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Introduction
The commercial meter set is a critical component in the safe and consistent delivery of natural gas. It serves as the handoff point, the point where the utility’s gas facilities directly connect to the customer’s piping. The meter set assembly is an integrated system designed to provide pressure regulation, gas measurement, and overpressure protection in accordance with applicable ANSI and AGA standards. The assembly includes a gas meter suitable for measuring customer consumption at service conditions and a device capable of transmitting data to support billing and operational requirements.
The purpose of this paper is to discuss selected regulatory and design requirements and to provide guidance on commercial meter set design, with an emphasis on situations that require custom metering solutions at customer facilities. This paper focuses on metering applications located downstream of the gate station within a distribution system; transmission meter set design is outside the scope of this discussion.
Many gas utilities many commercial customers have load requirements that can be accommodated by meter set assemblies that are similar to residential designs. This approach allows a common meter set configuration to be applied across multiple customer classes. Other commercial and industrial customers have service conditions that exceed the capabilities of standard designs. Some of these conditions may include elevated delivery pressures, higher gas flow rates, or site‑specific inlet piping constraints. When standard designs are not suitable, a meter set assembly engineered to meet the customer’s specific operating conditions is required.
Incorporating safety into operational practices is a key initiative for many utilities. Designing meter sets with safety as a primary consideration is critical to protecting both customers and the utility personnel responsible for maintaining these facilities, while also ensuring the reliable delivery of energy to residences and customer facilities. Because most buildings connected to gas systems are occupied for at least part of the time—and represent significant investments of human capital and physical resources—safety must remain foremost in the designer’s considerations throughout the meter‑set design process.

Codes and Standards 
Numerous requirements govern the design of natural gas piping installations. The most significant of these is 49 CFR Part 192, which establishes federal safety standards for pipeline systems that transport natural gas. Another widely used and important standard is ASME B31.8, which addresses gas transmission and distribution pressure piping systems and contains many requirements that are consistent with 49 CFR Part 192. NFPA 54 is the national fuel gas code. And there is the ANSI/AGA B109 series that deals with metering. In addition to these federal codes and standards, state regulations, company standards and specifications, and manufacturer instructions also influence the design of natural gas piping systems. Understanding how these codes, standards, and specifications are practically applied to meter set design is critical.
Design Considerations 
When beginning a meter set design, it is important to determine the following information early in the design process. 
Upstream Piping MAOP
Determining the Maximum Allowable Operating Pressure (MAOP) of the upstream system supplying gas to the meter set is a critical first step in the design process. Establishing the available pressure informs equipment selection and defines the design basis for the system. The inlet MAOP is used to size the inlet piping, fittings, regulator, and relief devices, and it represents the maximum pressure the meter set may experience while in service. 
The inlet MAOP is also used to calculate the regulator failure flow, if required. Failure flow represents the maximum potential flow through the regulator under a failure condition. This can be thought of as a situation where the regulator is wide open and flowing gas at a high flow rate. In addition, the MAOP helps to establish the pressure test requirements for the piping and system components. It is critical that all materials and equipment are properly rated for the maximum pressure to which they will be exposed during operation.  
Inlet MAOP and Pressure
The inlet pressure to a meter set is typically equal to the operating pressure of the existing upstream gas piping system. While some installations—such as those serving large industrial customers—may require the construction of new piping and pressure‑regulation facilities, most new services are connected to existing gas distribution or transmission facilities. As a result, it is essential to determine the Maximum Allowable Operating Pressure (MAOP) of the pipeline segment to which the meter set will be connected, as defined and limited in accordance with 49 CFR §192.619 and ASME B31.8. System’s or record, pressure test data or design documents can also provide this information. 
All piping, pressure‑containing components, and appurtenances upstream of the pressure‑regulating device should be designed and rated for a pressure not less than the MAOP of the supplying pipeline segment. The inlet portion of the meter set should therefore be capable of safely withstanding this pressure up to the point at which pressure is reduced to the required delivery pressure. In accordance with 49 CFR Part 192, Subpart H, pressure regulation may be located either upstream or downstream of the meter, provided that all components are properly designed for the pressures to which they are exposed.
Regulation
Regulation is key to safely and consistently delivering the proper pressure to the customer. The selection of the regulation method is critical to the overall design; as designs become more customized, the regulation selection often becomes more application-specific. It is important to determine both the upstream and downstream pressures of the regulator, as this will dictate what equipment can accommodate the pressures and at what ANSI pressure class.
The regulation and overpressure protection strategy will also significantly influence the selection process. Overpressure protection methods—such as a monitor regulator, relief valve, or shut-off valve—can be used to protect the downstream system. If a relief valve is used, the failure flow rate of the largest-capacity regulator must be calculated. There are a variety of methods available to perform this calculation, and in many cases manufacturer-specific methods and data must be referenced. The relief valve must then be sized to accommodate this failure flow.
Many utilities develop standard regulator selections that are applicable within defined load and pressure ranges. This practice simplifies application by allowing designers to use technologies that have already been evaluated and vetted for specific operating conditions. The designer can then rely on a “go-to” regulator for a defined range of operating conditions.
The location of regulation within the meter set is also an important consideration. When gas is metered upstream of regulation, the meter and associated piping operate at higher pressure, allowing for smaller-diameter piping and a smaller meter due to increased gas density. However, this configuration can subject the meter to greater pressure fluctuations as system pressures rise and fall with demand and local conditions.
Alternatively, when metering is performed downstream of regulation, the meter and downstream piping operate at a reduced but more stable pressure. This requires a higher-capacity meter, which is often physically larger, along with larger piping. In this configuration, the pressure entering the meter is more consistent, which can be advantageous for measurement accuracy by eliminating pressure variation effects.
The selection of regulator and meter location should consider MAOP, required delivery pressure, flow requirements, pressure-limiting protection, and compliance with applicable provisions of ASME B31.8 and 49 CFR Part 192.
Minimum Inlet Pressure 
The minimum inlet (delivery) pressure is available to the meter set is the worst‑case operating conditions. This pressure establishes the lower boundary for design and is necessary to ensure that the pressure regulator and associated meter‑set components can meet downstream flow requirements at the lowest anticipated supply pressure. In practical terms, the system must be capable of delivering the required gas flow to the customer when inlet pressure is at its minimum expected value.
The minimum inlet pressure is therefore a critical design parameter for regulator sizing, capacity verification, and system performance validation. Evaluation of this condition requires consideration of system demand, upstream constraints, and operating scenarios that may result in reduced supply pressure. Gas planning tools are commonly used to evaluate these conditions and to establish minimum inlet pressures for design purposes. Such analyses account for the behavior of the system and provide insight into worst‑case operating scenarios.
When formal gas planning methods or software are not available, engineers may need to rely on historical system data, field measurements, and conservative engineering judgment to estimate minimum inlet pressure. Regardless of the method used, determination of the lowest expected inlet pressure is necessary to support reliable system operation and to demonstrate that the meter set and regulator configuration can satisfy downstream demand in accordance with applicable design and safety requirements.
Velocity
The gas velocity in the inlet piping to the meter set should be calculated as part of the design evaluation. For projects involving a system rebuild or an increase in capacity, it is necessary to verify that the existing inlet piping is adequate to supply gas to the new meter set at an acceptable velocity. Existing piping that was sufficient for previous operating conditions may no longer be appropriate when flow rates increase.
As a general industry guideline, inlet gas velocities should be limited to approximately 70 ft/s or less. While velocities higher than this may be technically acceptable, they warrant careful evaluation of potential impacts on the system components subjected to the increased velocity. Elevated velocities can increase noise, pressure loss, vibration, and the potential for erosion or accelerated wear, particularly at fittings, valves, reducers, and meter or regulator inlets.
Maintaining gas velocities near or below 70 ft/s helps reduce the likelihood of erosion‑related concerns and supports reliable long‑term operation. Where higher velocities are unavoidable, additional analysis should be performed to assess erosion risk and guide the selection of suitable components. Evaluation of erosion potential may be further examined using the calculation procedures outlined in API RP 14E, which provides guidance for estimating erosional velocity limits based on fluid properties, operating conditions, and material considerations.
Velocity in the piping can be calculated with:  
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Outlet MAOP and Pressure Control
The outlet Maximum Allowable Operating Pressure (MAOP) of the meter set is used to establish the regulator setpoint, determine the need for and sizing of pressure‑limiting and pressure‑relief devices, and size the downstream outlet piping. The regulated outlet pressure is selected to ensure reliable delivery of gas while maintaining pressures within the allowable limits of downstream facilities.
The outlet MAOP downstream of the regulator should be well below the MAOP of the customer’s piping. Most customers rely on the utility to provide over‑pressure protection for their facilities, and the meter set design must reflect this responsibility. The set point of the working regulator, monitoring regulators (if applicable), and relief devices should be coordinated to prevent exceeding the customer’s MAOP while also ensuring there is sufficient pressure to serve the connected load.
Customer Load Determination
Determining the customer’s gas load is a critical element of meter‑set design. Accurate load determination is necessary to appropriately size the meter, regulator, and associated piping. The required customer load is defined by the volumetric flow rate and the operating pressure needed to support the customer’s gas‑fired equipment during anticipated operating conditions.
Where possible, manufacturer’s cut sheets and nameplate data for customer equipment should be obtained to establish individual appliance loads. When such documentation is not available, discussions with the customer’s engineering staff, facility management, or maintenance personnel can provide valuable information regarding equipment operation, duty cycles, and anticipated demand. This information is essential to developing an accurate determination of the required gas capacity.
Meter Sizing and Load
Meters are typically selected based on the anticipated maximum load condition and minimum inlet pressure to ensure adequate capacity under all credible operating scenarios. In many installations, it is unlikely that all gas‑fired appliances will operate simultaneously at full load. Nevertheless, the total connected load is often used as the conservative basis for  sizing to ensure the system can accommodate peak demand should it occur.
This approach can result in a meter that is oversized under normal operating conditions. Designers should therefore consider whether future load growth is anticipated and what, if any, provisions should be incorporated to accommodate such expansion. Load diversity—the likelihood that not all appliances operate at the same time—may justify use of a different design load when accurate, verifiable operating data are available.
Advanced metering infrastructure (AMI), interval data, or other documented operating records can support the development and validation of a diversified load profile. When such data is available and reliable, it may be helpful information to use for the design. 
Downstream Piping and Delivery Pressure Considerations
Both the customer’s facility piping and the upstream service piping supplying the meter set should be evaluated to confirm they can deliver the required gas load at the selected delivery pressure. Delivery pressure may be intentionally selected to reduce required pipe diameter, thereby lowering material and installation costs. Higher delivery pressures allow smaller piping to convey equivalent gas volumes but may require additional pressure regulation and protection.
Selection of delivery pressure represents a cost and design tradeoff and is influenced by available system pressure, customer requirements, regulatory constraints, and future system planning considerations. All piping and components should be designed and rated for the applicable operating pressures and comply with ASME B31.8 and 49 CFR Part 192 requirements. It is very important to be aware of the customer’s MAOP and any pressure limitations or requirements in their downstream piping or equipment. Good customer service and open communication can go a long way towards getting accurate information for design.  
Meter Selection
Selection and sizing of the gas meter are critical elements of meter‑set design. In many installations, the meter represents the flow‑limiting component of the system; therefore, proper meter selection is essential to ensuring that customer load requirements can be met without undue pressure loss or degradation of measurement accuracy.
Meter selection follows principles similar to those used for other meter‑set components. The meter must be capable of delivering the required customer flow while operating within the pressure range of the system. Each meter manufacturer has information to aid in the selection of their equipment. Utilities may also maintain pre‑established meter sizing guidelines based on operating experience and standardized pressure and flow ranges. While these guidelines are useful for preliminary selection, they should not replace project‑specific verification that a given meter is suitable for the intended application.
Load characteristics must be carefully evaluated during meter selection. Considerations include daily and seasonal load variation, minimum and low‑flow conditions, peak demand, and the distinction between continuous process loads and intermittent appliance loads. These factors influence not only meter capacity but also the selection of appropriate meter technology. The chosen meter type must be capable of accurately measuring flow across the anticipated operating range while reliably supplying the customer’s demand.
Most meter technologies perform optimally within a defined flow range established by the manufacturer. Meter accuracy is highest when operation remains within this recommended range. Operation near the upper or lower limits of the meter’s capacity—or beyond those limits—can negatively impact measurement accuracy. Short‑duration excursions outside the ideal operating range may be acceptable in certain applications; however, repeated or sustained operation at these extremes should be avoided unless specifically evaluated.
A thorough understanding of the customer’s load profile, delivery pressure, and potential future operating conditions is therefore essential for proper meter selection. These considerations help ensure that the selected meter provides adequate capacity, maintains acceptable accuracy, accommodates load variability, and supports safe and reliable system operation over the life of the installation.
Meter Types and Key Features
The following provides a concise overview of common gas meter technologies used in distribution and station applications, including their primary characteristics and typical advantages and limitations. This summary is intended to support understanding of meter selection considerations rather than replace manufacturer‑specific sizing and application guidance.
Diaphragm Meters
Diaphragm meters are positive displacement meters and are the most commonly used gas meters by many utilities. They are widely used in residential and light commercial applications. This technology is well‑proven, durable, and reliable. They are mechanical meters and have a long history of use in the gas utility industry. Diaphragm meters are typically applied in lower‑pressure systems, though pressure capability generally increases with meter size; higher‑capacity diaphragm meters are rated for higher MAOPs. Among the meter types discussed, diaphragm meters are typically the lowest‑cost option.
Rotary Meters
Rotary meters are also positive displacement meters and are known for their high accuracy, reliability, and low maintenance requirements. The primary means of measurement is mechanical with the gas moving a pair of volutes as the gas flows through them. They provide accurate measurement over a wide flow, pressure, and temperature range and generally have a smaller footprint than diaphragm meters for a given capacity. Rotary meters are capable of handling higher pressures and are commonly used in commercial and industrial applications. Proper protection of the meter is essential; installation of an inline strainer or filter is recommended to prevent weld slag, scale, or debris from damaging internal components with tight tolerances.
Turbine Meters
Turbine meters are well suited for medium‑ to high‑flow natural gas applications and offer good accuracy with a favorable cost‑to‑performance ratio at higher flow rates. Proper selection of turbine blade pitch is critical to achieving optimal performance for the intended flow range and there are applications where capacity can be increased with the installation of a different cartridge. Installation details are important; sufficient piping support and accessibility must be provided to allow maintenance without adversely affecting meter operation. Older turbine designs that rely on rigid, flat‑faced flange installation and “pinch” the meter body should be avoided, as they can cause mechanical binding and reduced accuracy. Upstream filtration may also be a consideration, especially if there is particulate in the gas stream. 
Ultrasonic Meters
Ultrasonic meters provide high accuracy across a range of flow rates, they are very reliable and operate with very low pressure loss. They are typically a higher‑cost solution compared to diaphragm, rotary, or turbine meters, their performance advantages often justify their use in high‑pressure and high‑capacity applications. Ultrasonic meters may require careful attention to inlet and outlet piping geometry, often necessitating longer straight‑pipe runs and, in some cases, flow conditioning. They are the industry standard for custody‑transfer applications and are available in both unidirectional and bidirectional configurations. Smaller ultrasonic meters are also available for lower‑flow, higher‑pressure services, some with integrated flow conditioning. These meters typically offer high turndown ratios and reduced maintenance requirements.
Coriolis Meters
Coriolis meters provide true mass‑flow measurement and offer very high accuracy. They are largely unaffected by changes in pressure, temperature, or gas composition, and they generally do not require specific inlet or outlet piping conditions. These features make Coriolis meters particularly advantageous for retrofit installations or locations with constrained or irregular piping layouts. They are suitable for a wide range of pressures but are typically higher cost than diaphragm, rotary, or turbine meters in comparable sizes. Care should be taken to avoid applications where debris or liquid accumulation could occur within the meter body.
Compensation / Temperature and Pressure Correction
Gas meters measure the actual volume of gas passing through the meter at flowing conditions, which are influenced by metering pressure, gas temperature, and elevation (atmospheric pressure). To determine the quantity of gas delivered under standard conditions, the measured volume must be corrected to standard conditions, resulting in a Standard Cubic Feet per Hour (SCFH) flow rate.
Standard conditions for natural gas are commonly defined as:
· Temperature: 60°F
· Pressure: 14.73 psia (atmospheric pressure at sea level)
· Elevation: 0 feet above sea level
Correction of measured volume is often coordinated across multiple organizational functions. For example, meter shops may configure or program meters with appropriate correction capabilities prior to installation, while billing systems apply the finalized corrections when processing meter data. Regardless of organizational responsibilities, it is important for designers to understand how volume is measured, whether the meter is compensated, and what corrections are required for the selected metering equipment.
Corrected Flow Calculation
Corrected flow to standard conditions is calculated by applying pressure, temperature, and elevation correction factors to the measured flow:
Corrected Flow (SCFH) = Metered Flow × Pf × Pe × Tf
Where:
· Metered Flow = Actual Cubic Feet per Hour (ACFH)
· Pf = Pressure Factor (corrects metering pressure to standard pressure)
· Pe = Elevation Factor (corrects local atmospheric pressure to sea level)
· Tf = Temperature Factor (corrects flowing gas temperature to 60°F)
For temperature‑compensated meters, the temperature factor is internally applied and:
· Tf = 1.0
Elevation Compensation
Elevation affects the local atmospheric pressure and therefore the density of the metered gas. Correction for elevation is made by comparing the absolute atmospheric pressure at the installation site to the standard base pressure.
Pe = Paz / 14.73
Where:
· Pe = Elevation Factor
· Paz = Absolute atmospheric pressure at the meter location (psia)
· 14.73 psia = Standard base pressure at sea level
Tabulated atmospheric pressure values based on elevation are commonly used in practice; however, those tables are not included here.
Pressure Compensation
Pressure compensation is required when gas is metered at pressures above atmospheric conditions. The pressure factor corrects the measured volume from flowing pressure to standard pressure.
Pf = Pabs / 14.73
Where:
· Pf = Pressure Factor
· Pabs = Absolute metering pressure (psia)
Absolute pressure is calculated as:
Pabs = Pg + Paz
Where:
· Pg = Gauge pressure at the meter (psig)
· Paz = Local atmospheric pressure (psia)

Fixed‑Factor Measurement
Fixed‑factor measurement is not typically used for industrial meters. This approach requires a regulator capable of maintaining a constant outlet pressure within approximately ±1% of absolute pressure. Due to this narrow tolerance and the difficulty of maintaining such stability under varying flow conditions, fixed‑factor methods are seldom practical for higher‑capacity or variable‑load installations. As a result, pressure‑compensated or fully corrected meters are more commonly used in industrial and commercial applications.
Delivery Pressure
The delivery pressure of the system is the pressure supplied to the customer at the outlet of the meter set. Gas entering the meter set from the inlet piping is regulated to a pressure suitable for customer use before being delivered across the designated custody transfer point. This regulated pressure defines the operating conditions for the customer’s downstream piping and equipment.
In some applications, customers may request delivery at a higher pressure and design their internal piping systems accordingly, installing secondary regulators at or near individual appliances or process equipment. Regardless of whether pressure regulation is performed solely by the utility or in combination with customer‑owned regulators, a pressure reduction is taken at the meter set, and the resulting delivery pressure is provided to the customer at the custody transfer point.
The agreed‑upon delivery pressure and required volumetric flow rate are typically documented in the service agreement. The utility is contractually obligated to supply gas in accordance with these parameters, making proper regulator selection and sizing critical to system performance. The meter‑set design must ensure that delivery pressure can be maintained under all anticipated operating conditions, including minimum inlet pressure and peak customer demand.
Most utilities maintain standardized approaches for selecting and sizing pressure‑regulating equipment. These practices are often based on manufacturer performance data, internal engineering analysis, and extensive field experience. Due to procurement requirements and the need to support consistent installation, operation, and maintenance, utilities commonly standardize on a defined set of regulator models for specific pressure and flow applications.
As a result, utilities frequently develop pre‑selected regulator tables or device lists, in which regulators have been pre‑evaluated and sized for defined ranges of inlet pressure, outlet pressure, and flow. This standardization supports operational efficiency, simplifies inventory management, and ensures familiarity among field personnel. However, these pre‑selected solutions may not be suitable for all applications.
For operating conditions or applications that fall outside established utility standards, consultation with the regulator manufacturer may be necessary to evaluate alternative equipment or configurations. Engineers must understand not only which devices are typically used by the utility, but also why those selections were made and when deviations are warranted. This understanding is essential to tailoring the pressure‑regulation solution to the specific delivery‑pressure requirements and constraints of each project.
Overpressure Protection
Providing overpressure protection is a code requirement and a critical element of system safety, reliability, and asset protection. Overpressure protection is required whenever a piping system with a lower MAOP is supplied from a source capable of delivering gas at a higher pressure. In meter‑set applications, this protection is provided to ensure that downstream piping and equipment are not exposed to pressures exceeding their rated limits.
Overpressure protection is typically achieved through the use of pressure‑relief devices, most commonly a dedicated relief valve or a regulator equipped with an internal relief mechanism. These devices are designed to limit downstream pressure by releasing gas when pressure rises above a predetermined setpoint, thereby reducing pressure to an acceptable level. Relief valves used in meter‑set applications are typically self‑actuated devices that open when the set pressure is exceeded and reseat once pressure returns to or below the setpoint.
Selection of the overpressure protection method must consider capacity, reliability, and suitability for the specific application. When a regulator with an internal relief valve is used, the relief capacity must be evaluated to determine whether it is sufficient to protect the downstream system in the event of a regulator failure. In particular, the relief device must be capable of safely managing the regulator failure flow, defined as the maximum flow that would pass through the regulator if it were to fail in a fully open position at maximum inlet pressure.
If the internal relief capacity of a regulator is insufficient to handle the calculated failure flow, or if the use of an internal relief is deemed unacceptable based on utility policy or operational considerations, a dedicated relief valve should be installed. The dedicated relief valve must be sized to limit downstream pressure to a value at or below the MAOP of the protected piping and equipment. This valve must be capable of relieving the full regulator failure flow without allowing downstream pressure to exceed allowable limits.
Relief‑valve sizing is typically performed using manufacturer‑provided sizing guidance. For many regulator types, the Universal Sizing Equation or manufacturer‑specific flow equations may be used to determine the potential failure flow based on inlet pressure, gas properties, and regulator coefficients. It is recommended that designers reference applicable manufacturer’s literature to confirm the appropriate sizing method and coefficient values to be used.
Properly designed and sized overpressure protection ensures compliance with regulatory requirements, it protects customer and utility assets and reduces the likelihood of damage resulting from abnormal operating conditions or equipment failure.
General Configuration Considerations
Layout of a meter set requires balancing multiple design requirements to ensure safe operation, accurate measurement, and maintainability while accommodating site‑specific constraints. The selected metering technology, available space, and installation environment largely dictate the piping configuration and the arrangement of the meter and associated equipment.
Many gas‑meter technologies have specific installation requirements that directly influence upstream and downstream piping design. These requirements are typically provided by the manufacturer and must be incorporated into the meter‑set configuration to ensure proper performance and accuracy. Depending on the meter type and application, these requirements may include, but are not limited to:
· Minimum lengths of straight pipe upstream and downstream of the meter
· Filtration or strainers to protect meter internals
· Acceptable inlet and outlet piping geometry
· Use of flow conditioners
· Pressure, temperature, and flow‑capacity limitations
· Consideration of system‑generated noise and vibration
Spatial limitations at the installation site—such as clearance requirements, access for maintenance, and piping routing constraints—must also be considered during layout. The configuration should allow for safe installation, inspection, removal, and servicing of the meter, regulators, valves, and relief devices without requiring excessive disassembly or disruption to the system.
Proper coordination of meter requirements, piping layout, and site constraints is essential to achieving reliable performance, maintaining measurement accuracy, and supporting long‑term operation and maintenance of the meter set.
Maintenance and Operations Considerations
Installation locations often present space limitations that can complicate placement of meters and associated equipment. When space is constrained, thoughtful design and careful configuration are required to ensure that the meter set remains accessible, serviceable, and safe throughout its service life. Providing all required functionality while maintaining adequate access for operations and maintenance must be a priority during the design process.
All valves, fittings, instruments, and connections should be oriented to allow easy access for operation and maintenance. Designers should consider access to side‑mounted equipment, bolting and flange connections, set screws, adjustment screws, and visual indicators to ensure they can be reached and observed without obstruction. Potential conflicts between tools, wrenches, piping, and adjacent equipment should be avoided. Sufficient clearance must be provided to allow insertion and removal of bolts, operation of valves, and safe manipulation of tools. Where feasible, site layout should also allow for truck access so that truck‑mounted cranes or lifting equipment can be used during installation or major maintenance activities.
Maintenance activities can range from routine meter readings and inspections to adjustment of regulators or the complete removal and replacement of the meter set. The configuration of the meter set should allow operations personnel to approach the equipment closely and work safely, without excessive disassembly or exposure to hazards. Relief‑valve vents and regulator exhausts should be located and oriented to avoid directing gas toward personnel or creating unsafe conditions during normal operation or relief events.
Ease of access plays an important role in long‑term reliability. Meter sets that can be reached quickly, safely, and without undue effort are more likely to receive consistent inspection, timely maintenance, and proper adjustment. These factors directly influence operational performance and system safety.
Meter‑set installations are typically expected to remain in service for many years. As such, it is important to resolve layout and access concerns during the initial design. Involving experienced field operations and maintenance personnel early in the design process can provide valuable insight and help ensure that practical considerations, preferences, and lessons learned are incorporated into the final configuration.

Meter Protection
Where meter sets are exposed to vehicular traffic, potential impact from equipment, vandalism, or other sources of damage, appropriate protective measures must be provided. The purpose of meter protection is to prevent damage to the meter set and associated piping while maintaining safe operation and reliable access for operations and maintenance.
Design of protective measures requires balancing physical protection with accessibility. The meter‑set designer should evaluate whether protection is required based on site‑specific conditions and anticipated hazards. Key considerations include proximity to roadways or parking areas, likelihood of mobile equipment or vehicle traffic, public access, and environmental exposure.
Common protection methods may include barriers, bollards, curbing, fencing, or enclosures. When fencing or enclosures are used, the need for lockable access should be evaluated to control unauthorized entry while still allowing utility personnel to perform normal operations and maintenance efficiently. Protective features should not obstruct required clearances, interfere with venting or relief paths, or impede access to valves, regulators, or meters.
The designer should assess the following during meter‑set layout:
· Is the meter set exposed to vehicular or equipment impact?
· What credible hazards exist at the installation location?
· Is physical protection required, and if so, what type is appropriate?
· Does the protection need to be fenced or lockable?
· Will the protective measures allow safe and efficient access for operation and maintenance?
Properly designed meter protection reduces the risk of damage, improves safety, and enhances system reliability while ensuring the meter set remains accessible throughout its service life. ASTM F2656 and ASTM F3016 provide guidance for bollards. There is different applications depending on the potential impact threat anticipated. 
Area Classification
An understanding of electrical area classification and where Class I, Division 1 and Class I, Division 2 locations may exist is essential for proper meter‑set design. Area classification informs the designer where flammable gas atmospheres could reasonably be present and helps determine acceptable locations for piping components, flanges, vents, relief outlets, and electrical equipment.
The meter‑set design should minimize the potential for gas to be present near sources of ignition, including electrical equipment, building openings, air intakes, or other hazardous locations. Electrical equipment installed on or near a meter set must be properly rated for the classified area in which it is located. In many meter‑set installations, the minimum applicable rating is Class I, Division 2, unless the specific configuration or operating conditions require a higher level of protection.
Relief‑valve vents, regulator exhausts, and other potential gas‑release points may need to be piped or directed away from classified areas with electrical equipment, ignition sources, and personnel locations. Identification of points in the system where gas could be present is a key step in establishing the extent and boundaries of classified locations.
NFPA 70 (National Electrical Code), particularly Article 500, and AGA XL1001 are primary references for the gas utility industry when establishing area classifications and selecting appropriate electrical equipment. Under NFPA 70, Group D encompasses natural gas and defines the applicable gas group for hazardous classification purposes.
While AGA XL1001 is focused specifically on the proper application of electrical equipment to prevent ignition of flammable gases, its guidance complements NFPA 70 by reinforcing the importance of identifying where gas may be present and ensuring that electrical equipment in those areas is appropriately rated. For the designer, this means locating piping components and electrical equipment so that a potentially flammable gas mixture is not exposed to electrical devices that are not designed for that environment.
Early identification of classified locations supports safer layouts, simplifies electrical equipment selection, and reduces the need for costly design modifications later in the project.
Bypass
Providing a bypass allows gas to continue flowing downstream while metering or regulation equipment is taken out of service for maintenance, inspection, or calibration. Incorporating a bypass into the meter‑set design can significantly reduce downtime for customer processes and facilities, thereby minimizing the operational impact of maintenance activities.
Bypasses may be configured in several ways. Permanent bypasses typically consist of dedicated piping and fittings routed around the meter set, equipped with isolation valves that allow the meter and associated equipment to be safely taken offline while maintaining gas delivery. These bypasses are fully integrated into the system and are intended for repeated use.
In addition to permanent bypass arrangements, some installations utilize temporary or “soft” bypasses. These may be established through vents, test ports, or dedicated bypass connections that allow gas to flow around the meter set on a temporary basis. Although temporary in nature, these arrangements still require appropriate valving to isolate the meter set safely during bypass. Consideration of soft‑bypass capability during the design phase can improve flexibility and simplify future maintenance and testing activities. These are often used when space constraints do not allow for a installation of a permanent, piped bypass.
Bypass provisions are particularly beneficial for meter proving and calibration verification. The flow rates required to verify meter accuracy are often higher than normal operating flows during scheduled maintenance or service visits. The ability to route gas through a bypass or vent a controlled flow to atmosphere allows higher verification flow rates to be achieved while the meter remains installed in the piping system. This capability is especially valuable for rotary meters and other meter types that require elevated flow rates for accurate proving.
Various proving and verification technologies are available for different meter types, each with specific flow and configuration requirements. These requirements should be considered during meter‑set design to ensure that suitable bypass connections, ports, or provisions are included, enabling efficient, safe, and accurate meter verification throughout the life of the installation.
Cathodic Protection
Cathodic protection (CP) considerations should be addressed during the design of the meter set. Depending on system configuration and materials, electrical isolation may be required at specific connection points associated with the meter set to maintain the integrity and effectiveness of existing CP systems.
When the inlet piping upstream of the meter set is steel and protected by a utility CP system, it may be necessary to electrically isolate the meter set from the protected piping. Extending the CP system to include the meter set and downstream customer piping can impose unnecessary additional load on the CP system without providing corresponding corrosion‑control benefits. In some cases, this can degrade CP performance, complicate system balancing, or create troubleshooting challenges due to unintended current paths.
Isolation of the customer’s piping from the meter set may also be required, particularly where customer‑owned piping materials, grounding practices, or exposure conditions differ from those of the utility system. Proper isolation helps prevent stray current issues, protects both systems from unintended interference, and maintains clear ownership boundaries for corrosion control responsibilities.
Evaluation of CP and isolation requirements should be performed as part of the meter‑set design process. This evaluation should include review of piping materials, existing CP systems, grounding arrangements, and continuity paths across the meter set. In many cases, involvement of a qualified corrosion control technician or corrosion engineer within the organization is recommended to ensure that appropriate isolation, bonding, and test‑point provisions are included in the final design.
Addressing CP considerations during design helps avoid operational issues, protects long‑term asset integrity, and reduces the likelihood of costly retrofits or corrective actions after installation.
Conclusion
The design of commercial and industrial meter sets is an iterative engineering process that requires balancing safety, regulatory compliance, system performance, operational needs, and long‑term maintainability. Successful designs account for a wide range of technical, organizational, and site‑specific factors, all of which influence the final configuration.
While no two meter‑set installations are identical, the considerations presented here provide a practical framework to guide the design process. Applying these principles early and deliberately can help engineers and designers develop solutions that are safe, reliable, maintainable, and well suited to both utility and customer requirements. When executed thoughtfully, meter‑set design is a technically challenging and rewarding aspect of gas system engineering.
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