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Regulator Sizing /  Selection Guidelines 

What is  a  Regulator?
 Any s e lf-conta ined va lve  and ac tuator combination

Purpos e  of a  Regulator?
• To match the  downs tream demand while  keeping the  downs tream pres s ure  cons tant

Types  of Regulators?
• Self-Operated (Se lf-Op) and Pilot Operated (Pilot-Op)



Regulator Sizing /  Selection Guidelines 

Pilot-Op Regulators  Se lf-Op Regulators



Regulator Sizing /  Selection Guidelines 

Flow

Pr
es

su
re

------------------------------

Setpoint 

Typical Self-Op

Typical Pilot-Op

------------------------------

Advertised Flow Rate

Pilot Lockup
---------- Self-Op Lockup

Terminology:
• Setpoint – Pressure setpoint of 

the downstream regulator 
pressure

• Droop /  Offs e t /  Accuracy /  
Proportiona l Band – Deviation 
of the actual pressure below 
ideal pressure to achieve a 
certain flow rate, illustrated as  a 
% or pressure difference.

• Lockup /  Lockup Tail – Amount 
of offset above setpoint to 
obtain complete shutoff 
(lockup). 

• Critica l Flow – Max flow for a 
given restriction.  Dependent on 
P1 and orifice s ize.  (Sub-sonic 
and sonic velocities).

-----------

-------------------------------------------------
------------------------------------------------

Droop / Offset



Regulator Sizing /  Selection Guidelines 

The following application is  reducing pressure from a Natural Gas Transmission line for use by a local farmer and 
small dryers.  This  is  an initial pressure reduction off the transmission line which requires  a “rough-cut” regulator 
(accuracy is  not critical).  The gas has a Specific Gravity of 0.6 and a Temperature of 60 º F.  From your experience, 
the customer values ease of maintenance and the most economical solution.



Regulator Sizing /  Selection Guidelines 

Gathering the  neces s ary data
• P1 = Inle t Pres s ure  (Min and Max Conditions )

• P2 = Regulator Downs tream Setpoint required

• Q = Fluid Flow Rate  (Min and Max Conditions )

• T = Temperature  of the  fluid (Natura l Gas )

• SG = Specific  Gravity (SG of Pipe line  Natura l Gas  is  0.6)

• Line  Size  /  Swage  Ratio if the  piping is  reduced or enlarged 

• Fluid and materia l s pecifications

• Accuracy requirements  (Droop /  Proportional Band)



Regulator Sizing /  Selection Guidelines 

Regulator Se lec tion:  Conditions

Proces s  Conditions

Inlet Pressure 200psi 750psi

Set Pressure 40psi

Flow Rate 250scfh 3250scfh

Temperature 60 º F

Accuracy Rough Cut – 20% Droop Allowable

Process 
Fluid/SG Natural Gas / SG = 0.6

Line  Size 1” NPT
Application Farm Tap

Note:  When sizing a pressure reducing regulator 
to meet flow, we need to account for the worst 
case conditions.  In this  case, we would s ize for 
the maximum amount of flow using the lowest 
pressure drop.

P1min =        200psi           or           P1max            =  750psi
Setpoint = 40psi      Setpoint = 40psi



Regulator 
Sizing /  
Selection 
Guidelines 

Tools  To Narrow 
the  Search

Us e  Manufacturers  Quick Se lec tion Guides



Regulator 
Sizing /  
Selection 
Guidelines 

Tools  To Narrow 
the  Search

Us e  Manufacturers  Se lec tion Wizards  Guides

• Available on some manufacturers  websites

• Information is  the latest and is  updated when new products  

or changes are made to existing products



Regulator 
Sizing /  
Selection 
Guidelines 

Tools  To Narrow 
the  Search

Us e  Manufacturers  Offered Sizing Tools
• Available on some manufacturers  websites

𝐶𝐶𝐶𝐶 =
𝐶𝐶𝐶𝐶
𝐶𝐶𝐶

𝐶𝐶𝐶𝐶 = 𝐶𝐶𝐶𝐶 0.402 𝑥𝑥 𝐶𝐶𝐶 29.4

𝐶𝐶𝐶𝐶 = 0.402

𝐶𝐶𝐶 = 29.4

𝐶𝐶𝐶𝐶 = 𝐶𝐶.8𝐶



Regulator Sizing /  Selection Guidelines
Finding  the Right Regulator 

Manufacturers  Flow Coefficients



Regulator 
Sizing /  
Selection 
Guidelines 

Tools  To Narrow 
the  Search

Us e  Manufacturers  Offered Sizing Tools
Capacity Tables



Relief Valve Sizing Guidelines 

Downstream MAOP = 60psigUpstream of Regulator 
P1min = 200psig
P1max = 750psig

Downstream 
of Regulator 
P2 = 40psig

627 Regulator

Relief Valve ?

Full Port Block Valve

Regulator Selection:  627 Series, 1 inch NPT, 1/8” 
Orifice, 15-40psi spring range
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Relief Valve Sizing Guidelines 

Downstream MAOP = 60psigUpstream of Regulator 
P1min = 200psig
P1max = 750psig

Downstream 
of Regulator 
P2 = 40psig

627 Regulator

Relief Valve ?

Full Port Block Valve



Relief Valve Sizing Guidelines

Q:  What is  the purpose of a relief valve?

A:  Relief valves are used to protect piping, 
equipment and systems from accidental 
overpressure events.



Different Types of 
Relief Valves
• Relief Valves are designed in many sizes 

and configurations

Small Se lf-Op 
Relie f Valve

Small Pilot 
Relie f Valve Large  Pilot 

Re lie f Valve
Pop Type  
Relie f Valve

Re lie f Valve  Sizing Guide lines

Self-Op Regulator 
w/Inte rna l Re lie f



Relief Valve Sizing Guidelines
Codes

Minimum Federa l Standards  for Over-Pres s ure  Protection:

• (PHMSA) Pipeline and Hazardous Materials  Safety Administration 
• Part 192 – Transportation of Natural and Other Gases by Pipeline

• 192.195 Protection Against Accidental over pressuring
• 192.199 Requirements for design of pressure relief and limiting devices
• 192.201 Required capacity of pressure relieving and limiting stations
• 192.739 Inspection & testing
• 192.743 Capacity of relief devices



Relief Valve 
Sizing 

Guidelines

Part 192 - Rules  for Pres s ure  Limita tions  

MAOP Allowable  Overpres sure

> 60ps i MAOP + 10% or 75% of the  Specified 
Min Yie ld Strength (SMYS) which ever 

is  les s
> 12ps i and < 60ps ig MAOP + 6ps i

< 12ps i MAOP + 50%

Low Pres sure  Prevent uns afe  operation of any 
appliance



Relief Valve Sizing Guidelines

MAOP + Allowable over-pressure build-
up

MAOP

110psig

100psig

System Pressure
Setpoint 85psig - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Regulator setpoint (P2) = 85psig
 Overpressure on system
 Normal Operation below the MAOP limit

Max Allowable Pressure + Buildup

Pressure Limitations on system
System Pressure Cannot Exceed 110psig

0



Relief Valve 
Sizing 

Guidelines

• The regulator capacity to be  vented is  the  maximum 
capacity bas ed on the  maximum inle t pres s ure  
(ups tream MAOP) and the  maximum outle t pres s ure

• As s ume that the  regulator has  fa iled wide  open us ing 
the  maximum inle t pres s ure  (MAOP) and no flow is  
required downs tream

Regulator Maximum 
Capacity



Relief Valve 
Sizing 

Guidelines

Relie f Valve  Maximum 
Capacity

For re lie f va lve  s izing as s ume that no flow is  
going into the  downs tream sys tem.  Imagine  
a  block va lve  was  s hut-off on the  
downs tream line  and a ll flow was  going 
through the  re lie f va lve.

 Relie f Valves  a re  s ized us ing:
1. The  manufacturer’s  Capacity Tables
2. The  manufacturer’s  Flow coeffic ients  for 

re lie f va lve  s izing
3. The  manufacturer’s  Sizing Equations



Relief Valve Sizing Guidelines

Regulator Capacity Sizing

 Non-Critical (Sub Sonic) flow  𝑷𝑷𝟏𝟏,𝒂𝒂𝒂𝒂𝒂𝒂
𝑷𝑷𝟐𝟐,𝒂𝒂𝒂𝒂𝒂𝒂

   <  1.814

Use Equation: 𝑄𝑄 = 1
𝑆𝑆𝑆𝑆

 × 𝑷𝑷𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊  × 𝑠𝑠𝑠𝑠𝑠𝑠 3417
𝐶𝐶1

× 𝑷𝑷𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 −𝑷𝑷𝒐𝒐𝒐𝒐𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊
𝑷𝑷𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊

 deg

 Critical (Sonic) Flow                    𝑷𝑷𝟏𝟏,𝒂𝒂𝒂𝒂𝒂𝒂
𝑷𝑷𝟐𝟐,𝒂𝒂𝒂𝒂𝒂𝒂

    >  1.814

Use Equation: 𝑄𝑄 = 𝐶.29𝐶 × 𝐶𝐶𝑔𝑔 × 𝑷𝑷𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 (𝒎𝒎𝒂𝒂𝒎𝒎),𝒂𝒂𝒂𝒂𝒂𝒂

Rule of thumb:  If the 𝑃𝑃2,𝑎𝑎𝑎𝑎𝑎𝑎 pressure is less than ½ of the 𝑃𝑃1,𝑎𝑎𝑎𝑎𝑎𝑎 pressure you can use the Critical (Sonic) flow equation.



Relief Valve Sizing Guidelines
Sizing a  re lie f va lve
1) Gather the necessary data

• Maximum absolute inlet pressure (𝑃𝑃1 (𝑚𝑚𝑎𝑎𝑚𝑚),𝑎𝑎𝑎𝑎𝑎𝑎)
• Regulator Setpoint
• Wide-open sizing coefficient (𝐶𝐶𝑔𝑔,𝑤𝑤𝑤𝑤) for the selected regulator
• MAOP (Max Allowable Operating Pressure)

2)  Protect against the worst-case scenario and assume the regulator has failed wide-open and the maximum                
inlet pressure is  being fed to the regulator while no flow is  required downstream
3) Calculate the Wide-Open Flow (𝑄𝑄𝑤𝑤𝑤𝑤) (Determine if the flow is  Sub Sonic or Sonic (use appropriate calcs)
4) Determine the Maximum Emergency Downstream Pressure

• Outlet pressure rating of the regulator
• MAOP of the downstream piping
• Inlet pressure rating of the downstream equipment

5) Select a relief valve
• Select a relief valve using the emergency outlet pressure and the wide open flow (𝑄𝑄𝑤𝑤𝑤𝑤).

6)  Choose a relief valve setpoint and determine the amount of buildup that will be required in order to pass  
the wide-open flow calculated in Step 3.  Make sure that your relief valve setpoint is  not in the lockup tail of 
the pressure reducing regulator.



Relief Valve Sizing Guidelines
Setpoint

• Based off Regulator 
setpoint

• Deadband region rules  of 
thumb:

• Mid-way between Regulator 
setpoint and system MAOP

• 5 psi for medium/high 
pressure applications

• 7 in.w.c. for low pressure 
applications

P2

Q (flow)

Relief Valve 
Setpoint

Deadband Region

Regulator 
Setpoint



Relief Valve Sizing Guidelines

The following application is  reducing pressure from a transmission line for use by a local farmer and small dryers.  This  is  an initial 
pressure reduction off the transmission line which requires a rough-cut regulator (accuracy is  not critical).  The gas has a specific 
gravity of 0.6 and a temperature of 60F.  Size the appropriate overpressure protection.  Provide  overpres s ure  protec tion by 
exte rna l re lie f method.  

Remember:  To determine the maximum downstream pressure of the system, take three things into consideration:

1. Maximum inlet for the downstream equipment.
2. Maximum allowable operating pressure (MAOP) for the pipeline.
3. Maximum downstream pressure rating for regulator.

Emerson Confidential

26



27

Relief Selection: Conditions 

Process Conditions Minimum Normal Maximum

Inlet Pressure

Regulator Selection

Regulator Set Pressure

Wide Open Cg/Cv

Wide Open Flow Rate

  

 

Relief Selection:  Conditions

200 psi 750 psi
1” 627 w/  1/ 8” orifice                             Se lf Op  Sizing  Exam ple  1

40 psi                                                Prob lem  Sta tem ent 

12.5/ 0.43                                           627 Bulle tin  Tab le  16 (Page  32) 

 
 

 

  

  

 p   

MAOP of System

Process Fluid/SG

Application

   

𝑄𝑄𝑤𝑤𝑤𝑤 = (𝐶𝐶𝑔𝑔,𝑤𝑤𝑤𝑤 ) x (𝑃𝑃1 (𝑚𝑚𝑎𝑎𝑚𝑚),𝑎𝑎𝑎𝑎𝑎𝑎 )x (1.29) 
      =(12.5) x  (750 +14.7 ) x (1.29) = 12340 scfh  NG

Prob lem  Sta tem ent

60 psi                                              Prob lem  Sta tem ent 

Na tu ra l Gas (0.6)                                 Prob lem  Sta tem ent 

Fa rm  Tap                                              Prob lem  Sta tem ent 

 Qwo Equa tion  
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Quick Selection Guide: 
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Relief Selection: Sizing an 1805

Selection
Body Size

Spring Range/Pilot

Main Spring

Actuator Size

Minimum Differential

Calculated W/O Flow Rate

Flow Rate at MAOP

Materials: Elastomers

Materials: Metal

Relief Selection: Sizing
1805-2            Narrowing  Se lection

1”            289 Bulle tin  Tab le  1 (Page  3)

10-60 psi            289 Bulle tin  Tab le  1 (Page  3)

12330 scfh  NG                     Ca lcu la ted

4,000 scfh  NG                   289 Bulle tin  Figure  3 (Page  4) 

NBR          289 Bulle tin  

Alum inum           289 
Bulle tin  

n / a   

n / a   
n / a   

To choose  se tpoin t of the  re lie f va lve :
• Regula tor se tpoin t = 40 psig  
• MAOP = 60 psig
• Re lie f Se t p o in t  = 50 p s ig

Won ’t  m e e t  
ca p a cit y @ 
MAOP!
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Relief Selection: Sizing a 289H

Selection
Body Size

Spring Range/Pilot

Main Spring

Actuator Size

Minimum Differential

Calculated W/O Flow Rate

Flow Rate at MAOP

Materials: Elastomers

Materials: Metal

Relief Selection: Sizing
289H            Narrowing  Se lection

1”            289 Bulle tin  Tab le  1 (Page  3)

15-50psi            289 Bulle tin  Tab le  1 (Page  3)

12330 scfh  NG                     Ca lcu la ted

56,000 scfh  NG                   289 Bulle tin  Figure  3 (Page  4) 

NBR          289 Bulle tin  

Alum inum                           289 Bulle tin  

n / a   

n / a   
n / a   

To choose  se tpoin t of the  re lie f 
va lve :
• Reg  se tpoin t= 40 psi ( we  need  

to  se t above) 
• MAOP= 60 psi ( we  need  to  se t 

be low) 
• Re lie f Se t p o in t = 50 p s i
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289H 1” Bulletin Information
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Relief Valve Sizing Guidelines

Check Downstream  Regu la tor Pressu re  Ra tings
Most Se lf-Opera ted  regu la tors have  lower casing  p re ssu re  ra tings than  in le t ra tings on  the  bod ie s.

When sizing  re lie f va lves, check the  casing  and  d iaphragm  ra tings aga inst the  m axim um  ou tle t p re ssu re  the  
downstream  p ip ing  will rise  to  includ ing  bu ild -up  p re ssu re .

In  ou r exam ple  using  the  289H we  wou ld  see  a  m axim um  pressu re  of approx. 51psig  when  the  flow 
requ irem ent of 12,340scfh  is m e t with  up  to  60,000scfh  capacity a t fu ll MAOP + Bu ildup . 

Th is 627 chart shows Max pre ssu re  ra tings

Our regu la tor se tpoin t is  40psig  and  we  can  take  up  to  60psig  ove r se tpoin t on  the  
casing .  Tha t wou ld  m ean  100psig , bu t our re lie f is  lim iting  the  p ressu re  to  51psig !
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We Made it!
Questions?
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