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Abstract 

Wildfires can be triggered by either natural or human causes. Lightning is the 

single biggest natural cause of wildfires, but spontaneous ignition due to local 

heating may also occur. Human causes include deliberate actions (arson), or sparks 

for machinery as train wheels, barbecues, camp-fires and cigarettes which haven’t 

been extinguished properly, or even electricity pylons falling down in high winds. 

Whatever the ignition cause, the presence of large amount of dry vegetation is 

essential for the fire propagation. In the last decades, this option has clearly 

increased because of the duration and intensity of droughts in some regions of the 

world, including southern Europe and the Mediterranean region. Eventually, 

drought has significantly affected the hazard and the severity of wildfires, which 

can in turn produce adverse impact on human activities and, in particular, with gas 

pipelines. In this work, a preliminary analysis of the risk of accident due to wildfire 

on natural gas pipeline systems passing through forests, woods and bush fields is 

shown, in the framework of the more general analysis of Natech risks. 

 

Introduction 

The NFPA 299 (Protection of Life and Property from Wildfire) was first developed 

by the Forest and Rural Fire Protection Committee, following the wildfires in 1985 

that resulted in the loss of 44 lives and 1400 homes in the United States. According 

to this standard, a wildfire is defined as “an unplanned and uncontrolled fire 

spreading through vegetative fuels, at times involving structures”. The ignition 
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sources can be natural (primarily lightning) or human (accident, arson). Besides 

ignition, the limiting factor for wildfire is vegetation, which is more flammable 

when it is dry and fine. In a typical forest fire, little standing timber is actually 

consumed (although the fire may kill the trees), with litter, small branches and 

leaves providing most of the fuel. Where leaves contain significant amounts of 

waxes or oils (e.g., conifer trees), they can be very flammable when green. The 

probability of ignition and sustained burning increases with temperature. Oxygen 

availability is another critical factor, especially in presence of high wind, which 

increases oxygen flow to the flaming zone enhancing wildfire travel speed and 

power. Wind also increases spotting, when light pieces of burning vegetation (i.e., 

embers composed of bark and leaves) are carried by winds ahead of the flaming 

front, igniting new areas that may be hundreds or more meter away from the fire.  

 

The hazard of wildfire 

Wildfire hazards are particularly high in areas with contiguous zones of flammable 

vegetation, and on hot windy days that follow a prolonged dry period. Human 

activity and climate changes are the main factors affecting wildfires.  

The principal weather variables affecting wildfire hazard are the ambient 

temperature and rainfall. Warmer temperatures and more frequent heatwaves are 

expected to increase wildfire activity [1]. Higher temperatures increase 

evapotranspiration and decrease fuel moisture, unless rainfall.  

Decreases in precipitation and particularly increased frequency of droughts 

predicted for some regions [2] would be expected in lower fuel moisture contents 

and therefore increased wildfire probability. In addition to these factors, the effects 

of climate change have to be taken into account. Global warming resulting from an 

increase in greenhouse gases in the atmosphere, is expected to accelerate in the 

future. As a consequence, warming is expected to lead to a general increase in 

wildfire activity due to greater flammability (fuel dryness) and more lightning 

strikes. Vegetation patterns, and therefore fuels, will be altered both, directly due to 

effects of climate change and indirectly as a result of changing fire patterns [3]. 

In summary, area burned and fire occurrence are potentially predicted to increase, 

due to a range of climate change scenarios. 

Future fire severity and intensity are more problematic to predict. Regional 

increases in drought and temperature are likely to lead to increase in both fire 

severity and intensity and associated risk of losses. 

 

The vulnerability of pipelines to wildfire 

Pipelines are adopted for gas or for liquids, either aboveground or underground [4, 

5]. The Federal Emergency Management Agency in the U.S. gives specific 

indications and tools for the estimation of possible damage scenarios due to natural 

catastrophic events, although somehow simplified [6]. These indications are 

collected under the well-known guidelines of Hazard in US or HAZUS [7]. In the 
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European context, very few indications are given in existing codes, even if the part 

4 of Eurocode 8 (EC8) [8] gives some general principles to ensure earthquake 

protection for aboveground pipelines and buried pipelines.  

A fundamental classification of pipeline systems has to first be carried out by 

separating transportation and distribution network. The transportation network is 

generally used to transfer the liquid or gas from the production place to the 

industrial plants or urban distribution system. With respect to gas, the overland 

transportation pipelines operate generally at high pressure (> 70 bar), in order to 

transfer a large amount of fluid in the unit time. 

In the U.S., e.g. the large scale natural gas transmission system includes around 

300,000 km of high-strength, steel pipelines, with diameters between 0.6 m and 

0.9 m and pressures between 34 and 97 bar [9]. 

From a structural point of view, the difference between transportation and 

distribution systems is essentially related to the nominal diameter of pipelines. 

According to HAZUS, two large categories can be recognized: a) D ≥ 400 mm for 

high pressure transmission systems; and b) D < 400 mm for distribution and low 

pressure transmission systems.  

When distribution system is of concern, the most common materials for pipelines 

are cast iron, ductile iron, steel and polymers. Other construction materials, as 

concrete, are used for water and wastewater pipelines. 

Table 1 shows the main structural aspects, which are essential for gas and liquid 

pipelines. It is worth noting that hazardous materials (toxic, flammable) must be 

transported only in continuous pipelines, which have high strength and large 

deformations before structural break and consequent fluid release.  

 

Table 1. Structural aspects of pipelines 

Pipelines Materials Joints 

Continuous (CP) 
Steel; Polyethylene; 

Polyvinylchloride; Glass fiber 

reinforced polymer 

Butt welded; Welded 

slip; Chemical weld; 

Mechanical joints; 

Special joints 

Segmented (SP) 
Asbestos cement; Reinforced 

concrete; Polyvinylchloride 

(PVC); Vitrified clay; Cast iron 

Caulked joints; Bell-

and-spigot joints 

 

Gas pipes are frequently placed under the ground level. The burying process is 

clearly beneficial: the landfill protects the pipeline from above ground damaging 

events, natural events as wildfires or human accidents. If pipelines are 

aboveground, wildfire can however affect the structural integrity in terms of heat 
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radiation. In this case, it is very important to evaluate the possible effect of the 

interaction between a wildfire and a pipeline.  

In the following, the results of a preliminary analysis on the vulnerability of 

pipelines to wildfire are presented and discussed. The approach is theoretical and 

based on the evaluation of the temperature reached by the pipeline skin due to heat 

radiation flux coming from a wildfire. 

 

Model description 

The heat balance equation on the pipeline wall reads as follows: 

 

 Cp V dTs/dt = Q        (1) 

 

where , Cp and V are the density, specific heat and volume of the pipeline wall, 

respectively. Ts is the temperature of the wall. Q is the heat flux by radiation: 

 

Q = A (T
4 
- Ts

4 
) d1

2
/d2

2      
 (2) 

 

where T is the fire temperature, A is the external surface of the pipeline exposed to 

the heat flux, d2 is the distance between the pipeline and the fire and d1 is the 

reference distance. 

Table 2 summarizes the values of the parameters used in the model. 

 

Table 2. Values of the parameters used in the model 
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Results 

Calculations have been performed by varying the distance between the pipeline and 

the wildfire (d2). In Figure 1, the pipeline temperature is plotted as a function of 

time at different values of the distance between the wildfire location and the 

pipeline itself. Such plots show the vulnerability of the pipelines when positioned 

close to vegetation. The values of fire temperature used for the calculations are 

T = 1100 K (Figure 1, left) and T = 1500 K (Figure 1, right). Such values are too 

high for typical fire, but they become reasonable when dealing with very dry 

vegetation caused for example by draught. 

 



 

XXXIX Meeting of the Italian Section of the Combustion Institute 

X2.5 

 

 
Figure 1 – Wall temperature of the pipeline as a function of time at different values 

of the pipeline-wildfire distance (d2). Left: fire temperature, T = 1100 K; right: fire 

temperature, T = 1500 K. 

 

The temperature of the pipeline increases faster when reducing the distance d2. The 

values of temperature should be correlated to the burst pressure.  

In Figure 2, the burst pressure is plotted versus the pipeline wall temperature.  

 

 
Figure 2 – Burst pressure versus wall pipeline temperature.  

 

Depending on the operating pipeline pressure, a reference failure temperature and, 

thus, the corresponding distance can be assessed. 

For a pipeline with a diameter of 14” operating at 35 bar, the failure pressure can 

be found at about 650 K. For this pipeline, the building distance, as found in the 

Dutch Regulation, is about 20 m [10]. This value is slightly lower than the safety 

distance calculated for a wildfire with T = 1100 K (Figure 1). 
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