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Liquefied Petroleum Gas 
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The Importance of Safety 

Å Safety is EXTREMELY IMPORTANT 

Å This section is one of the most critical in the course  

Å Cannot be over-stressed 

ÅIf you donôt learn anything elseélearn that safety comes 

first 

Å Unsafe practices can harm not only yourself, but also 

others 
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Hazards of Testing 

LPG Devices 

Å Certain hazards associated with LPG, howeveré 

ÅSystems are designed in accordance with strict 

codes and requirements 

ÅPeople who operate these systems should be trained 

for safe operation & response 

Å But you sometimes find they arenôt trained 

Å You need to be prepared in case they are not! 

Å Likelihood of an accident testing LPG is no greater 

than when testing any other device type 

Å The consequences are much more serious  
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Protecting Yourself & Others 

Å Best protection is knowing safety precautions 

 

Å Knowledge will be acquired through: 

Å Study 

Å Classroom 

Å Field training 

Å Observation 

Å Safe practices 

 

Å **  The most important tool is your knowledge! ** 
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Protecting Yourselfé(cont.) 

You must KNOW: 

 

1) Physical & chemical properties of substances you are dealing with 

 

2) How test equipment and metering system work 

 

3) What to expect under various conditions 

 

4) How to identify and avoid development of dangerous situations 

 

5) How to respond in case of emergency to protect: 

Å Yourself 

Å Those around you 

Å The general public 
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Properties & Hazards of LPG 

Properties which make LPG desirable are also those 

that account for hazards associated with it! 

 

1) Boiling points 
Å Below normal atmospheric pressure and temperature 

Å - 44o F for propane 

Å +32o F for butane 

 

2) Propane boils instantly when exposed to  atmosphere 
(as does butane) 

  LPG is liquid under pressure at 

  ambient temperatures! 
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3) Recallé270:1 ratio 

Åeconomically desirable 

Åbut can be a hazard if released uncontrolled 
into atmosphere 

 

4) Propane Boils in Vicinity of Leaks 

Å refrigerant effect 

Åcauses ñfreezeò burns on contact 

Åprotective goggles and gauntlet gloves are a 
must! 

Properties & Hazards 

of LPG (cont.) 
270 

1 

Liquid State Gaseous State 
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5) Flammability 

ÅLPG is under pressure 

ÅRelease may be rapid and hard to control 

ÅHigh concentration of flammable gas 

ÅRelatively narrow limits of flammability in air: 

Å Propane = 2.2% to 9.6% 

ÅAnything less than 2.2% or greater than 9.6% concentration will 

  not burn 

ÅButane = 1.9% to 8.6% 

Properties & Hazards 

of LPG (cont.) 
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5) Flammability (cont.) 
Å Narrow limits of flammability contributes to safety of LPG 

products 

Å However, possibility of ignition is not remote 

Å Treat any release of product as potentially dangerous 

 

6) Both Propane and Butane Are Heavier Than Air 

 

7) Odorless 
Å Odorant such as ethyl mercaptan is added for detection 

Å Learn to recognize 

Properties & Hazards 

of LPG (cont.) 
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Rupture of Storage Tank -- 

What Happens??  

ÅExplosive release of vapor 
ÅUnder normal conditions, pressure relief valves 

operate 

ÅVent excess vapor 

 

ÅLittle danger of happening spontaneously due 
Å To construction of tanks 

ÅBut there are other conditions that may threaten 
structural integrity of tank... 
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Conditions Threatening 

Structural Integrity 

1) If Direct Flame on Liquid Area of Tank 

Å As long as no leaks occur, have no immediate 
danger of ignition 

Å As liquid is heated, product vaporization occurs 

Å As product vaporizes, pressure in tank increases 

Å NOW have a threat to the structural integrity of the 
tank 

Å Pressure relief valves should operate 

Å Controlled venting to atmosphere returns tank to 
safe pressure 

Å Valves close again automatically when pressure is 
reduced 
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Conditions Threatening 

Structural Integrity (cont.) 

2) If Direct Flame on Vapor Space 

ÂNo liquid to cool metal of tank 

ÂRapid loss of integrity 

Â Temperature increases in a small area of tank 

shell 

ÂRUPTURE of tank  

  is often violent 
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BLEVE 

Â If the storage tank ruptures, it is called a ï 

 Boiling Liquid Expanding Vapor Explosion 

 or  

 BLEVE 
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What to Do ?? 

Â IF EVER IN DANGER OF RUPTURE, CLEAR 
AREA IMMEDIATELY! 

 

Â Fire is primary hazard 

Å Threatens structural integrity of tank 

Å Ignition of clouds is very similar to 

explosion 

Å Secondary ignition can occur if the fuel 

supply is not shut off 

Å First priority is to COOL TANK 
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What to Do ?? (cont.) 

Å Extinguish fire ONLY AFTER FUEL SUPPLY IS 

CONTROLLED 

Åotherwise, re-ignition is possible 

 

ÅWhen flame burns, it burns off vapor as it is 

emitted from tank 

 

Å If flame is extinguished, but leak still exists, vapors 

concentrate & can reignite 
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Emergency Equipment-- 

What YOU Must Have! 

ÅGood idea to keep a checklist with you 

 

ÅHighly recommended to keep a checklist with 

the prover 

 

ÅA list of some absolutely essential 

equipment... 
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Essential Equipment 

Overview 

1) Fire Extinguisher 

2) First Aid Kit 

3) Protective Gloves with Gauntlets 

4) Protective Goggles 

5) Caution Signs 

6) Safety Cones 

7) Phone Numbers for Emergencies 

8) Continuous Supply of Water for Cooling Tank 

**Other Items Required by Jurisdiction/Co.???  ** 
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Essential Equipment 

1) Fire Extinguisher 

Å 18 B:C dry chemical 

ÅShould be the FIRST THING YOU SET out---donôt 
leave it hooked inside the prover!!! 

 

2) First aid kit 

ÅAppropriate for inspecting LPG meters 

ÅSafety officer/local OSHA rep 
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Essential Equipment (cont.) 

3) Protective Gloves with Gauntlets  
Å should be worn at all times 

4) Protective Goggles 
Å especially important when working around LPG 

5) Caution Signs 

6) Safety Cones 

7) Phone Numbers for Emergencies  
Å Good idea to put on a card and keep in prover 

8) Continuous Supply of Water for Cooling Tank 
Å Used to cool storage tank 

 
***  Other Items Required by Jurisdiction/Co. ???*** 
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Make Safety a Habit!!! 

ÅObserve safety rules at all times 

 

Å Includes use and maintenance of equipment 

 

Å Enhance knowledge of the operation and design of 

metering and testing equipment 

 

Å Learn to always anticipate conditions 

use common sense & good judgment!! 
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Safety Musts 

1) No smoking within 100 feet recommended 

Å if an employee refuses to cooperate, stop 

examination and contact owner 

2) Look out for leaks 

ÅSTOP EXAM until leaks are fixed 

3) Report exposed/faulty wiring 

ÅSTOP EXAM until dangerous conditions are 

corrected 

4) Never leave equipment unattended 
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Safety Musts (cont.) 

5) Eliminate all possible sources of electrical discharge 
Å Includes clothing 

Å Synthetic clothing causes static 

Å Synthetic clothing melts at high temperatures; sticks to skin 

Å Results in serious burns 

Å Explosion-proof, non-sparking tools (incl. 2-way radios) 

 

6) Chock prover 
Å Chock trailer or vehicle to avoid rolling/shifting 

Å Check again after prover is full of product 

 

7) Ground prover 
Å Do NOT Cut Off Ground Prong of the Power Supply Electrical Wire! 

Å Ground prover to the system under test. 

 

8) Regularly inspect prover hoses for wear and damage 
Å Consider establishing a regular replacement schedule 



NIST LPG Course-Ch4-Safety-6-15-Rev2 

25 

Safety Musts (cont.) 

9) Be sure all connections are tight BEFORE starting test 

10) Never disconnect lines without bleeding vapor or liquid 

between connections 

Åalways bleed off slowly 

Ådonôt get in a hurry! 

11) If any practice conducted by your jurisdiction is 

questionable, Contact Your Supervisor Immediately!! 

Åexpress your concerns 

 

**Other procedures Followed/Required by Your Jurisdiction** 
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Emergency Procedures ð 

Know What to Do!! 

ÅWhen hazardous substances are contained, they do 

not pose a threat 

 

ÅThe potential for serious consequences if an accident 

occurs is very great 

 

ÅSituations develop very rapidly, therefore, you should 

know safety procedures by heart 
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Know What to Do!! 

Å Firm personnel should be trained in responding to emergencies 

Å But donôt count on it 

Å Be prepared yourself 

 

Å Owner/Operator of equipment is responsible for the safety of those 

who work with it 

Å If trained personnel are available to deal with an emergency, 

Stand By to Assist as Directed 

Å Since situations develop very quickly, you should be prepared 

to take appropriate action while waiting for assistance 
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How Can You Reduce the Risks? 

Å Ensure proper installation, operation, maintenance of: 

Å Metering equipment 

Å Your test equipment 

 

Å Keep product contained in system 

 

Å Maintain product at normal temperatures and pressures 

 

Å Consequences of an accident are of most concern 

 

Å Risk is reduced if you know how to react 
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The Fire Triangle 

Three elements are needed to start a fire: 

 

1) Fuel 

2) Oxygen (Air) 

3) Ignition Source 

 

 Need all three to have fire. 
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Figure 4-1: 

Fire Triangle 

Source:  http://www.bing.com/images 

http://www.bing.com/images
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What to Do Ifé.. 

NOTE: These are steps that you  

should take: 

 

% only if owner/operator or trained personnel are not 

able to respond 

 

OR 

 

% if instructed to do so by trained personnel 
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What to Do Ifé 

There is a Leak 

Leak, but no source of ignition: 
 
Primary concerns: 
% you have two of the three elements required for a 

fire 
%want to stop leak and prevent source of ignition 

 
1) Stop leak (if possible) 
 
2) Summon help if needed 
 
3) Turn off all pumps, motors, and any other ignition 

sources 
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What to Do Ifé 

There is a Leak 

4) Look to see where vapor is likely to settle: 

% does this pose a hazard 

% how can it be resolved 

%warn people away from area 

  

5) Stay on upwind side of system 

 

6) Yield control to emergency personnel when they arrive 

% everyone not assisting kept at least 200 feet away 

  

7) Water sprayed across the path of the vapor cloud 
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What to Do Ifé 

There is a Leak 

8) If you cannot stop the leak 

%warn people away 

%watch for sources of ignition 

%maintain flow of water across the vapor path 

  

9) Do not under any circumstances attempt to move 

equipment or take other action unless instructed by 

qualified personnel!! 
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What to Do Ifé 

There is a Fire 

Â This is much more critical 

Â depends on the proximity of the fire to the tank 
 

Â These steps are in addition to the above measures 
 

Â First determine: 
 
Does the fire pose immediate threat to the tank or the 
proverôs structural integrity? 
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Fire Does Not 

Pose a Threat to Tank 

Â If fire is sufficiently far away from the tank: 

 
Â first priority: extinguish the fire 

 

Â if source of fire is electrical, shut off power supply 
Â if fire is small, put it out with dry chemicals 

 
Never use water on electrical fire unless you are 
absolutely sure power is off!! 

 

Â if source of fire is solid material, use water 

 
Â Never use water on a petroleum or flammable liquid 

fire!!! 
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Fire Does Threaten Integrity 

% first priority: cool the tank 
 

Ğspray all sides of tank with water--this will 
cool tank and reduce tank pressure 
 

Ğspray water on all sides of upper part of tank 
(vapor space); this will cool the vapor space 
 

Ğ lower part (liquid space) is cooled by the 
refrigerant effect of the liquid and the water 
draining down the tankôs sides 
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Fire Does Threaten Integrity (cont.) 

If pressure relief valve is ignited: 

 

%direct water away from it, but do not 

extinguish the flame 

 

%if flame is extinguished you can get a 

secondary ignition which can be more serious 



NIST LPG Course-Ch4-Safety-6-15-Rev2 

39 

Fire Does Threaten Integrity (cont.) 

If external material is the source of the fire: 

% cooling of tank is still the first priority, especially cooling 
the vapor space 
 

If possible: 

%move the source of flame from the tank OR 

%move the tank from the source of the flame 

 

Remember: COOLING OF TANK IS ALWAYS THE FIRST 
PRIORITY 

 

If tank ruptures, this can lead to a catastrophic situation!! 
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Liquefied Petroleum Gas 

The Nature of LPG Products, Their Storage, 
Measurement, and Delivery 
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Liquefied Petroleum Gas 

Å Composition: 

Å Propane 

Å Propylene 

Å Butanes 

Å Butylenes 

 

Å Commercial LPG is not a pure product: 

Å Propane and other components such as ethane 

Å Generally more than 90% propane 

Å Up to 7% - 8% ethane 



NIST LPG Course-Ch4-Safety-6-15-Rev2 

42  

Use and Value of LPG 

ÅStored in liquid state and used in gaseous state 

ÅEspecially high in rural areas and in agricultural 

applications 

ÅAlso used for 

Å Heating 

Å Motor fuel 

Å Industrial applications 

Å LPG is sold by weight or volume 
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Important Properties of LPG 

ÅGases at atmospheric temperature and pressure 

Å Easily liquefied for storage & transportation 

Å Takes up less space when in liquid than in gaseous form 

Å Easily reconverted back to gaseous state for use 

Å By returning to atmospheric temperature and pressure 

Å No special equipment required 

Å Cost of liquefication & special storage equipment outweighed by 

advantages 
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Liquid State 

Gaseous State 

1 270 

Comparison of LPG Volume 

in Liquid vs. Gaseous States 
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Liquefying of Gases 

ÅTo be liquefied a substance must be 
maintained at a temperature below its 
boiling point 
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Liquefying of LPG 

ÅLiquefied by refrigeration 

 

ÅMaintained by pressurization 

 

ÅContainers fabricated to withstand several 

times the vapor pressure of propane within 

the normal temp range 
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Considerations for 

Dispensing LPG 

Å Liquid State Very Important 

 

Å Especially since a particular amount of gaseous propane 

occupies approximately 270 times the same volume as it 

would in liquid form 

 

Å Vapor in liquid can result in inaccurate measurement 

 

Å Just like other liquid-measuring devices, do not want 

product and vapor passing through meter 
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Commercial 

Transactions 

ÅOften based upon the volume sold at a standard 

reference temperature of 60 oF (or 15 oC) 

 

Å Heating/cooling product to 60 oF (or 15 oC) is not 

practical for commercial applications 

 

Å Corrections are usually made 

Å Use temperature compensator 

Å Use correction tables 
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Some Requirements for 

an LPG System 

Å Closed system 

 

Å No leakage 

 

Å Capable of withstanding established (high) pressures 

 

Å Pressures established by ASME (American Society of 

Mechanical Engineers) 
Å Pressure relief valves 

Å Permits controlled venting when pressure builds 
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Basic Components  

of an LPG System 

ÅFour Basic Components: 

1) Storage Tank 

2) Pump 

3) Metering Unit 

4) Piping Connecting Other Components 

 

ÅLetôs Take a Closer Look at the 

Componentsé.. 
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Figure 2-1: 

Basic Components of Delivery System 
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Basic Components -  

Storage Tank 

ÅIncludes: 

ÅLiquid fill inlet 

ÅDischarge outlet 

ÅVapor port for pressure equalization during 

filling or meter testing 
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Components of the 

Metering Unit 

ÅThe Metering Unit: 

ÅMeter 

ÅIndicating Element 

ÅDriven directly by the measuring unit 

 

ÅLast two components of metering unit 

prevent vapor from passing through the 

meteré.. 
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Components of 

the Metering Unit 

ÅThe Metering Unit: 

Å Meter 

Å Indicating Element 

 

ÅDriven directly by the 

measuring unit 
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Components of the  

Metering Unit (cont.) 

ÅVapor Eliminator 
 

ÅSeparates vapor 

from liquid prior to 

meter 
 

ÅReturns vapor to 

storage tank 
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Components of the  

Metering Unit (cont.) 

Å Differential Pressure Valve 

Å Keeps pressure constant 

Å Help maintain product in a liquid state 

Å Even small pressure differentials can 

result in some vaporization 
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Receiving Tanks & Delivery 

of Product 

ÅProduct Delivery: 

ÅLiquid goes into receiving tank 

ÅDisplaces vapor in receiving tank 

ÅPressure in receiving tank increases 

ÅPressure increases cause vapor in tank to 

condense to liquid 

ÅEquilibrium is eventually restored, but NOT 

INSTANTANEOUSLY 
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Design of Receiving Tanks ï Older 

Designs 

ÅGot around this by hooking up a vapor line 

ÅBetween the vapor spaces of the delivering 

tank and the receiving tank 

ÅThis maintains the equilibrium 

 

ÅHowever, this is not always equitableé 

ÅSome product in the form of vapor is returned 

to the seller 
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Design of Tanks  

Newer Design - Spray Fill 

Å Spray enters tank, spray cools vapor space 

 

Å Promotes condensation 
Å (Rememberé.A decrease in temperature means less pressure 

is required for product to go to liquid state) 

 

Å Causes a reduction of pressure in the tank 

 

Å As a result of pressure reduction, tank is easier to fill 
Å Most tanks are like this now 
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Figure 2-3 Spray-Fill Design 
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Figure 3-1: 

The Intake Line 
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Figure 3-2: 

Typical Pump 

Designs 

62  

Sliding -Vane Pump  

Regenerative Turbine Pump  

Gear Pump  
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Pump Operation 

ÂAs pump displaces product through outlet, lower 

pressure is momentarily created at the inlet 

 

ÂRate of displacement is a function of: 

Â Pump speed and design, 

Â Size of the piping at the outlet 

 

ÂPressure of vapor in the storage tank pushes liquid 

into intake line 
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Pump Speed 

Â Can be a critical element in measurement 
accuracy 
 

Â If too high, pressure at the inlet falls below the 
vapor pressure of the product 
Â Causes some vaporization 

 

ÂTechnical term for this vaporization is ñcavitationò 
or also called ñflashingò 
Â Cavitation or flashing is the sudden formation and 

collapsing of bubbles in the liquid product 
 

Â Cavitation results in some degree of 
overregistration of the amount delivered 
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Overregistration vs. 

Underregistration  

ÂOverregistration 
Â The metering system indicates ñoverò or  

more than the amount of product that has actually gone 
through the meter. 

Â Described as a ñminusò or ñ-ò error. 

Â The customer receives less than the indicated amount. 

 

Â Underregistration 
Â The metering system indicates ñunderò or  

less than the amount of product that has actually gone 
through the meter. 

Â Described as a ñplusò or ñ+ò error. 

Â The customer receives more product than the indicated 
amount. 
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Reducing Cavitation 

ÂSuitable length of piping 

 

ÂProper fittings 

 

ÂProper size and operating speed of pump 
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Figure 3-3: 

Pump Internal  Bypass Circuit 

Closing  
Valve  
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Pump Internal Bypass Circuit -- 

Function 

Â Prevents damage to pump when pump is in operation, but 
no product is being dispensed 

Â Is built into the pump itself 

Â Spring loaded 

Â Pressure inside pump rises as flow is restricted 

Â Pressure reaches predetermined amount and opens 
bypass valve 

Â Valve drops when flow resumes and puts pressure on 
valve 

 

PROBLEM: 

 Friction from the product circulating in the internal bypass 
circuit causes product to heat.  This results in some 
vaporization. 
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Figure 3-4: 

Pump External Bypass Circuit 
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External Automatic Bypass Valve - 

Example 


