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Introduction 
There are three basic methods of providing overpressure protection in a gas pipeline system; Pressure Relief Valve, 
Pressure Limiting (Monitor) Regulators, and Automatic Shutoff Valves. Of these three methods, one vents overpressure to 
atmosphere and the other two will capture and control overpressure in the pipeline.   In this paper, we will cover the two 
methods that capture and control overpressure conditions in the pipeline; Pressure Limiting Monitors and Automatic Shutoff 
Valves (Slam Shut Devices). 

In years gone by, the most common overpressure protection method in pipelines was a Primary Regulator with a 
downstream Pressure Relief Valve that vented to atmosphere.  A simple proven method of Overpressure Protection to be 
sure, but this form of overpressure protection is not as dominant as it once was in the Natural Gas Industry.  The primary 
form of overpressure protection today is the Pressure Limiting Monitor Regulator.  This Monitor Regulator acts as a second 
pressure controlling device, in series with the Primary Regulator, to provide overpressure protection and containment in the 
event of a Primary failure.  A second form of overpressure protection and containment is an Automatic Shutoff Valve also 
known as a Slam Shut Device.  Both strategies sense the same downstream pressure as the Primary Regulator and provide 
overpressure protection.  When a Monitor regulator performs this job, it “Monitors” the primary regulator and, and thus gets 
its name from this responsibility. When an Automated Shutoff valve performs this job, it “Slams Shut” the pipeline on an 
overpressure condition, and thus gets its name from this responsibility.  The difference between the two is the “Monitor” 
regulator will take over and control the pipeline at a slightly higher pressure than the Primary Regulator and thus keeps the 
pipeline flowing.  The “Slam Shut” device will shut down the pipeline in the event of an overpressure condition.   

There are many reasons why the relief valve method has lost favor.  Reasons such as Noise when venting, Lost & 
Unaccountable issues, Proximity to housing and populated areas, etc.  All of these are valid motives to use a Monitor 
Regulator or Slam Shut device in place of a Relief Valve, but the current primary emphasis to use other methods is the 
worldwide concerns of greenhouse gas emissions.  Strategies to prevent escaping of gas to atmosphere or the 
“Containment” of these gasses is a big factor in these decisions. 

Greenhouse gases in Earth's atmosphere are water vapor, carbon dioxide, methane, nitrous oxide, and ozone. Without 
greenhouse gases, the average temperature of Earth's surface would be closer to 0 °F rather than the present average 
temperature of 59 °F.  This mix of greenhouse gasses is beneficial to the earth’s atmosphere when kept in balance.  
However, Methane warms the planet 86 times more that CO2 does, and any unnecessary Methane releases are not 
beneficial to the environment.  Since Pipeline Natural Gas is 90-95% methane, release of Natural Gas increases greenhouse 
gases.  For all the above reasons, Pressure Limiting Monitor Regulators now dominate regulator station designs. The Relief 
Valve method of overpressure protection has lost favor with a majority of Natural Gas Utilities.  

While there are many methods of overpressure protection, this paper will look into a few of the predominant Pressure 
Limiting Monitor Designs and briefly touch on Automated Shutoff devices. Below is an outline of our discussion. 

1. Introduction 
2. Codes & Regulations 
3. Initial Factors and Issues to Consider  
4. Pressure Limiting Monitor Designs 
5. Automated Shutoff Devices 
6. Conclusion 

   



Codes & Regulations 
Why do we have Overpressure devices or Monitors in our Regulator Stations?  What governs us to install these in our 
pipeline systems?  Who guides us in how to design and install these devices?  These questions are answered by the Code 
of Federal Regulations, ASME Codes, and Company Station Design Standards. 

All of these provide the basis for why we must install these devices and they provide guidelines on the materials, use, and 
installation of this equipment.  We will briefly look at the code sections that affect Monitors, but we will not devote any in-
depth analysis or compliance discussions when talking about these Monitor Strategies.  It is up the Engineer or Designer to 
ensure compliance with applicable codes and regulations, and with all individual Company Station Design Standards.  Briefly 
listed below are the sections of the Federal Codes and ASME Piping Standards.  These codes and standards should be 
referenced for any design related to Overpressure Protection and Piping issues. The Key Issue in all designs is a single 
point of failure cannot result in exceeding MAOP. 

49CFR PART 192 CODE OF FEDERAL REGULATIONS, SUBPART D 

CFR Title 49 – Transportation.  

This is one of fifty titles comprising the United States Code of Federal Regulations (CFR). Title 49 is the principle set of 
rules and regulations (sometimes called administrative law) issued by the Departments of Transportation and Homeland 
Security, both federal agencies of the United States regarding transportation and transportation related security.  

Part 192 – Transportation of Natural and other Gas by Pipeline: Minimum Federal Safety Standards.   

This part prescribes minimum safety requirements for pipeline facilities and the transportation of gas, including pipeline 
facilities and the transportation of gas within the limits of the outer continental shelf as that term is defined in the Outer 
Continental Shelf Lands Act (43 U.S.C. 1331). 

Subpart D – Design of Pipeline Components 

 §192.195 – Protection against accidental overpressuring 

 §192.197 – Control of the pressure of gas delivered from high-pressure distribution systems. 

 §192.199 – Requirements for design of pressure relief and limiting devices 

 §192.201 – Required capacity of pressure relieving and limiting stations 

 
ASME B31 – CODE FOR PRESSURE PIPING 

ASME B31, earlier known as ANSI B31, was developed by the American Society of Mechanical Engineers.  It consists of a 
number of individually published Sections.  The rules contained in each Section reflect the kinds of piping installations we 
would encounter in industry. Each section provides rules and guidelines on the particular installations and the pressure 
piping encountered there. We are most interested in three Sections that have applications and piping seen in the Natural 
Gas Industry: 

 ASME B31.1 – Power Piping: piping typically found in Gas Fired Power Plants, Industrial & Institutional Plants, 
Geothermal Heating Systems, and Central District Heating & Cooling Systems 

 ASME B31.3 – Process Piping: piping typically found in petroleum refineries, chemical, pharmaceutical, and related 
pressing plants. 

 ASME B31.8 – Gas Transportation and Distribution Piping Systems: piping transporting products which are 
predominately gas between sources and terminals, including compressor, regulating, and metering station; and gas 
gathering pipelines. 

Both of these documents, along with Company Design Standards, provide the Rules, Regulations, and Guidance of the 
designs we use for Monitor Regulators in Station Designs.  The Code of Federal Regulations are the minimum requirements 
and there may be State PUC regulations that are more stringent.  Check with your Compliance Office or the PUC for 
guidance. 

 



Initial Factors and Issues to Consider 
Several factors and issues need to be considered before choosing a monitor arrangement. Each factor should be evaluated 
to consider how it affects the selection of the Monitor Regulator and the Strategy employed. 

Upstream vs Downstream Monitors – There are advantages, disadvantages, and issues to consider when used 
in each position.  The following list are some basic things to consider: 

 The predominate use of Pilot Operated Monitors today is to have the Monitor Regulator located upstream and the 
Primary Regulator located downstream to avoid freezing the Monitor due to the Joules Thomson effect of temperature 
drop from pressure reductions. However, temperature is not always an issue.  There are advantages to having a 
downstream monitor in Pilot Operated Applications.  We will discuss these in greater detail in the Design Sections of 
this paper. 

 When using a Self-Operated Monitor that does not have an external sense port (internally sensing), it must be located 
downstream. 

 Capacity wise, for the same make, model, and size of regulator, there is no difference in using the monitor upstream or 
downstream. 

 Upstream Monitors are usually quieter 
 

Material Selections – Material selection of Regulators, Pilots, Pilot Filters, and Restrictors should be reviewed against 
possible corrosion and material compatibility issues.  Are we close to the ocean where salt air will have a negative impact 
on the pilot and regulator body material?  Are we close to an exhaust stack that uses ammonia injection for NOX pollution 
controls like a Power Plant?  Is there methanol injection into the gas stream to prevent hydrates that could affect rubber 
goods?  Do we have catalytic heaters that could cause temperature issues with soft goods?  All of these questions need to 
be addressed when selecting a regulator to use and the type of station design.  Some specific instances are: 

 When close to the ocean salt air, aluminum can have corrosion issues and carbon steel can rust.  The use of Stainless 
Steel or Brass would be a better choice.   

 When the regulator station is located next to smoke stacks that use ammonia injection, corrosion on aluminum and 
painted surfaces can be an issue. Stainless Steel is a good choice.   

 Chemical Compatibility issues with soft goods always needs to be investigated.  What am I flowing in the pipeline and 
how will it affect the rubber goods in the Valves and Regulators?  Distillates, CO2, and aromatic oils can cause loss of 
elasticity, hardening, or swelling of rubber parts.  Ask your product vendors to verify soft goods compatibility. 

 Temperature and Rubber Goods.  Although temperatures in gas pipelines usually range from 0F to 130F, there are 
times when the temperature can be greater than normal, such as at the exit of a compressor station or if a catalytic 
heater is left on during no flow conditions.  These can affect performance.  Make sure Rubber products can meet the 
possible temperature extremes. 
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Pressure & Differential Pressure Limits – All Regulators & Pilots have Pressure and Differential Pressure 
limitations and concerns.  These limitations can affect the ability of the Monitor Regulator or Slam Shut device.  Even with 
proper sizing, some devices require a minimum differential to fully open the regulator.  Is it possible to flow the required 
amount of gas under low DP Conditions?  What is the minimum differential required to fully open the regulator?  The 
following pressure issues should be considered: 

 Maximum Differential Pressure across the flexible element or diaphragm.  Even though the Regulator might have 
a flange and body rating for ANSI 600 pressures, the rubber goods may have a Maximum Operating Differential and 
only be rated to 800, 1000, or 1200 psid maximum under normal conditions. Emergency differential pressures may be 
slightly higher than normal operating pressures.  These Emergency DP’s are only allowed for brief amounts of time. 

 Maximum Sensing Pressure of the Pilot verses the potential burst pressure of the Diaphragm. There are times 
when the pilot sense pressure can be far greater than the set pressure of the pilot spring range, especially when two 
systems feed the same downstream pipe. Care must be taken to account for potential pressures that can exceed normal 
sense pressures.  The Sense Chamber may be rated for a higher pressure than the burst pressure on the sensing 
diaphragm.  

 Check charts for Min DP for a given diaphragm and Bias Spring to Crack Open the Regulator. 
 Check charts for Min DP for a given diaphragm and Bias Spring to Fully Open the Regulator. 
 Required Differential to Lock-Up the Regulator.  Each regulator has a minimum DP required across the regulator for 

Lock-Up.   
 Maximum Pilot Inlet & Loading pressure range, Pilot Spring Set Pressure Ranges, and Pilot Spring Housing 

Pressure Limits.  All these pressures must be checked to ensure proper equipment selection for the given 
application. 

 
NOTE:  Sizing Software does not always take Minimum Differential Pressures into consideration.  When sizing 
regulators, be aware that you will have to check Minimum Differential Charts and Technical Literature to ensure 
proper Capacity and Lock-Up of the regulators at low differentials. 
 

 
 

Presence of Sulfur – Sulfur Deposits have been a continuing and growing problem.  Elemental Sulfur present in the 
gas stream drops out as a solid.  Elemental sulfur is entrained in the gas stream in the vapor state and can sublime from 
Gas Vapor phase to Solid phase under certain pressure and temperature conditions.  When this occurs, these sulfur 
deposits can clog up ports in pilots, cause reduction in flow capacity in valves and regulators, and cause control problems.  
These sulfur deposits are yellow in color and can be a soft cake or dusty when deposited, or they can be a hard yellow 
crust.  The color can sometimes be gray due to the presence of other contaminants in the gas stream.   

Typical DP  

Vs.  

Capacity Chart 



Selecting equipment that handles sulfur deposits better than other is always a two edged sword.  While Regulator A works 
better in sulfur than Regulator B, you will always be giving up something else like low end control, more complicated 
maintenance issues, capacity, etc.  There are just no free lunches.  It will always cost you something somewhere.  

It is preferable to treat the problem before it gets to the Pilots and Regulators.  For Pilot Gas, the use of Welker Sulfur-
Gon™ filters works well to keep the pilots free of sulfur and operating correctly.  The use of heaters also works well to treat 
the problem. Catalytic heaters that can maintain temperatures above 90F will normally keep sulfur in its elemental state and 
eliminate the problem.  In severe cases, it is usually just a matter if increased maintenance to keep things clean. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Temperature / Freezing Potential – The Joules Thompson Effect states that for every 100 psig of pressure cut, 
you will see approximately 7 degrees F of temperature drop in the gas.  The JT Effect can cause significant problems in the 
equipment when high levels or excess water is present.  Under normal conditions, pipeline tariffs call for 7 lbs/MM of water 
in the gas.  Most pipelines operate around 2lbs/MM.  Things to consider: 

 Average pipeline temperature is approximately 50-60 degrees F.  A pressure cuts of 400 psig will reduce the 
temperature by 28 degrees F and can result in internal pilot freeze up depending on Gas Dew Point.  Particular attention 
should be paid to stations with large lengths of recently hydro tested upstream pipe.  A large amount of water will be 
absorbed into the pipe walls from the hydro test.  There is usually an attempt to dry out this pipe, but it usually takes 
months of flow to draw out the absorbed water.  Pay attention to the potential temperature implications of large cuts. 

 Even if the dew point is reached, but does not freeze, it may show up as liquid drop out in the pilot and this can end up 
on the top of a Diaphragm in a regulator causing control problems and reduced capacity. 

 External freezing of gas supply regulators, pilots, and tubing is usually not problematic, however, there are some pilot 
designs that have external moving parts vents that can be frozen preventing movement and thus preventing the pilot 
from controlling. “Sweating” due to temperature changes or rain can cause problems when this freezes.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Sensitivity Adjustment Drum 

Frozen in a block of ice.  Without 

the ability of this to move up and 

down from changing pipeline 

pressure, the pilot cannot 

operate. 

 

Sulfur build up on Flexible Element Cage and 

Rubber Boot (in service 2 months) 
Sulfur build up on Pilot Internal Parts 



Filtration – Filtration is one of the most important components in Regulator Stations. It is the backbone of protection 
against pipeline debris causing failure of the regulators.  Monitor Regulators are exposed to the flow at all times and could 
suffer unknown damage from debris and thus render them ineffectual when needed for an overpressure condition. 

 Pilots - Using gas filters upstream of the pilot is cheap insurance against failure due to sand, mill scale, and black 
powder (from pigging operations), or large shifts in loads.  This debris can get into the small orifices and ports of the 
pilot causing control problems or failure.   

 Regulators - The use of pipeline filters upstream of the regulators is also a great long term defense from debris.  The 
debris flowing through the pipeline can erode diaphragms or get lodged in the regulator preventing lock-up and give 
you performance problems.  Consider how many hot taps your company makes each year and the metal chips 
introduced in to the pipeline flow. 

 Dry Gas Filters - Typical pipeline filters used are Dry Gas Filters that have 5 or 10 Micron pleated element cartridges.  
These provide the proper filtration for the application. The use of pleated elements allow for good debris loading 
characteristics.   

 Coalescing Filters – When liquids are present, Coalescing filters are used to remove liquids and particulate matter.  
Typical particle size removal is 1-3 micron size solid and liquids. 

 Strainers - The use of strainers with mesh screens is a poor long term solution to keeping your regulator clean.  A 
typical strainer basket with a 40 mesh screen has a 350 micron pore verses the 5 or 10 micron pore size of a dry gas 
filter element (1 micron = 1 millionth of a meter).  Strainers are primarily used as post construction devices used to catch 
large debris and weld slag.  Rust, Black Powder, and Mill Scale will pass right through a Strainer Screen. 
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Dead End Systems – Particular Care should be taken when using a Monitor set up on a dead end system.  Small 
leaks due to debris can cause downstream overpressure conditions when the load goes to zero.  Consideration should be 
given to use the following remedies: 

 Token Relief Valve - Use of a small Token Relief Valve that will bleed off the excess gas due to leakage through the 
regulators. 

 Integral Monitor & Slam Shut - Use of an integral Monitor/Slam Shut device that will shut the line down in the event 
of an overpressure condition that exists above the Monitor set point.  On Mooney 2”-4” regulators, this can be retrofitted. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sense Line Tubing and Location – Listed below are some things to consider about Control (Sense) Lines. 

 Sense line locations should always be placed 8-10 pipe diameters away from the regulator and any source of restriction, 
pressure drop, or turbulence generation devices.  These sources are plug valves, elbows, tee’s, reducers, expanders, 
thermowells, etc.   

 The port on the Sense Line Tap should have a full opening into the pipe that is free from burs, drill peels, and weld slag.   
 Shut-Off valves, if installed, should be full open ball valves (not needle valves). 
 

Control (Sense) Line Tubing / Pipe Guideline Chart 

 Outlet Pressure Outlet Pressure Outlet Pressure 

Pilot Regulator With: Inches to 2 psi 2 psi to 5 psi Greater than 5 psi 

Static Sense Line (No Flow) ½” Pipe Minimum ½” OD Tubing 3/8” OD Tubing 

Static Sense Line with Flow  ¾” to 1” Pipe ½” Pipe ½” OD Tubing 

 

Station Backflow – On Rare Occasions, Conditions may exist where the outlet pressure is higher than the inlet 
pressure.  To prevent station backflow, small low differential check valves can be installed in the supply line of the pilot 
supply line.  This will prevent backflow through the pilot system and prevent bleed off of downstream pressure. 

 
Presence of Liquids – Liquids always present problems in gas pipelines.  Although we usually have dry gas that is 
below 7lbs/MM in water content, there is always a potential for excess water from a hydro test or an upset from the gas 
processing/dehydration facility.  We also can see Hydrocarbon Liquids present in the pipeline.  These liquids can cause 
problems with control equipment such as pilots, and in great quantities will cause problems in regulators.  Because of this, 
it is desirable to take the source of pilot gas from the top of the pipeline.  It also is good for all sense line locations to come 
from the top.  Taking the source or sense pressure from the Body Port on a regulator can be problematic because it is 
usually located on the lower half of the Regulator and liquids can find their way into these under flowing conditions. 
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Pilot Lock-Up Pressure – When designing a station, the monitor set point pressure is usually very close to the MAOP 
of the Pipeline.  Each model of Flexible Element Regulator Pilot has a published Lock-Up pressure.  When selecting a pilot 
for a monitor, the Lock-Up pressure must be factored into the Monitor Set-Point so MAOP is not exceeded on Lock-Up.  If 
it is too close, a different pilot with greater sensitivity and less Droop should be selected.  Another option to consider in this 
case is a combination Monitor / Slam Shut that will shut off the pipeline. 

 
Failure Consequences – Desired Monitor Performance in the event of a Primary Regulator failure must be considered 
when choosing a Monitor Regulator.  Also, the design engineer must consider a potential double failure, or any instance 
that has the potential to exceed the MAOP of the pipeline.  There are many reasons for a failure.  The pilot may burst a 
diaphragm.  The Flexible Element in the Regulator may rupture.  We might have a sulfur problem that prevents the pilot 
from operating properly.  Debris may come through the pipeline and destroy the Flexible Elements in both worker and 
monitor.  While there are many causes for a failure of a regulator, we are primarily considering: 

 If a Worker fails open 
 If a Worker and Monitor both fail open 
 A loss of Power Gas on Control Valve Monitors with Pneumatic Actuators 

 
Each Monitor or Slam Shut type should be looked at to consider how it would perform in the event of a failure for a given 
pipeline application or location.  The Table below provides the action after a failure or series of failures, and only considers 
a two component system.  

 Worker & Monitor 
 Worker & Slam Shut 
 Worker & Integrated Monitor/Slam Shut 

 

Failure Worker Regulator 
Fails Open 

Worker Regulator  
and 

Monitor Fails Open 

Loss of Power Gas for 
Monitor Control Valve 

Flexible Element Monitor  
Flexible Element 
Standby Monitor 

Controls at Monitor Set-
Point 

Pipeline Overpressures N/A 

Flexible Element 
Working Monitor 

Controls at Monitor Set-
Point 

Pipeline Overpressures N/A 

Flexible Element 
Slam Shut Valve 

Valve Closes & Shuts 
Down Pipeline 

N/A N/A 

Flexible Element  
Integral Monitor & Slam Shut 

Controls at Monitor Set-
Point 

Slam Shut Closes & 
Shuts Down Pipeline 

N/A 

Valves Monitors     

Spring Return Fail Closed 
Control Valve Monitor 

Controls at Monitor Set-
Point 

Pipeline Overpressures Valve Closes & Shuts 
Down Pipeline 

Double Acting  
Control Valve Monitor 

Controls at Monitor Set-
Point 

Pipeline Overpressures Valve Fails in Last 
Position 

Spring Return Fail Closed  
Slam Shut Valve 

Valve Closes & Shuts 
Down Pipeline 

N/A Valve Closes & Shuts 
Down Pipeline 

Double Acting  
Slam Shut Valve 

Valve Closes & Shuts 
Down Pipeline 

N/A Valve Fails in Last 
Position 

Spring Return Fail Closed  
Control Valve Integral  
Monitor / Slam Shut 

Controls at Monitor Set-
Point 

Valve Closes & Shuts 
Down Pipeline 

Valve Closes & Shuts 
Down Pipeline 

Double Acting Control Valve 
Monitor Integral  

Monitor / Slam Shut 

Controls at Monitor Set-
Point 

Valve Closes & Shuts 
Down Pipeline 

Valve Fails in Last 
Position 

 

It is clear from the chart above that the colors GREEN and BLUE provides protection for the pipeline from 
overpressure conditions.  The Color RED is a failure to protect the pipeline, but this requires a Second Failure.  The 
Color PURPLE provides for an unknown Pipeline Condition. 



Pressure Limiting Monitor Designs 
A Monitor System is any two regulators in series both sensing the same downstream pressure.  In the event of a failure of 
the Primary Regulator, the Monitor Regulator will take over and continue to provide flow and maintain pressure control, but 
at a slightly higher pressure than the Primary Regulator. Each design will provide the necessary overpressure protection 
and containment. There are many different designs in use throughout the world, but we will focus on 6 worthwhile designs 
that each have advantages for certain applications. 

1. Standby Monitor – Two Pilot Operated Regulators 

2. Working Monitor – Multiple pressure cuts with Two Pilot Operated Regulators (Three Pilots) 

3. Integral Monitor/Slam Shut – Use of a device that will monitor and slam shut 

4. Dissimilar Monitor Regulator - Self Operated Monitors with Pilot Operated Worker 

5. Control Valve Monitors – Typical Pilot Operated Ball or Globe Valve Monitors 

6. Low Differential Strategies -  When Using a Standby Monitor Design  

 

Standby Monitor Design – This design is by far the most dominant strategy in use for pressure cuts 500 psig and 
less.  It primarily uses two of the same manufacturer and size Pilot Operated Regulators in series (we will address dissimilar 
regulators in later discussions). The Standby Monitor, also known as a Passive Monitor, is a wide open Monitor Regulator 
in series with the Primary Regulator. The Primary Regulator controls flow to maintain the desired downstream pressure and 
the Monitor Regulator “stands-by” in an open position in order to take control at a slightly higher pressure if the “Primary” 
regulator fails.  Either upstream or downstream regulator can act as the monitor in this design.  This design also lends itself 
to the use of an Integral Monitor/Slam Shut Device (more below on automatic shut-off devices). 

 

 

 

 

A Pilot Operated Stand-By Monitor configuration will give you increased system reliability due to similar regulators.  It is 
simple to operate and test, and it has a low cost to build compared to control valves.  This design has no gas venting to 
atmosphere for operation or when in an overpressure condition. It has better accuracy than Self Operated regulators – 
typically ¾% to 5% of set point.  That means better process control.  There also is less Droop than with Self Operated 
regulators.  Pilot operated regulators also have better turndown, some as much as 400:1 using flexible element regulators 
for good low end control.  When using this design, besides the Initial Factors to Consider listed above, the major 
considerations are Pressure Cut, Noise, and Minimum Differential Pressure to operate.   

Pilot Operated Stand‐By Monitor Schematic 

(Upstream Monitor) 



Pressure Cut & Noise - In Stand-By Monitor designs, we generally like to keep the normal pressure cut in the range of 500 
psig or less for Pilot Operated Flexible Element Regulators in order to maximize diaphragm life and reduce noise. The larger 
the pressure cut, usually the larger the noise due to exit velocity issues.  Even a pressure cut as low as 200 psi can cause 
noise in excess of 85 dBA under certain conditions and pipe sizes. If the pressure cut exceeds 500 psig, then a Working 
Monitor Design with multiple pressure cuts is a better choice and will reduce the noise and save the wear on the Primary 
Regulator diaphragm.  Some Utilities only allow up to 350 psig pressure cuts on a Stand-By Monitor design.  Check with 
your company’s design standards for maximum single cut pressure limits.  

Minimum DP Issues - Another factor to consider is “what the potential minimum differential I might encounter in this 
application?”  There is a minimum differential pressure required to crack open the regulator and a minimum DP to get it fully 
open.  Reference charts from the technical literature for these numbers.  There is also a minimum differential pressure for 
Lock Up on Pilot Operated Flexible Element Regulators.  On Mooney Regulators, it takes 10 psid to lock up regulators 1”-
6” and 10” Regulators.  On 8” & 12” regulators, it takes 25-30 psid.  

Upstream Monitor Advantages 

1. Monitor is not exposed to the cold gas from a large Primary Pressure Cut and Freezing is not an issue, until it goes 
into operation. 

2. Standby Upstream Monitors are less susceptible to Sulfur build since they are wide open 
3. Downstream worker more accurate and responsive 

Downstream Monitor Advantages 

1. Monitor opens & closes with flow rate 
2. Normally a lower delta P across monitor in this design 
3. Lower flow of gas through monitor pilot system 
4. Monitor is always in position to take over control immediately since it is constantly in play 
5. Upstream worker may catch debris before monitor and thus protect the overpressure device 

 

Working Monitor Design – The Working Monitor Design is used when the normal pressure cut exceeds Company 
Station Design Standards or 500 psi, whichever is less.  In a Working Monitor Design, there is a two stage pressure cut 
taken to lessen the potential noise and wear on the components of the system, while still having a Monitor system in place.   
In this design, it is an inexpensive option where an extra pilot is added to the upstream regulator.  The upstream regulator 
now has two pilots and serves two functions – the first pilot provides a first stage pressure cut and the second pilot acts as 
the monitor pilot.  The downstream Pilot Operated Primary Regulator takes the second pressure cut to the desired station 
set point.   In normal operation, this design provides pressure control via a two stage pressure cut.  In an overpressure 
conditions, it protects the downstream system just like a Stand-By Monitoring System.  

 

 Red = Upstream Pressure           Green = Interstage or first stage pressure cut 

Yellow = Downstream pressure or second stage pressure cut 

Orange = 1st Stage Loading Pressure                    Magenta = 2nd Stage Loading 



Primary (Second Stage) Regulator Failure - In the Working Monitor Design, if the 2nd Stage regulator fails, the 1st stage 
regulator can handle the complete load requirements with one pressure cut. 

 

 

 

 

 

 

Advantages of a Working Monitor 

1. Reduces station noise because the pressure drop is split across two regulators 
2. 2-stage pressure cut distributes load and reduces stress and wear on diaphragms 
3. Build-in station monitor by adding second pilot 
4. No gas vented to atmosphere 
5. Condition of monitor regulator can be determined before emergency condition arises 
6. Long term cost effective 

 
Inter-Stage Piping - In this design, the size of the Inter-Stage pipe can have an effect on the performance of the station.  
Since we are taking a first stage cut, the volume of this pipe plays a role in the stability of the system. Because we are 
sensing the pressure in the Inter-Stage pipe for the first stage cut, we need greater volume to provide stability.  On Working 
Monitor Regulator Stations, the recommended length of Inter-Stage Piping is 6 pipe diameters or 36 inches, whichever is 
greater.  It is also recommended that the Inter-Stage piping be swaged up 1 pipe diameter over the nominal port size of the 
regulator.  For example, if the regulator is a 3” port, the Inter Stage pipe should be 36” and 4” nominal OD. 

Low Differential Pressure – In a Working Monitor System, there may be a case where the differential pressure across the 
2nd stage cut can be less than 25 psig.  In this case, the pilot supply for the 2nd stage may be connected to the gas source 
upstream of the 1st stage regulator.  This will improve the shutoff of the second stage regulator.  

Temperature Issues – As listed above in the Factors to Consider section of this paper, temperature can be an issue since 
the combined pressure cuts can be large.  There is not a lot of pipe between the regulators to allow the first stage pressure 
cut gas to re-acclimatize to ambient temperature.   Make sure your sizing calculations consider the lower gas temperature 
from the first stage cut that will be present in the second stage cut. 
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Integral Monitor/Slam Shut Design – The Integral Monitor/Slam Shut allows the user to have a Monitor Regulator 
as well as a Slam Shut Device that can be set at MAOP.  The Integral Monitor/Slam Shut device comes in many forms.  
There are Flexible Element Designs such as the Mooney Regulator and Shutoff Valve, and there are Control Valve Versions 
such as the Becker Pilot Operated Regulator with GAP Slam Shut Override.  Both of these device types provide Monitor 
Regulation and Pipeline Protection in the form of a Shut-Off Function.  The Mooney Design can be retrofitted to existing 
Flowgrid Regulators and the Becker GAP Controller can be retrofitted to existing Control Valve Monitors.  These devices 
can be used in Worker / Stand-By Monitor Designs and Working Monitor Designs. There are three potential forms of 
protection available in one device – Monitor Regulation, Overpressure Protection, and Underpressure Protection.  Each 
device can perform all three at the same time.  When a Shut-Off situation occurs, there are two ways that the system is 
reset: 

1. Local Reset – A person must physically visit the site to restore the unit to normal operation. 
2. Remote Reset – The unit will automatically reset once the overpressure condition corrects itself.   

Some devices have the option of Local or Remote Reset such as the Becker Monitor/Slam Shut Devices.  When using a 
Mooney Slam Shut device, you have the option of Local Reset Only. 

 The Advantages of a Monitor with a Slam Shut Function are: 

 Two forms of Overpressure Protection in the form of a Monitor and Slam Shut Device.  
 Ideal for use on Dead End Systems if a monitor leaks. 
 Eliminates the need for a relief valve and the Overpressure Condition is contained in the pipeline. 
 Can Shut the pipeline down on an Underpressure condition to protect other critical customers  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Mooney Flowgrid & Shut‐Off Valve 

With Monitor Pilot, Overpressure Pilot, and Underpressure Pilot 



 

 

 

 

 

 

 

 

 

 

 

 

Dissimilar Monitor Regulator Design (Self Operated Monitors with Pilot Operated Worker) – The use 
of two different regulators in a station has been around for a long time.  The most popular Dissimilar Design is to use a 
Pilot operated Worker Regulator and a Self-Operated Monitor Regulator.  With this design, you get the benefits of a Pilot 
Operated Worker Valve for higher accuracy and lower droop, coupled with the Performance Advantages of a Self-
Operated Regulator for the Monitor.  Performance Advantages of Self Operated Monitor Regulators are: 

1. Faster Speed of Response on the Monitor. 
2. Freezing will not have an effect since there is no Pilot 
3. Sulfur has little effect on Lock Up. 
4. Simple Design.  There are very fewer moving parts in a Self-Operated regulator. 
5. Dissimilar designs mean less chance of an incident causing both regulators to fail.   
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Control Valve Monitors –Control Valve Monitors can be used to eliminate any Differential Pressure losses at the 
station since a wide open Control Valve Monitor has a zero differential pressure across it compared to a Flexible Element 
Regulator.  Control Valve Monitors are also best used on larger loads with bigger pressure cuts and also allow you to get 
a defined failure position when using Spring Return Actuators.  When using Control Valves in a station, some can be 
buried to greatly reduce noise.  Another advantage of using Control Valves is that it does not require flow to adjust the 
Set-Point, and there is no “Droop” associated with Pilot Operated Control Valves. 
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3” Mooney Flowgrid 
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Low Differential Strategies – There may be times when the upstream pressure will fall to a point where we do not 
have enough differential pressure available to fully operate the regulators and maintain the required load. This usually 
happens during periods of high demand such as cold winter days.  Low differential pressure across the station can also 
cause lock up problems.  In some cases, the differential pressure may get so low that the use of a Control Valve Monitor is 
required to eliminate any differential pressure losses associated with the monitor.     

When selecting Flexible Element Regulators for use, there are two regulator differential pressures you must consider and 
compare against the potential lowest differential across the station.  

 You must be aware of the Minimum Differential Required to Fully Open the Regulator and compare that against the 
potential minimum differential at the station.   For example, if it requires 15 psig to fully open a regulator, and we have 
two similar regulators, that means that it takes 30 psid across a Worker / Standby Monitor regulator set to fully open 
and operate.  Add to this the potential “Droop” of a pilot, you could have as much as 40 psid required to fully open the 
regulators.   If the minimum station inlet to outlet pressure differential drops below 40 psid, then we have reduced 
capacity available since we do not have enough differential to fully operate the regulators. The proper selection of 
Monitor Regulator, proper selection of diaphragm and main spring, and how the Monitor is piped up in the station will 
help alleviate this problem.   

 You must be aware of the Minimum Differential Required to Lock-Up the Regulator and compare that against the 
potential minimum differential at the station. For Mooney Regulators, Pressure differentials as low as 10 psig is generally 
the lowest differential the regulator will shut off at on sizes 1”, 2”, 3”, 4”, 6”, and 10”.  Mooney Regulators in sizes 8” & 
12” need about 25-35 psid to shut off.  Again, the proper selection of Monitor Regulator, proper selection of diaphragm 
and main spring, and how the Monitor is piped up in the station will help alleviate this problem.   

Although there are many options available to address Low Differential Pressures in station design, we will look at four 
Monitor options available to address this issue; Self Operated Monitor Regulators,  Alternate Piping Strategy on Similar 
Monitor Regulator, Dissimilar Low DP Flexible Element Monitor Regulator, and Control Valve Monitors.    

Self-Operated Monitor Regulator – When faced with low differential pressures, Self-Operated regulators usually have a 
lower DP to operate that Pilot Operated Regulators.  They have the advantages as stated above under Dissimilar Monitor 
Regulator Designs.  The Sensus 441-57S, a popular regulator for this application, has sizes 2” through 6”, but is limited in 
set-points up to 100 psig.  The 441-X57 is another regulator for these applications, but is only available in 2”&3” sizes with 
set points up to 250 psig. 

Alternate Piping Strategy on Similar Monitor Regulator – Mooney Flowgrid regulators can be used at differentials as 
low as 10 psid if the upstream monitor pilot discharge is piped downstream of the worker regulator (see diagram below).  
Piping upstream Monitor Pilot discharge past the downstream Worker Regulator insures full station differential across both 
the Worker and the Monitor Regulator Pilot Systems to get them open the maximum possible under the lowest differential 
pressures.  This piping design is usually employed on Mooney Regulators in a Stand-By Monitor Design if the minimum 
pressure drop across the entire station is 60 psig or less.  When employing this strategy, the placement of the Monitor 
is crucial.  When you have an Upstream Monitor, the station will lock up at the Monitor Set-Point.  When you have 
a Downstream Monitor, the station will lock up at the Worker Set-Point. 

 

 Alternate Piping Strategy on Similar Monitor Regulator 



Dissimilar Low DP Monitor Regulator– Since each Flexible Element Regulator requires a minimum differential pressure 
to completely open, we must consider the total DP required to open both regulators in a normal station design.  If we do not 
have enough DP, we have the option to consider a Dissimilar Monitor Regulator that takes less DP to fully open.  For 
example, a two inch Mooney Flowgrid Regulator with Low DP Diaphragm and Main Spring requires about 12 psid to fully 
open.  If you use two of these regulators in a Standby Monitor Design, and consider the potential “Droop” associated with 
the pilot, it could require up to 35 psid to fully open.  If we replaced the 2” Flowgrid Monitor with a 2” Flowmax Monitor that 
only requires 3 psid to fully open, we have reduced the DP required from 35 psid to about 25 psid.  When using dissimilar 
regulators to get lower DP, be aware of the other issues such as Maximum inlet pressure ratings and Case pressure ratings.   

Control Valve Monitors -   There are times when the differential pressure can get so low that one must consider a Control 
Valve as a Monitor Regulator.  Control Valves can operate with extremely low Full Open Differentials.  Please see above 
section on Control Valve Monitors for details using this design. 

 

Automated Shutoff Devices 
Our industry in recent years has experienced some major “catastrophic” events which relate to exceeding MAOP of the 
pipeline.  Most State PUC’s now require any event that exceeds MAOP to be a Reportable Incident.  Exceeding MAOP is 
not considered acceptable under any circumstances.  In the past, our industry has taken the position that we do not shut 
down the customer, and thus the use of Slam Shut devices were not extensively used here in the United States.  Slam Shut 
devices have been in used extensively in Europe and Overseas to prevent exceeding Pipeline MAOP for a long time.  With 
the “Never Exceed MAOP” philosophy starting to enter peoples thinking, adding Automated Shutoff (Slam Shut) Devices 
set at MAOP are now being implemented in Regulator Station Designs.  The most popular Slam Shut devices were 
discussed above in the Integral Monitor/Slam Shut Design.  In this section, we will focus on Slam Shut Devices which can 
be used in the place of Monitor Regulators, or they can be added to a Worker Monitor Design to give the user a second 
layer of Overpressure Protection usually set at MAOP. 
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In an Automatic Shutoff Design, a designated valve is used to shut the gas of completely if the pressure reaches a specified 
level.  During normal operation, the valve remains fully open and allows gas to flow freely.  It is located in Series to the 
Service Regulator and can be either upstream or downstream in the design.  If a regulator fails, or any other factor causes 
the pipeline pressure to rise, the Automatic Shutoff Valve closes. 

Most Slam Shut Devices require Human Intervention to reset, but some don’t.  Human Intervention style Slam Shuts will 
keep the pipeline shut down and force someone to come out and investigate before resetting the device.  This has the 
advantage of preventing an emergency or recurring problem from going unnoticed.  When using Slam Shut Devices that 
have an automatic reset function, the unit will open back up when the overpressure condition clears itself.  

There are also some more sophisticated Slam Shut devices that use Pilots with an adjustable “GAP” to designate the 
Pressure-to-Close on a rising set-point and a Pressure-to-Open on a falling set-point.  These systems are called GAP 
controllers because they allow the user to set the “GAP” between closing and re-opening of the valve.  These devices also 
can be used for under pressure protection to close a valve on a Falling Set-Point and re-open the valve when the pressure 
gets back above the set-point. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Becker GAP Controller 

Mooney Slam Shut Regulator 



 

Conclusion 
Monitor Strategies and their Implementation is a very large subject to tackle in Station Designs.  First you must investigate 
all Codes and Regulations as well as Engineering Design Standards of your company that are in place to protect the public 
and prevent pipeline overpressure conditions.  Then you must consider many factors before you start on your selection of 
Regulators and the Design you will employ.  At times there will be many tough decisions and different options available to 
consider before you put forth the best design for the application.  Hopefully this paper will bring to light many of the concerns 
we encounter in stations, and offer solutions with options in Monitor Strategies available to the user. 

 

 

 

 

 


