


For all cases, the layout reported in Figure 3 is considered: a tank farm featuring 2 atmospheric tanks and 2 
pressurized ones. The atmospheric tanks (T1 and T2) have a diameter of 40 m and a height of 10 m. The 
pressurized vessels (P1 and P2) have a diameter of 5 m and a length of 8 m. All the tanks are placed at 30 m 
from the plant boundary, while the distance from the wild vegetation is 60 m. 
 

 

Figure 3: Layout of the tank farm considered as a case study 

Four types of wild vegetation are considered for each case, the features of which are reported in Table 1. A 
reference time equal to the maximum exposure time te (i.e., 15 min) is considered for demonstration purposes. 
It is worth mentioning that the case of grassland fire is not considered in the present work as the clearance area 
in the layout is enough to ensure tanks integrity in this case (Ricci et al., 2021b). 

Table 1: Main features of the wild vegetations considered in the case study 

Vegetation ID Type of vegetation Height of vegetation, HV [m] Length of flames, LF [m] 
SF Shrubland - 13 
CF5 Forest 5 17.5 
CF15 Forest 15 52.5 
CF25 Forest 25 87.5 

4. Results and Discussion 
Figure 4 shows the incident radiation on the target surface as a function of the fire-target distance (DF) and the 
safety measures applied to the case study for shrubland fire (panel a) and crown fire with tree height of 25 m 
(panel b).  
 

 

Figure 4: Incident radiation as a function of the distance and the safety measure considered in the case study 
for (a) shrubland fire and (b) crown fire with tree height of 25 m. 
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It is worth mentioning that the view factor has a constant value for fire-target distances shorter than the flame 
length, thus leading to a discontinuity in the incident radiation. 
Case 2 (firewall) shows an increasing reduction of the incident radiation on the target surface as the distance 
increase. Moreover, firewalls are more effective when used with shrubland fires rather than crown fires. For 
instance, the incident radiation reduction moves from of around 47% to 5% when considering a fire-target 
distance of 60 m. The heat load reduction provided by spray systems (Case 3) results to be more effective than 
firewall for short distances while there is an inversion in the trend considering long distances. The distance at 
which the firewall becomes more effective than the spray system increases as the flame length increases, 
following the results obtained for firewalls. Clearly enough, the implementation of both safety measures (Case 
4) guarantees a larger reduction of incident radiation than applying each measure individually. 
Figure 5 shows the safety distances in the case of atmospheric tanks for different wildfire conditions and safety 
measures.  
 

 

Figure 5: Safety distances as a function of vegetation type and safety measures for atmospheric tanks. NF: No 
failure of the target due to the wildfire according to the clearance area present in the layout (60 m) and the 
reference time considered (15 min). 

Given the 60 m clearance distance present in the layout, all the types of fire considered can affect atmospheric 
tanks if no safety measure is applied. Focusing on shrubland fire (SF) and crown fire with tree height of 5 m 
(CF5), firewalls and spray systems can protect the tanks even used individually. In both cases, the safety 
distances after their implementation are less than the clearance distance (60 m) in the layout. On the contrary, 
for crown fire deriving from forests with 15 m and 25 m trees, the implementation of safety measures does not 
guarantee the integrity of the tanks. However, firewall and spray system reduce the safety distance by around 
33 % and 50 % if applied separately, 60 % if applied simultaneously. 
The clearance distance present in the layout is higher than the safety distance required for pressurized vessels 
considering shrubland and forest with a vegetation height of 5 m. Thus, only crown fires resulting from trees of 
15 m and 25 m are considered, and the related safety distances are reported in Figure 6.  
 

 

Figure 6: Safety distances as a function of vegetation type and safety measures for pressurized vessels. NF: 
No failure of the target due to the wildfire according to the clearance area present in the layout (60 m) and the 
reference time considered (15 min). 
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The implementation of firewall alone results to be ineffective for both the cases considered. Instead, the spray 
system can ensure the integrity of the tank considering the first case (CF15). In the latter case (CF25), both 
firewall and spray system, even when used together, do not reduce the safety distance sufficiently to make the 
tanks safe. In the case of pressurized tanks, the reduction of the safety distance obtained is less than for 
atmospheric tanks. However, the spray system is effective in protecting tanks in the case of worst scenarios, 
such as crown fire from a vegetation height of 15 m. 
Even if safety measures introduced in the layout do not ensure tank integrity, they increase the time to failure of 
tanks. This means that the emergency teams have more time to effectively protect the tanks, increasing the 
probability of a successful intervention. In the case of implementation of both firewall and spray system, the time 
to failure more than doubles with respect to the case where no safety measures are considered. 

5. Conclusions 
Wildfires may represent a serious threat to industrial items located at the plant boundary. The protection of such 
items is paramount to avoid the spreading of fire inside the industrial site and prevent major accidents. In the 
present work, a methodology for the calculation of safety distances that accounts for the implementation of 
safety measures was provided. The application of the methodology to a case study highlighted that firewalls 
and spray systems ensure tank integrity in the case of shrubland fires and crown fire with a limited height of the 
vegetation. The effectiveness of the safety systems decreases with the increase of the wildfire flame length. In 
our case study, even if safety measures do not ensure tank integrity in all cases, they increase the time available 
for emergency teams, enhancing the probability of a successful intervention. 
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