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What is a Regulator?

Natural gas regulators provide a means of control over the
flow of gas supply to downstream processes or customers

A regulator is used to maintain flow of gas at a constant
downstream pressure (P,)

Pressure Reducing Regulators

Direct-operated vs. Pilot-operated
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Basic Regulator Components

* Restricting Element
* Measuring Element

* Loading Element
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Regulator Operation (Direct-operated)

Equilibrium Increase in Downstream Demand

AREA =10 IN?

Fo= (P, X Ag) = (10PSIGH10IN? =100LB 4 Fo=(P,x Ap) = (9PSIG)10IN3) =90 LB }
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Pilot-Operated Regulators

* Improved accuracy, capacity,
and sensitivity

* Two regulators connected
together

Senses P, and changes P,

Pilot Gain

Pilot-loading vs. Pilot-unloading

6 Emerson Exchange 365 — How Does a Pilot Operated Pressure Regulator Work Part 1 & 2

MAIN
REGULATOR

PILOT
REGULATOR

I UPSTREAM PRESSURE, P,
I LOADING PRESSURE, P
[} DOWNSTREAM PRESSURE, P,
[ ] ATMOSPHERIC PRESSURE
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Pilot-unloading regulator

Downstream Demand Increases

Pilot |I | 1. P, Decreases

BB INLET PRESSURE i
1 OUTLET PRESSURE 2 ' PIIOt Opens
1 ATMOSFHERIC PRESSURE
EEN LOADING PRESSURE 3. P_ Decreases
4. Main Valve
Opens

L EMERSON.
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Regulator Performance and Terminology

Setpoint
Droop
Accuracy

Lock Up

LOCKUP

e S i F—{

WIDE-OPEN

Outlet
Pressure

Setpoint

P Pilot-op

e
Direct-op
'y

Flowrate
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Selecting and Sizing

Regulators
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Example Scenario

Below is a schematic for a pressure reduction application from a high-pressure
line (P,) to an intermediate pressure line (P,) serving a local farm operation with

a load for the farmhouse and some commercial dryers.

P1 = 200-750 psig | Q=250 SCFH
P2= 40 psig f j

MAOP= 60 psig /

Line size = 1"

Q= 3000 SCFH
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What information do we need?

* P, = Inlet Pressure (min. and max.)

P, = Regulator Setpoint
Q = Flow Rate, scfh

T = Temperature of Gas
SG = Specific Gravity
Line/Pipe Size

Material Specifications

Accuracy Requirements (Droop)

P, = 200-750 psig
P, =40 psig

Q = 3250 scfh
T=60F

SG = 0.6 for Natural Gas

1” Pipe
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Options for Selecting

 Manufacturers’ Quick Selection Guides
e Selection Wizards / Online Tools
e Manufacturers’ Flow Coefficients

* Manufacturers’ Published Capacity Tables
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Quick Selection Guides

MAXIMUM INLET OUTLET MAXIMUM e
PRESSURE PRESSURE RANGE CAPACITY NUMBER

A
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Wizards / Online Tools

e GASCalc

* Fisher Regulator
Toolkit

e Other Manufacturer
website

-
i

Device MatchMaker Specifications...

Device Type: |Hegulatur j
M anufacturer: |An_1,l#tll j
Target Operating Data...
Flow Rate: |325l] |th ﬂ Set Pressure: |4|l|]|]|] |F‘si ﬂ
Minimum Inlet Pressure: |2l]|l|]|]|] |F‘si ﬂ Outlet Yelocity: |?|] |Feet!se-:: ﬂ
Maximum Inlet Pressure: |750.000 Psi Elevation: ||].|]|]|] |ft ﬂ
A < Lizt Matching Dewi Lizt All Dewvi
4l A M g Devices izt All Devices
Size/Type Code Flow Min  |Flow. Max  |OutVelocity |InP.Max  |SetP. Min |SetF~]
FC 627 3/4 3/8 3041323 12165.293 65 475 1250.000 h.000 500.C
FC 627 1 3/16 1554 454 B217.817 40400 2000.0000 h.000 EUI]_[J
FCB2711/4 2675.238 10700.952 40400 1750.000 h.000 500.C
l_ri' l""IIT TaMHr 1CC4d AC 4 [ el b Bar B 2 & B 14N Anc AN N (= lplyl] l:n:'lj
4 3
Base Conditions | Clear | Help | Motes
Cancel | Open | Save | Print | Cloze
A
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Flow Coefficients

Universal Sizing Equation

’520 3417 AP
QEth = E Ggp1 SIN [[ 01 ] P—1:l DE‘Q

Flow Coefficients
C, = Gas Sizing Coeff
C, = Liquid Sizing Coeff

G = Specific Gravity = 0.6
T=Temp F =60

P, =200 psig

AP = 200-40 = 160 psig

Table 16. Flow Coefficients

NPS 3/4 /DN 20 BODY NPS 1/ DN 25 BODY
ORIFICE SIZE, | wide-Open C_ | Wide-Open C, Wide-Open C_ | Wide-Open C,
IN. /' mm for External | for External | C, | forExternal | for External | C,

Relief Sizing | Relief Sizing Relief Sizing | Relief Sizing
332 /24 6.9 0.24 292 6.9 0.24 28.5
1/8 /132 12.5 0.43 291 125 0.43 294
36 /48 29 1.01 286 29 0.93 32
14 /6.4 50 1.63 30.6 50 1.71 29.3
3/8 /95 108 2.99 36.1 108 342 s
1/2 113 190 487 39.0 190 529 35.9
916 /14.3 21186 56 ars

C, = C,/C,

0=,/ 0.5?25?30) (12.5)(200) Sin((

O =3132scfh

3417
29 4

V3% )
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Published Capacity Tables

Table 7. Types 627, 627M, 627MR, 627BM, 627BMR, 6270SX and 627BMOSX Capacities for NPS 1/DN 25 Body Size!"#

CAPACITIES IN SCFH / Nm*/h OF 0.6 SPECIFIC GRAVITY NATURAL GAS

OUTLET
s | omen | e o s .
PART"”:BER F;ELT:E;’ psig / barg For All Types Except Types 627BM and 627BMR ::;::z:
COLOR CODE 332 12.4 118 132 316 /4.8 114 16.4 38 19.5 112 113 9/16 / 14.3
60 /4.1 610 /163 | 1000 /202 | 2530 /678 | 451017121 9200 /249 | 0420 /252 | 14,400 /386
75 152 760 1204 | 1370 /367 | 3080 /825 | 5640 /151 | 10,800 /289 | 16,500 /442 | 18,800 /504
100 /6.9 990 /265 | 1790 /480 | 4070 /108 | 7310 /196 | 14700 /394 | 21800 /587 | 26,000 /697
150 /10.3 | 1420 /381 | 2580 /691 | 5850 /157 | 10,500 /281 | 20,500 /549 | 34,500 /925 | 40,500 /1085
200 /138 | 1850 /496 | 337071903 | (76301204 | 13.700 /367 | 27,100 /726 | 46,400 /1244 | 48,100 /1289
:Eﬁ‘ﬂ’;ﬁ; 300 /207 | 2700 /724 | 4910 /132 | 11,200 /300 | 20,100 /539 | 40,100 /1075 | 67,100 /1798 | 63,400 / 1698
40/2.8 500 /345 | 4400 /118 | 8080 /217 | 18,300 /490 | 32,900 /882 | 63,900 /1713 66,800 / 1790
105;’32::?12 750 151.7 | 6600 /177 | 12,000 /322 | 27,200 /729 | 39,400 / 1056 69,000 / 1849
1000 /69.0 | 8700 /233 | 16,000 /429 | 36,100 / 967 71,100 /1905
1250 /862 | 11,000 /295 | 19,000 /509 71,500 /1815
1500 /103 | 13,000 /348 | 22,000 /590 71,000 /1926
1750 /121 | 15,000 /402
2000 /138 | 17,000 / 456

A _
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Other Installation Considerations

* Inflow / Outflow Conditions (straight pipe requirements)
* External Sensing Lines
* Regulator Venting

* Qversizing
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Overpressure Protection
Basics
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Federal Guidelines

* Regulators are designed to maintain downstream pressure over a range of

possible flow rates. However, in the event of a regulator failure, the
downstream system could be subject to pressure which it is not designed
for. In order to prevent this, there are several forms of overpressure
protection that should be installed

* Natural gas safety codes and state/federal regulations require
overpressure protection whenever a pressure reducing station is installed
with the downstream system having a lower MAOP (Maximum Allowable
Operating Pressure) than the upstream system.

* PHMSA Part 192

A
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Federal Guidelines Cont.

>60psi MAOP +10% or 75% ofthe Specified
Min Yield Strength (SMYS)which ever
1s less
>12psiand <60psig MAOP + 6psi
<12psi1 MAOP +50%
Low Pressure Prevent unsafe operation ofany
appliance
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Types of Overpressure Protection

* Relief Valves
* Monitors
* Series Regulation

e Shutoff
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Relief Valves Basics

* Arelief valve is a device the vents gas to the atmosphere to maintain
downstream pressure at or below the MAOP

* Operate under similar principles as regulators

Advantages Disadvantages
* Not subject to line blockage * Vent gas to atmosphere
* No effect of regulator capacity * Careful sizing considerations

e Produce sound and smell as
alarm

A
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Types of Relief Valves
* Pop type
* Direct-operated

* Pilot-operated

* Internal Relief (IRV)

H200 Series Pop Type

Type 2B9P-6358 Pilot-Operated

Type 289 Direct-Operated

Type 627 with Internal Relief

A
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Selecting and Sizing

Relief Valves
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Example Scenario

RehefValve ?

627 Regulator

/ Full Port Block Valve

I

Upstream of Regulator ——— Downstream Downstream MAOP = 60psig
, i of Regulator
Plmin =200psig
P2 =40psig

Plmax="750psig

AW
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What information do we need?

* P, = Inlet Pressure (max.)
* Q,,.« = Regulator wide-open capacity
* MAOP (Max Allowable Operating Pressure)

In order to protect against the worst-case scenario, we will assume the
regulator has failed wide-open at the maximum inlet pressure.
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Calculating Regulator Failure Flow

* Need C, (29.4) or C, (12.5) for given regulator
P, =750 psig, P, =40 psig

O Non-Critical (Sub Sonic) flow - < | 814

2.abs
(3417) X Pintet —Poutlet deg
C'_'I_ Piﬂ.fE‘f

Use Equation: Q = S—f X Pintet X Sin

P1 abs > 1814 Q=1.291x12.5x (750"'147)

A Critical (Sonic) Flow

2.abs

Use Equation:  Q = 1.291 X Cy X Pinter (max).abs =12.3 MCFH

Rule of thumb: If the P, 45,5 pressure is less than Y2 of the P; 4 pressure you can use the Critical (Sonic) flow equation.

A
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What information do we need?

P, = Inlet Pressure (max.) * P, =750 psig

* Q,.x = Regulator wide-open * Qnax = 12.3 MCFH
capacity

« MAOP (Max Allowable * MAOP = 60 psig

Operating Pressure)

2ivISTA
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Options for Selecting

 Manufacturers’ Quick Selection Guides
e Selection Wizards / Online Tools
e Manufacturers’ Flow Coefficients

* Manufacturers’ Published Capacity Tables / Charts

2ivISTA



Quick Selection Guide

M
RELIEF SET MAXIMU

GITY
PRESSURE RANGE CAPACIT

100,000 scfh
(2680 Nm*/h)
Page 330

111,000 scfh l
(2970 Nm?/h)

i Page 136

f
1000,000 scfh i
(2680 Nm?/h) E

i Paga 345
136,000 scfh i - 3
(3645 Nm*/h) e |

E F‘age 348

30

Page 348

Page 265

AT
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Wizards / Online Tools

e GASCalc

* Fisher Regulator
Toolkit

e Other Manufacturer
website

P

o | = | =] | &3 |
Device Type: |Helief Yalve ﬂ
Manufacturer: |Fisher Controls j
Target Operating Data...

Flow Rate: 12.3 Mcth ﬂ Set Pressure: |E|] |F‘si ﬂ
Elevation: |l].l]l]l] | ft ﬂ
AllZ Li . . . =
= A izt Matching Devices | List All Devices |
Size/Type Code Flow. Min  |Flow. Max  |DutVelocity |[InP.Max  [SetP.Min  |SetF i‘
FC 289H 1 5.880 52923 h68.049 100.000 0.180 75.0C
FC 289HH 1 4 _5h7 41.015 h68.049 100.000 45 000 75.00
FC 289P-167AR 5.880 52923 h68.049 110.000 10.000 100.C
I;I"' "'Ijlﬂl 4 4.1 C ann A wvd Cirn AN e i b laalalyl "II'IIIJ
Base Conditions | Clear | Help | Motes |
Cancel | Open ‘ Save | Print | Cloze |
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Capacity Chart — 1805

* 1805-2, 1" NPT
* Required flow = 12.3 MCFH
* Set point = 50 psig

* MAOP = 60 psig

RELIEF PRESSURE RANGE —
IN
BODY SIZE PART NUMBER
psig bar

Hloids 034 o 2.4 1BSEE02T212
34 or 1 NPT 10 1o 60 069 o4 1BTHBRIZTOZ2?
Aia 125 14 o 8.6 1BTAB42T022
51a 20 034 o 1.4 1D&92327022
1-1/2 or 2 NPT 10 1o 50 0869035 10665927022
1510 125 24 o 8.6 1E54 3627142

150 110,3
-iﬂu 14,1
o | 125 18,8
[ 5034 \.
o N \
= | 100 N 6,3
@ __:3-"
g |7 18,2
i
& | 50 13,4
40/ 2,8
25 1,7

I
LH.I' 1,7 SETPOINT™

o/ 5 100 1857 200 257 304 350 401
0 013 02r 040 054 06T 080 094 107

* Relief Capacity = approx. 2.5 MCFH

* Not enough capacity

A
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i " | | - a8
Capacity Chart — 289H e |
—0 . "-#-'j':;;//‘;," a1
B Gy A WO s S LY 4
+ 289H, 1" NPT S I R R TP
“@ flirf 2B
* Required flow = 12.3 MCFH ; ey ey -*/ 7 L
: gy B e -
L . N T iy ANPEE O el -
* Set point = 50 psig S O R _;/ Nl :
mf‘ﬂ'——'—“‘ﬁﬁ : i
* MAOP = 60 psig pirenanpassi ] > et

03 0.5 o3 11 1.3 1.6 18 1
CAPACITIES IN THOUSANDS OF SCFH / Nm*h OF 0.6 SPECIFIC GRAVITY NATURAL GAS AT 14.7 psia AT 60°F J 1.01325 bar AT 0°C

* Relief Capacity = approx. 56 MCFH
* Enough Capacity

A
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Check Downstream Pressure

Table 1. Maximum Allowable Relief (Inlet) Pressure

AVAILABLE
CONFIGURATION

BODY SIZE,
NPT

SPRING PART
NUMBER

MAXIMUM ALLOWABLE RELIEF

Type 2BE4

14

02056327022
1B26822T022

Type 289H

1FB26827052
1DBAZ32T022
10751527022
10745570012

1BS3652T052
1BS3662T052
1BS3682T06E2
1BS3692T052

Typa 289HH

107455T0012

(INLET} PRESSURE™
psig bar
45 341
100 6.9
25 1.7
100 6.9

INLET PRESSURE, psig

70 T T 48
1 NPT TYPE 283H
VENT SCREEN INSTALLED|
&0 a1
- — -
15
-
- -
18
30 psig|/ 2.1 bar -]
1D7455T0012 — uf
— — — — - -4
30 /r; 21 §
20 psig|! 1.4 bar ,""‘_,‘ ¥
10751527022 3= r
'h----ﬁ—'—- Jl" E
20 - A-15 paig ! 1.0 bar 1.4 =
A . - -;,/ 10751527022 =
. B-10 paig [ 0.69 bar
E_ . L :/ 10751527022
10 € 5-? C-4 pslyg § 0.28 bar 0.69
C . D-1 paig / 0.069 bar
—— :"'_'. ~ 1FE26I27052
_-D. - — ~
o [ I o
1 T 0
0 104 0/ " ] 40! 501 B0/ 70/ a0/
0.3 0.5 0.8 11 13 16 18 21

CAPACITIES IN THOUSANDS OF SCFH / Nm*/h OF 0.6 SPECIFIC GRAVITY NATURAL GAS AT 14.7 psia AT 60°F / 1.01325 bar AT 0°C

A
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Final Design

289H Relief
627 Regulator

/ Full Port Block Valve

/ I

Upstream of Regulator ——— Downstream Downstream MAOP = 60psig
) i of Regulator
Plmin =200psig
P2 =40psig

Plmax="750psig

AW
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Q&A

Thank you!
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