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The Education and Safety Subcommittee has the pleasure to present you this handbook:

SAFE HANDLING OF PROPANE

We attach great value to the co-operation with the past member of our Subcommittee, Mr. Gerard HURCK, who gave his permission to translate a great part of his book: “Der Sichere Umgang mit Flussigass”, which has been edited by the Deutsche Freiballonsport-Verbandes e.V.

Our most thanks goes to them as well to Primagaz Ltd. Belgium. Very helpful were also the Balloon Manuals of the most important Balloon manufacturers, who are trying to make SAFETY in Ballooning one of their prime concerns.

This handbook is a compilation from the sources, as aforementioned, but we should not like to say that it is complete. On the contrary, before we edit this as a book, we are willing to take into account your suggestions, corrections and remarks.

These are welcome until November 1st, 1996.

Jean SAX

President of the Education and Safety Subcommittee.

Sample Edition : March, 1996

Translation
  : Jean Sax and Andre Zaman

LIQUEFIED PETROLEUM GAS

IS THE PRINCIPAL FUEL USED FOR HOT AIR BALLOONS

WHAT IS LIQUEFIED PETROLEUM GAS ?

WHAT MUST WE KNOW ABOUT IT

TO ENSURE OUR SAFETY AS USERS  ?
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1.
LIQUEFIED PETROLEUM GASES


The generally accepted term “liquefied petroleum gas” (LPG) refers to all chemically stable hydrocarbon compounds such as PROPANE and BUTANE, and their mixtures. In this handbook we will focus on LIQUEFIED PROPANE GAS.


The reason why we use the term liquefied petroleum gas is that this gas is used in both its gas and liquid phase in technical applications.


This bring us to the first important characteristic of LPG : its distillation characteristics.


These characteristics determine the transition from liquid in to gas state as well as the ratio of temperature-pressure and they influence the output of the burner.


Under normal atmospheric pressure (1 bar) and at normal temperature both LPGs are GASEOUS.


For both gases the transition to liquid state is effected at relatively low pressure, which means large volumes with a high density of energy can be accumulated, transported and stored in tanks or bottles with relatively thin walls.


As soon as the pressure of the liquefied fuel in the tanks drops below the pressure in the tank, the fuel will suddenly evaporate to the gas state.


In the following discussion we will therefore state specifically whether we are dealing with the liquid state of the gas state of the LPG. In the first case the term liquid phase will be used and in the later the term gas phase.

2.
LIQUEFIED PETROLEUM GAS USED AS FUEL FOR H.A.B.


LPG is manufactured in huge quantities and is available all over the world. It is used as a base material in the chemical industry, as a fuel for heating and lighting our homes, factories and industry and for the manufacture of gas for urban use and for long-distance gas mains.


The quality requirement for commercial propane varies from country to country. This can pose a problem as most users of propane draw only vapour from storage cylinders while we use liquid.


What is labelled COMMERCIAL PROPANE can contain up to 5% so called heavy ends which are long chain hydrocarbons which will not always combust but accumulate in the bottom of the cylinder. This black and oily substance can clog up the fuel system, particularly the vapour side, which will necessitate stripping and cleaning the system.


Inspection of the heavy ends in the cylinder is a primary reason for inspecting these annually.


Another contaminant is water, which can be present in all LPG. Water is heavier than liquid propane and will always accumulate in the bottom of the cylinder.


Thus it will normally only affect the liquid withdrawal and, should internal freezing of the system occur during winter, methanol should be added to the fuel. This will keep the water suspended in the fuel and it will be drawn out and burned in the usual manner.


The propane used as a fuel for hot air balloons is available on the market and known by the name of “PROPANE MIXTURE”. In European countries the corresponding term is MIXTURE C.


The use of this specific type of fuel excludes corrosion of the fuel tank and reduces the risk of any failures due to water, or any malfunctions due to dirt particles in the fuel.


What distinguishes PROPANE from other members of the family of petroleum hydrocarbons is simply its boiling point. It boils or liquefies WITHOUT pressure at temperatures fairly easily attainable.


This is not true of any of the other similar hydrocarbons. Petrol, Kerosene, diesel oil and other similar hydrocarbons are normally liquids at atmospheric pressure and temperature.


To make them boil and vaporise requires the application of considerable heat. On the other hand, natural gas, which is primarily methane, remains a gas under these same conditions. To liquefy it, without pressure, requires an extreme reduction of temperature.


The chemical formula for PROPANE is C3H8


The energy content of 1 kg. is approximately 12.9 kwh.


If sufficient air supply is provided, LPG burns without leaving residues. All carbon atoms are oxidised to carbon dioxide, the exhaust gas only contains carbon dioxide and vapour.


In its pure state,

PROPANE IS COLOURLESS, TASTELESS AND ODOURLESS


As a security measure an organic sulphur compound is added to odorize the gas. The resulting odour is rather unpleasant. However, the amount of sulphur is normally not more than 0.0002% of weight.

2A.
TEMPERATURE-PRESSURE RATIO


Under atmospheric pressure, propane is a liquid at temperatures below -42°C. Above this temperature it turns into gas form. The temperature at which the phase transition from liquid state to gas state occurs, is called BOILING POINT.


IF PROPANE IS STORED UNDER PRESSURE IN A TANK, THE BOILING POINT AND HENCE ALSO THE PHASE TRANSITION POINT ARE SHIFTED TO A HIGHER TEMPERATURE.


In this way the liquid state of propane is maintained at temperatures higher than the normal boiling point of -42°C.


As soon as the temperature in the tank exceeds the boiling point, an internal pressure, called the vapour pressure, builds up in the tank. At the boiling point of 


-42°C, the vapour-pressure equals the atmospheric pressure of 1 bar.


The boiling temperature of the other LPG, BUTANE, is 0°C under atmospheric pressure. At temperatures below 0°C, butane only occurs in liquid state.


A further problem is Butane which is blended into what is sold as Propane, particularly in hot climates, to lower the vapour pressure.


Butane has very similar physical and chemical properties to Propane and only really differs in vapour pressure which is substantially lower.


A small proportion of Butane is quite acceptable, the only limiting factor being the vapour pressure, and as long as this I kept up at normal levels it is quite harmless to operate in a mixture.


A balloon burner can operate on pure Butane but only if the fuel is preheated or pressurised with nitrogen. However, minor modifications are necessary for the burner, such as different jets.


The remaining space above the liquid phase in a LPG tank is always filled with LPG vapour. BOTH phases have the same pressure.

2B.
VAPOUR-PRESSURE CURVE


The relation between the actual temperature (20°C) and pressure (8 bar) in the tank is shown in the vapour-pressure curve. Each temperature corresponds with a particular overpressure value and vice versa.
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The diagram and the pressure gauge show a propane vapour pressure of 8 bar at a temperature of 20°C.


When the pressure in the tank is lowered by withdrawing LPG, the boiling point is also lowered. The LPG in the tank starts boiling and evaporates spontaneously until the pressure-temperature equilibrium is again in balance.


UNDER the vapour-pressure curve the LPG is always in gas phase


ABOVE the curve it is in liquid phase, with a layer of evaporated LPG on top.


If we examine the vapour-pressure curve of propane more closely, we come to the following conclusions:
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Temperature oC


PERFORMANCE RANGE OF THE HOT AIR BALLOON

If we consider the low boiling point under normal pressure, the generally accepted minimum of 3 bar (mentioned in the manuals) is reached at a temperature of -6oC by butane.

This is the reason why butane is not suitable fuel for hot air balloons. The maximum pressure of 10 or 12 bar overpressure in heating systems, as generally


prescribed in HAB manuals, corresponds with propane temperature of 30 or 35°C. The boiling point of PROPANE-BUTANE MIXTURES varies between 


-42°C and 0°C, and is proportional to the propane-butane ratio.


The ratios that have been adopted from English language manuals, mentioned additions of butane up to 20%, but are therefore of no practical value.


Moreover, in these mixtures the prescribed minimum pressure of 3 bar is only reached at a temperature of 4°C, so they are not advisable for our application.


The vapour-pressure curve also shows that the pressure in a tank filled with liquefied petroleum gas is exclusively the function of the temperature of the substances it contains and not of the quantity of liquid phase.


The pressure remains constant to the last drop of liquefied petroleum gas and thus does not give any information concerning the mass of liquefied petroleum gas contained in the tank.

2C.
TEMPERATURE EXPANSION OF THE LIQUID PHASE


Another important characteristic of propane is the considerable volume increase of the liquid phase when heated.


The temperature expansion of liquid propane is significantly different from that of water, which has almost no thermal volume increases. The density of the liquid phase decreases as the volume increases.





Filling of liquid propane in a bottle


A tank filled with a volume of 80% liquid phase at 0°C will be full at a temperature of 60°C. At the same time, the density of propane in the liquid phase decreases from 530 to 430g/l.


The liquid propane has absorbed the vapour phase above it and now pushes against the upper wall of the tank. If temperature continues to rise, the pressure in the tank will also increase, due to the absence of the vapour phase buffer.


Only the small compressibility of the liquid and the elastic expandability of the tank remain.


As long as there is some vapour phase in the tank, pressure inside increases by only approximately 0.3 bar/°C, whereas it increased by about 7-8 bar/°C when the tank is completely full.


In case of a tank with a bursting strength of 70 bar and disregarding compressibility and expandability, a temperature increase of less than 10°C would cause it to burst.


In order to avoid dangerous overpressures caused by the considerable temperature expansion of liquid propane, the law prescribes that the maximum volume of LPG at a temperature of 50°C stored in an LPG tank, should not exceed 95% of the tank’s capacity. In the case of propane, this corresponds with a volume of 100% at a temperature of 60°C.


For our usual “PROPANE MIXTURE” with a liquid density of 0.477 kg/l at a temperature of 50°C, this entails a filling factor of 0.425 kg of propane mixture/1 tank volume.


THE STRICT APPLICATION OF THIS FILLING FACTOR IS ONE OF THE BASE PRINCIPLES OF THE ENTIRE PHILOSOPHY OF 

SAFE PROPANE HANDLING.


If the above calculated vapour buffer zone is guaranteed, pressure in the tank will never reach dangerous overpressure values at the required high temperature ranges, under normal working conditions.


It precludes overstraining the tank and the fittings, and the uncontrolled release of propane by blowing-off or tank bursting.

2D.
VOLUME INCREASE DURING EVAPORATION AND GAS DENSITY


During the transition from liquid into gas state the volume of propane increases by 1 over 260 at a temperature of 0°C. During evaporation, one litre of liquid propane, which has a weight of approximately 0.5 kg, is turned into 260:1 of propane gas.


THE DENSITY OF GASEOUS PROPANE IS APPROXIMATELY 2 KG/M3, WHICH IS APPROXIMATELY 1.5 TIMES HIGHER THAN THAT OF AIR.









Propane Vapour




Air

The relatively high density of propane gas definitely entails a few risks : unlike the gases is gas balloons, which are very quickly rarefied in the atmosphere, liquid gas released from the tank does not rise, it SINKS.


The INVISIBLE gas flows down from the bottle like a liquid spreads over the ground. It accumulates in layers and intermingles with air. This mixture can then spread over a considerable vast area.


Being a fuel, gas accumulations are essentially dangerous. Since leaks or overpressures at the pressure relief valve of a tank are inevitable, all necessary safety measures must be taken to prevent or reduce the risk of accumulations of such propane-air mixtures.


Spontaneous evaporation of LPG requires expansion energy. This energy is taken from the surrounding air and from the bottle contents. The temperature in the bottle as well as the vapour-pressure drop, the evaporation decreases and sometimes it may even cease.


To evaporate larger volumes of LPG in a short period, which is required for good output of the burner, a large quantity of heat and a separate vaporiser are needed.


This is why the vaporiser of a balloon burner consists of a series of coils placed around the burner. These coils are connected with the main jets. The vaporise coils are heated by the heat of the burner flame, so this burner is one with an external self-induced vaporiser.

2E.
IGNITION LIMITS AND TEMPERATURE


PURE LPG IS COMBUSTIBLE, HIGHLY IGNITABLE BUT NOT EXPLOSIBLE


Combustible means that the fuel propane has a characteristic ignition range when mixed with air under normal conditions of pressure and temperature.


This range stretches from a minimum concentration of 2.1 vol% in air, to a maximum concentration of 9.5 vol%.


For an optimal combustion 4 vol% are required. Due to the odorization, even propane concentrations which are far below the minimum concentration can be detected quickly.


The intensity of the gas smell is INDEPENDENT of the quantity and the concentration of the released gas.


In actual practice, the combustibility of a particular gas-air mixture is always indicated, because mixtures are never homogeneous. Even the slightest quantity of released gas may be dangerous.


In case of sufficient oxygen supply, the gaseous LPG burns with a flame, without overpressure, and the heat energy corresponding with the minimum calorific value is released.


On the other hand, if unburned liquefied petroleum gas first flows out and then mixes with air, the effect after ignition is quite different. In the open air the gas-air mixture will deflagrate, while in an enclosed space it will explode.


A fire or explosion will only occur if the three following conditions are fulfilled :

GAS + AIR + IGNITION SOURCE


The ignition temperature required to start the reaction is approximately 500°C. The temperature of the flame in air is approximately 2,000°C.


The minimum ignition temperature and the considerable volume increase during evaporation theoretically imply that one unit of volume of liquid phase yields an explosbile gas-air mixture with a volume of more than 12,000 time the original volume.


In the case of an LPG release, a series of gas layers of different concentrations accumulate starting from the ground. It is almost inevitable that, independent of the volume of released gas, the explosion ranges will be reached in one of the layers. If the mixture ignites, the mechanical and thermal whirls will promote a quick and horizontal propagation of the flames.

2F.
GAS FIRES AND GAS EXPLOSIONS


Gas fires or gas explosions occur in case of intense contact between combustible substances and will help to spread secondary fires.


Fire extinction is made more difficult and the flames spread easily.


Because of the high density of energy, the consequences are disastrous when the tank filled with liquefied petroleum gas bursts due to over filling, or due to the heat generated by secondary fires or short circuit arcs set off by touching high-voltage cables, and the liquid part of the gas subsequently expands and ignites.


The gas cloud explodes like an enormous fire ball.


The heat in the immediate vicinity is intense, its radiation lethal, and the risk of the fire spreading is considerable. Moreover, the surrounding area is likely to be hit by a shock wave and by the pieces of the exploded tank.


Among the experts this is the well-known and feared accident called BLEVE :

BOILING LIQUID EXPANDING VAPOUR EXPLOSION


Such BLEVES occurred in 1978 in the North of Spain, due to a leak in an over filled LPG tanker and in 1984 in Mexico City when a LPG storage tank exploded. In both cases hundreds of people were killed. Fires and explosions in the basket of a hot air balloon are always fatal for the passengers.

3.
FUEL TANKS

3A.
BALLOONING LAW


FUEL TANK is the general term for all kinds of pressure-resistant tanks used to contain or transport liquefied gas during handling.


Transportable tanks with a volume of up to 140 litres are officially called “bottles”. Although our bottles have the geometrical form of a cylinder with two domed ends, this term is preferred to “cylinders”. It is also important to keep in mind that the general technical term “fuel tank” always includes all the accessories which are a sine qua non for a safe use of the tank.


In a way, it would be opportune to have an agreement in our balloon world which common name must be used :


“PROPANE CYLINDER” - “PROPANE BOTTLES” - “PROPANE TANKS”


The LPG bottles we use have been designed to be taken on board a hot air balloon and to provide the burner with fuel. This means they have to be filled, transported and stored before use.


The bottles and their accessories, the filling procedure, transport and storage of the bottles, and the burner unit in the balloon, are all subject to a series of specific official regulations.


These regulations come under three different types of legislation :

TRADE LAW - TRAFFIC LAW - AIR LAW


This implies the competence of three different national ministries and the corresponding regional authorities.


Today, ballooning legislation is in its turn subject to environmental law and European law and has become quite complex, even for specialists in the field.


Some Balloon manuals quote a general clause, stating - “all regulations, safety measures and instructions respecting regulations concerning the handling of fuel tanks and liquefied petroleum gas installations as prescribed in the manual, have to be observed”.


This statement is quite right but of no practical use for our pilots.


It relieves the Civil Aviation Authorities of any responsibility, does not lead to the adoption of uniform and well-considered regulations, and shifts the responsibility completely to the pilots.


Moreover, it is important to note that neither the “official certification” of the bottles following the first inspection of the hot air balloon, nor the information about the bottles in the manual, necessarily imply that the bottle is in conformity with the legislation concerning fuel tanks of all countries.


All instructions and regulations mentioned in the manuals are only indicative to the extent that they correspond with the regulations stipulated in the extensive legislation of most of the countries concerning fuel tanks.


This legislation always prevails !!!


Until now, we do not know the legislation and all the regulations of all the countries in the world, concerning the fuel tanks. It is nearly impossible to ask the publishers of balloon and navigation manuals to include such essential information in their publications as the standard regulations for the installations, tanks, regulating devices and ballooning procedures, in conformity with the legislation concerning fuel tanks.


Concerning all this, we think that it is up to the Safety Officer in co-operation with the Event Director and the organiser to organise in the first place the control of the filling area in accordance with the regulations of the country concerned.


Secondly, the Safety officer must have a control that the propane bottles have the required accessories and required official information as described in this book.

3B.
THE BODY OF THE BOTTLE


The construction of the LPG bottles that are carried along in the basket is quite similar to that of the bottles that have been used for decades in transport, crafts and leisure.


Independent of what kind of material : aluminium, stainless steel or titanium, the propane bottles are made of, and independent of the size or capacity of them, we will discuss in the following paragraphs a propane bottle as generally accepted all over the world.


The section of the bottle shows the different accessories and their disposition inside the bottle body.
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Proper to the propane bottles are also official indications and other useful information as there are :


-
serial number (manufacturing or identification number)


-
net weight in kg. It is obtained by multiplying the main capacity in litres, which is 
determined by experiment, by the filling factor 0.425 kg/l of the propane mixture)


-
tare weight in kg. (the completely equipped bottle without cover)


-
5.95 (month and year the bottle was first tested by the expert, May 95), the term of 
the compulsory hydraulic re-test can vary from country to country.


-
stamp of the expert (this is an official and accepted mark from an official control 
organisation)


-
the bottle’s total capacity in litres


-
the prescribed test overpressure of the propane mixture in bar.


All this information and indications can be found on the collar or on the ring of the welding sleeve on top of the bottle, some also on the base of the bottle.

3C.
ACCESSORIES


Because of their specific application - as an energy source for a gas burner with external vaporiser coils that are heated by evaporation heat - a number of very specific accessories are required. The accessories of LPG bottles are made of steel or copper.
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First there is the vapour phase withdrawal valve, simply called VAPOUR VALVE. At this valve propane vapour is withdrawn from the upper space of the bottle to supply the ignition or pilot flame of the burner. The dip tube goes down from the valve and bends so that its outer end almost touches the side of the bottle right above the 80% filling limit.


If the bottle is only meant to supply the vapour required for the pilot flame a PRESSURE REGULATOR can be connected to the vapour valve.


Withdrawal of vapour from the vapour space in the bottle avoids ice formation at the pilot flame due to evaporation. If the pilot flame is supplied with liquid phase, the pilot burner is equipped with a small vaporiser.


The use of the vapour valve is an advantage but on the other hand it is susceptible to the smallest impurities in the LPG.


Opposite the Vapour Valve is the so-called liquid withdrawal valve, which is generally called BOTTLE VALVE with Tema or Acme fitting, either with rotary/screw or ball cock valves.


Considering the prescribed test pressure of 30 bar, the spring loaded PRESSURE RELIEF VALVE has been set to a response pressure o 35 bar. If the valve is activated the protection cap will be blown away.


The BLEED VALVE consists of a dip tube. The length of the dip tube, which is 170 mm, has been designed to end exactly at 80% filling level. This is very useful for determining whether the liquid phase has reached the 80% filling level during volumetric filling of the bottle.


In the middle of the top end of the bottle there is a circular contents gauge : the FUEL QUANTITY GAUGE. The level is indicted by a needle, which is activated by magnetic force, induced by a float in the lower part of the bottle. Most of the propane bottles are scheduled to 35% of the remaining liquid.

3D.
BURSTING PRESSURE


The bursting pressure varies from approximately 70 to 80 bar and this for STAINLESS STEEL bottles. Before tearing open lengthways the bottle has expanded by about 1/3 of their original volume as a result of the excellent plasticity of steel.


Another advantage of steel as a base material is its high melting point, above 1500°C.


Because of this the reduction of the busting strength of steel is minimal when heated.


A steel bottle will burst when the pressure in the tank reaches a value that is higher than the busting pressure, and this can only occur when the internal pressure is not diminished by the pressure relief valve and the leaks appearing in the fittings.


If the pressure relief valves function well, the bottle bodies will only bulge and are not torn open, even when subject to heat.


ALUMINIUM bottles were very popular in the USA. They were used in forklifts and camping cars. Later it also proved to be a good tank for ballooning. But due to its very low melting point (approximately 660°C) and considerable reduction of its bursting strength by the action of heat, aluminium is not advisable as a base material. There is always a great risk the bottles will burst when heated and this is confirmed by the numerous accidents with aluminium bottle bodies. Though the pressure relief valve may limit the pressure increase, the loss of strength due to the continuous action of heat will cause the body of a bottle to burst even at a low pressure.


Low weight is sometimes called as an advantage for aluminium bottles, but the low density of aluminium compared to that of steel is less decisive since the strain pressure ratio of steel allows a far smaller steel wall thickness without diminishing its deformation capacity.


We have to wait for the results of variou test with TITANIUM bottles, made now in Russia.

3E.
GAS HOSES AND PARTS


The burner is connected to the bottle valves by means of specially designed hoses. The hoses and valves are equipped with different types of couplings or connectors.


Generally the vapour hoses are provided with a plug-in nipple and the vapour valve with a quick-release coupling. The hoses for the liquefied gas phase have a Tema or Acme coupling. Adapters are available for other types of hose/valve couplings.


Manufacturers can provide hoses to link different bottle valves with each other. This obviates changing bottles during flight. A central coupling system at the burner is also used for filling the bottles.


They provide also hose connections, the so-called multi-connectors (manifolds) for 2 or 3 bottles with an extra split connector for connecting the burner hose..


In all cases the instructions for safe connecting have to be observed with great care.


All hoses must be fixed to the basket wall to make sure no passengers will hold on to them by accident.


During liquid withdrawal from interconnected bottles, only ONE bottle valve should be open at a time.


This is to avoid propane flowing from one bottle to another until a pressure equilibrium.


Indeed, if the propane can flow freely, fuel management will be complicated considerably.

4.
SAFETY MEASURES

4A.
HAZARDOUS PROPERTIES


Liquefied petroleum gases are hazardous substances, any amount of released gas involves a risk. The properties of liquefied petroleum gas that make it ideal from a technical point of view also entail considerable disadvantages from the point of view of safety.

· LPG is combustible, highly ignitable and invisible

· EVAPORATED LPG is denser than air and will spread over the ground, especially in no-wind situation


· LPG has a low lower explosion limit.

· LPG is stored under pressure in liquid state and it is released in the environment in the case of even a minor leak.

· LPG, stored in a tank, has a high coefficient of temperature expansion

· LPG, after decompression, evaporates immediately, which involves a large volume increase and a strong cooling effect. The high vapour-pressure also causes the gas and surrounding air to mix.

· STORED LPG concentrates a high density of energy in a small space.

HANDLING, FILLING, TRANSPORTING AND STORAGE OF LPG ALWAYS IMPLIES

DANGER

consequently adequate SAFETY measures are absolutely necessary.

4B.
PREVENTATIVE SAFETY MEASURES


1.  Avoid uncontrolled releases of LPG.


When handling LPG, an uncontrolled release of gas constitutes a principal danger - whether it is caused by human error, damage to the equipment or external factors.


The un-burnt gas forms big volumes of explosive gas-air mixture that are denser than air, spread over the ground, accumulate in enclosed spaces or ducts and are highly ignitable and explosive.


This means any gas smell constitutes a danger.


2.  Test the entire burner unit.


The complete burner unit consisting of the filling hose, the bottle and the main jets, all under the vapour-pressure of the LPG, must be subject to continuous testing for its general condition and the air-tightness and operation of all systems.


Special attention must be paid to the numerous joints and the state of the hoses. After each flight, the valves and hose couplings must be protected by dust caps and the connectors must be ventilated in order to relieve the joints.


3.
Authorised parts


Under no circumstances is the pilot or his crew allowed to make any alterations to the burner unit as supplied by the manufacturer in conformity with the registered design.


For any alteration that may have an influence on the operational safety of the balloon, prior permission of the manufacturer is required.


All used parts must be in conformity with the specifications of the manual and must be mentioned in the manual.


If non-authorised parts have been used, the certificate of airworthiness of the balloon is automatically cancelled.


Repairs to the burner unit and the supply of spare parts are strictly the domain of the manufacturing companies with qualified technical staff.


4.
Observance of the net weight


As determined by the filling factor and the volume of the bottle, observance of the net weight guarantees sufficient expansion space for the temperature expansion of the liquid phase.


Any excess filling considerably increases risk and entails a deliberate and severe violation of safety regulations. If an accident occurs, the person who filled the bottle will be responsible.


The result of an excess filling of 90% of the total bottle volume, which corresponds with approximately 5 lts = 2 kg, for instance is that the liquid phase will fill the entire bottle at 35°C.


Under normal conditions, the pressure relief valve of a bottle responds at an overpressure of 30 - 40 bar, which corresponds with a temperature of 70°C and more.


5.
No “cold” blowing-off


It is dangerous to do a cold burner/bottle check during pre-take-off, or to cool the still hot vaporiser coils after landing with cold gas, as this may cause fire or an explosion.


Past occurrences are sufficient proof of this. Moreover, such bad habits demonstrate the pilot’s lack of elementary knowledge of the dangers involved in handling propane fuel and are a sign of extreme carelessness.


A fuel hose filled with propane liquid, for example, contains approximately 0.13 ltrs of propane. This volume can yield an ignitable gas-air mixture of about 1.6m3.


6.
How to limit the volume of released LPG.


Should it be impossible to avoid liquefied petroleum gas being released from the liquid level valve, due to the filling method it is advisable to take measures to prevent and limit any further technical difficulties :

· try to limit the released volume

· gas accumulations can be avoided by quickly rarefying or draining the gas

· put out all possible ignition sources

· remove all combustible materials from the danger zone.

7.
Pilot light off

During landing, leaks in the heating system may occur due to a rough touchdown, inexperienced reactions of the passengers, bumping against obstacle or the basket being dragged along the ground on its side.

The fittings or hoses may be breached and sometimes hose couplings may be torn open.

In these cases the released propane gas is a real danger to the passengers. Quite a few accidents resulting from such circumstances have occurred abroad. Also, if it is possible, shut off the bottle valves and empty the gas lines before hard or quick landings.

8.
Personal protection and fire protection

To avoid skin burns caused by the cold released LPG or by hot gas fires, all persons handling the LPG, be it during filling or pre-take-off, MUST WEAR PROTECTION GLOVES.  

This protection is indispensable in case of fires that can be extinguished by hand or for closing heated valves.

The pilot and the ground crew who are holding the balloon envelope, should wear clothes made of tissues without synthetic fibres, since these are likely to produce electrostatic charges and to melt because of the heat.

The entire body should be kept covered as much as possible, even in summer.

Besides the prescribed fire-extinguisher  an extinguishing blanket, measuring at least 

1 m x 1 m should be carried in the basket. This absolute minimum security outfit should be prescribed and should remain in the basket permanently.

During pre-take-off, smoking within a distance of several meters from the basket and in the basket is strictly forbidden.

9.
Fire extinguishing procedures

The first and most important action during fire extinguishing is to shut-off the gas source and to extinguish any secondary fires. These actions must not take more than a few seconds.

The external heat radiation on the bottle may result in a considerable pressure increase, causing the pressure relief valve to start discharging, and finally causing the bottle to burst. If the gas source cannot be shut-off, it is better not to put out the fire but to cool the bottle with water to avoid high overpressures, because released gas may even cause an explosion at some distance.

If the burning LPG bottle cannot be cooled efficiently, all people should be evacuated from the danger zone in time and take sufficiently remote cover to make it through the expected BLEVE without injuries.

5.    BOTTLE STORAGE

The storage of LPG bottles is a hazardous undertaking, because of the specific way the substance is stored :

LIQUEFIED UNDER PRESSURE

and because of the properties of the LPG itself :

IT IS COMBUSTIBLE, HIGHLY IGNITABLE AND DENSER THAN AIR

One always has to keep in mind that gas may flow out uncontrollably. Both the risk and the SAFETY measures to counter them can be directly derived from the properties of propane vapour.

The storage room must be ventilated and located at ground level. It should not have a basement, not drain pipes or the like, and it should have an outside entrance only.

No other combustible or explosive materials whatsoever may be stored in the same storage room.

Open fires and smoking are to be strictly prohibited, all electrical installations must be Ex-protected.

6.
SUMMARY

The safe use of propane fuel requires a thorough knowledge of the hazardous properties of this substance and a cautious, correct handling, which diminishes risk.

Accidents with propane are often caused by a rather insignificant error and can definitely be avoided.

The balloon pilot should always be aware of the most important regulations, during filling, pre-take-off, flying and landing as well as during transport and storage of the equipment.

Always remember that the balloon pilot is entirely responsible for observing all relevant regulations, the SAFETY of the passengers and third persons and for the balloon itself, both on the ground and in the air.

Always remember the properties of LPG propane that are relevant to SAFETY when taking decisions.

Avoid any uncontrolled release of gas and reduce any possible risk e.g. by using a good gas-air mixture.

Take great care when handling your LPG tanks, fittings and hoses. Ensure that they are in a perfect and operational condition.

Do not make any technical alterations to your burner system. Contact your balloon manufacturer in case of a burner system damage.

Observe all operating instructions and filling prescriptions during filling.

Try to be informed of the maintenance of all technical parts of your equipment and re-read your maintenance manual as often as possible.

HAPPY FLIGHTS AND SAFE LANDINGS !!!!!!!!
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