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 مستخلص
قة النظيفة صديقة البيئة سواء مع  تزايد الطلب على الغازات البترولية والغاز الطبيعى بأعتبارهما مصدرآ أساسيآ من مصادر الطا

يمثل حدوث كسر  ستخدام هذه الغازات.اسالة  ونقل وإهتمام بدراسة ألأخطار المرتبطة بلامات الصناعية أو المنازل، بدأ استخدالال

لا أنه من الأهمية بمكان أن يلم إحتمال حدوثه اهذه الأخطار، وعلى الرغم من ضعف حتوى على الغاز المسال أحد للصهريج الم

ة اءمثل هذه المواقف بالكف معت السلامة  المطبقة على أسلوب التعامل اءاجرإعة بمثل  هذه المخاطر وأن تحتوى العاملون بهذه الصنا

 المطلوبة.

لدراسة المخاطر المرتبطة بحدوث  +DEGADISستخدام حزمة برامج متخصصة تسمى ضية من خلال اهذه القيعنى هذا البحث ب

الآمنة من  سيناريوهات مثل انتشار الغاز وأنواع الحرائق المختلفة، حيث تم تقدير المسافة وما يستتبع ذلك منكسر بالصهريج. 

ً الصهريج والتى تناظر ا فى حالة  (Flammable limit %2.5)لة الحريق بينما تناظر فى حا  mkW(5/2 ( قدرهنبعاثاً حراريا

النتائج فى عدة صور مما  انتشار الغازات الطبيعية والبترولية. وقد تم تحليل النتائج بدقة ومقارنتها بمثيلاتها المنشورة والخروج بأهم

أن  تم التوصل إلى فى الصهريج فى جميع الحالات كماستفادة منها، وقد وجد أن المسافة الآمنة تتناسب طردياً مع كمية الوقود يسهل الا

 كمية التغيير تعتمد على نوعية الوقود.

Abstract 

The importance of studying the hazards of Liquefied Petroleum and Natural Gases ( LPG & LNG) stems 

from the fact that consumption of  these gases has been increasing worldwide and playing an important 

role as a clean, convenient, and environmentally friendly fuel for both industrial and residential 

applications.  

One of the most dangerous hazards of these products is tank rupture. Although its probability is very 

small, its consequences are so high for both people and  properties. Hence it is important for operators 

to have good understanding of all hazards specially those posed by their installation and to be able to 

demonstrate that their safety procedures can manage the risks effectively. 

The present endeavor is primarily concerned with this particular issue and uses a specialized computer 

software developed by Trinity Consultants, USA, which is called "DEGADIS+". This software is used 

to study the consequences in case of tank rupture for the following scenarios: dispersion, pool fire, jet 

fire and Boiling Liquid Expanding Vapour Explosion (BLEVE) for LNG, LPG, and benzene.  In the 

fire scenarios considered the distance to safe area, which corresponds to a heat radiation level of 5 

kW/m², is sought, and for the dispersion scenario the distance to safe area, which corresponds to 

flammable limit of 2.5%, is sought. The results obtained are thoroughly analyzed and compared to 

similar results of other investigators and pertinent analyses are furnished. Results are illustrated in a 

number of forms in order to make them easier to comprehend and use. Tremendous amount of 

computer outputs are available, but because of space limitation are not included in this paper. The 

distance to safe area, within the context used herein, is found  to change in   direct proportion with fuel 

quantity in the tank in the different scenarios of fire and dispersion. The amount of change, however, 

differs from one product to another. 
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I. Introduction 

The number of  stations of LPG, LNG, and petrol has recently increased  excessively and most of these 

stations are located in the middle of residential areas. Thus, the surrounding of these stations are always 

populated, which poses high consequences of hazard and addresses the importance of  assessing the risks 

related to this industry. A historical survey showed that at least 70%  of the accidents occurred between 

1970 and 2004 (Robin, 2007). The products involved in these accidents were mainly LPG (46%). The 

causes of accidents were external fires (17%) and loading and unloading operations (16%). In general, 48% 

of the BLEVEs can be classified as transport accidents and most of them were the consequences of fire.  

A continuous attention to the safety of LNG, LPG, and benzine transmission and distribution is needed, 

as all these products are always transported and stored in tanks. Once the tank is ruptured or leaked, 

probably because of corrosion or accidentally, the leakage  rapidly releases to the surrounding and likely 

causes pool and dispersion of the pool content or pool fire or jet fire.  These types of fire could seriously 

effect the surrounding tanks which can lead to BLEVE ( Abbasi and Abbasi, 2007). 

The BLEVE process is, in general, a complex process which includes:  (a) tank leak due to rupture or 

connection defect, (b) fire of this leakage in the form of pool or cloud vapour fire, (c) the effect of the 

heat radiation resulting from this fire on the tank shell which leads to BLEVE, and (d) the BLEVEs 

events which have three main associated hazards: thermal radiation, overpressure and fragments like 

missiles affecting both people and properties. Computational models developed to study this process fall 

into three categories: (a) empirical, (b) integral, e.g. DEGADIS+ ( Spicer and Havens, 1989) and SLAB 

( Ermak, 1990) and (c) Computational Fluid Dynamics (CFD), e.g. (Luketa, et.al,  2007). 

Empirical models have the lowest accuracy, but are less expensive and easy to use. Integral models, 

although less accurate than CFD models, have the advantage of lower computational cost. As such, the 

present study is primarily concerned with assessing the hazard range associated with tank rupture  using 

DEGADIS+. The model is used to calculate the distance to safe area, which corresponds to a heat flux 

of 5 kW/m² in case of fire, and to 2.5% flammable limit in case of dispersion. The effect of different 

products, namely: LNG, LPG, and benzene, on the distance to safe area is investigated.  

II. Previous Work 

Many studies assessing the hazards related to the tanks rupture have been conducted, which address the 

different aspects of safety related to tank rupture, e.g. Salla,M.  (2007), Brik and Cunningham (2006) 

studied the possible failure modes and their consequences in case of LNG tank rupture. They concluded 

that the LNG  tank may be exposed to long duration high thermal radiation pool fire and the tank might  

survive these high  thermal stresses so the tank BLEVE could  occur. Also, they found that pressure 

relief valve may be not able to limit the pressure rise inside the tank in certain scenarios of fire around 

the tank. At the end of their study they disagree with some industry specialist who claims BLEVEs are 

not possible with LNG. Brik and Cunningham (2006) conducted a series of tests with LPG tanks, 
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subjecting the tanks to fire engulfment and studied the pattern and the duration of the tank failure. They 

observed that a tank would  suffer Total Loss Of Confinement (TLOC) when the pressure stress in the 

tank wall exceeded the level required to propagate a fracture along the entire length of the tank.  In the 

Lautkaski (2007) study the behavior in an engulfing fire of tank loaded with petrol has been simulated 

with "ENGULF II"  code. The base case was pool fire and the flames were assumed to engulf half the 

tank surface. The tank was assumed to be overturned or the seal of the loading hatch was assumed to 

blow out. The tank BLEVE was found to be sensitive to any change in tank design or fire parameters. 

III. Modeling 

All models and methods used to quantify the consequences of the dangerous phenomena such as 

dispersion, toxicity, fire and explosion belong to one of the following groups: analytical models, 

numerical models and empirical models. Fire modeling is a technique for calculating the effect of 

different types and scenarios of fire. Modeling can be used to estimate fire parameters at thousands of 

sites for the cost of measuring data at a single site with nearly the same accuracy. Also modeling can be 

used where measurements are not available or difficult to take. The model results should be contrasted 

to other models' results, or preferably to experimental measurements, in order to judge the validity of 

such results. The DEGADIS+ model is one of the most widely used and internationally recognized 

models in this field; for this reason and for availability reasons as well, this particular model will be 

used in the current study.  

The DEGADIS+ model was developed to model release of liquefied gases such as LNG and LPG.  

Also, it has been used to model petrol and benzene.  In the current study, the model is used to evaluate 

the hazard range associated with LNG, LPG and benzene tanks  rupture in terms of the distance at which 

the heat flux is 5 kW/m² in case of fire and 2.5% flammable limit in case of dispersion, i.e. the distance 

to safe area. These particular values were chosen since the main concern is to determine the distance to 

safe area for personnel as recommended by the USA National Fire Protection Association (NFPA,  

2000). 

1) Program of Study 

      Table 1 shows the different scenarios in case of tank rupture considered in this study.

Table 1  Program of study 

No. Product Quantity considered (ton) Scenario 

1 LNG  

 

   1, 200, 1000, 10000, and 40000 

 

 

Dispersion, pool fire, jet fire and BLEVE 2 LPG 

3 Benzene    Pool fire and BLEVE 
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2) Model input data 

The input data include meteorological, chemical, as well as source and release data. 

a) Meteorological data 

In this study the following meteorological conditions are considered: 

i) Ambient temperature: 25℃          ii) Ambient pressure: 1 atmosphere 

iii) Relative humidity: 50%                 iv)  Wind speed: 1.5 m/s     

v)   Stability Class: very stable 

b) Chemical data 

The chemical data for the three products  include: 

   1) LNG chemical data: 

      i)   Type: LNG Light (methane)      ii) Molecular weight: 16.04 g/mole  

            iii) Boiling point:  -161.5 oC             iv) Liquid density: 475.5 kg/m³  

     2)  LPG chemical data: 

             i)   Type: LPG                         ii) Molecular weight: 51.1 g/mole 

            iii) Boiling point: - 19.36 ℃                      iv) Liquid density: 625 kg/ m³  

      3)  Benzene chemical data 

i) Type: Benzene                                      ii) Molecular weight: 78.11g/mole  

     iii) Boiling point: 80.15 ℃                       iv)  Liquid density: 894.8 kg/ m³ 

 

c)  Source and Release data 

                  The source and release data are tank filled with different products and different quantities. 

3) Model Output Data 

Model output results are obtained in a variety of forms for each scenario. Due to space limitation the 

summary report for one scenario and a table of all results are presented. 

Summary report:  

 Table 2 shows a typical summary report on a BLEVE  for a tank filled with  one ton of LNG. As may 

be seen from this table the report is divided into 5  distinct parts: 

I) Type of the product: LNG, quantity of fuel: 1 ton, 

II) Physical data: duration of exposure, diameter of fireball, and duration of fire ball, 

III) Calculated radiation at specified distances, 

IV)  Calculated distance at specified radiation levels, and finally 

V) Calculated distance at specified radiation dose levels.  

IV. Results and Discussion 

For the different scenarios in case of LNG,  LPG and benzene tank rupture  the model is run  to calculate 

the distance at which the heat flux is 5 kW/m² in the fire scenarios, and 2.5% flammable limit in the 

dispersion scenario. i.e. the distance to safe area. The reason why this particular value of heat flux (5 

kW/m²) was chosen is because higher values would cause severe casualties to human beings. For 

instance, a heat flux of 5 kW/m² is likely to cause second degree burns to  human  beings  exposed  to 

this flux for about 45 seconds, whereas the same harm may be caused when a shorter  exposure time of 

about 18 seconds is reached for a heat flux of 10 kW/m². As such, fire fighters should be able to operate 

conveniently with reasonable safety at a heat flux level of 5 kW/m². 
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Table. 2 A typical summary report on a BLEVE for a tank filled with 1 ton of LNG. 

BLEVE MODEL 

  INPUT DATA 

Selected substance: LNG Light (Methane)         Heat of combustion:  50020000.0 J/kg 

  Mass of fuel in the fireball:  907.18 kg           Radiative fraction of heat of combustion:  0.3 

Duration of exposure for dose calculation: 120.0 s 

RESULTS: Diameter of Fireball: 56.15 m          Duration of Fireball:  4.36 s 

         Table 2a  CALCULATED RADIATION AT SPECIFIED DISTANCES 

      Specified           Radiation         Radiation Dose         Radiation Dose 

      Distance              Level          120.0 s Exposure        4.4 s Exposure  

         m                  kW/m²            (W/m²)**4/3 s          (W/m²)**4/3 s 

         5.00              10073.81             2.6108E+11             9.4777E+09 

        10.00               2518.45            4.11175E+10            1.49264E+09 

        15.00               1119.31             1.3946E+10            5.06267E+08 

        40.00                157.40            1.01984E+09            3.70223E+07 

        70.00                 51.40            2.29315E+08            8.32456E+06 

       100.00                 25.18            8.85849E+07             3.2158E+06 

       150.00                 11.19            3.00458E+07            1.09072E+06 

       200.00                  6.30            1.39512E+07            5.06457E+05 

         Table 2b CALCULATED DISTANCE AT SPECIFIED RADIATION LEVELS 

      Specified          Distance To        Radiation Dose         Radiation Dose 

      Radiation           Radiation              120.0 s                        4.4 s 

        Level               Level               Exposure                       Exposure 

        kW/m²                 m              (W/m²)**4/3 s              (W/m²)**4/3 s 

         5.00                224.43            1.02599E+07               3.72453E+05 

        10.00                158.70            2.58532E+07                9.38522E+05 

        15.00                129.58            4.43918E+07               1.61151E+06 

        Table 2c  CALCULATED DISTANCE AT SPECIFIED RADIATION DOSE LEVELS 

 Distance to radiation dose based on an exposure time = fireball duration =4.36 s 

Specified          Distance To 

Radiation           Radiation 

Dose              Dose Level 

(W/m²)**4/3 s             m 

10259860.                 64.72 

25853220.                 45.77 

44391820.                 37.37 
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It is to be noted that higher values of heat flux can be considered when the effects of different fire 

scenarios on equipment  and properties are studied. Moreover, it is worth- mentioning at this point that 

the value of 5 kW/m² has  recently been reduced to 4.7 kW/m²  ( Shehata,  2009). The importance of 

studying the fire consequences of tank rupture,  specially the BLEVE effect, on human beings stems 

from the fact that BLEVE can pose significant risks to firefighters as it usually has a delay period before 

occurring and in that time firefighters can arrive and be in apposition of danger.   

The different consequences of tank rupture are as follows: 

a) Dispersion         b) Pool fire         c) Jet fire          d) BLEVE.      

a) Dispersion: When the tank content leaks out and forms a pool and if the product boiling temperature 

at atmospheric pressure is less than atmospheric temperature, the product will vaporize forming a 

vapour cloud and this cloud could be dispersed and  no effect is induced. But if an  ignition source is 

found and the vapour is within the flammable range cloud fire will occur, which can flash back to the 

source. In this study the dispersion scenarios for LNG and LPG are considered as the boiling 

temperatures for both are -161 C° and -19 ℃, respectively, which are quite less than the atmospheric 

temperature. For Benzene, however, there is no dispersion scenario, since its boiling temperature is 80 

℃, which is quite higher than the atmospheric temperature. Referring to Fig.1 it is to be noted that the 

distance to safe area for the same quantity in case of dispersion is higher for LPG than it is for LNG. 

This may be attributed to the fact that PG ( Propane and Butane ) are lighter than NG ( Methane), 

although both are lighter than air.          

b) Pool fire: Pool fire for LNG, LPG and benzene could occur in case  a source of ignition is found near 

the pool or there is a cloud fire which flashes back to the pool.  The heat flux resulting from the pool 

fire will badly affect the tank shell and could lead to tank BLEVE. The size and shape of the  pool 

formed around the tank depends on the quantity of the tank content and the geometry of the land 

around the tank. It is to be noted from Fig. 2 that the distance to safe area in case of LNG pool fire is 

higher than that for LPG and benzene, probably because the heat flux resulting from LNG pool fire is 

the highest among the three products.   

c)  Jet fire: In case a pressurized tank is ruptured the tank content will discharge in the form of  a jet and 

if  a source of ignition  is found  jet fire will occur. In this study the jet fire scenario is considered for 

LNG and LPG but not for benzene as the normal routine is to store benzene in atmospheric pressure 

tanks. As such, probability for benzene to be discharged in jet form is zero. Figure. 3 shows that the 

distance to safe area in case of NG jet fire is larger than that for PG jet fire, because the heat flux 

resulting from NG jet fire is higher than that resulting from PG jet fire. 

  

 

 



7 
 

 

     Fig. 1 Dependence of distance to safe area on product quantity in tank in case of dispersion.  

 

 

Fig. 2 Dependence of distance to safe area on product quantity in tank in case of pool fire.  
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d) BLEVE: The tank BLEVE scenario could occur in case of  increasing the tank internal pressure over 

the maximum allowable pressure for the tank shell due to failure of relief safety system, which is 

referred to as tank rupture due to physical reason or in case of external fire  such as pool fire or cloud 

fire affecting the tank shell by thermal stresses until tank rupture.   

Table 3 is a summary of results of different scenarios with different products and different quantities, 

where the distance to safe area  in each case, as evaluated by the model, is given.  Moreover, Table 4 

lists values of diameter and duration of fireball in case of BLEVE for the three  products considered. 

From these  tables it is noted that: 

i) For all quantities, the distance to safe area for LNG for different quantities is more than that for LPG 

and benzene, primarily because  the heat value for LNG  is higher than those for LPG  and benzene. 

ii) The distance to safe area for each  product increases with increasing the quantity of the product inside 

the tank, since increasing the quantity will  increase  the diameter of fireball and the duration of fire, 

which, in turn, increases heat radiation.  

iii) The distance to safe area for all scenarios considered  is  related to exposure time (duration of fireball) 

as there is unexposure time for each quantity of the product. 

    It is noted that the current study is essentially as a parametric study, where a single parameter is changed 

at a time. A more involved study should consider the consequences of changing any of these parameters 

on the rest of the parameters considered. It should also be mentioned here that the BLEVEs could occur  

in different scenarios as follows: 

a) One of these scenarios is when the tank is subjected to external fire, which has dual effect of    

weakening the tank shell and increasing the tank internal pressure.  If the tank relief system fails the 

tank BLEVE will occur as a result of tank high internal pressure (Sherif, A., 2006) 

 b) Another scenario is that the tank  when containing liquid is exposed to fire.  In this case the liquid 

heats up and the vapour pressure rises, increasing the pressure in the tank. When this pressure reaches 

the set pressure of the relief valve, the valve operates and the liquid level falls as the vapor is released to 

the atmosphere.  The liquid is effected by cooling that part of the tank wall which is in contact with it, 

but the vapour is not. The proportion of the tank wall which is in contact with  the liquid has the benefit 

of liquid cooling, which falls as the liquid vaporizes. After some  time metal which is not cooled by the 

liquid becomes exposed to the fire. The metal becomes hot and weakens and then ruptures. This can 

happen even if the  relief valve is operating correctly. This explains why Salla, et al., (2007) did not 

agree with some industry specialists who claim BLEVEs are not possible with LNG. 

 c) Another scenario is that BLEVE originates when a tank containing a pressure liquefied gas under 

pressure ruptures and the vapour which was in equilibrium with its liquid begins to blow off. 

               



9 
 

    

 

Table 3 Model results 

a) Dispersion  model results 

              Quantity (ton)        

Distance  

To safe area (m) 

 

1 

 

200 

 

1000 

 

10000 

 

40000 

 

Product 

LNG 43 211 279 387 557 

LPG 102.5 183 355 486 823 

                                                        b) Pool fire  model results 

              Quantity (ton)        

Distance  

To safe area (m) 

 

1 

 

200 

 

1000 

 

10000 

 

40000 

 

P
ro

d
u

ct
 LNG 4 110 140 167 297 

LPG 3.5 99 125 150 265 

Benzene 2.5 32 38 45 81 

                                                        c) Jet fire  model results 

              Quantity (ton)        

Distance  

To safe area (m) 

 

1 

 

200 

 

1000 

 

10000 

 

40000 

 

Product 

LNG 156 926 2055 3721 6607 

LPG 149 460 1560 3112 6065 

                                                   d)  BLEVE  model results 

              Quantity (ton)        

Distance  

To safe area (m) 

 

1 

 

200 

 

1000 

 

10000 

 

40000 

 

P
ro

d
u

ct
 LNG 259 1565 2621 5669 9020 

LPG 215 1270 2177 4709 7493 

Benzene 202 1192 2045 4423 7038 

                                            

Table 4 Diameter and duration of fireball 

              Quantity (ton)        

Distance  

To safe area (m) 

 

1 

 

200 

 

1000 

 

10000 

 

40000 

Diameter of fireball (m) 56 328 561 1209 1920 

Duration of fireball (s) 4.36 19.56 25.58 37.5 47.3 
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As  a results the liquid pressure drops rapidly, equilibrium is lost, and the liquid is suddenly  superheated 

as its temperature is now way above its boiling point at the accidentally reduced pressure. There are two 

ways of reaching the superheat limit:  

 i) At constant pressure the superheat limit is reached when the temperature exceeds  a threshold value, 

which is the minimum temperature at which the liquid gets homogeneously nucleated in the absence of 

nucleation sites. 

ii) At constant temperature superheat occurs  if there is a sudden depressurization of the tank content, 

rendering the content suddenly at a temperature way above its boiling point at the now suddenly reduced 

pressure. in such a situation, instantaneous flash of a fraction liquid and a superheated liquid vapour 

explosion takes place generates a strong pressure wave.  

The BLEVE involving  flammable liquid is almost invariably followed by fireball and its radiation, blast 

wave, and missile like flying fragments of tank which weigh thousands of kilograms. The radiation and 

flying fragments resulting  from the BLEVE affect  personnel and other tanks around. This  leads  to the 

BLEVE of one tank after another. The BLEVE history record shows that this scenario was repeated  in 

most of BLEVEs accidents.  

The results listed in Table 3 are also depicted in Fg.4 where distance to safe area, corresponding to 5.0 

kW/m² heat radiation level, is plotted for the different products (LNG, LPG, and benzene)  as  function of 

quantity. In addition, Figures 5 and 6 depict the results listed in Table 4, i.e. dependence of distance to 

safe area on quantity for the three products considered. It is clear from these illustrations that the distance  

to safe area depends mainly on  quantity of the product, although the distance to safe area depends on 

many  other variables.   

V. Concluding Remarks 

In the present study the integral model DEGADIS+ was used to evaluate distance to safe area associated 

with tank rupture corresponding to a heat flux of 5 kW/m2 , and 2.5% flammable limit. The effects of 

changing the tank content and quantity were investigated. The results demonstrate that fire in any case 

could cause thermal stress to human beings. In particular, jet fire and BLEVE induce thermal effects  that 

could extend to several kilometers.   

It is to be noted that the present study has considered only one of the tank rupture consequences, i.e. the 

heat radiation  related to personnel. But the consequences of  tank rupture are not limited to this type 

only, since rupture can cause death and injury of personnel due to toxic release ( in case of toxic 

products). 

Heat radiation and losses of all structure of the plant and nearby the plant due to emissive radiation result 

from the fire but the serious consequence of the BLEVE is the flying fragments  that act as missiles 

which cause serious effect on personnel ( death and injury)  and structures ( BLEVEs of other tanks and 

collapse of all structures) near and away from the plant to hundreds of meters. Also BLEVEs of 
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nonflammable and nontoxic products lead to multiple fatalities and severe  damage to personnel and 

properties due to blast waves and flying fragments. 

According to this study as well as previous studies the duration time for BLEVE may extend  from a few 

seconds to several hours which makes it very dangerous for the fire fighters to go near  a fire-engulfed 

tank. Evacuation of personnel in and near the plant under such circumstances is recommended for a 

separate study. 

 

Fig. 3 Dependence of distance to safe area on product quantity in tank in case of jet fire.  

 

     Fig. 4 Dependence of distance to safe area on product quantity in tank in case of BLEVE. 
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                            Fig. 5 Dependence of diameter of fireball on product quantity in tank in case of BLEVE  

                 

                         Fig. 6 Dependence of duration of fireball on product quantity in tank in case of BLEVE. 
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