
 
Journal of Mechanical Engineering Research and Developments  

ISSN: 1024-1752  

CODEN: JERDFO   

Vol. 43, No. 2, pp. 186-195 

Published Year 2020 

186 
 

Study of Orifice Flow Metering for SCADA in Compact Natural 

Gas Regulator Stations 

Ghandi Rouainia †*, Mounira Rouainia‡ & Abderrezak Metatla†† 

†Mechanical engineering and materials research laboratory University 20 août 1955- Skikda, BP 26 Route d'El 

Hadaiek-Skikda 21000, Algeria 

‡Chemical engineering and environment research laboratory University 20 août 1955- Skikda, BP 26 Route d'El 

Hadaiek-Skikda 21000, Algeria 

††Mechanical engineering and materials research laboratory University 20 août 1955- Skikda, BP 26 Route d'El 

Hadaiek-Skikda 21000, Algeria 

*Corresponding Email: Ghandi.Rouainia@pge.com, g.rouainia@univ-skikda.dz 

ABSTRACT: Flow measurement is a key part of Pacific Gas & Electric Company (PG&E) gas distribution SCADA 

implementation plan. It will help build accurate hydraulic models for Gas Planning enabling simulation and analysis 

of complex existing hydraulic systems and predict failure scenarios.  Installing flow metering equipment in existing 

below ground regulator stations with short pipe runs is a challenge as most meters require several diameters of straight 

pipe. For our application; accuracy, reliability, water resistance and reasonable maintenance cycles are key criteria in 

choosing the right meter. These limiting requirements made the Emerson 405C flow conditioning orifice meter with 

its compact profile and short pipe runs a good candidate, the challenge was to install the flow meter in very compact 

stations that do not meet the minimum pipe run requirements for the meter and achieve the required accuracy 

established by PG&E Gas Control on the SCADA system. This paper will focus on analyzing the accuracy under 

specific conditions of an Emerson 4” 405C Beta 0.65 orifice meter in two configurations established by the research 

team, the first located at 2 pipe diameters downstream of a 4” gas filter and the second close coupled downstream of 

the filter, both configurations are tested with a clean filter and partially plugged. The results obtained are under the 

maximum percent error established and provide the flexibility to install this type of meters in most of existing below 

ground PG&E regulator stations with minimum piping modifications. 
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INTRODUCTION 

Pacific Gas & Electric Company (PG&E) has developed a plan for expansion of the existing Gas SCADA system 

(Limberg) with the purpose of increasing gas control visibility of gas distribution regulator station functions. This 

increased visibility is aligned with two core goals: zero overpressure events and zero unplanned outages.  

In order to accomplish these goals, PG&E must have systems that provide data that is complete enough to allow Gas 

Control to quickly recognize abnormal or emergency events and assess the current health of regulator equipment. 

These systems will improve emergency response by having a better understanding and analyzing of the observations 

that they make in the SCADA system.    

Our work is focused on flow measurement and monitoring installations options in existing natural gas distribution 

regulator stations with compact design and very short pipe runs, in most cases below ground and subject to water 

infiltration.  Flow measurement is achieved with an orifice type meter; Rosemount 405C. 

FLOW METER SELECTION 

PG&E has a large number of Distribution Regulator stations below ground due to the fact that these stations  are 

located in urban locations thus requiring small profile piping and vault sizes to be able to fit within very a congested 

underground, these facilities are under a risk based replacement program  and  most of these station are very compact 
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with minimum piping and subject to water infiltration requiring robust cathodic protection and periodic water pumping  

putting all of these conditions together  and the fact that the meter accuracy established by Gas control is less than 5%, 

We reviewed a number of flow meters and assessed and a standard orifice meter [2-4] would not be satisfactory due 

to installation requirements or pressure drop and long distances of straight pipe are necessary for good measurement 

performance. The installation requirements can be overcome by using the Emerson 405C compact primary element 

[5] which can be installed between two flanges. We evaluated This primary element and tested. This article presents 

the results of the test with two compact configurations and the percent error associated with each flow rate.  

The addition of flow measurement will be helpful in determining regulator or monitor performance changes. Flow 

capacity for the station may be compared against current flow rates to see if the regulators are performing properly. 

For dual- or multi-run regulators, flow measurement is critically important to evaluate regulator performance events. 

By installing a sufficient number of pressure monitoring and flow measuring devices and enhancing SCADA [6-7] to 

allow the development of predictive analysis capability. This means, that by trending events and discrete pressure 

values, software can be written to enable an informed pro-active response to an event prior to any failure event. 

Example events could be unintended regulator interactions, performance instability, or flow limitations due to piping 

restrictions. 

The Rosemount 405C, based on orifice plate technology, are devices used to measure the flow of a liquid, gas, or 

steam fluid that flows through a pipe enabling flow measurement by creating a differential pressure (DP) proportional 

to the square of the velocity of the fluid in the pipe, in accordance with Bernoulli's theorem. This DP is measured and 

converted into a flow rate using a DP pressure transmitter.  

The flow is calculated in relation to DP through the following relationship. 

𝑄 = 𝑘√
𝐷𝑃

𝜌
       [8] 

Equation 2.1 

Where: 

Q = Flow rate 

K = Units conversion factor, discharge coefficient, and other factors 

DP = Differential pressure = Density 

ρ = Density 

TEST CONFIGURATION 

Meter Information 

Manufacturer: Rosemount/Emerson 

Type: Conditioning Orifice 

Size: 4-inch 

Model: 405CS040N065R3E 

Tag No.: 144401 

Calibration Facility LPL (Low Pressure Loop) 

Test Conditions 

Gas: Natural Gas 

Pressure (psia): 165 

Temperature (°F): 70 



 
 

 

 Study of Orifice Flow Metering for SCADA in Compact Natural Gas Regulator Stations 

188 
 

Gas Composition 

Component Mole Fraction (%) 

Methane 93.3084 

Ethane 3.8867 

Carbon Dioxide 0.5630 

Nitrogen 1.8021 

Propane 0.3503 

Isobutane 0.0217 

n-Butane 0.0393 

Isopentane 0.0095 

n-Pentane 0.0081 

n-Hexane 0.0062 

n-Heptane 0.0032 

n-Octane 0.0011 

n-Nonane 0.0005 

TOTAL 100.0000 

 

Heat Content (no H20 vapor present, “dry”) (BTU/ft
3

) 
1026.78 

Density @ STP (lb/ft3) 0.0454 

Std. Conditions: T = 70 deg F, P = 14.73 psi 

Calibration Information 

1. Rosemount 405C conditioning orifice plate [9-11], a Rosemount 3051SMV multivariable transmitter, a 

nominally 2D spool, and a filter to be placed upstream. The meter tube internal diameter was 4.0260 inches, and the 

meter had a 4-hole pattern with an effective beta ratio of 0.6500.  The meter plate also indicated a 0.990 factor to 

correct the Cd as calculated from the ISO 5167 equations for a traditional orifice meter. 

2. The test section was installed in a Low Pressure Loop (LPL).    Both pressure and temperature were controlled 

during the test and were nominally kept at 165 psia and 70°F.  Piping was also insulated in order to improve the 

temperature stability.  The flow rate in this loop was controlled by selecting a combination of sonic nozzles installed 

downstream of the test section.  These nozzles have been proven in situ using the weigh-tank system.  The test section 

was installed in accordance with Figure 1 & 2.  

 The installation consisted of a long radius elbow followed by a 17-inch pipe, A gas filter, the meter and 2 

diameter spool, and finally a 20-inch spool. The location of the meter relative to the filter was changed as indicated in 

the test matrix below.  The filter was also partially blocked for the second round of tests as indicated in the table. 

Test 

Number 

Meter-Filter 

Separation 

Filter 

Blockage 

Test Date 

1 2D Unblocked 7/23/14 

2 Close Coupled 

3 Close Coupled 1/2 Blocked 7/24/14 

4 2D 

s 

3. Models of the test configurations are shown in figure 1 & 4. 
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4. The relevant instrumentation locations used for the test are shown in Figure 1&2.   

 A 3051SMV multivariable transmitter was used as a metering element and measured differential pressure and 

static pressure, as well as the computed standard flow rate.  Prior to testing, the transmitter was configured with the 

gas composition for the flow test, and the temperature value was fixed to the test target temperature of 70°F.  Data 

from the 3051SMV transmitter were acquired digitally via a HART to Modbus converter. Additional pressure and 

temperature instrumentation were installed to independently compute the flow rate and measure other variables of 

interest as shown in Figure 1&2.  These measurements included the differential pressure across the filter. 

5. Each data point consisted of six repeat runs of 90 second duration over which the flow loop and test meter 

values were recorded and averaged. 

6. Part of the testing involved partially blocking the filter element and testing again to study any effects on the 

meter.  50% of the filter was blocked by using heavy duty aluminium foil and foil tape (see Figure 5).  We’ve chosen 

this method as there was concern about more common tapes reacting poorly in a pure natural gas environment.  

Unfortunately, this foil failed.  

 

Figure 1. Piping Installation Layout for the 2D upstream of meter test 

An elevation view of the test section as installed in the LPL. A CPA 50E flow conditioner was installed 30D upstream 

of the first elbow. The instrument designations correlate with column headers in the raw data captured. 
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Figure 2. Piping Installation Layout for the close coupled meter with the filter test 

 An elevation view of the test section as installed in the LPL. A CPA 50E flow conditioner was installed 30D 

upstream of the first elbow.  The instrument designations correlate with column headers in the raw data captured.  
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Figure 3. Comparison of Separation Distance Results 

 Unblocked filter results are shown on the top and partially blocked results are shown on the bottom A 

constant shift of approximately -1% was witnessed when moving the meter from 2D downstream to the close 

coupled position regardless of the blockage of the filter 
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Figure 4.  Comparison of the Filter Blockage Results 

 Results from the close coupled installation are shown on the top, and results with a 2D spool between the 

meter and the filter are shown on the bottom.  Blocking the filter created a noticeable offset that varied somewhat 

with the flow rate.  This was greatest at mid-range of flows, about 175 MSCFH, and affected the reported flow 

rate by about -1%. 
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Figure 5. Blockage of the filter element using heavy duty aluminium foil in combination with foil tape in order 

to create a blockage. 

 

Figure 8. K-Factor Comparison of the Filter 

 A comparison is made of the K-factor calculated for the filter in all cases.  Note that the offset for both 

runs of the blocked case had similar offsets from the baseline configuration indicating that the failure of the 

blockage occurred before testing.  See Equation 1 for the calculation used. 

The following equation was used to calculate a K-factor for the filter.   
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𝑘 =
2∗∆𝑃

𝜌∗𝑣2
     [12] 

Equation 3.2 

Where ΔP is the change in pressure across the filter, ρ is the density of the gas at the filter, and v is the velocity of 

the fluid in the pipe. 

RESULTS 

The results shown on Figure 3 & 4 are based on a comparison of the standard flow rate output from the 3051SMV 

transmitter and the LPL (low pressure loop) reference nozzle flow rate.   The results we obtained showed 

agreement within ± 2% except at the very lowest range where the error range increased to roughly ± 3%.   A 

portion of the increased error at low flow rate error may be caused by increased gas temperatures and the fact that 

the 3051SMV transmitter did not include temperature measurement.  The increase in error at the lowest flow rate 

repeated for all conditions and did not react to a re-zeroing of the meter. 

 Part of the testing involved partially blocking (50%) the filter element and testing to study any effects on 

the meter.  We covered the filter element with heavy duty aluminium foil and foil tape (see Figure 5).  

Unfortunately, this foil did not stand up to the test conditions and failed.   Our study of the filter loss coefficient 

(k-factor) (Figure 8) and of the flow measurement errors (Figure 3 and 4) suggested that this failure occurred 

before any test points were collected.  Although the loss coefficient shift is opposite to the direction expected for 

a partially blocked filter, the curve during the blocked filter testing appears to be consistent throughout the tests. 

       The results obtained were under the specified conditions of pressure flow and filter blockage are well under 

the acceptable ± 5% established by Gas Control. The increase in the error due to temperature fluctuations will not 

be a big factor as this application is intended for stations built below grade in vaults.  The filter simulated blockage 

even if it did not achieve a 50% blockage was a good simulation for abnormal conditions as gas filters are under 

a maintenance cycle and under normal conditions will not get anywhere near that percentage of blockage [13-16].      

CONCLUSION 

The goal from this study was to prove that the orifice type flow meter can achieve readings for SCADA within 

the accuracy requirements for gas control and provide the flexibility needed to be installed in existing small 

stations. 

      The positive results we obtained provide more flexibility to install the 405C Emerson flow meters in wider 

populations of existing distribution regulator stations, especially the ones with very small pipe diameters lengths 

between station components.  This will increase the visibility of the SCADA system and add more data points to 

build more robust and accurate hydraulic models and have better predictive and planning analysis. 

Our test also provides more flexibility with designing new compact gas regulator stations with less piping, 

especially in urban areas where space is very limited and most of the time the stations are underground in vaults 

and sharing franchise area with other utilities.  

This study provides a new way of designing smaller and more compact regulator stations with SCADA flow 

monitoring and a smaller footprint allowing more flexibility in urban areas. 
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