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1 INTRODUCTION 
 
This is a Network Innovation 
Competition (NIC)1 project that is 
currently being delivered by SGN in 
partnership with DNV GL.  The project 
aims to create a real-time gas 
network for the future that is flexible, 
secure, cost effective and safe.  The 
objective is to optimise gas network design and network operation assumptions.  
The project is using a pilot trial methodology with the procurement and 
installation of different sensor technologies across pressure tiers in a gas 
distribution system.  These technologies, combined with novel power and 
communications and a cloud-based data system, are being used to develop a 
novel real-time energy demand model.  Innovative technology solutions and 
designs were encouraged from suppliers to meet the project brief.  
 
The sensors will record data for a year.  The flow and gas quality measurements 
are monitoring the gas entering/leaving the part of the gas distribution network 
under study.  Loggers on a statistically representative sample of consumer meters 
(600 domestic and 600 industrial & commercial) are recording gas demand at six 
minute intervals.  Weather stations in the region are recording ambient 
temperature and wind speed to understand the relationship between local 
weather and gas demand.  Laboratory testing of renewable technologies has been 
undertaken to look at the impact that green energy sources will have on gas 
demand.  A schematic of the project is shown in figure 1. 
 

                                           
1 The Network Innovation Competition (NIC) is funded by the GB energy regulator 
Ofgem.  The gas NIC is an annual opportunity for gas network companies to 
compete for funding for the development and demonstration of new technologies, 
operating and commercial arrangements. Funding is provided for the best 
innovation projects which help all network operators understand what they need 
to do to provide environmental benefits, reduce costs, and maintain security of 
supply as Great Britain (GB) moves to a low carbon economy. Up to £20 million 
per annum is available through the Gas NIC 



North Sea Flow Measurement Workshop 
22-24 October 2018 

 
Technical Paper 

 

2 

 

 
2 SITE SELECTION 
 
Sites were identified in the gas network mainly in Medway, Kent (see figure 2 and 
table 1). 

 
 

 
 

Fig. 1 – Schematic of the Real-Time Networks project 

Fig. 2 – Flow and gas quality sites in Kent for the Real-Time Networks project 
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Table 1 – Site Summary 
 

Site Name Site 
status 

Pipe  Pipe 
size 

Direction  Pressure 
barg 

Flow 
kscmh 

Rochester PRS Existing Steel 24” One way 20 to 40 46 to 80 

White Horse Rd New Steel 10” Both 5 to 7 1.5 to 3.0 

Crutches Lane New Steel 36” Both 0.7 to 1.4 49 

Medway North  New PE 355 mm Both 0.5 to 1.4 11.5 to 15 

Halling New PE 125 mm One way 1.8 to 2 0.2 to 0.8 

Upchat Road New PE 180 mm One way 0.6 to 1.4 0.7 to 2.3 

Grain LNG Existing   One way   

 
The flow measurement sites have been chosen so that all the flows into and out of 
the network will be captured and measured.  The initial gas quality measurement 
sites were chosen to monitor how different gas sources are distributed within the 
network including the interface between the boil-off and the NTS gas.  
 
All the pipes are below ground except for Rochester Pressure Reduction Station 
where the pipe is exposed in an existing pit.  The flows and gas velocities at the 
new sites were estimated using existing network models.  None of the new sites 
had power so the electrical supply was either sourced using solar PV panels and 
wind turbines or from nearby streeet furniture using an unmetered supply 
agreement with the DNO.  A schematic of the installation is shown in  figure 3.  
Two kiosks adjacent to the pit(s) containing the sensors were required – one was 
a zone 1 hazardous area and the other non-hazardous. 
 

 

 
 
 
 

Fig. 3 – Schematic of a typical installation using renewable power  
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3 METERING SPECIFICATION 
 
3.1 Reference Conditions 
 
Unless stated otherwise, all volumes are for the real dry natural gas at ISO 
Standard Reference conditions of 15 °C and 1.01325 bar. All energies are 
calculated using a gross calorific value for the real dry natural gas at ISO 
reference conditions of 15 °C (combustion) and 15 °C and 1.01325 bar 
(metering). 
 
3.2 Measurement Conditions 
 
The metering systems will provide long-term measurements of the properties of 
pipeline quality natural gas at operating temperatures between -10 and 40 °C 
and operating pressures between 21 mbarg and 10 barg.  The pressures to be 
expected on a site-by-site basis were estimated using network modelling.  
 
3.3 Accuracy 
 
The following accuracy requirements were specified: 
 
• Volume and energy flow measurement systems for all sites were designed and 

installed to achieve a maximum permissible error of 4% of daily volume and 
4.3% of daily energy 

• Where the calorific value measurement system is required it was designed and 
installed to achieve a maximum permissible error of 1.5% of reading 

• Gas pressure measurements were designed and installed to achieve a 
maximum permissible error of 1% of reading 

• Ambient temperature measurement systems were designed and installed to 
achieve a maximum permissible error of 0.5 °C 

• Each measurement has an accurate time stamp that is synchronised with the 
other sites to transmit on the hour and every six minutes without drift 

 
4 FLOW MEASUREMENT 
 
4.1 Flow Meter 
 
The meter technologies considered included orifice plate, turbine, rotary 
displacement and ultrasonic meters.  Due to the nature of the project, there was 
a lack of knowledge around the operating and pipe conditions which contributed 
to the significant challenges met during meter selection: 
 
• Lack of knowledge about upstream and downstream pipe conditions 
• Lack of knowledge of operating conditions (pressure, gas velocity, flowrate) 
• Unknown direction of flow 
• Cannot interrupt gas flow – hot tap insertion required and no obstruction 
• Large diameter, low pressure pipes 
• Below ground installations 
• A reasonable level of accuracy is essential to validate network models 

 
Hot tap and clamp-on ultrasonic meters were best suited to tackle the unknowns.  
Additionally, ultrasonic meters create no obstruction in the pipe and create no 
pressure loss. They have a wide turndown, meaning a higher possibility of 
operating conditions being within the measurement range.  Ultrasonic meters are 
capable of measuring bi-directional flow, they require shorter upstream and 
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downstream straight pipe lengths for accurate measurement and they have no 
moving parts meaning they are low maintenance.  Ultrasonic meters work using 
the transit time difference principle. 
 
There are three types of ultrasonic meter on the market: inline single-path, inline 
multi-path and clamp on.  Multi-path ultrasonic meters offer a higher accuracy 
than single-path ultrasonic meters.  However, there are limited examples for the 
use of clamp-on ultrasonic meters to measure gas flow and there is no easy 
method to validate or calibrate these meters once they are installed.  
 
4.1.1 Shortlisted Ultrasonic Meters 
 
The flow metering options for the RTN project included both standard and novel 
designs, however, the installation of these meters in the gas distribution networks 
is novel. The following meters were considered: 
 
• SICK FLOWSIC100 Flare 
• SICK FLOWSIC 300 
• Flexim Fluxus G809 
 

Table 2 – Comparison of Meter Specifications 
 

Property FLOWSIC100 Flare 
EX-S 

FLOWSIC300 Fluxus G809 

Pipe Size 4 – 24 ”     1-path 
12 – 24 ”   2-path 

4 – 56 ”     1-path 
12 – 56 ”   2-path 

40 – 2100 mm 
(up to 82 “) 

Pressure ≤ 16 bar 0 – 100 barg Steel ≥ 5 bar 
PE ≥ 100 mbar 

Velocity 0.3 – 120 m/s 0.3 – 60 m/s 0 – 35 m/s 

Pipe Wall 
Thickness 

Dependent on 
other parameters. 

Maximum 20 mm 5 mm – 35 mm 

Uncertainty 1-path: Up to 5% 
2-path: Up to 3% 

1-path: Up to 5% 
2-path: Up to 3% 

Up to 3% 

 
4.1.2 Flowsic100 
 
 

This meter has been designed for the 
measurement of flare gas and therefore 
designed for large diameter, low pressure 
pipes which can experience a wide range 
of flow velocities from very low to very 
high. The use of this meter for the RTN 
project would be a novel application. This 
meter can be configured with single or 2 
path measurement; single path 
measurement can only measure flow in 
one direction.  The FLOWSIC100 Flare 
ultrasonic meters had not been installed 
onto PE pipe previously and therefore 
further research was to be required. 

 
 

Fig. 4 – Flowsic100 Flare [1] 
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4.1.3 Flowsic300 
The FLOWSIC300 ultrasonic meter was 
designed for hot tapping onto existing pipes, 
making it ideal for the RTN project.  This 
meter can be configured with 1 or 2 path 
measurement.   
 
However, these meters had not been 
installed onto PE pipe before and further 
research was required. 
 
 
 
 
 
 
 

 
 

 
4.1.4 FLOWSIC Further Research Required: PE pipes 
 
Both the FLOWSIC100 and FLOWSIC300 ultrasonic meters have not previously 
been installed onto PE pipework.  The meter itself is compatible, however, the 
hot-tap fittings are not currently available.  New tooling would need to be 
developed to produce the following fitttings: 
 
• 75° angle branch for the FLOWSIC100 single path 
• 90° angle branch for the FLOWSIC100 2 path 
• 60° angle branch for the FLOWSIC300 
 
Since the development and testing would have increased lead times and risk, 
these meters were only considered for steel pipelines. 
 
4.1.5  G809 
 
The Flexim Fluxus G809 is an ultrasonic clamp-on meter.  This meter is non-
invasive and benefits from a relatively straightforward installation and reduction 
in pit sizes.  The measurement principle is still based on transit time difference 
but a signal is passed from outside the pipe, bounced off the opposite internal 
pipe wall and back to a second sensor on the exterior of the pipe.  The clamp-on 
ultrasonic meter is a relatively new technology with little experience for low 
pressure flow measurement applications or use on PE pipes. 
 
The Flexim meter is already widely used for gas flow rate measurement on high 
pressure pipes. 
 
Ultrasonic clamp-on meters are most commonly used for liquid rather than gas 
measurement; at higher fluid densities a better signal can be achieved due to a 
higher signal to noise ratio.  The ultrasonic clamp-on meter however is now 
widely used on steel pipes with a pressure of ≥ 5 bar.  This application has been 
tested and approved by the body WIB (The process automation users’ 
association).  

 

Fig. 5 – Flowsic300 [2] 
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At lower pressures, the signal to noise ratio decreases, making it harder to 
measure flow accurately.  There has also been little experience for using clamp on 
meters with PE pipes.   
 
4.1.6  G809 Further Research Required: Low Pressure and PE pipes 
 

In December 2012 Kiwa published a report in which a Flexim ultrasonic clamp-on 

meter was tested on plastic (PVC) pipe of 110 mm diameter at a pressure of 100 
mbar[4].  The testing was carried out in a laboratory environment with the set up 
shown in figure 7. 

 

 

The type of plastic has negligible effect on the accuracy of measurement and 
therefore these test results are transferable to PE.  It has also been concluded 

Fig. 6 – Fluxus G809 transmitter and the path of the ultrasonic signal [3] 

Fig. 7– Kiwa Laboratory Test Set-up [4] 
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from theoretical calculations that the results for the 100 mm diameter pipe are 
comparable to those from larger tube diameters. 
 
The study showed that measurements can be carried out at ≥ 100 mbar on PE 
pipes, in which there is sufficient straight lengths at the inlet for a fully developed 
flow profile.  Hence, ultrasonic clamp-on meters can measure flow at much lower 
pressures on plastic pipes as opposed to steel pipes; the minimum pressure for 
steel pipes is 5 bar which can possibly be extended to ≥ 2 bar with a higher 
associated uncertainty. 
 
4.1.7  Selected Meters by Site 
 
Taking into account the difficulties in sourcing hot tap fittings for installing the 
FLOWSIC100 and FLOWSIC300 meters onto PE pipes (see Section 0), it has not 
been possible to match any of the chosen site conditions with the FLOWSIC100 
flare meter.  Both the FLOWSIC300 and G809 meters have been selected for 
installation, see table 3 for an overview of meter feasibility for each site and the 
selected meter. 
 

Table 3 - Meter Selection 
 

Site Name Meter Feasibility Selected Flow 
Meter 

FLOWSIC100 
Flare EX-S 

FLOWSIC300 Fluxus G809 

Rochester PRS Pressure too 
high 

 Easy 
installation 
and smaller 

pit size 

G809 

White Horse 
Road 

1-path 
meters 
cannot 
measure bi-
directional 
flow 

 Easy 
installation 
and smaller 

pit size 

G809 

Crutches Lane Pipe diameter  
too large 

 Pressure too 
low 

FLOWSIC300 
2-path 

Medway North 
of Bridge 

PE pipe – 
unable to 
source 
fittings 

PE pipe – 
unable to 
source 
fittings 

 G809 

Halling 
Roundabout 

PE pipe – 
unable to 
source 
fittings 

PE pipe – 
unable to 
source 
fittings 

 G809 

 
 
4.2 Pressure 
 
At Rochester PRS, the pressure transmitter selected is the Rosemount 3051S ultra 
in-line absolute pressure transmitter for consistency with existing transmitters on 
the site.   For the remaining RTN sites the Yokogawa EJX310A absolute pressure 
transmitter was chosen.  
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Both Yokogawa and Rosemount pressure transmitters are commonly used for 
natural gas metering.  An absolute pressure transmitter is more accurate than a 
gauge pressure transmitter at low pressures as it accounts for the natural 
variability of atmospheric pressure. 
    
4.3 Temperature 
 
Clamp-on surface-temperature sensors are to be used.   
 
At Rochester PRS, the temperature transmitter selected is 
the Rosemount 3114P temperature transmitter for 
consistency with the rest of the site.  The temperature 
transmitter selected for all other RTN sites is the 
Yokogawa YTA110 temperature transmitter. 
 
An RTD Pt100 Class A clamp on sensor will be installed at 

all sites. 
 
   
5 GAS QUALITY MEASUREMENT 
 
The measurement of calorific value (CV) is required for the network modelling of 
energy. There were two options – measure the full gas composition from a gas 
chromatograph and calculate CV using ISO 6976  or use an inferential device.  
 
An inferential device, such as the GasPT2 provides a much faster determination of 
CV than a gas chromatograph whilst still ensuring the required level of accuracy.  
An additional benefit is that it does not require support gases or routine 
recalibration.  The GasPT2 uses correlative techniques to infer an equivalent five-
component gas mixture 
(methane, ethane, propane, 
nitrogen and carbon 
dioxide) from gas properties 
such as CV can be 
calculated using ISO 6976.  
The GasPT2 is a proven 
technology on gas 
transmission and LNG 
systems; it is vital that 
accurate data is acquired in 
order to validate the 
software modelling and 
hence this technology has 
been chosen for use during 
the RTN project. 
  
  
 
 
 
 

Fig. 8 –RTD Pt100 Class 
A Clamp-on sensor [5] 

Fig. 9 – GasPT2 [6] 
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6 INSTALLATION CHALLENGES 
 
The installation of the flow and gas quality measurement sites are still on-going.  
The challenges have been considerable including: 
 
• Seeking planning permission and easements to carry out the work 
• Locating pipelines  
• Temporary homeless persons encampment on one site 
• Ensuring structural integrity of roads and railway bridges is not compromised 
• Ensuring that flow to gas consumers is not interupted 
• Working on the network during peak demand 
• Vandalism and site security 
• Sourcing electrical power 
 
6.1 Crutches Lane FLOWSIC300 meter installation 
 
The FLOWSIC300 meter was selected for Crutches Lane - a 36” steel pipeline 
operating between 0.7 and 1.4 bar with an estimated flow rate of 49,000 scmh.  
The installation was on the verge of the road, adjacent to a footpath and right 
against the boundary of a farmer’s field.  When the pipeline was excavated, two 
45° bends were discovered close to the proposed meter location.  Crutches Lane 
had been lowered to pass under an upgraded major road and the pipeline had 
been lowered correspondingly.  No alternative locations were identified so the 
decision was made to press on with the installation and to understand and correct 
the associated flow disturbances using CFD.  The pipe geometry is shown in figure 
10. 
 

 

 
The CFD calculations predictably showed that there would be flow disturbances 
due to the two bends close to the meter.  Figure 11 shows one of the flow cases 

Fig. 10 – Pipeline geometry at Crutches Lane.  The gas is mainly flowing from 
right to left across the field.  In reverse flow, the meter would be immediately 

upstream of the flow disturbance due to the two 45° bends. [7] 
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for gas flowing from right to left which is believed to be the usual “forward” flow 
direction.   
 

 
 

 
 
 

 
 
Figure 12 shows a CFD calculation for the “reverse” flow direction and the impact 
on the transducers is quite severe as they are sited on the exit of the bends.   
 

Fig. 11 – CFD for one of the flow cases for gas flowing from right to left 
which is believed to be the usual “forward” flow.  The section is through 

the transducer planes [7] 
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The CFD results were used to calculate flow corrections for the meter at different 
flow rates and in both the forward and reverse directions – imitating how custody 
transfer meters apply corrections to increase accuracy.  The errors ranged from 
0.5% and 7%. Figure 13 shows the Comparison of x-velocity at transducer 
positions between the actual geometry and a straight pipe. 
 

Fig. 12 – CFD for one of the flow cases for gas flowing from left to right 
which is believed to be the “reverse” flow.  The section is through the 

transducer planes [7] 
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6.2 Flexim G809 clamp-on meter at Halling 
 
The Flexim Fluxus G809 meter was installed at Halling which was a 125 mm PE 
pipe.  As part of the installation, the pipe was exposed and a GRP pit built around 
it.  Gas pressure and temperature were measured in a separate and adjacent pit.  
The flow, pressure and temperature measurements were taken to a kiosk where 
they were transmitted to the DNV GL data cloud.  The installation above and 
below ground is shown in Figure 15. 

Fig. 14 – Installation of the two-path FLOWSIC300 transducers at 
Crutches Lane 

Fig. 13 – Gas velocities measured by the two sets of transducers 
compared with the standard profile for forward flow (on the left-hand 

side) and the reverse flow (on the right-hand side) [7] 
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Fig. 15 – Installation at Halling both above and below ground 
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7 CONCLUSION 
 
 
In order to overcome the challenges of unknown flow conditions and 
uninterruptable gas supply, the real-time networks project has implemented 
novel technologies including installing an ultrasonic flowmeter by hot tapping 
directly onto an existing pipe and a clamp-on ultrasonic flowmeter onto low 
pressure (≥ 100 mbar) PE pipes. Unrecorded pipe configurations discovered in the 
field have been analysed using CFD to correct for flow disturbances. Further 
difficulties included planning permission, integrity of surrounding structures and 
electrical power provision. 
 
The data gathered from sensor installations, consumer meter loggers, weather 
stations and laboratory tests on renewable technologies will be used to develop a 
novel real-time energy demand model. The outcomes of this project will optimise 
gas network design, network operation assumptions and have the potential to 
solve measurement challenges across the gas distribution network. 
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