery was not known. Homyénesaid it could be around Rs 300 crore. Thee|fir
had destroyed a boiler within the naphtha crackergiex and caused collateral damage.

However, no loss of life was reported when the #igmof the naphtha cracker unit caught fire. Tlaatpls
125 km from Kolkata. The company said the plantgbadire due to apparent malfunctioning of some
control systems. The company had posted a los808-29 after reporting profits for the last fiveays. It
posted a loss of Rs 275 crore as compared witlofit pf Rs 279 crore a year ago. Its profits weffeced
by the 5 per cent import duty on naphtha and tbbajlfinancial turmoil.

LAYOUT

Layout of any premises deals with the location tef various buildings, roads, utilities, fire prdten
facilities etc. Radiant heat effects are signiftbareduced by distance. Buildings made of non costible
construction materials and combustible materiaés raot affected unless the buildings are impinged by
direct flame. Various literatures like Petroleumléd, Factories Rules, Oil Industry Safety Directera
Standards, National Building Code, Tariff Advisd@pmmittee standards etc provide guidelines on the
spacing of buildings for various occupancies inidndhsurers evaluate the risk of occupancy basethe
separation distances between the buildings. Depgndn the hazards of the buildings the minimum
separate distances are specified by the standardsse the nearest buildings fall with in the st
distances the adjacent building is considered tthbepart of the building in consideration. The bziole
Maximum Loss values which represents the loss du@dtential fire/explosion scenarios to insurer
increase because of the above factor and premilumes/aharged will increase. From the fire safetylan
the fire load of the block increases considerabifyciv requires higher passive and active fire ptidac
levels. Fire fighters will find it difficult to rech the seat of fire to control the fire effectivelThe lay out
aspects should include the availability of widelesfed/ cemented roads considering the moveméiivieof
engines. The users of the industrial and commepeihises should be aware of the relevant standards
list of some of the national and international dinds to decide the layout of standards is givahertable

3.

Table3: Standardsfor designing thelayout of the premises

BIS National Building Code
OISD 118 Layouts for Oil and Gas Installations
API RP 14J Recommended Practice for Design and Hazard lysisa for Offshore

Production Facilities

Tariff Advisory | Building Regulations




Committee Fire Protection Manual
Petrochemical Tariff

API RP 2001 Fire Protection in Refineries
API Std 2510 Design and Construction of udfied Petroleum Gas (LPG) Installations
Publ 2510A Fire Protection Considerations ftre Design and Operation of Liquefied

Petroleum Gas (LPG) Storage Facilities

AIChE Center for| Guidelines for Engineering Design for Procestefy

Chemical Process Fundamentals of Fire and Explosion, AIChBrdgraph Series, No. 10,

Safetyl (CCPS Volume 73. Stull, Daniel R

FM Global FM 7-44 Spacing of Facilities in Outdoor Chemickdri®s

NFPA 30 Flammable and Combustible Liquids Code

NFPA 80 A Recommended Practice for the protectidouddings from exterior fire
exposures

FIRE RESISTANT STRUCTURES

Analysis of large losses indicates that the firendges could have been controlled effectively had th
structures been resistant to the fire. Inabilitystrfuctures to withstand the fire till the fire protion
activities reach their full potential had aggradathe situation causing both loss of lives and loks
property. The fire resistance requirements of tiectures depend on the type of occupancy, fire,loa
nature of materials handled etc. Fire resistanteg&xpressed in terms of hours varies from ong ho
four hours. The segregation of staircases, liftlsvetc help greatly in case of dealing with larged in
multi-storeyed buildings. In case of industries fproofing of structures in high hazard areas hélps
mitigating the losses to a greater extent. The mapoe of fire proofing is evident in many largesdes
including the one that happened in Furmosa PlaStacporation, USA during 2005.

The purpose of fire proofing is realized durithg early stages of a fire when efforts prienarily
directed at shutting down units, isolating fuelflto the fire, actuating fixed suppression equigmend
setting up cooling water streams. If pipe andiggent supports are not fire proofed they loserthe
strength due to fire-related heat exposure leadintpeir collapse and cause gasket failures, lieaks,
and flammable material release. In addition, iftooinor power wiring is incapacitated, it may be@mm
impossible to operate emergency isolation valvesit wessels, or actuate fire-damaged automatic or
manually activated water spray systems. It maygerstood that Fire proofing does not extirtguis
fires and may have no significant effect ome tlinal extent of property damage if intendege
exposure persists significantly longer tHasigned into the fire proofing system. If activatddle

fire- proofing is still protective, cooling from fixext portable fire- water can extend the effectiveetiof
passive fire protection beyond its nominal firsisgnce rating, provided that that force & fine
water application does not damage or dislodge thepfoofing material. The properly used fire prapfi
systems can help reduce losses and protasorpeel and equipment by providing additionaleito
control or extinguish a fire before thermal effecuse equipment or support failure. Based on the
envisaged fire scenarios and time of resistanceined) considering the existing fire fighting resperthe
materials like dense and lightweight concrete, masintumescent epoxy coatings, lightweight
cementitious materials, masonry blocks and briekshe chosen for fire proofing.

DESIGN AND MAINTENANCE OF EQUIPMENT AND INSTRUMENT

In case of industrial premises various types oflme@al equipment and machinery, electrical systanas
instrumented control systems are used for the naatwring activity. Improper functioning or failuoé the
above systems has caused the major fire accidéfftise mechanical failures result in loss of contaémnt

or explosion related scenarios the failure of eleat systems provide the source of ignition. Doe t
technological development the automated instrungesystems are used in the industrial and non indust
systems. Failure of these systems not only causeofferation related issues but pose the dangerous
situations for the equipment and plant concernedeMsuch types of automated instrumented systeens ar



used for critical safety functions their reliakjliplays a crucial role. In case of manufacturinduistries

like process industry Safety Integrity Levels otlsuSafety Instrumented Systems which symbolize the
reliability of levels of instrument used are crd@ad are determined by the effects created bydihee of
such instruments. The concept of Risk and Relighidi being adopted worldwide in case of mechanical
equipment. The Risk Based Maintenance is drawnyughé facility owners based on the risk levels gose
by the failure of such equipment. In case of eiealtrsystems the preference should be given to the
suitability of electrical equipment to be used e tarea from the fire prevention point of view ahd
increased fire resistance properties to with sthedsituation should the fire break out. Most & thies in

the non industrial type fires are attributed toctieal causes. The need for proper selection and
maintenance of electrical systems is one of thedagning from the major losses.

DESIGN OPERATION AND MAINTENANCE OF FIRE PROTECTION SYSTEMS

Most of the fire loss incidents have indicated ih@dequacy of fire protection systems availabldirat
affected site or inadequate preparedness to ddalswch scenarios. The design of fire protectigiesys (
fire detection and fire suppression systems) shbaldligned with best available national and iragamal
standards. In India the standards brought out byffTAdvisory Committee and Oil Industry Safety
Directorate provide basic design guidelines in &aldito those provided by relevant statutes. Howeve
interpretation of these standards is crucial for @signer. The designer should have the fair kaedge of
risk assessment for better use of these standaMserever the industry specific requirements ethist
relevant industry specific standards are to be .us&tandards are to be supplemented with the Risk
Assessment studies. The crucial decisions of sefteof fire pumps, location of fire pump house ghidbe
based on risk assessment only. While carryingioeihfizard management studies of major oil ingtalia

in abroad it was observed that the fire pump hdebevith in the hazardous area. Similarly inca$dire
pump houses located in the basements of multiydrbuildings without external access these firepu
houses can not be approachable. The highest Idvptotection becomes unusable in case of major
catastrophic situations.

In deciding the water quantity requirements thexddads differ on the basic philosophy of whetheo tw
simultaneous fires are to be considered. Whileamdire protection standards brought out by Oilustdy
Safety Directorate and Tariff Advisory Committeeggast the two simultaneous fire scenarios for the
design of water based fire protection systems titernational standards brought out by agencies like
National Fire Protection Association and Americatréleum Institute are silent. Indian standardsrste

be clear and conservative with respect to fire wdemand calculations considering the lack of adé&mu
infrastructure in our country.

The other crucial aspect of fire water design & niumber of hydrants and monitors to be used ie o&s
fire and hydraulic design of fire water mains. Netkwanalysis should be done periodically of thesgng

fire water systems to verify whether the systerl bé able to deliver the required flow of watertta
specified pressure at the identified outlets. $jzaf the hydrant mains decides the velocity of wate
flowing through the outlets which in turn is dedidey the hydraulic design. In one of the refinerd®ere

a network analysis was carried out it was found tha system designed for two simultaneous firadcco
not deliver the requirement because of higher fidwvater through the spray lines and the long range
monitors. It was found that the use of non stashamonitors resulted in the above situation. Thioah
turn affected the performance of spray and foamemwsaystem connected to the network. Above all the
practice of using the fire water for process argeohon fire related purposes should be discourdgdtie
above quoted refinery study more than 20% highetemwdemand was observed to be used for other
purposes. No design can meet the above fire deihandh misuse of fire water takes place.

In one of fire drills conducted in the terrace bkthigh rise hotel building the water flow stopped
immediately after the commencement of the drill. aWfthecked it was found that none of the pumps was
kept in auto mode fearing damage to the fire puihps surprising that the occupancies with highly



automated and sophisticated control systems aa@aif maintaining the simple fire protection systand
are unable to control the fire water pilferage!

In one of the transformers of the power plant thveas a major fire and contrary to the expectatimntigh
velocity spray system provided in the transfornearl@ not control it effectively. A detailed studgvwealed
that the sprayer orientation and the distance odygp from the transformer were not as per thegaesi
suggested by the standards.

In a fire at the server room the operation of carbooxide flooding system could not prevent thenptete
damage to the location. The design and maintenaingas suppression system for critical areas lé@er
room etc should be in line with the standards. Aeqdient performance testing is not possible the
monitoring of parameters like the pressure and ted§ gas cylinders should be given due importance.

FIRE SAFETY TRAINING AND EMERGENCY DRILL

Lack of knowledge in the area of fire safety anddiequate emergency drills delay the fire fighting
operations. For example the fire design assume®igmir hydrants and one monitor as supplementary
hose streams for fire water demand calculationsthadeduced amount of water spray quantity for the
tanks located with in 30 meters from the edge eftdnk envisaged to be on fire. In real scenaribef
water spray system is turned on for tanks whicheamen 30 m away and more number of hydrants and
monitors are operated the system will not be ablgetiver required water at required pressure. Mbghe
times the fire fighters keep complaining about diesign because of lack of this basic knowledgeth@n
other end the standards like OISD assume 3 litersypnute per square meter for the shell proteatibn
tank on fire and only 1 liter per minute per squaseter for the adjacent tanks. However the spratesy

is designed to provide the 3 litres per minute ggprare meter rate of water for all tanks as it matybe
known which tank will be on fire. It is also wowhile to consider the argument how a flow to theagp
system of adjacent tanks can be controlled as aged by the standards like OISD in case of fire
emergency. In nutshell the fire fighting is hampledeie to rapid consumption of water and inadequate
pressure due to wrong use of fire fighting systems.

Periodic mock drills help to identify the lacunaethe existing systems. In one fire mock drill cocted in
a power plant at Gujarat the shift manager who tliasemergency authority in shift could reach the fi
affected site after 20 minutes because of lackasfsportation! In another case fire fighters ofhause fire
station reached the site which is just one km afs@ay fire station after 15 minutes. It is becau$ete
fact that the fire drill was conducted during skiftange over time and fire crew had gone to gathamge
their duties with their relievers!

Adequate fire safety training and periodic emergatrdls will identify all micro level issues anakitions
to make the emergency response more effective.

CONCLUSION

Losses teach us lot of lessons in addition to tmabes. Unfortunately this only gain from lossesds
used effectively by those affected by fire. It iscanot necessary for every one to learn in the hay.
The lessons learnt during large losses shoulduxbiest by all and to be used in the larger interefthe
society. The proper design, operation and maintamafh systems and procedures will reduce the implact
losses should they occur in future.
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