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ABSTRACT 

The Fire Hazard Analysis (FHA) is mandatory requirement to ascertain the adequacy of principal of fire 

safety and fire protection measures provided in the plant for  safe operational/emergency states of the 

plant and ensure nuclear safety objective using defense-in-depth philosophy so that a fire that starts in 

spite of prevention programme will not prevent essential plant safety functions from being performed. The 

term ‘hazard analysis’ does not involve any probabilistic estimation with regard to fire in current 

approach. The results of Fire Probabilistic Safety Assessment (FPSA) contributed to design modifications 

in plant to enhance the safety and thereby reduce its contribution to Core Damage Frequency but the 

FHA procedure is kept independent from any probabilistic input. The FHA is carried out using the 

engineering judgment,  a new combined fire containment approach and fire influence approach with 

deterministic modelling framework. Qualitative assessment based on the acts, rules, standards and codes 

followed in design are also suggested wherever applicable. The fire hazard analysis has been completed 

for 5 plant of Fast Reactor Fuel Cycle facility (FRFCF)  IPHWRs. The FHA has utilised also few CFD 

based fire influence simulation wherever required.   
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INTRODUCTION 

The typically used conventional approaches (ASTM E-119 Specifies Furnace Temperature Based 

Approach) for fire safety evaluation have following limitations. 

1. Does not consider all of the factors that would influence fire severity; 2. Single elements tested in 

isolation; 3. Air temperatures in furnace measured –Radiation from walls dominant mode of heat transfer; 

4. Ratings based on fire load of mass per unit area in typical occupancies –Mass not necessarily indicative 

of severity; 5. The temperature and heat flux form the furnaces were much lower than in real fire. In 

standard fire the temperature are around 900 Deg C and Heat flux is of the order of 80-90 Kw/ m2 . 

However the real fire test and accidents have temperatures which are 1400 deg C and heat flux are of the 

order of 150 to 170 KW/m2 in few cases;6. The energy content of fire is not directly proportional to 

temperature; 7. The utility /designers have used average hot gas temperatures (300 to 400 deg C)  for 

severity calculations in place of flame temperature (i.e. Plume temperatures ( generally higher than 800 

Deg C) which have resulted in poor design and reported failures in real fires;8. In real fire plume in 

contact with a structural element. Real fire is always more severe than hot gas layer exposure; 11. The 

average temperature based approach have also artificially get distributed the combustible on all the floors 

for large compartment against their real distribution. Apart from above mentioned point before applying 

any standard temperature based approach the limitations mentioned in the respective standards should 

also be kept in mind i.e. ASTM E-119  states the following: This standard should be used to measure and 

describe the response of materials, products, or assemblies to heat and flame under controlled conditions 

and should not be used to describe or appraise the fire-hazard or fire-risk of materials, products, or 

assemblies under actual fire conditions   
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New Change 

The change is adopted due to following reason. a) Lack of engineering data (standard test E119) 

NIST Report on WTC (recommendations); b) Fire Protection Research Foundation FPRF Report 

(recommendations); c) Unconservative thermal exposure in controlled furnaces based experiments d; 

Failure of fire rated members well before the designed rating e; Failure of fire confinement. Fire is more 

of an energy phenomenon which cannot be described clearly by a thermodynamically non-conserved 

variable "temperature". The energy based  local "heat flux"  would be a better choice. Old conventionally 

used average( non loclised ) compartment temperature based basis is discarded. Instead local Spatial 

resolution of temperature along with heat flux is utilised which may be obtained from  detailed CFD or  

simplified localized  heat flux simple calculations. The figure given below describes the choices available 

for establishing the fire modelling framework. 

 

Figure1 Mathematical Modelling Framework 

 

The general philosophy of Nuclear installation in India follows the following approach provided in Figure 

2 and satisfy the required nuclear safety requirements in Figure 3.  

Fire Hazard Analysis methodology has been developed for a reprocessing facility using fire containment, 

fire influence and a combination of fire containment and influence approach based on foreseeable 

combustible inventory. The combined fire containment and influence approach is used in presence of the 

ventilation dominated scenario. The influence approach combination is in view of additional demand of 

analysis to demonstrate that the presence of the opening and the ventilation does not propagate the 

unobstructed fire or the fire in one compartment does not result in generation of secondary fire in another 

compartment. The efficacy/survivality of the filters has also been included in event of enveloping fire 

scenario as this becomes the weakest link in the ventilation dominated scenario. The methodology 

included: 

  

 Segregation of the plant areas into identifiable ventilated/unventilated enclosures. 

 Identification of the conservative total possible combustible inventory in ventilated/unventilated 

enclosures for small medium size room 

 Estimation of single source fire local heat flux based on standard fire temperatures. 

 Identification of the conservative worst possible combustible inventory in ventilated/unventilated 

enclosures for large and very large areas like hall corridors etc. based on the actual distribution of 

material. 

 Estimation of six fire source local heat flux based on standard fire temperatures. 

 Fire duration based on complete burning of foreseeable conservative combustible inventory. 
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 No oxygen starvation is assumed in the fire compartment. 

 

 
Figure 2 Fire Safety Philosophy 

 

 

Figure 3 Nuclear Safety Objective 

 

 Fire barrier rating based on localized heat flux values. The adequacy of the obtained heat flux 

values are cross checked with the maximum possible values of heat flux based on experimental data(from 

literature) and CFD modelling (literature and inhouse modelling). 

 Ensuring passive fire safety by means of adequate fire rating and safety margin. 

 Ensuring segregation of safety related power and instrumentation cables based on applicable 

standard so that safety functions do not get affected due to fire at a particular location. 

 Ensure redundancy of safety system, and safety related systems. 

 Ensuring adequacy of fire suppression and mitigation systems.  

 

Objective 

Fire Protection is based on the “design in depth” concept. This concept that envisages multiple levels of 

fire can be summarized as follows: 



Thorium Energy Conference 2015 (ThEC15) 
October 12-15, 2015, Mumbai, India 

 
 

4 
 

Level Principal Objective Means 

Level-1 Prevent  fires from starting Design Provision and administrative control to 

minimize amount/ type of combustible. 

Level-2 Fire detection and 

extinguishing 

Active fire protection systems. 

Level-3 Confinement of Fire Passive fire protection systems in terms of fire rating 

and acceptable separation distance. 

Level-4 Manual fire fighting 

capability (Back-up) 

Fire emergency preparedness. 

 

Levels 1 to 3 have been addressed in this methodology. Level-4 is usually covered in Fire order prepared 

by each plant before operation of the plant. At each of the above levels, a well-defined quality assurance 

program would ensure that the desired performance is satisfactorily achieved. 

To achieve level-1 to level-3 objectives, fire hazard analysis is required to verify that components/ 

equipments of substation shall be protected against the consequences of fires so that the safety systems 

are still capable of performing the safety functions. The adequacy of fire exposed structures and fire 

barrier rating against the foreseeable internal and external fires are demonstrated with conservative and 

localized heat flux based simple calculations. Another objective is to demonstrate the Acceptable 

Separation Distance (ASD) of externally stored combustible inventory from the nearest plant structure. 

The location and separation distance between the redundant safety systems is such that, a postulated fire 

will not prevent the safety systems from performing the required safety functions. Improved passive 

protection and physical separation or greater use of fire detection and extinguishing systems is used to 

accomplish this.  

Fire Characteristics 

 A Compartment fire, on the time scale is classified onto following stages: Ignition; Growth, 

Flashover, Fully developed fire, and Decay. The stages given above provide the representation of the fire 

phenomena. Ignition is the phase when the combustible load(s) is ignited. Fire growth phase represents 

the situation where the fire starts grows in dimension with increased heat release rate and temperature. 

The flashover is defined as the transition from growing fire to a fully developed fire in which all 

combustible items present in the compartment are involved in the fire. The decay phase sees subsidence 

of fire with time, the rate being the characteristics of fire load. The fire safety engineers are interested in 

fire hazard analysis to achieve a fire safe design so that the extent of fire damage can be controlled either 

by fire fighting in time (fire influence philosophy) or by providing a sufficient fire rating in building 

design for a duration where no fire fighting or fire management is needed or both, whichever is more 

suitable. 

 

Fire Hazard Analysis  

As a mandatory practice, Fire Hazard Analysis (FHA) of every project is carried out to assess the fire 

potentials, fire protection strategies, detection mechanisms and suppression mean at various plant 
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locations. The credit of provision of physical separation of safety related system while carrying our FHA 

is strengthened by such analysis. In this assessment all possible basic fire protection strategy is taken into 

account. This strategy makes use of the physical separation of safety related systems as the primary 

means of limiting the consequences of a fire. The design feature of fire protection and the control of 

postulated fire hazards are described. Major credible fire source are identified and their effects on general 

fire safety are examined. Fire safety is ensured by following defense in depth philosophy and by 

providing passive and active fire protection features in design.  Adequate fire barrier rating should be 

provided for walls, dampers and doors protecting safety critical equipments / components. The building 

layout, structural design, ventilation design and administrative control of fire load should be adopted to 

minimize the occurrence of a fire. In addition, automatic fire detection and alarm system and portable fire 

extinguishers should be provided throughout plant area. Fire hydrant points should be provided at 

different locations in and around the plant building. 

 

Fire Analysis Methodology 

A two-pronged two level approach has been adopted for carrying out the fire hazard analysis. Fire 

Containment Approach is used in the Fire compartments which have only one of the redundant/diverse 

systems. Fire Influence Approach is used where more than one safety related systems are provided in a 

room. Thus spread of fire from one ventilated enclosure to another will be controlled by quick fire 

detection and fire mitigation measures.  

 

Combined Fire Containment and Influence Approach 

In this approach, it is conservatively assumed that detection and extinguishing system fail to function 

(applicable only for the fire rating calculation) and  foreseeable combustibles inventory used in the FHA 

will burn completely, still the other redundant safety equipment located in other compartments will be 

able to perform the required safety function due to sufficient redundancy. This is a deterministic approach 

and it is used while evaluating fire compartment barrier rating. Barrier ratings are estimated using an in 

house developed code. Fire generated heat flux, the energy release rate from fire and duration of fire are 

also computed for each ventilated/unventilated enclosures based on complete burning of combustible 

inventory. The combined fire containment and influence approach is in view of additional demand of 

analysis to demonstrate that the presence of the opening and the ventilation does not propagate the 

unobstructed fire or the fire in one compartment does not result in generation of secondary fire in another 

compartment. The FHA also ensures, the fire protection system will come into action based on fire 

detection and stop the spread of fire from one ventilated enclosure to another (credit is not taken in FHA) 

however a sufficient margin in terms of sufficient response time has been ensured by the analysis in terms 

of fire fighting measures time. The first level analysis is adopted for small rooms. The second level 

analysis is suggested for large rooms based on the detailed distribution of the combustible for a worst 

possible localise fire scenario based on multiple localised fire source. The figure 1 to figure 3 depicts the 

suggested methodology.  

 

Figure1  Combined fire containment and influence approach (Level 1) 
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Figure2 Combined fire containment and influence approach (Level 2) 

 

 

Figure3  Combined Fire compartment approach (Level 2) 

It is important to note that in Reprocessing facilities, all the doors will be in closed position except during 

manual and material movement and area exhaust fans will run continuously. Hence the hot gas raised 

during fire in one compartment will not go to the other room under forced ventilation.  

 

Fire containment approach 

 In a typical fire containment approach, the fire compartments are closed and equipped with fire dampers 

for isolation and no credit is taken for fire detection and mitigation system. The first and second level 

similar to combined approach has been adopted in this approach too. The figure 4 depicts the suggested 

methodology.  

 

 

Figure4   Fire compartment approach (Level 2) 

The barrier rating is calculated based on the figures 5 mentioned below. This is a representative figure 

which is derived for a specific range of room size by using the approach mentioned in the present paper.  

This kind of figure has been prepared for all possible kind of rooms and being used as a ready reference. 
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Figure 5 Required rating against the combustible 

quantity (for a particular room size) 

 

Figure 6 Typical total heat flux considered in the 

present approach 

 

It has already been mentioned that the present approach is based on the localized heat flux values. The 

figure 6 depicts the considered heat flux against the time which has gone in for rating considered. This 

flux has always been on higher side if we compare this values from experimental heat flux values from 

fire experiments and also from the literature. This aspect has however is not considered in the present 

paper. However we have compared this value against heat flux from 3 foot Furnace at VTEC laboratories 

using the E 119 time temperature curve as shown in Figure 7. Another simple deterministic and empirical 

fire fighting water requirements evaluation diagram has been developed as depicted in figure 8.   

 

  
Figure 7: Heat flux from 3 foot Furnace at VTEC 

laboratories 
Figure 8 Deterministic Evaluation of Fire 

Fighting Water Requirement 

 

Fire Influence approach 
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Fire compartments are divided into fire cells and which have more than one safety related equipments 

housed in them. Separation distances, installation of partition barrier and in some places active system is 

provided for achieving fire safety using influence approach. For areas where fire influence approach is 

used, the analysis of anticipated fire growth and its effect are evaluated using various correlations and 

standard formula referring Fire Protection Handbook. Hydrogen gas dispersion in the reprocessing area to 

ensure the adequacy of hydrogen detection in terms of the detection time and number of detector may be 

carried using detailed Computational Fluid Dynamic Analysis (CFD) using FDS. The resulting pressure 

rise in case of an unmanaged hydrogen released may also be calculated which should be under the design 

pressure values. Forced ventilation flooding based hydrogen management procedure has been evolved for 

most credible event i.e. the pipe rupture at the welded joint. It has been demonstrated that the deflagrable 

hydrogen cloud formed is very small to cause any safety related concern for an example.  

 

CFD based models: 

 

For areas where fire influence approach is used, the analysis of anticipated fire growth is performed using 

the code Fire Dynamics Simulator. FDS is a CFD based code for study of fire driven fluid flow.  The 

software solves numerically a form of the Navier-Stokes equations appropriate for low-speed, thermally-

driven flow with an emphasis on smoke and heat transport from fires. RANS CFD packages however, are 

quite commonly used in field modelling of fire phenomena. The main criticism leveled at the RANS 

approach targets the validity of the turbulence models employed to provide closure to the governing 

equation set. These turbulence models contain empirically determined parameters that can only be 

considered applicable for the specific flow cases where they have been validated. This narrows the range 

of validity for the RANS CFD approach. Large Eddy Simulation (LES) is a branch of Computational 

Fluid Dynamics (CFD). It differs from other CFD approaches, in that LES explicitly calculates the large-

scale turbulent flow structures from first principles. The small-scale turbulent motion not calculated 

directly from the governing equations has its influence on the resolved flow field modeled. 

 

Selection of Grid Size: 

The accuracy of the simulation is always sensitive to grid size. It is important to select an appropriate 

grid size in order to obtain correct results in a reasonable time frame. The choice of grid size is also 

dependent on the physical dimension of the room and the fire source. It is important to resolve the fire 

source region with a fine grid. This will ensure a more detailed analysis of the actual fire area. A large 

number of grid sizes have been used and an analysis on the accuracy of these grids has been given below. 

The selection of grid size can be done based on the parameter Grid Resolution Index. Grid resolution 

index is a dimensionless number given by the following correlation: 

R* = 
5/2)(

gTC

Q

x

p 
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Here, x  = Maximum of domain size in x,y,z direction/ grid number in x,y,z direction; Q = Heat Release 

Rate 

 = density of air, T  = ambient temperature  

One can use the option of non-uniform griding in which the use of fine mesh sizes in vicinity of plume 

and relatively coarse grid at remaining enclosure. This can be achieved by use of non uniform mesh of 

with the use of multiblock mesh. 

 

Conclusion 

Two Level Fire Hazard Analysis methodology has been developed for 700 IPHWR/ reprocessing facility 

using fire containment, fire influence and a combination of fire containment and influence approach based 

on foreseeable combustible inventory.  This framework is being extensively used not only in basic 

fundamental, applied fire research but also in solving the applied problems and mandatory regulatory 

FHA in  Pressurised Heavy Water Reactor PHWRs (500 700 MWe),  Prototype Fast Breeder 

Reactor(PFBR),  Advanced Heavy Water Reactor (AHWR), Nuclear reprocessing facilities (Fast Reactor 

Fuel Cycle facility (FRFCF), Integrated Nuclear Recycle Facility (INRP), Research reactors.  
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