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Introduction 

 

Freezing is a common problem in the natural gas 

pipeline industry, caused by the combined effects 

of ambient temperature, pressure drop, and the 

presence of water and hydrates in the gas stream.   

 

The effects of freezing can include inaccurate 

measurement, loss of system control, equipment 

damage, and complete interruption of the gas 

supply.  Fortunately, many methods are available 

to help minimize this problem. 

 

 

Why Does Freezing Occur? 

 

The root cause of all freezing problems is the 

presence of water in the gas stream, either as free 

water or as a vapor.  Ice will form when the gas 

temperature drops below 32 degrees Fahrenheit. 

 

Another concern is the formation of hydrates, 

which are a frozen mixture of water and 

hydrocarbons which can crystallize at temperatures 

well above 32 degrees F. 

Hydrate formation is dependent on gas 

composition, and is more likely in high BTU gas  

at higher pressures.  The particular mechanisms of 

hydrate formation can be different from freezing as 

we know it, but the methods for dealing with them 

are the same. 

 

 
 

 

 

 
Hydrate Formation in a SubSea Pipeline 

 

 

Freezing usually occurs in natural gas pipelines 

wherever there is a large, rapid reduction in 

pressure, such as at a city gate or regulator station.  

The Joule-Thomson Effect explains that as the 

pressure of a gas drops, so does the temperature.  

For every 100 psi of pressure drop, the temperature 

of natural gas will drop 7 degrees.   

 

For example, this past December a small city gate 

station in Montana had a pressure drop from 939 

psi to 20 psi, and a gas temperature drop across the 

regulators from 57 degrees F to negative 7 degrees. 

The catalytic heater was working at full capacity, 

but it was not effective as the ambient air 

temperature was negative 18 degrees! 



 
City Gate Station in Montana – December 2016 

 

 

Why Is Freezing a Problem? 

 

Ice formation in natural gas pipelines can cause 

numerous problems.  Ice buildup on orifice plates 

can reduce the orifice diameter, causing inaccurate 

measurement results.  Ice in control lines or 

regulators can cause serious malfunctions, and the 

possible loss of system pressure control.  Ice 

chunks can break loose and be propelled through 

the pipeline at high velocity, damaging 

components like temperature probes and meters, 

and even robust pipeline fittings like elbows and 

valves.  Severe ice buildup can partially restrict or 

completely block the gas flow to customers. 

 

External icing is also a concern.  When the gas 

temperature drops, so does the temperature of the 

piping itself.  If this temperature drops below the 

dew point temperature of the ambient air, frost and 

ice will build up on the outside of the pipe.  Valves 

or other components can become inoperable, and 

continued freeze and thaw cycles can cause 

corrosion of exposed metal.  Buried pipe can 

become cold enough to freeze the surrounding 

ground, causing stresses in the pipe.  Frost heaves 

can damage building footings and foundations, and 

also roads. 

   
 

 
External Icing in Gate Stations 

 

 

How Can Freezing be Prevented? 

 

Several methods exist to combat the problem of 

freezing.  Each particular situation may differ from 

location to location, and often multiple solutions 

may be utilized. 



Dehydration 

 

Dehydration not only removes water but can 

minimize or eliminate the formation of hydrates, 

since water is needed for their creation.  Effective 

dehydration should remove enough water to 

prevent reaching the dew point at the lowest 

temperature and highest pressure in the pipeline 

system.  The two most common methods of 

dehydration are solid absorption and glycol 

absorption 

 

In the solid process the gas stream passes through 

a tower, where the water vapor is absorbed by a bed 

of desiccant beads until it reaches saturation.  The 

desiccant is regenerated by passing a hot gas 

through the bed to dry it out.  After cooling the 

desiccant is ready to perform again.  This is more 

of a batch process, and at least two towers are 

needed to ensure a constant supply of dry gas.  The 

solid adsorption process is usually more effective, 

but also the most expensive method of 

dehydration. 

 

In the glycol absorption method, the gas is passed 

through a contactor tower where water is absorbed 

by liquid glycol.  The glycol is then heated in a 

regenerator where the water is removed by 

distillation, and glycol is recycled back through the 

process.  A glycol system is continuous and usually 

less expensive than solid absorption, but care must 

be taken so glycol does not enter the dry gas 

downstream. 

 
Glycol Dehydrator Contactor Tower 

 

 

Chemical Inhibitors 

 

An anti-freeze solution, usually methanol, can be 

added to the gas stream to mix with the water and 

lower the freezing point of the mixture.  This type 

of system normally requires a metering pump and 

methanol storage tank.  Since the methanol is not 

recovered, a continual supply is needed. 

 

 

Heat the Entire Gas Stream 

 

Heating the gas stream prior to pressure reduction 

can be a very effective method to prevent freezing.  

Several different types of line heaters are available. 

 

In an Indirect Bath Heater, a coil that carries high 

pressure natural gas is submerged in a glycol/water 



solution bath.  The bath is heated by a fire tube or 

heat exchanger coil.  A bath heater is typically 

installed in a city gate station or customer delivery 

point having very high gas usage.  A significant 

amount of fuel gas is normally required. 

 

 
Indirect Bath Heater at a City Gate Station 

 

 

A Catalytic Heater uses infrared heat that is 

directed on the outside surface of the gas carrier in 

order to heat the gas stream inside.  The heat is 

generated by a flameless catalytic reaction between 

the natural gas and oxygen when in contact with a 

platinum ceramic composite.  Catalytic heaters are 

silent and use a very small amount of fuel gas, but 

the total output is limited by surface area.   

 
Catalytic Heater at a City Gate Station 

An important consideration for line heater 

selection is correct sizing.  Remember that the 

heater will be called into service when the ambient 

temperature is the lowest, and gas flow is the 

highest.  Also, consider future demand and 

potential growth in the system. 

 

Significant heat can be lost in the piping between 

the heater and regulator, so try to keep the piping 

run as short and direct as possible without 

compromising site safety.  Smaller diameter piping 

will increase gas velocity, and minimize heat loss 

in exposed piping. 

 

Insulating the heated gas piping may sound like a 

good idea, but be aware that insulation can trap 

moisture on the pipe surface causing premature 

corrosion. 

 

 

 
Bath Heater with Insulated Piping 

 

 



 
 

 
Corrosion Beneath Pipe Insulation 

Heat the Instrument Gas Stream 

 

Instead of heating the entire gas stream, only the 

pilot/instrument gas may be heated.  These systems 

are typically catalytic heaters installed on the 

loading lines of regulators. 

 

Heater enclosures are also available to heat the 

entire outside surface of the regulator body. 

 

 
Instrument Gas Preheater at an Industrial Tap 

 

 

 
Regulator Heater Enclosure 

 

 

 

 

 

 

 



Gas Tariff Moisture Considerations 

 

Protection from freezing is not the only reason to 

reduce the amount of water in the gas stream.  The 

maximum allowable levels of moisture in a 

company’s gas is set by tariff.  In Montana and 

many other northern states the gas quality tariff 

limit for water content is typically 4 lbs/MMSCF.  

In some warmer southern states the limit can be as 

high as 7 lbs/MMSCF.  The tariff can also have 

limits on the dew point temperature of the gas. 

 

 

Practical Considerations of Freezing Protection 

 

The choice of methods to combat regulator 

freezing depends on many factors, including 

capital investment requirements, maintenance and 

calibration needs, operating costs, and site location 

details. 

 

Typically, several protection methods are used in 

conjunction with one another.  An example is 

methanol injection at the wellhead, dehydration at 

the compressor station, and line and instrument 

heaters at city gate stations. 
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