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Introduction

The odorization of natural gas is the number one safety initiative that the natural gas industry uses to keep the public safe.  Natural gas in its natural state is odorless and colorless.  The uncontrolled release of natural gas through a leak or other means can cause a build-up of natural gas in an enclosed area until it eventually reaches an explosive concentration.  The odorization of natural gas allows natural gas industry workers and the public to detect the release of natural gas before explosive concentrations are reached.  The identification of natural gas leaks due to odorization is a key component in the safe distribution of natural gas.

However, there are times when industry places odorant into a natural gas stream and the induced odor at the outlet of the natural gas system is either reduced or undetectable.  This can be a result of odor fade or odor masking and is a serious concern for the industry and the public as a whole.
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Why Do We Odorize?

The natural gas industry odorizes to be good corporate citizens and as a requirement of federal 
legislation in both the United States of America (49 CFR 192.625) and Canada (CSA Z662 Clause 4.21).  In both cases the legislation sets out what gas has to be odorized and the minimum required odorization levels.  

49 CFR states: 

A combustible gas… must contain a natural odorant or be odorized so that at a concentration of one-fifth (1/5) of the lower explosive limit (LEL), the gas is readily detectable by a person with a normal sense of smell.

CSA Z662 Clause 4.21 states: 

Fuel gas that is to be delivered to customers through distribution lines or service lines, or to residences associated with a compressor station, and that does not naturally possess a distinctive odour to the extent that its presence in the atmosphere is readily detectable at all gas concentrations not less than one-fifth of the lower explosive limit, shall have an odorant added to it to make it so detectable…

The natural gas industry generally uses explosive limits for natural gas of 5% to 17%; therefore, one-fifth of the lower explosive limit is 1% gas in air.

What is Odorant?

Odorant is a highly odoriferous component added to induce a smell into natural gas which is colorless and odorless in its natural state.  Normally natural gas odorants in North America are made up of a blend of two chemicals; the first is a mercaptan that provides the intense smell and the second is a sulphide which is used to depress the freezing point of the blend.  The mercaptan is also more subject to oxidation and degradation than the sulfide.

Among other things, mercaptan can react with oxygen, liquid hydrocarbons, rust, mill scale, methanol, hydrogen sulphide, and compressor oil; each of which can be found to some degree in natural gas systems.  All of these reactions result in the degradation of the mercaptan and an overall reduction in the intensity of the odor.

Typical natural gas odorant blends contain either Tertiary Butyl Mercaptan (TBM) or Isopropyl Mercaptan (IPM) as the mercaptan component and dimethyl sulfide (DMS) or methyl ethyl sulfide (MES) as the sulphide component.  The blends used by each gas utility can vary based on its individual needs.

What is Natural Gas?

Natural Gas is a product of oil and gas production and contains, for the most part, methane with some ethane.  However, because of the nature of its production it may also contain other components such as:

· Hydrogen sulphide
· Elemental Sulphur
· Carbon Dioxide
· Nitrogen
· Water
· C3+ Hydrocarbons
· Methanol
· Isopropyl Alcohol

There are times when gas quality and odorization can be changed by peak shaving.  Peak shaving can be accomplished by the introduction of a propane-air mixture, liquefied natural gas (LNG) or compressed natural gas (CNG) into the natural gas stream.

If propane-air is used to peak shave, the ethyl-mercaptan used to odorize the propane and the oxygen in the air will both react with the natural gas odorants resulting in odor fade.  LNG is normally not odorized and CNG may or may not be odorized. Introduction of either of these can have an odorant dilution effect downstream. Therefore odorant levels must be carefully monitored and controlled downstream of any peak shaving operation.

Furthermore, a new source of gas is being added to some natural gas systems, bio-gas.  As well as methane and ethane, bio-gas can contain:
· Sulphur Dioxide
· Hydrogen sulphide
· Carbonyl Sulfide
· Carbon Dioxide
· Oxygen
· Nitrogen
· Hydrogen
· Ammonia
· Water and Water Vapor
· Aldehydes and Ketones
· Other trace constituents

In a report from GTI (Gas Technology Institute) on Bio Gas the following is stated:

Ammonia may possibly degrade the quality of odorization and induce odor fade or odor masking.

Aldehydes and ketones present in the gas stream can cause operational problems for gas processing and end use applications. Their presence may possibly degrade the quality of odorization and induce odor fade or odor masking.

Overall, natural gas is comprised mainly of methane and some ethane.  The other components normally only make up a small fraction of the total volume of the natural gas.  However, the odorant is also only added in very small amounts and is measured in parts per million.



What is Odor Masking?

Odor masking is the reduction in the perceived intensity of the odorant due to the presence of another odor or chemical in the natural gas stream.  When odor masking occurs the odorant is still in the gas stream but cannot be detected by its odor.  This paper will not address the issue of odor masking.

What is Odor Fade?

Odor fade is the reduction in the amount of odorant in the gas stream due to a physical and/or chemical mechanism.

Odor fade can be caused by:
· adsorption of the odorant onto the surface of the equipment or onto the surface of a liquid,
· absorption of the odorant into the material of the equipment or into a liquid, and/or
· chemical reactions between the odorant and the other constituents contained within the natural gas stream and/or equipment.

Odor Fade in the Natural Gas Industry

In the case of new equipment, it is generally accepted in the natural gas industry that two primary causes of odor fade are the adsorption and absorption of the odorant onto or into the walls of the pipe, vessel or equipment.  




Adsorption is defined by Wikipedia as: 

Adsorption is the adhesion of atoms, ions or molecules from a gas, liquid or dissolved solid to a surface.  This process creates a film of the adsorbate on the surface of the adsorbent. 

The concept of adsorption applies to odorant in the natural gas industry as follows:
· during initial operations, the odorant creates a thin film on the inside of the equipment.  
· the creation of this thin film uses up a certain amount of odorant from the gas stream.
· as the film is forming there is a reduction in the downstream odorant concentration.
· adsorption can also occur on the surface of liquids contained within the equipment.

Absorption is defined by Wikipedia as:

In chemistry, absorption is a physical or chemical phenomenon or a process in which atoms, molecules or ions enter some bulk phase – liquid or solid material. This is a different process from adsorption, since molecules undergoing absorption are taken up by the volume, not by the surface (as in the case for adsorption).

The concept of absorption applies to odorant in the natural gas industry as follows:
· during initial operations, odorant is absorbed into the equipment.
· odorant will also be absorbed into any liquid in the pipeline, for instance either water left in the pipeline from hydrostatic pressure testing or liquid hydrocarbons from operations.
· the absorption of the odorant uses up a certain amount of odorant from the gas stream.
· as the absorption of the odorant is occurring there is a reduction in the downstream odorant concentration.
· absorption is the mechanism whereby odor fade occurs in plastic pipe systems.

An item of note is that both adsorption and absorption occur on the surface of the equipment.  Therefore the inside roughness of the equipment or pipe has a bearing on the total amount of odorant either adsorbed onto or absorbed into the material. 

The processes of adsorption and absorption continues until an equilibrium is reached between the odorant in the gas stream and the odorant in or on the walls of the equipment.  This mechanism is evident when it comes time to remove odorant equipment from operations.  The odorant (and odor) permeates the material and the equipment must go through a specialized process to be deodorized before the material can be recycled.

Also, the natural gas industry must not ignore the chemical reactions that happen.  The odorant can react with:
· constituents of the natural gas such as hydrocarbons, condensates, hydrogen sulphide, methanol, glycol and compressor oil,
· residual air, water, and anti-freeze remaining in the equipment after pressure testing, and
· rust in pipes and equipment where it can form a less odorous disulphide.  

The AGA Odorant Manual (7.3.1) describes the reactions of mercaptan and different rust species as follows (where RSH is a mercaptan and RSSR is a disulfide)
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The equilibrium between the chemical and physical reactions between the equipment and the gas stream is dependent on the operating conditions of the system.  The equilibrium point can vary with changes to odorant concentration, pressure, temperature and flow rate.  For instance, increased pressure or temperature will increase odor fade.  Whereas increased flow rate will decrease odor fade.  

Therefore, odor fade can change over time as operating conditions of the system change.

Furthermore, elevation changes at low or no flow conditions can cause the odorant to separate out due to its higher relative density compared to natural gas (approximate relative densities of 0.80-0.85 vs 0.6-0.7).  





[bookmark: _heading=h.gjdgxs]Odorant Conditioning

Odorant conditioning is the act of purposely planning for the effects of odor fade during the commissioning of equipment and pipelines. 

Odorant Conditioning Planning

No two facilities are the same and while experience with a nearby or analogous system can be helpful, it is unlikely to be definitive. This is why planning is so important when creating an odorant conditioning program.  There are a number of questions one needs to ask when putting together an odorant conditioning plan.

Do I need to odorant condition the facilities?

It is recommended that during the initial design phase of the project, all facilities be reviewed for odor fade and odorant conditioning.  It may be decided that certain facilities would be too small to require odorant conditioning.  For instance the replacement of a short piece of pipe within an existing system may not warrant odorant conditioning.

What is the system that I am looking at?
· Steel or plastic?
· New, reconditioned or repurposed?
· Interior surface area (Length and Interior Diameter)
· Interior roughness
· Rust or mill scale

Steel is more susceptible to odor fade than plastic, but odor fade can still happen in plastic systems.  The interior surface area of the equipment will determine the area of adsorption and absorption with increased roughness increasing both mechanisms.  The amount of mill scale and rust contained on the interior surface area determines the quantity of material available to react with the odorant.

What is the composition of the natural gas?  Does it contain the following?
· Water
· Hydrocarbons
· Hydrogen Sulphide
· Glycol 
· Methanol
· Compressor oil

Normally a gas utility is familiar with the natural gas that they are using and adjust their odorant levels to compensate for the odor fade caused by their particular natural gas.  It is important to note that this will also occur during odorant conditioning and must be considered when planning operations.

What is left in the equipment following construction and pressure testing?
· Water
· Air 
· Methanol, glycol, isopropyl alcohol?

Residual constituents that are contained within the facilities after construction and pressure testing can increase odor fade.  Liquid water and water vapor can promote the creation of rust which reacts directly with the odorant.  The oxygen in air contained within the equipment will react with the odorant as may anti-freezes such as methanol or glycol.

What are the proposed operating conditions post odorant conditioning?
· Pressure
· Temperature
· Flow Rate

When preparing an odorant conditioning plan, it is important to understand and move towards odorant conditioning for actual operating conditions.  Changes in pressure, temperature and flow rate will change odor fade.

How will the odorant levels be tested?
· Where,
· How (electronic, sniff test),
· Record keeping, and
· Equipment and training required.

Odorant testing is crucial to a successful odorant conditioning program.  Planning where, how and what measurements are to be taken and recorded will determine the equipment and training required.

Odorant Conditioning Programs

An odorant conditioning program has two main objectives:
1. Compensate for the odor fade occurring in a natural gas system to maintain odorant at safe levels for customers.
2. Allow for long term odorant equilibrium to be reached between the natural gas stream and the natural gas system.

This can be accomplished using one of two methods, or a combination of both: 
1. Front End Odorization 
2. Tail End Odorization
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From AGA Odorant Manual (8.3.2)

Front End Odorization uses increased odorant levels in the natural gas stream entering the system to counter odor fade.  Odorant levels are adjusted so that adequate odorization is maintained downstream of the system.  

Tail End Odorization injects additional odorant into the natural gas stream downstream of the system to be odorant conditioned.  This ensures that odorization requirements are met for operations downstream of the system.  

Tail End Odorization can take some time to odorant condition the new gas system as only normal levels of odorization are running through the new system.  Furthermore, as the new gas system is being conditioned any leaks may not be discovered due to odor fade within that system.

Odorization Levels and Conditioning Times

There is no magic bullet or rule of thumb to establish an odorant concentration, flow rate, pressure and time frame to ensure odorant conditioning occurs in a natural gas system.  Every system is different and even similar systems have their unique characteristics.

Odorization rates vary in the literature, with the AGA Odorant Manual (8.2) stating that:

Some utilities report successful conditioning with rates in the range of 0.0015-0.0265 mL/ft2 of internal pipeline surface area.  In laboratory studies under varying conditions, rates as high as 0.2-0.4 mL/ft2 for TBM and 0.05 mL/ft2 for THT were found.

It is the author’s assertion that all of these numbers can be valid, but the actual success of each of these is based on a number of additional factors.  While adsorption and absorption are related to interior surface area in the system, retention time, liquids present, pressure and temperature are also variables that factor into a successful odorant conditioning project.

Interior surface area is related to roughness and the degree of rust and mill scale.  Retention time is based on flow rate and cross sectional area.  Liquids can be a result of testing operations or the composition of the natural gas.  Chemical reactions occur when there is rust present.  

Finally the choice of odorant used will vary the volumes used with mercaptan percentages varying with different blends.  Furthermore, different mercaptans have different densities and atomic weights meaning that the molecules per volume available to react vary.

Odorant Level Testing 

Many odorant conditioning operations use electronic measurements for odorant level testing.  This must be supplemented with sniff tests from personnel with a documented normal sense of smell to meet the requirement of the legislation.  The regulation dictates that the definitive test is a test using a human nose with a normal sense of smell.  Electronic measurement can supplement those tests, but cannot replace them.

Furthermore, odorant test points must be placed in strategic locations in the system to ensure odorized gas is reaching all parts of the system.

Odorant Conditioning Preparations

New systems should have any hydrostatic test water removed and be dried to reduce the creation of rust.  Pipelines should be as clean as possible.  This may be accomplished by running a pig. 

Test locations should be identified and test points installed if necessary.  Electronic testing equipment should be calibrated and installed as required.  Personnel are to be trained and experienced in the use of the testing equipment.  Redundant testing equipment should be available and used to validate measurements. 

Permanent and temporary odorization injection equipment should be installed, tested and filled with odorant. 

Flare systems should be located and tested.

Operating conditions should be calculated for flow, pressure and odorant rates.

Operations and safety procedures should be reviewed with personnel.  Ensure that personnel are informed, trained and competent.

Make notifications as required.
 
Odorant Conditioning Operations

Begin record keeping (date, time, pressure, flow, odorant injection rates and odorant readings as a minimum)

Purge system with natural gas.  Consider using a nitrogen slug to separate the natural gas from the residual mixture in the system.

Use the calculated flows, pressures and odorant concentrations to begin odorant conditioning.  

Monitor odorant levels at prescribed test locations.


After desired downstream odorant levels are reached, adjust the system to operating pressures and flows.  Continue monitoring odorant levels.  Odor fade can change with changes to flow and pressure so ongoing monitoring is required.

Odorant Conditioning Post Operations

Perform follow-up odorant level testing.  Odorant conditioning may have to be repeated if odorant levels become low.  This can be due to changes to the operating conditions.

Records should be kept of the system operating parameters and odorant levels during the condition program.  These records can be used to build a database for future odorant conditioning projects.

Odorant Conditioning Program Examples

Case 1 – New Pipeline Not in Service

Use the Front End Odorization method.  Flow highly odorized gas through the system and measure at the far end before being flared.  Over time the odorant concentration at the far end will increase.  Adjust odorant injection levels as required.  Lower gas flow rates and higher pressures will increase pipeline conditioning.  Once the pipeline is conditioned and put into service, downstream odorant testing must also be part of the start-up program with odorant levels adjusted as required.  The longer a pipeline has sat unused after odorant conditioning, the more likely supplemental odorization conditioning will be required.

Another option is the static technique which is a batch process where highly odorized gas is placed in the system and left to react for a period of time before being purged and flared.  Normally this is followed with either the Front End or Tail End Odorization methods.  

Case 2 – New Pipeline Feeding Existing Distribution System

Use both Front End and Tail End Odorization methods.  Set up odorization test points throughout the distribution system.  Install temporary odorizer(s) at the front end and tail end of the new pipeline.  Modulate odorant levels at the front end of the new pipeline based on odorant measurements at the new pipeline outlet.  Modulate tail end odorization based on odorization test point results throughout the distribution system.

Conclusion

Natural gas system odorization levels are subject to odor fade due to adsorption, absorption and various chemical reactions.  This occurs in particular in new systems until an odorant equilibrium is reached between the natural gas stream and the natural gas system.  This loss in odorization is of great concern to the industry as odorization is its number one safety initiative.  

Natural Gas System Operators must plan for and execute programs that address and compensate for odor fade, especially in new natural gas systems.
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Figure 8.2 Typical Flowing Conditioning Configurations
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