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1. EXECUTIVE SUMMARY 

 

SITE NAME Saltwick 

LDZ NO 

START DATE (actual) 12th December 2016 

LAST GOOD DATE   

END DATE 12th December 2016 

SIZE OF ERROR (No reconciliation 

required if under 0.1%) 

<0.1%  

ESTIMATE – Y/N? Y 

ROOT CAUSE A fault with the flow control valve. 

ANALYSIS System operator data 

METER TYPE Orifice plate 

AUTHOR Piers Eldridge 

CHECKED BY Ben Hanley 

ACCEPTED BY NGN 

NETWORK 

 

RECONCILIATION Distribution Transportation 

  

  

 

 

Reconcile? N 

Safety Issue? N 

Thesis Report No.  
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2. BACKGROUND 

The metering at Saltwick offtake consists of a single orifice plate meter with a gas 

chromatograph used for volume correction. 

On 12th December 2016 at 16:27 an issue occurred with one of the volumetric 

regulators and the technician in attendance appeared to lack the relevant knowledge to 

rectify the fault resulting in the measurement stream being over ranged 13 times.  

The fault was rectified by 17:55. 

 

3. ERROR QUANTIFICATION AND IMPACT  

The results of previous CP11 tests (differential pressure transmitter checks) were 

evaluated to determine an average saturation current of 20.715mA. The differential 

pressure transmitter was ranged from 0-500 mbar. Therefore, the saturation current is 

equivalent to a differential pressure of 522 mbar. 

Although the meter was over ranged 13 times, the differential pressure data from 

system operator shows only two periods where the differential pressure appeared to 

increase above the transmitter saturation pressure. The two periods are shown in 

Figure 1. 

 

 
Figure 1 Differential pressure measured across the orifice plate during the flow control valve fault. 

 

Mokveld was consulted to calculate the maximum flowrates through the valve during 

the two periods of mismeasurement. The information from Mokveld is shown in the 

appendix A. 

In the first period where the differential pressure transmitter was saturated the 

upstream pressure was 56.1 bar.g, the downstream pressure was 36.59 bar.g, the 

downstream temperature was 7.6C and the valve position was at 74.65% of the 

stroke. This is labelled as case 1 in the calculations from Mokveld in Figure 2. 

Mokveld calculate the maximum flowrate in these conditions to be 525 000 kg/h 
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when the valve is fully open. The graph provided by Mokveld shows that the flowrate 

through the valve would be about 76% of the total capacity when the valve position is 

at 74.65% of the stroke. Therefore, the maximum flowrate through the valve in case 1 

is 399 000 kg/h. The standard volumetric flowrate was calculated to be 145.35 sm3/s 

using an average composition that was measured during the meter error. The flowrate 

would produce a differential pressure of 617.4 mbar across the orifice plate. The 

calculation was done with an orifice bore 289.97mm of and pipe diameter of 

433.451mm and is shown in Figure 3. 

 

The flow rates between the data points have been modelled as parabolic. A parabolic 

equation was determined for each period which fits the existing data points and a 

nominal maximum flow rate. The data points for the first period where the differential 

pressure transmitter was saturated are shown in Table 1. The data from the control 

room is highlighted in bold. The other values are calculated from equation 1 which is 

the parabolic equation used to model the differential pressure. From the calculated 

differential pressure points, GasVLe was used to calculate the flow rates using the 

temperature, pressure and composition averaged for the corresponding period and 

another parabolic equation (equation 2) is calculated to model the flowrate. The 

standard volumetric flowrate equation was integrated from the point where the DP 

transmitter saturates, t1 to the point where the DP transmitter is not saturated, t2 to 

give the unmetered volume. This is shown in equation 3. If the maximum differential 

pressure during the first period where the differential pressure transmitter was 

saturated was 617.4 mbar the unmetered volume would be 537.2 sm3.  

 

DP= -0.1678t2+8.1884t+517.56  (1 

Where DP is differential pressure in mbar 

t is the time in seconds 

 

qv=-0.0295t2+1.4103t+128.51   (2) 

Where qv is the standard volumetric flowrate in sm3/s 

 

    (3) 

 

Time 

Seconds from 

the first data 

point 

Seconds from 

transmitter 

saturation 

Differential pressure 

(mbar) 

Flowrate 

(sm3/s) 

12/12/2016 16:39:08   49.0 517.03   

Point where the DP transmitter 

saturates 47.8 48.3 522.00 128.51 

Nominal maximum flow rate 24.0 24.5 617.4 145.36 

Point where the DP transmitter 

is not saturated 0.0 0.5 521.45 128.51 

12/12/2016 16:38:19  48.82 515.22   

Table 1 The data points for the first period where the differential pressure transmitter was saturated. 
 

In the second period where the differential pressure transmitter was saturated the 

upstream pressure was 49.63 bar.g, the downstream pressure was 38.11 bar.g, the 

temperature was 6.4C and the valve position was at 79.25% of the stroke. This is 
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labelled as case 2 in the calculations from Mokveld in Figure 2. Mokveld calculate the 

maximum flowrate in these conditions is 447 000 kg/h when the valve is fully open. 

The graph provided by Mokveld shows that the flowrate through the valve would be 

about 82% of the total capacity when the valve position is at 79.25% of the stroke. 

Therefore, the maximum flowrate through the valve in case 1 is 366 540 kg/h. The 

standard volumetric flowrate was calculated to be 133.5 sm3/s using an average 

composition for the Northern network. The flowrate would produce a differential 

pressure of 596.8 mbar across the orifice plate. The calculation is shown in Figure 4. 

 

The calculations were repeated for the second period where the differential pressure 

transmitter was saturated. The data points are shown in Table 2, the equation for the 

differential pressure is equation 4 and the equation for the volumetric flowrate is 

equation 5. Integrating equation 5 from t3 to t4 gives an unmetered volume of  

165 sm3. Therefore, the total meter error would be 702.2 sm3. 

 

DP= -0.1802t2+8.1012t+516.48  (4) 

 

qv=-0.012t2+0.5224t+128.51   (5) 

 

 

Time 

Seconds from 

the first data 

point 

Seconds from 

transmitter 

saturation 

Differential pressure 

(mbar) 

Flowrate 

(sm3/s) 

12/12/2016 17:33:00   60.0 516.71   

Point where the DP transmitter 

saturates 43.6 44.3 522.00 128.51 

Nominal maximum flow rate 29.3 30.0 596.80 133.53 

Point where the DP transmitter 

is not saturated 0 0.7 522.00 128.51 

12/12/2016 17:32:00  0.0 353.61   
Table 2 The data points for the second period where the differential pressure transmitter was saturated. 
 

The daily volume on the 12th December 2016 was 2.6074 Msm3.  

 

The total unmetered volume is 702.2 sm3 and is below the 0.1% of daily volume 

threshold required for reconciliation.  

 

4. CAUSES 
 
The meter error was cause by a fault with one of the volumetric regulators and the 

technician in attendance appeared to lack the relevant knowledge to rectify the fault. 

The Mokveld ERS valve is approximately 25 years old and is no longer supported by 

Mokveld. 

 
5. RECOMMENDATIONS AND LEARNING 
 
Training of the network technicians should be extended to cover faults with the flow 

control valve.  
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APPENDIX A 

 
Figure 2 ERS Valve capacity calculations from Mokveld. 
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Figure 3 orifice plate mass flow calculations for case 1. 

 
Figure 4 orifice plate mass flow calculations for case 2. 

 


