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Introduction

When you think of natural gas measurement you most likely think of meters or volume measurement.  However, gas bills are in “therms” (gigajoules, GJ) not flow rates like “scf” or “Mcf” (cubic meter, m3).  To determine therms we need to know the flow rates and billing rates (“BTU”).  BTU is determined by   measurements of other parameters like hydrocarbon composition, carbon dioxide, and nitrogen.  But is that all that needs to be measured by a gas distribution company?  In order to transport gas through pipelines and supply customers, other measurement devices may be needed to ensure an acceptable gas quality.  Acceptable gas quality is specified in Tariffs or in contractual agreement between the utility and its gas suppliers. In this presentation we will go over typical natural gas parameters that should be specified. 
Natural Gas

Natural gas consists mainly of methane.  There are also other hydrocarbons in the gas, such as ethane, propane, i-butane, n-butane, i-pentane, n-pentane, hexanes and heavier hydrocarbons.  Non-hydrocarbons components such as carbon dioxide, nitrogen and oxygen may also be present at lower concentrations.  Hydrogen sulfide, odorant or naturally occurring sulfur compounds may also be present.
Gas quality is also defined by other natural gas properties, such as heating value, water vapor content, hydrocarbon dew point and Wobbe Index.  These properties and natural gas compositions can vary considerably for gas sources from different gas wells or fields.  Often raw natural gas cannot be transported unless it is processed to meet a gas quality specification.  
Gas Quality Specifications

Gas companies will stipulate gas quality limits for supplies entering the pipeline.  Gas quality specifications may differ from company to company, based on their pipeline facilities, operating conditions and end use.   Interstate natural gas pipeline companies have their gas quality specifications documented in a Tariff approved by FERC.  These specifications may include the following natural gas properties discussed below. 
Heating Value

BTU or British Thermal Unit is the energy required to raise the temperature of a pound of water by one degree Fahrenheit.  High heating value or “BTU” is an important gas quality parameter to specify as the amount of energy released per volume of gas combusted in customer appliances or equipment.  This is the value needed for billing factor.  The heating value is typically specified as gross or higher heating value (HHV) in BTU per cubic foot of natural gas as if it were free of water vapor (dry).    The cubic feet is at standard condition or base pressure of 14.73 psia and base temperature 60°F for custody transfer per North American Energy Standards Board (NAESB).
Wobbe Index and Interchangeability Indices

Wobbe Index is a parameter used for the interchangeability of gases.  The Wobbe Index represents the heat energy flow through an orifice and the value changes for different natural gas compositions.  Appliances are designed to operate under a specific heat output.  Wobbe is calculated by dividing the high heating value by the square root of the specific gravity (or real relative density).  The burner performance is also characterized by flame indices such as yellow tipping, lifting and flashback.  AGA and NYSEARCH provide excel spreadsheets that can calculate these indices and predict appliance performance.  The new gas composition and the adjustment gas composition are entered in these interchangeability modeling tools to evaluate the effect of the variation of gas compositions on residential burner performance without requiring adjustment to the appliance.  
Total Inerts

The total inerts is calculated by the sum of the nitrogen, oxygen, carbon dioxide and other diluents.  These compounds are considered inert because they have no heating value.   Having too much inerts lowers the BTU of the gas and may cause burner performance problems.   Also, moving inert gas through a pipeline requires added energy and uses up pipeline capacity.
Carbon Dioxide

Carbon dioxide (CO2) can be corrosive in the presence of liquid water.  Having a limit on carbon dioxide will prevent damage to pipeline and customer equipment.    
Oxygen

Oxygen is inadvertently introduced into natural gas via leaks, and/or low pressure or vacuum operations commonly encountered supplemental gas and biogas.   Oxygen can accelerate the corrosion rate with water.  Minimizing oxygen will prevent corrosion.
Sulfur

Sulfur compounds in natural gas include hydrogen sulfide which may be toxic and/or corrosive with water.  Other sulfur compounds are mercaptans which give natural gas a characteristic odor but in excess can result in increased leak complaints.   The total sulfur content can also affect odorization, corrosion, and result in poisoned catalysts, damages to appliances, and excessive sulfur or sulfur dioxide emissions.
Water Vapor Content or Dew Points

Natural gas can hold a limited amount of water in the vapor state.  Water vapor content is expressed as pounds per million standard cubic feet (lb/MMscf) or parts per million (ppmv).  Water dew point is the temperature at a specific pressure where water condensation begins.  Excess water may result in condensation, freezing or hydrate formation.   This may occur at pressure regulator stations due to the Joule-Thompson (J-T) cooling effect, i.e., six degree drop for every 100 psi pressure cut.
Hydrocarbon Dewpoint and Liquids

Hydrocarbon dew point is the temperature at a specific pressure which hydrocarbon condensation begins.  The highest dew point temperature of the gas is called Cricondentherm (CHDP) and may be specified as a limit.  Liquids that form may provide a breeding ground for bacterial corrosion, damage elastomers in piping system, pool in low spots or may carry over into customer meters.
Trace Compounds

Traces of other compounds such as volatile organic compounds (VOCs) or aromatics, metals, dust, gum or oils may be present depending upon the gas wells or non-conventional sources of gas.   Some trace compounds could act alone or be combined with other compounds to be corrosive, contaminate equipment or may be hazardous.  
Gas Quality Measurements

Gas quality monitors may be used to ensure that gas quality specifications are met at the point of delivery.  Gas quality may vary if the sources change or if there is an upset in gas processing.    
Gas quality data is obtained either by periodic gas samples analyzed at a lab or by online gas chromatographs (GC). The GC determines the hydrocarbon composition (methane, ethane, propane, i-butane, n-butane, i-pentane, n-pentane, hexanes+), carbon dioxide and nitrogen.  GC data is used to calculate the heating value, specific gravity and compressibility factor.  The GC data could be used to determine if gas meets gas quality specifications and if gas quality enforcement action should be taken.
There are also continuous analyzers for carbon dioxide and oxygen. 
Another online analyzer used for gas quality monitoring is a hydrogen sulfide (H2S) analyzer.   There are also sulfur speciated GCs or total sulfur analyzer to monitor for odorant or other sulfur compound levels.  Gas can be collected in sample bags and analyzed within 24 hours.  There are also color indicator tubes for certain sulfur compounds that can be used in the field.
Water vapor content can be tested on-site several ways:  chilled mirror, color indicator tubes, hygrometers, and laser spectroscopy.  Hydrocarbon dew point can be tested also using the chilled mirror method.  CHDP can be calculated using extended hydrocarbon analysis and a process simulation program.
Conclusion

It is important that gas quality parameters be measured and specifications be enforced.  Gas that doesn’t meet gas quality parameters may result in interruption of service, overpressure or customer complaints.  Gas quality limits should be specified to the pipeline operating conditions and ambient temperatures.  Also, end-use equipment should be configured over the range of gas quality specification.  A comprehensive gas quality management program may include specifications, enforcement, monitoring and mitigation.
	
3

