
Relief Valves and Overpressure Protection Methods 
 

Ken Ludvigsen 
Regional Manager 

Emerson Regulator Technologies Inc. 
3200 Emerson Way 

McKinney, Texas 
 
 

 

 

Introduction 

Overpressure protective devices are of vital concern to the natural gas industry.  Safety codes and current laws 
require their installation each time a pressure reducing station is installed that supplies gas from any system to 
another system with a lower maximum allowable operating pressure (MAOP). 

The purpose of this article is to provide a basic understanding of overpressure protection and in particular a review 
of the pressure relief valve as stand alone or in combination with other methods of overpressure protection. 

Methods of Overpressure Protection 

The most commonly used methods of overpressure protection in the gas industry, not necessarily in order of use or 
importance include. 
 

1.  Relief 
2.  Monitor 
3.  Slam-Shut 

 
There are also variations of these methods.  Let's examine them in detail. 

 
Relief 

 
Figure 1 

  
Relief incorporates the use of any device to vent the gas to atmosphere to maintain the pressure downstream of the 
regulator to a safe maximum value (Figure 1).  Relief is the most common form of overpressure protection used in 
North America.  It is most typically used in city gates, farm taps, district distribution systems, and 
industrial/commercial meter sets. 
 
The basic types of relief valves currently used in the gas industry are 
 

1. Pop type 
2. Self-operated relief valves 
3. Pilot-operated relief valves 
4. Internal relief valves 

 
(Note:  These four classifications reflect gas industry usage only and should not be confused with the classifications 
of "safety valve," "relief valve," and "safety relief valves" as shown in the ASME Boiler and Pressure Vessel Code.) 
 
 



Pop Relief Valve 
 
The pop type relief valve is the simplest form of relief (Figure 2).  These will be found installed after a Farm Tap 
regulator (Fig 3). Pop relief valves go wide open once the pressure has exceeded its setpoint.  The pressure where 
this relief valve opens can be +/- 5-15 psi depending on the spring selected.  A rain cap provides a visual indication 
should the relief valve open indicating an overpressure situation.  It should be noted that after installed in the field, 
the setpoint can drift over time.  If the setpoint is too close to the regulator set point, because of its quick opening 
characteristic, the pop relief can sometimes become unstable when relieving, slamming open and closed.  These 
relief valves typically have a non-adjustable setpoint that is set and pinned at the factory. 
 

                   
 
                    Figure 2 – Pop Relief Valve 
 
 

   
   
                           Figure 3 - Pop Relief Farm Tap Installation 



Relief Valve 
 
If more accuracy and control is required from a relief valve, a self-operated relief valve would be the next choice.  It 
can throttle at less than full relief much better than a pop relief, tends to be more stable, and yet is still a simple 
device.  There is very little drift in the setpoint, however, a significant amount of buildup (pressure above set point) is 
often required to obtain the required capacity (see Figure 6). 

         
 
     Figure 4 – Self-Operated Relief Valve 
   

            
 
                           Figure 5 – Relief Valve Installation 



A buildup curve is used to determine the expected pressure at the calculated maximum flow rate of a failed 
regulator.  For example, if the maximum flow is 35,000 SCFH and the relief valve is set at 50 psig, then the 
maximum buildup pressure will be limited to 60 psig.   
  

 
                          
                        CAPACITIES IN THOUSANDS OF SCFH OF 0.6 SPECIFIC GRAVITY NATURAL GAS AT 14.7 psia at 60 F 
 
      Figure 6 – Typical Buildup Curve 
 
Pilot Operated Relief Valve 
 

  
      Figure 7 – Pilot-Operated Relief Valve 
 



Pilot-operated relief valves (Figure 7) have the most accuracy (less buildup) but are more complicated and 
expensive.  These relief valves incorporate a pilot to achieve the higher accuracy.  A restrictor in the pilot body loads 
pressure on the main valve diaphragm keeping it closed.  The pilot senses line pressure and starts to dump loading 
pressure as line pressure rises to the relief valve set point.  Depending on the spring range, the pilot can fully open 
the relief valve with as little as 1.0 psig above set pressure (see Figure 8).  In our previous example a 1” relief valve 
could flow 35,000 SCFH if set at 50 psig and allow a 10 psi buildup. A 1” pilot-operated relief can flow twice as much 
with less than 2 psig of buildup pressure. So from the previous example we can set the pilot relief valve at 58 psig 
and still achieve full relief at less than a total of 60 psig buildup pressure.     
 

 
 
            Figure 8 – Relief Valve Capacity and Buildup 
 
 
The pilot-operated relief valve has the advantage of utilizing the full capacity of the relief valve.  The same pilot can 
be used on relief valves of varying size.  Most of these relief valves can also be used as regulators.  The only 
difference is the pilot. They have a large capacity with very little buildup pressure.  Here is a typical example of pilot 
operated relief valve that is also used as a regulator. 
 

 
 
     Figure 9 – Relief Pilot on Regulator Body 



 
 
Internal Relief Valve 
 
In many cases, internal relief will provide adequate protection for the downstream system.  Internal relief uses a 
relief valve built into the regulator for protection typically referred to as an IRV (internal relief valve).  If the pressure 
builds too far above the setpoint of the regulator, the relief valve in the regulator opens up, allowing excess pressure 
to escape through the regulator vent.  The start to discharge point is a function of the range spring and relief spring.  
Both springs are compressed when pressure exceeds normal lockup pressure.  As the relief spring is compressed a 
gap between the diaphragm and pusher post is created allowing the excess pressure to escape. 
 

 
 
     Figure 10 – IRV Function in a Service Regulator 
 
It is important to note that just because a regulator has an IRV does not mean it is suitable to relieve an over 
pressure condition.  The amount of relief capability is a function of maximum inlet pressure, orifice size, and and vent 
size.  The amount of gas to be vented will be determined by the inlet pressure and orifice size and the amount of 
buildup will be determined by the IRV.  When selecting a regulator with an IRV the maximum outlet pressure (set 
point plus buildup) must be less than the downstream MAOP (maximum allowable operating pressure) or maximum 
allowable of the downstream equipment whichever is less.   A typical relief chart is given below (Figure 11) for a 7 in. 
w.c. spring.   
 



 
 
       Figure 11 – Typical Relief Chart 
 
 
        
  
Relief Valve Advantages:  The relief valve is considered to be the most reliable type of overpressure protection 
because it is not subject to blockage by foreign objects in the line during normal operations.  It also imposes no 
decrease in the regulator capacity which it is protecting, and it has the added advantage of being its own alarm when 
it vents.  It is reasonable in cost and keeps the customer in service despite the malfunction of the pressure reducing 
valve. 
 
Relief Valve Disadvantages  When the relief valve blows, it could possibly create a hazard in the surrounding area 
by venting gas.  A venting, noisy relief valve can also create a public relations problem where population densities 
are such that the public is alarmed by its operation.  The relief valve must be sized carefully to relieve the gas that 
could flow through the pressure reducing valve at its maximum inlet pressure and in the wide open position, 
assuming no flow to the downstream.  Therefore, each application must be sized individually. 
  
Other OPP Methods - Monitoring Regulators 

 

 
 

  
Monitoring is overpressure control by containment.  When the working pressure reducing valve ceases to control the 
pressure, a second regulator installed in series, which has been sensing the downstream pressure, goes into 
operation to maintain the downstream pressure at a slightly higher than normal pressure.  



 
The two types of wide open monitoring are upstream and downstream monitoring.  One question often asked is, 
“which is better, upstream or downstream monitoring?"  Using two identical regulators, there is no difference in 
overall capacity with either method. 
 
When using monitors to protect a system, a small relief valve is sometimes installed with a setpoint above the 
working regulator set pressure.  This allows for a token relief and alarm to alert the gas company that the working 
regulator has failed and that the monitor is in control.  This is important since the rise in downstream pressure 
(monitor set pressure) may not be noticed. 
 
Advantages.  Because the gas is automatically contained and controlled, no public relations problem is created.  
Monitoring also keeps the customer on the line and keeps the pressure supplied downstream in an emergency 
relatively close to the setpoint of the working regulator.  Testing is relatively easy and safe.  To perform a periodic 
test on a monitor, increase the outlet set pressure of the working device and watch the pressure to determine if the 
monitor takes over. 
 
Disadvantages.  Compared to relief valves, monitoring generally requires a higher initial investment.  Monitoring 
regulators are subject to blocking, which is why filters or strainers are specified with increasing frequency.  Because 
the monitor is in series, it is an added restriction in the line.  This extra restriction can sometimes force one to use a 
larger, more expensive working regulator. 
 
Another disadvantage related to monitoring installations is that there is no way of knowing for certain that a stand-by 
wide open monitor will work if required.  In many cases, the monitor will be examined more frequently than other 
forms of overpressure protection.   
 
 
Working Monitor 

 

 
 

  
A variation of monitoring overpressure protection that overcomes some of the disadvantages of a wide open monitor 
is the "working monitor" concept wherein a regulator upstream of the working regulator uses two pilots.  This 
additional pilot permits the monitoring regulator to act as a series regulator to control an intermediate pressure 
during normal operation.  In this way both units are always operating and can be easily checked for proper 
operation.  Should the downstream pressure regulator fail to control, however, the monitoring pilot takes over the 
control at a slightly higher than normal pressure and keeps the customer on the line.  This again is pressure control 
by containment and eliminates public relations problems. 
 
 
Series Regulation 

 

 
 
  
Series regulation is also overpressure protection by containment, in that two regulators are set in the same pipeline.  
The first unit maintains an inlet pressure to the second valve that is within the maximum allowable operating 
pressure of the downstream system.  Under this setup, if either regulator should fail, the resulting downstream 
pressure maintained by the other regulator would not exceed the safe maximum value.   
 



This type of protection is normally used where the regulator station is reducing gas to a pressure substantially below 
the maximum allowable operating pressure of the distribution system being supplied.  Series regulation is also found 
frequently in farm taps and in similar situations within the guidelines mentioned above. 
 
Advantages. By containing gas, there is no public relations problem created should one of the units fail, nor is any 
hazard created by venting gas. 
 
Disadvantages. Because the intermediate pressure must be cut down to a pressure that is safe for the entire 
downstream, the second stage regulator often has very little pressure differential available to create flow.  This can 
sometimes make it necessary to increase the size of the second regulator significantly.  Another drawback occurs 
when the first stage regulator fails and no change in the final downstream pressure is noticed, because the system 
operates in what appears to be a "normal" manner without benefit of protection.  Also, the first stage regulator and 
intermediate piping must be capable of withstanding and containing maximum upstream pressure. 
 
The second stage regulator must also be capable of handling the full inlet pressure in case the first stage unit fails to 
operate.  If the second stage regulator fails, its actuator will be subjected to the intermediate pressure set by the first 
stage unit.  The second stage actuator pressure ratings should reflect this possibility. 
 
 
Shut-off 

 

 
Figure E 

  
The shut-off device also accomplishes overpressure protection by containment.  In this case, the customer is shut 
off completely until the cause of the malfunction is determined and the device is manually reset.  Many gas 
distribution companies use this as an added measure of protection for places of public assembly such as schools, 
hospitals, churches, and shopping centers.  In those cases, the shut-off device is a secondary form of overpressure 
protection.  Shut-off valves are also commonly used by boiler manufacturers in combustion systems. 
 
Advantages.  By shutting off the customer completely, the safety of the downstream system is assured.  Again 
there is no public relations problem or hazard from venting gas. 
 
Disadvantages.  The customer may be shut off because dust or dirt has temporarily lodged under the seat of the 
operating regulator, preventing bubble tight shutoff.  This type of situation can be taken care of by a small relief 
valve.  When the shut-off trips, the customer or customers and all of their appliances must be re-lit. 
 
On a distribution system with a single supply, using a slamshut can require two trips to each customer--the first to 
shut off the service valve, and the second visit after the system pressure has been restored to turn the service valve 
back on and re-light the appliances.  In the event a shut-off is employed on a service line supplying a customer with 
a process such as baking, melting metals, or glass making, the potential economic loss could dictate that the use of 
an overpressure protection device that would keep the customer on the line would be a better choice. 
 
Another problem associated with shutoffs is encountered when the gas warms up under no load conditions.  For 
instance, a regulator locked up at approximately 7- in.  w.c. could experience a pressure rise of approximately 0.8 in. 
w.c. per degree F rise, which could cause the high pressure shutoff to trip when there is actually no equipment 
malfunction. 
 
 
 
 
 



 
 
Relief Monitor 

 
 

  
Another concept in overpressure protection for small industrial and commercial loads, up to approximately 10,000 cu 
ft per hr, incorporates both an internal relief valve and a monitor.  In this device, the relief capacity is purposely 
restricted to prevent excess venting of gas in order to bring the monitor into operation more quickly.  The net result is 
that the downstream pressure is protected, in some cases, to less than 1 psig.  The amount of gas vented under 
maximum inlet pressure conditions does not exceed the amount vented by a domestic relief type service regulator.   
 
With this concept, the limitation by regulator manufacturers of inlet pressure by orifice size, as is found in "full relief" 
devices, is overcome.  Downstream protection is maintained even with abnormally high inlet pressure.  Public 
relations problems are kept to a minimum by the small amount of vented gas.  Also, the unit does not require manual 
resetting but can go back into operation automatically. 
 
Dust or dirt can clear itself off the seat, but if the obstruction to the disc closing still exists when the load goes on, the 
customer would be kept on the line.  When the load goes off, the downstream pressure will again be protected.  
During normal operation, the monitoring portion of the relief monitor is designed to move slightly with minor 
fluctuations in downstream pressure or flow. 
 
Slam Shut or Rupture Disk 
 
Another type of relief device (not a valve) is the rupture disc, which, as its name implies, blows wide open when 
pressure reaches its setpoint.  Obviously these cannot be tested; however, they offer more capacity than any other 
type of venting overpressure protection.  They also cannot reset after operation and could blow down a system to 
dangerously low pressure if not serviced immediately.   
 
 
 
Summary   
 
From the foregoing discussion it becomes obvious that the gas design engineer has many philosophies available 
and choices of equipment to implement his overpressure protection requirements.  He must also assume that the 
overpressure device will be called upon to operate at some time after it is installed.  The overall design must include 
an analysis of the conditions created when the protection device operates. 
 
The table below shows 
 

1.  What happens when the various types of overpressure protection devices operate 
2.  The type of reaction required by the gas company 
3.  The effect upon the customer or the public 
4.  Some technical conditions 

 
These are the general characteristics of the various different types of safety devices. 
 
From the conditions and results shown, it is easier to decide which type of overpressure equipment best meets your 
needs.  Undoubtedly compromises will have to be made between the conditions shown here and any others which 
may govern your operating parameters. 
 



TYPES OF OVERPRESSURE PROTECTION 
 

  
Relief 

Working 
Monitor 

 
Monitor 

Series 
Regulation 

 
Shutoff 

Relief 
Monitor 

Keeps customer "on line"? YES YES YES YES NO YES 

Public relations problems 
caused by venting? 

YES NO NO NO NO MINOR 

Manual resetting required 
after operation? 

NO NO NO NO YES NO 

Reduces capacity of 
regulator? 

NO YES YES YES NO NO 

Constantly working during 
normal operation? 

NO YES NO YES NO YES 

Demands "emergency" 
action by gas company? 

YES NO NO NO YES MAYBE 

Will surveillance of 
pressure charts indicate 
partial loss of performance 
of overpressure device? 

 
NO 

 
YES 

 
MAYBE 

 
YES 

 
NO 

 
NO 

 

Will surveillance of 
pressure charts indicate 
regulator has failed and 
safety device is in control? 

 
YES 

 
YES 

 
YES 

 
YES 

 
YES 

 
YES 

 

 


