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Bob Bennett

Honeywell

Nebraska City, NE

30 Years

Southwest Gas Corporation
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Gas Measurement Law

Billing in Volume (VB) = VMeter x
P
M

P
B

x
T
B

T
M

x FPV
2

Billing in Energy = VMeter x
PM
PB

x
TB
TM

x FPV
2x

BTU

FT3
x (

Therm

100,000 BTU
)

VMeter = Metered Volume  (Uncorrected)

PM = Absolute Metering Pressure

PB  = Base Pressure

TB  = Absolute Base Temperature

Tm    = Absolute Metering Temperature

Fpv = Supercompressibility Factor
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“If at first you don’t succeed, cheat.”

Red Buttons
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Codes

Department of Transportation

State Utility Commission Rules and 

Regulations

National Fuel Gas Code

Manufacturers Specifications and 

Recommendations

Company Standards and  Procedures

AGA and/or ANSI Standards

National Electrical Code

API 1104 Welding
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Tariffs – Billing in Volume

𝑉𝐵𝑎𝑠𝑒 = 𝑉𝑀𝑒𝑡𝑒𝑟 𝑥
𝑃𝑀

𝑃𝐵
𝑥
𝑇𝐵

𝑇𝑀
𝑥 𝐹𝑝𝑣

2

Tariff (Rate Structure) defines:

Units for Billing (Cubic Feet or Therms)

Base Pressure (Pb)

Base Temperature (Tb)

Range of Heating Value

Nature and Allowable Cost of Service

Operating Practices
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Tariffs – Billing in Energy

𝐵𝑖𝑙𝑙𝑖𝑛𝑔 𝑖𝑛 𝐸𝑛𝑒𝑟𝑔𝑦 =

𝑉𝑀𝑒𝑡𝑒𝑟 𝑥
𝑃
𝑀

𝑃𝐵

𝑥
𝑇
𝐵

𝑇𝑀
𝑥 𝐹𝑃𝑉

2𝑥
𝐵𝑇𝑈

𝐹𝑇3
𝑥 (

𝑇ℎ𝑒𝑟𝑚

100,000 𝐵𝑇𝑈
)

Where E = Therms
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“Ideas are a dime a dozen.  People who put them into action are priceless.”

Unknown
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Metering

Gas Measurement Law

𝑉𝐵𝑎𝑠𝑒 = 𝑉𝑀𝑒𝑡𝑒𝑟 𝑥
𝑃𝑀

𝑃𝐵
𝑥
𝑇𝐵

𝑇𝑀
𝑥 𝐹𝑝𝑣

2

Various types of meters provide the VMeter, the Uncorrected 
Volume or the Volume registered by the meter.
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Types of Meters – Positive Displacement

Diaphragm

Rotary

Wet Test



Honeywell Confidential © 2017 by Honeywell International Inc. All rights reserved. 

10

Positive Displacement

1. Diaphragm



Honeywell Confidential © 2017 by Honeywell International Inc. All rights reserved. 

11

Positive Displacement

1. Diaphragm

2. Rotary
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Positive Displacement

1. Diaphragm

2. Rotary

3. Wet Test
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Types of Meters – Inferential 

Turbine

Orifice

Elbow & Centrifugal

Differential Head Meters

Area Meters

Sonic/Ultrasonic Meters

Mass Meters
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Inferential Meters

1. Turbine
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Inferential Meters

1. Turbine

2. Orifice
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Inferential Meters

1. Turbine

2. Orifice

3. Differential Head
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Inferential Meters

1. Turbine

2. Orifice

3. Differential Head

4. Area Meter
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Inferential Meters

1. Turbine

2. Orifice

3. Differential Head

4. Area Meter

5. Ultrasonic
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Inferential Meters

1. Turbine

2. Orifice

3. Differential Head

4. Area Meter

5. Ultrasonic

6. Mass Meter
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“Some of those in the rear may not be able to hear me.  Those of you in the front 

may want to go back and join them.”

Unknown
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Regulation

Gas Measurement Law

𝑉𝐵𝑎𝑠𝑒 = 𝑉𝑀𝑒𝑡𝑒𝑟 𝑥
𝑃𝑀

𝑃𝐵
𝑥
𝑇𝐵

𝑇𝑀
𝑥 𝐹𝑝𝑣

2

Regulation provides the PM, the pressure on the gas flowing 
through the meter.
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Regulation

Low Pressure Meter Sets

Fixed Factor Meter Sets

Line Pressure Meter Sets
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Low Pressure Meter Sets

Meter measures gas at or near to base conditions (7” w.c.)

METER

HOME

MAIN

REGULATOR

VALVE
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Fixed Factor Meter Sets

Type “F” 
Filter

30 psig 
Inlet Regulator

Meter

Relief Valve

Regulator 7” w.c. 
Outlet

5 psig

Solenoid 
Valve

Burner 
Load
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Fixed Factor Meter Sets

Fixed Factor Meter Sets demand a constant delivery pressure 

through a positive displacement or turbine meter.

𝑉𝐵𝑎𝑠𝑒 = 𝑉𝑀𝑒𝑡𝑒𝑟 𝑥
𝑃𝑀

𝑃𝐵
𝑥
𝑇𝐵

𝑇𝑀
𝑥 𝐹𝑝𝑣

2

The metered volume (𝑉𝑀𝑒𝑡𝑒𝑟 ) is multiplied by a “Fixed Pressure” 

Correction Factor.
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Fixed Factor Meter Sets

Pressure Correction Factor = Τ𝑃
𝑚 𝑃

𝑏

Where:

Pm = Flowing Pressure + Atmospheric Pressure

Pb = Base Pressure

The prime requisite is accurate regulation over a 

range of flow rates going through the meter
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Line Pressure Meter Sets

METER

FILTER

50 psig 
INLET

7” w.c.
OUTLET

REGULATOR
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Line Pressure Meter Sets

Line Pressure Meter Sets have constantly changing 

pressures and/or temperatures flowing through the meter.
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Line Pressure Meter Sets

The metered volume therefore must be multiplied by variable 

Pressure, Temperature and Supercompressibility Factors.

𝑉𝐵𝑎𝑠𝑒 = 𝑉𝑀𝑒𝑡𝑒𝑟 𝑥
𝑃𝑀

𝑃𝐵
𝑥
𝑇𝐵

𝑇𝑀
𝑥 𝐹𝑝𝑣

2
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“Thanks to the Interstate System, it is now possible to go coast to coast without 

seeing anything.”

Charles Kuralt
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Instrumentation

Gas Measurement Law

𝑉𝐵𝑎𝑠𝑒 = 𝑉𝑀𝑒𝑡𝑒𝑟 𝑥
𝑃𝑀

𝑃𝐵
𝑥
𝑇𝐵

𝑇𝑀
𝑥 𝐹𝑝𝑣

2

Instrumentation can provide  Pm , Tm and Fpv

The gas components and/or characteristics to determine Fpv
2

Volumes based on various Basic Gas Laws
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Correctors
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Electronic Indexes

36
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Chromatographs

../../../../../Amends/ENCAL%203000/EnCal%203000%20Product%20Training.ppt
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Communications

• MODBUS - programmable

• 1x TCP/IP

• 2x RS485 interface

• 4 digital outputs

• 2 digital inputs

• 4 analog outputs

• Integrated logging 

• Measurements as mean values (e.g. 

on hourly basis) or current values. 

Integrated logging of measurement 

system status and external events
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Odorization
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Moisture Analyzers
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Automatic Meter Reading
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Automatic Meter Reading
42

EnergyAxis 900 MHz

Wake-Up 451 MHz

SynergyNet

Mobile RF Communication Links

To CIS, MDM, 

Billing

RF 
Beltclip
Radio

Metercat Server
(web-server and network database)

Optical 

probe

Metercat Administrator Stations

Bluetoot
h

Gas

Water

Electric MeterSense

Inspector

Mobile Collector

¼W 1W 

¼W 
12W 

Route Manager

FieldSense Installer

4G LTE VPN

WiFi

USB or WiFi

Android Mobile 

Field Apps

To CIS, MDM, 

Billing
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Wireless Telemetry
Applications:

• Gas system pressure monitoring

• Distribution Metering

• Gas Pipeline Metering

• Gas Wellhead Metering

• Corrosion Monitoring

• Renewable power assemblies

• Serial Transparent Cellular Modem 
assemblies (3rd party equipment)

Technologies

• Cellular – GSM/GPRS/HSPA, CDMA

• ISM Radio (licensed & unlicensed; 
incl. 902 MHz)

• LEO Satellite

• GEO Satellite

• Power Technologies: Solar; Class 1 
Division 2 AC Power; Thermal Electric 
Generator; advanced battery systems
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MSA Considerations

Type of Customer

Connected Load

Diversity Factor

Pressure Needed

http://elsternagsharep/Web%20Graphics/Miscellaneous/iStock_000001543542Large.jpg
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MSA Considerations

Initial Cost

Future Maintenance Costs

Overall Accuracy

Location, Access

Long Term Performance

Rate of Return on Investment

http://elsternagsharep/Web%20Graphics/Industry/Fotosearch_15566-06wm.jpg
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Sizing Exercise

Type of Load BTU Rating FT3/Hour 
 

Water Heater         40,000  
Furnace       100,000  
Dryer         20,000  
Range         40,000  
          Total       200,000  
Pool Heater         
BBQ   
Spa   
          Total       200,000  
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Sizing Exercise

One Cubic Foot of Natural Gas = Approximately 1000 BTUs 

of Heating Value

One Therm = Approximately 100 ft3 of Natural Gas
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Sizing Exercise

Type of Load BTU Rating Ft3/Hour 
 

Water Heater         40,000           40 
Furnace       100,000         100 
Dryer         20,000           20 
Range         40,000           40 
          Total       200,000         200 
Pool Heater   
BBQ   
Spa   
          Total       200,000         200 
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Diaphragm Meter Capacity Table

49
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Sizing Exercise

Type of Load BTU Rating Ft3/Hour 

10 - 250,000  
BTU Furnaces 

  

5 - 50,000 
BTU Heaters 

  

1 - 2,500,000 
BTU Boilers 

  

        Total   
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Sizing Exercise

Type of Load BTU Rating Ft3/Hour 

10 - 250,000 
BTU Furnaces 

    2,500,000          2,500 

5 - 50,000 
BTU Heaters 

       250,000             250 
 

1 - 2,500,000 
BTU Boilers 

    2,500,000          2,500 

           Total    5,250,000          5,250 
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Design a Meter Set

Qconnected Load = 5,250 scfh

Maximum Inlet Pressure = 60 psig

Minimum Inlet Pressure = 30 psig

Outlet Pressure = 5 PSIG

Customer needs 7” w.c. @ Burners

No Diversity Factor

Qminimum = 10 scfh
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Fixed Factor Meter Sets

Type “F” 
Filter

30 psig 
Inlet Regulator

Meter

Relief Valve

Regulator 7” w.c. 
Outlet

5 psig

Solenoid 
Valve

Burner 
Load
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Diaphragm Meter Capacity Table

54
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Rotary Meter Capacity Table
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Turbine Meter Capacity Table

56
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Fixed Factor Meter Sets

Type “F” 
Filter

30 psig 
Inlet Regulator

Meter

Regulator 7” w.c. 
Outlet

5 psig

Solenoid 
Valve

Burner 
Load

AL 2300

5.5M Rotary

3” Turbine
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1804 PFM Pilot-Operated Regulator

58
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Fixed Factor Meter Sets

Type “F” 
Filter

30 psig 
Inlet Regulator

Meter

Relief Valve

Regulator 7” w.c. 
Outlet

5 psig

Solenoid 
Valve

Burner 
Load

AL 2300

5.5M Rotary

3” Turbine

2” 1805 PFM

1/2” Orifice

5# Set
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Design a Meter Set

Qconnected Load = 5,250 scfh

Maximum Inlet Pressure = 60 psig

Minimum Inlet Pressure = 30 psig

Outlet Pressure = 2 PSIG

Customer needs 7” w.c. @ Burners

No Diversity Factor

Qminimum = 10 scfh
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Fixed Factor Meter Sets

Type “F” 
Filter

30 psig 
Inlet Regulator

Meter

Relief Valve

Regulator 7” w.c. 
Outlet

2 psig

Solenoid 
Valve

Burner 
Load
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Diaphragm Meter Capacity Table

62
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Rotary Meter Capacity Table
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Turbine Meter Capacity Table
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Fixed Factor Meter Sets

Type “F” 
Filter

30 psig 
Inlet Regulator

Meter

Relief Valve

Regulator 7” w.c. 
Outlet

2 psig

Solenoid 
Valve

Burner 
Load

AL 5000

5.5M Rotary

3” Turbine
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1805 PFM Pilot-Operated Regulator

66
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Fixed Factor Meter Sets

Type “F” 
Filter

30 psig 
Inlet Regulator

Meter

Relief Valve

Regulator 7” w.c. 
Outlet

2 psig

Solenoid 
Valve

Burner 
Load

AL 5000

5.5M Rotary

3” Turbine

2” 1805 PFM

3/8” Orifice

2# Set
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Line Pressure Meter Sets

METER

FILTER

30 PSIG 
INLET

5 PSIG 
OUTLET

REGULATOR
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Diaphragm Meter Capacity Table
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Rotary Meter Capacity Table

70
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Turbine Meter Capacity Table

71
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Line Pressure Meter Sets

METER

FILTER

30 PSIG 
INLET 5 PSIG 

OUTLET

REGULATOR

AL1400

3.5M Rotary

Corrector Relief Valve
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Industrial Regulator Capacity Table

73
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Line Pressure Meter Sets

METER

FILTER

30 PSIG 
INLET 5 PSIG 

OUTLET

REGULATOR

2” 1813B

1/2” Orifice

3 to 5 Spring

AL1400

3.5M Rotary

Corrector Relief Valve
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Station Design

75

Measurement                     

Diaphragm

Rotary

Turbine

Ultrasonic

Orifice

Other

Multiple Runs

By-pass

Regulation

Low Pressure

Fixed Factor

Line Pressure

Pressure Protection
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Station Design

Cathodic Protection

Security

Communication

Valves

Other Equipment

BTU Analyzers

Odorization

Maintenance

Training

Tools/Materials

http://elsternagsharep/Web%20Graphics/Industry/Fotosearch_15566-42wm.jpg
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Station Design

Consider Installation, Operational &, Maintenance 

Requirements

Gauge Openings

Standardize

As-built drawings

Protection

Weather

Electrical

Vandalism

Damage from Outside Forces 
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Station Design

Valves

Filtration/Gas Conditioning

Avoid Turbulence

Gas Heaters

Isolation for maintenance

Above vs. below ground  installations

Viewing gauges

Dual runs
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Station Design

Proper regulator for conditions

Corrosion Control

Operation of relief valves

Sizing considerations

Main regulators

Relief valves

Monitor
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Station Design

Piping

Supports

Main runs

Relief valve

Control Piping

Gas Velocity

Location of changes in pipe size

< 70 ft/sec - inlet

< 200 ft/sec - outlet

Long radius ells

Control piping - 1/4” or 1/2”
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Station Design

Filters

Use where needed

Differential indicators

Maintenance

Schedule

Clearance

Serving pilot regulators
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Station Design

Sensing/Bleed Lines

Right size

Right distance from regulator; run to where control is 
desired

Not subject to vibration

Mechanical damage

Valves that show position

Consider corrosion control
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Station Maintenance

1. Schedule

2. Tools

3. Training

4. Parts

5. Drawings

6. Correct lubricants

7. Depressurize

8. Housekeeping
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Station Maintenance

9. Avoid excessive grease & sealing compound

10. Check for free movement in linkages

11. Check for leakage

12. Check valves in proper position
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Questions?

Robert.bennett@Honeywell.com
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