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Introduction 
 
Meter run switching is a viable option for 
obtaining accurate gas measurement at a meter 
station that has real-time flow rates that 
fluctuate between very low and very high flows.  
Too often a single meter run station will 
measure gas very accurately at high flow rates 
and very poorly at low flow rates; as well as, a 
single meter run station that will measure very 
accurately at low flow rates and not enough 
capacity at a high flow rate. 

Including meter run switching as an integral part 
of a meter station design that has a wide range 
in flow rates can reduce the amount of 
unaccounted for gas, as well as unbilled gas. 

Types of Dual Run Meter Stations 

The three types of dual run meter stations 
discussed in this document include dual orifice 
meters, dual turbine meters, and a rotary/turbine 
meter combination.   

Dual Orifice Meters 

The orifice plate is a very robust flow 
measurement device. It is very easy to use and 
can easily be adaptable to many flow 
measurement applications. The cost of operation 
is minimal and familiarity with the device is 
near universal. All these pluses make the orifice 

          

plate the first choice measurement device in 
almost every flow application. It does however 
have some limitations which makes the sizing 
process a little tricky.  The three main concerns 
that must be taken into account when sizing the 
orifice plate are staying within the following:  
allowable Beta ratio, the expected loads, and the 
desired differential pressure range. 

 Beta Ratio 

When sizing the orifice plate, the Beta ratio, 
which is the ratio between the orifice plate 
inside diameter and the orifice tube inside 
diameter, shall be between 0.15 and 0.70 for 
gases when the pressure taps are on the flange. 

The dual orifice meter run to be examined in 
this document consists of two 10” meter tubes.  

The actual inside diameter of the 10” meter 

tubes is 10.020”.  In order to stay within the 
allowable Beta Ratio, the smallest orifice plate 
that can be used is a 1.5” plate and the largest 

that can be used is a 7.0” plate. 

 Expected Loads 

The historical and forecasted loads will 
determine the range of flow for the meter 
station.  For this example, the minimum flow is 
estimated at 25 Mcfh and the maximum flow is 
estimated at 450 Mcfh.  Also, the pressure is 



regulated at 25 Psig and the temperature 
averages 35oF. 

 Differential Pressure Range 

The minimum differential pressure must be 
considered to ensure accurate measurement on 
the lowest of flows.  A differential pressure 
lower than 5 inches will  reduce the accuracy of 
the orifice meter.  Large errors are introduced 
into the measurement system by orifice plates at 
low flow rates.  This is because the flow rate is 
proportional to the square root of differential 
pressure. 

The maximum differential pressure must be 
considered to ensure that the orifice plate is not 
compromised due to stress and that the 
differential pressure transmitter is not over 
pressured.  Standard ranges of differential 
pressure in use are 50 inches, 100 inches, and 
200 inches of water column.  A limit of 200 
inches of water column is recommended to 
protect the integrity of the orifice plate. 

Therefore, the differential pressure must range 
between 5 and 200 inches and the orifice plate 
must range between 1.5 and 7 inches.  Knowing 
that the flow will range between 25 and 450 
Mcfh, the orifice meters can be sized.  The first 
orifice meter should be sized so that at 5 inches 
of water column the flow rate will be less than 
25 Mcfh.  Table I shows the flow calculations at 
5 inches of water column, 25 Psig, and 35oF for 
several different orifice plate sizes. 

 

 

 

 

Table I.  Flow at 5“ for Several Orifices 

Orifice Mcfh 
1.500 8 
1.750 11 
1.875 13 
2.000 15 
2.250 19 
2.375 21 
2.500 23 
2.625 25 
2.750 28 
2.875 30 
3.000 33 

 

From Table I it clearly shows that with an 
orifice plate size of 2.5 inches, the flow rate is 
23 Mcfh, which is less than the minimum flow 
of 25 Mcfh.  The first orifice meter will use a 
2.5” orifice plate.  Table II shows the flow 
calculations for the first orifice meter with the 
2.5” orifice plate, 25 Psig, and 35oF. 

Table II. Flow with a 2.5” Orifice Plate 

" W.C. Mcfh 
5 23 

25 52 
50 74 
75 91 

100 106 
125 119 
150 131 
175 143 
200 154 
225 164 
250 174 

 



In order to set the size of the orifice meter for 
the second meter, the flow at 200 inches for the 
first meter must be considered.  As Table II 
shows, the flow through the first meter at 200 
inches of water column is 154 Mcfh.  Since the 
maximum flow through the station will be no 
more than 450 Mcfh, the orifice plate for the 
second meter should be sized so that the total 
flow through the station will be slightly higher 
than 450 Mcfh at 200 inches of water column; 
therefore, the flow through the second meter 
should be slightly higher than 450 Mcfh less 
154 Mcfh, which is 296 Mcfh.  Table III shows 
the flow calculations at 200 inches of water 
column, 25 Psig, and 35oF for several different 
orifice plate sizes for the second orifice meter 
run. 

Table III. Flow at 200” for Several Orifices 

Orifice Mcfh 
2.000 98 
2.250 124 
2.500 154 
2.750 186 
3.000 222 
3.250 261 
3.500 304 
3.750 350 
4.000 400 
4.250 453 
4.500 511 

 

From Table III it clearly shows that with an 
orifice plate size of 3.5 inches, the flow rate is 
304 Mcfh, which is slightly higher than 296 
Mcfh.  Therefore, with both meters flowing at 
200 inches of water column, the total flow 
through the station is 458 Mcfh.  The second 
orifice meter will use this 3.5” orifice plate.  

Table IV shows the flow calculations for the 

second orifice meter with the 3.5” orifice plate, 
25 Psig, and 35oF. 

Table IV. Flow with a 3.5” Orifice Plate 

" W.C. Mcfh 
5 45 

25 102 
50 146 
75 180 

100 209 
125 235 
150 260 
175 282 
200 304 
225 324 
250 344 

 

Table V shows flow calculations through both 
meters and the total at various differential 
pressures. 

DP 2.5" Plate 3.5" Plate Total 
" W.C. Mcfh Mcfh Mcfh 

5 23 45 68 
10 32 64 97 
12 36 70 106 
18 44 86 130 
25 52 102 154 
50 74 146 219 
75 91 180 270 

100 106 209 315 
125 119 235 354 
150 131 260 391 
175 143 282 425 
200 154 304 458 
225 164 324 489 
250 174 344 518 

  



Now that the orifice plate sizes have been set, 
the meter run switch values can be determined.  
One very important thing to consider is that the 
switching values do not get set so that the run 
switch valve is operating too frequently.  A 
general guideline is to turn the second orifice 
meter on around 100 inches of water column 
and turn it off around 10 inches of water 
column.  If these parameters are set in the run 
switch program, this will cause the valve to 
operate too much because the flow through first 
orifice meter is 106 Mcfh at 100 inches of water 
column.  The differential pressure when both 
meters are flowing a total of 106 Mcfh is 12 
inches of water column; which is way too close 
to the switching value of 10 inches.  It is better 
to switch the second meter on at a higher flow 
rate.  Evaluating the data in Table V shows that 
switching the second meter on at 150 inches of 
water column or 131 Mcfh will drop the 
differential pressure to 18 inches with both 
meters flowing.  The flow will have to drop to 
97 Mcfh before the second meter shuts off at a 
differential pressure of 10 inches of water 
column.  The run switching values have been 
determined to be 150 inches and 10 inches of 
water column.  The meter run switching 
program can now be written.  See Figure I for a 
flow chart and Figure II for the program for the 
dual orifice meter switch. 

 

 

 

 

 

 

 

Figure I. Flow Chart Dual Orifice Switch 

 

Figure II. Fisher FST Dual Orifice Switch 

 

  



Dual Turbine Meters 

Turbine flow meters are used for the 
measurement of natural gas. Turbine meters are 
less accurate than displacement meters at low 
flow rates, but the measuring element does not 
occupy or severely restrict the entire path of 
flow. The flow direction is generally straight 
through the meter, allowing for higher flow 
rates and less pressure loss than displacement-
type meters. They are the meter of choice for 
large commercial users. 

The sizing of the turbine meter is much easier 
than sizing the orifice meter.  The expected 
loads and growth really determine the meter 
size.  For this example, the minimum flow is 
estimated at 0 Mcfh and the maximum flow is 
estimated at 1000 Mcfh.  Also, the pressure is 
regulated at 270 Psig and the temperature 
averages 80oF. 

Turbine meters measure the actual flow of gas 
at flowing conditions.  This actual flow of gas 
must be corrected at a standard pressure base 
and a standard temperature base.  See Table VI 
for the actual flow rates at 270 Psig and 80oF, 
and the corrected flow rates at 14.73 Psi and 
60oF. 

 Table VI. Actual Flow Versus Corrected Flow 

Actual Mcf Corrected Mcf 
0 0 
5 95 

10 190 
15 285 
17 323 
27 513 
35 665 
55 1045 
57 1083 

Since the maximum flow at the station is 
estimated to be no more than 1000 Mcfh, two 
meters with a capacity of 27 actual Mcfh will 
work.  The Sensus 6” turbine meters come in 

sizes of 35 and 57, therefore 2 6” T35 turbine 

meters can be used at this station.  If the 
forecasted loads increase, the capacity of these 
meters can increase to 2165 Mcfh by changing 
each of the turbine modules from a T35 to a 
T57. 

Now that the turbine meter sizes have been set, 
the meter run switch values can be determined.  
The only issue that must be addressed when 
setting the switching values is that the turbine 
meter does not over spin.  A general guideline is 
to turn the second meter on at the capacity of 
the first meter, therefore the second meter will 
turn on when the first meter is measuring 35 
actual Mcfh. 

When the second meter is initially flowing, the 
corrected flow is 665 Mcfh.  At this point both 
meters will have an actual flow rate of 17.5 
Mcfh.  A guideline for turning off the second 
meter is to switch the meter off at an actual flow 
rate of 5 Mcfh.  The flow will have to drop from 
665 Mcfh to 190 Mcfh.  This is fairly 
substantial and will prevent the run switching 
valve from operating too frequently. 

The run switching values have been determined 
to be 35 actual Mcfh and 5 actual Mcfh.  The 
meter run switching program can now be 
written.  See Figure III for a flow chart and 
Figure IV for the program for the dual turbine 
meter switch.  This program is very similar to 
the dual orifice meter run switch.  The wait 
periods of 30 seconds will work because the 
turbine meters in this example use high 
frequency slot sense pulse outputs.  These 
outputs provide instantaneous flow. 

 



Figure III. Flow Chart Dual Turbine Switch 

 

Figure IV. Fisher FST Dual Turbine Switch 

 

 

Rotary/Turbine Meter Combination 

There are some instances where a customer has 
a need for small quantities of gas just to heat a 
facility, but has a process plant of some kind 
that requires a large load of gas.  This large load 

is needed quite often, but generally turns off on 
non-process days.  In these instances a 
rotary/turbine meter combination works very 
well.  The rotary meter is a displacement type 
meter that measures very accurately on low 
flows, but is limited on capacity.  At the point of 
high flow, a high capacity turbine meter can be 
switched on. 

One problem with a rotary meter that must be 
addressed is that if it fails, it can fail in a 
position that will restrict the flow of gas causing 
the customer to lose their service.  This must be 
taken into consideration when writing the meter 
run switch program.  Maintaining downstream 
pressure is the highest priority. 

For this example, the minimum flow is 
estimated at 0 Mcfh and the maximum flow is 
estimated at 250 Mcfh.  Also, the pressure is 
regulated at 50 Psig and the temperature 
averages 30oF.  It has also been determined that 
the maximum facility heat load is estimated at 
10 Mcfh.  The rotary meter should be sized so 
that it can accurately measure the non-process 
load, and the turbine meter should be sized so 
that it can accurately measure the process load.  
The rotary meter, like the turbine meter, 
measures the actual flow of gas at flowing 
conditions.  This actual flow of gas must be 
corrected at a standard pressure base and a 
standard temperature base.  See Table VII for 
the actual flow rates at 50 Psig and 30oF, and 
the corrected flow rates at 14.73 Psi and 60oF 
for the rotary meter. 

Table VII. Rotary Actual Versus Corrected 

Actual Mcf Corrected Mcf 
0 0 
1 5 
2 9 
3 14 



Since the maximum flow for heating the facility 
is estimated to be no more than 10 Mcfh, a 
rotary meter with a capacity of 3 actual Mcfh 
will work.  A 2” Roots 3M rotary meter will 

work for the first meter run. 

The turbine meter needs to be sized so that it 
can measure a maximum process load of 250 
Mcfh.  See Table VIII for the actual flow rates 
at 14.73 Psi and 60oF for the Turbine meter. 

Table VII. Turbine Actual Versus Corrected 

Actual Mcf Corrected Mcf 
0 0 

10 45 
20 91 
30 136 
55 250 
60 272 
90 409 

 

Since the maximum flow for the process plant at 
the station is estimated to be no more than 250 
Mcfh, a meter with a capacity of 55 actual Mcfh 
will work.  The Sensus 8” turbine meters come 
in sizes of 60 and 90, therefore an 8” T60 

turbine meter can be used for the second meter 
at this station.  If the forecasted loads increase, 
the capacity of this meter can increase to 409 
Mcfh by changing the turbine module from a 
T60 to a T90. 

When designing the meter run switching 
program for the rotary/turbine meter 
combination, the downstream pressure must be 
maintained, the rotary meter should never over 
spin, and gas measurement should be accurate.  
The station should be designed so the second 
meter run fails open.  See Figure V for a flow 
chart and Figure VI for the program for the 

rotary/ turbine meter switch.  It is important to 
note that when the turbine meter is flowing, 
most of the flow will flow through the turbine.  
The rotary meter has much more resistance to 
flow.  The turbine meter should not be shut off 
if downstream pressure is not at least 48 Psig 
and the turbine meter actual Mcf is less than 1 
actual Mcfh. 

Figure V. Flow Chart Rotary/Turbine Switch 

 

  



Figure VI.  Fisher FST Rotary-Turbine Switch 

 

The wait periods of 30 seconds will work 
because the turbine meters in this example use 
high frequency slot sense pulse outputs and the 
rotary meter uses a 1000 pulse per revolution 
pulser.  These outputs provide instantaneous 
flow. 

Conclusion 

Forethought in designing a meter station that 
involves run switching can assure that delivery 
pressure is maintained, metering equipment is 
not compromised, and accurate measurement is 
obtained. 

There are other techniques available to solve 
meter run switching needs, though these three 
methods will work in most two-meter scenarios. 


