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FLOW METER VERIFICATION 

 
KIRBY MISPERTON A WELLSITE, NORTH YORKSHIRE 

1 INTRODUCTION 

1.1 Background 

Third Energy UK Gas Limited (Third Energy) is permitted to carry out a hydraulic fracturing operation on an existing 
hydrocarbon production well (KM8) at Kirby Misperton A Wellsite, North Yorkshire (“the KMA Wellsite”).  

1.2 Permit Conditions 

A mining waste and groundwater activity permit (Ref. EPR/DB3002HE; “the permit”) was issued by the Environment 
Agency for the hydraulic fracturing operation in April 2016 [Ref. 1].  

The permit requires flow monitoring in place to ensure the limits of injection volume specified in the permit (Table 
S3.2) are not exceeded and that the volume of injection can be continuously monitored (as a 15-minute 
instantaneous or averaged flow). Where available, flow monitoring equipment should be MCERTS certified and 
regularly calibrated and checked to ensure compliance with the permit.   

1.3 Purpose of this Report 

This report presents the details for monitoring volumes of hydraulic fracturing fluids at the KMA Wellsite and the 
results from a flow verification exercise carried out by Envireau Water to ensure compliance with the permit. 

mailto:info@envireauwater.co.uk
http://www.envireauwater.co.uk
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2 FLOW MONITORING 

2.1 Installed Meters 

A ‘frac spread’ has been installed at the KMA Wellsite to facilitate the injection of hydraulic fracturing fluids. The 
frac spread comprises an ACE blender unit to mix hydraulic fracturing fluids, after which proppant is added and the 
final fluid injected under high pressure to the KM8 well via a Missile Manifold. The frac spread incorporates three 
NUFLO liquid turbine flow meters (“the test meters”), which are summarised in Table 1 below.  

Table 1  Test Meter Details 

Test Meter 
ID 

Nominal 
Diameter  Location  Description 

Test Meter 1 150mm ACE Blender 
inlet 

NUFLO liquid turbine flow meter measuring hydraulic fracture fluid 
(fluid and chemical additives) 

Test Meter 2 150mm ACE Blender 
outlet 

NUFLO liquid turbine flow meter measuring mixed hydraulic fracture 
fluid and proppant 

Test Meter 3 150mm Missile 
Manifold inlet 

NUFLO liquid turbine flow meter measuring mixed hydraulic fracture 
fluid and proppant 

It has been agreed with the Environment Agency that Test Meter 1 will be the relevant meter for compliance with 
the permitted injection volumes of hydraulic fracture fluid. 

The test meters are not MCERTS certified and are not installed with reference to the Environment Agency’s 
Abstraction Metering Good Practice Manual [Ref. 2]. Therefore, to ensure compliance with the permit, Envireau 
Water has carried out a flow verification exercise to confirm the repeatability of the installed test meters. 

2.2 Verification Method   

Flow meter verification is an appropriate method for checking the repeatability of in-situ meters, using a reference 
meter of a comparable accuracy to the meters under test. Successful verification is achieved by installing the 
reference meter at a suitable location within the pipework system to ensure accuracy of measurement. 

In this case, Envireau Water has carried out a verification procedure using a Siemens Sitrans FUP1010 IP67 portable 
ultrasonic clamp on flow meter, which is MCERTS certified. The reference meter was installed with reference to the 
Environment Agency’s Abstraction Metering Good Practice Manual [Ref. 2] and the flow meter operating 
instructions [Ref. 3]. The full method statement is presented in Appendix A. 

2.3 Verification Exercise 

The verification exercise was carried out by installing temporary pipework, to allow fluids to be circulated through 
the frac spread. A 3m straight length of 100mm nominal diameter steel pipework was installed downstream of the 
Missile Manifold for the installation of the reference meter. The location of the reference meter was chosen to 
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ensure that the meter was more than 40D (pipe diameters) downstream of the test meters; and 5D downstream 
and 10D upstream of any pipe restrictions. A photograph showing an example of the installation of the reference 
meter is provided on Figure 1. 

The verification exercise was carried out in two phases. The first phase involved circulating clean water 
(temperature 5°C; viscosity 1.5 centipoise) over a range of flow rates up to 287m3/hour (~30.1 barrels per minute). 
The second phase involved circulating a viscous fluid (temperature 7°C; viscosity 40 centipoise) over a range of flow 
rates up to 318m3/hour (~33.3 barrels per minute). The viscous fluid was mixed on site specifically for the exercise 
to simulate the hydraulic fracturing fluid.  

During both phases, the test and reference meters were used to collect flow measurements at a minimum of 30 
second intervals. 

3 RESULTS 

The data collected during the verification exercise has been processed and results for circulating both clean water 
and viscous fluid from Test Meter 1 and the Reference Meter are presented on Figure 2. The results are presented 
as elapsed time against flow rate for each verification exercise. 

The results show that: 

• Test Meter 1 measures between 5.4 – 6.4 % higher than the reference meter when circulating clean water. 

• Test Meter 1 measures between approximately 5.2 – 10.6 % higher than the reference meter when 
circulating the viscous fluid. 

In both cases, Test Meter 1 measures higher flow rates than the reference meter. 

4 CONCLUSION 

The flow verification exercise demonstrates that the meter installed at the KMA Wellsite to monitor hydraulic 
fracturing fluid measures up to approximately 10 % higher than a reference meter; when circulating a viscous fluid 
with a comparable viscosity to the hydraulic fracturing fluid that will be injected to the KM8 well. The verification 
exercise has been carried out across a range of flow rates that will be used during the hydraulic fracturing operation. 

During the hydraulic fracturing operation, the installed meters will monitor flow rates continuously, at 1 second 
intervals.  

Third Energy do not propose to apply any correction factors to the installed meter based on the results of the flow 
verification exercises. Therefore, since the installed meter is recording higher than a reference meter, the actual 
injected volumes will be less than the metered volumes. Monitoring flow rates using the installed meter will ensure 
Third Energy can comply with the flow monitoring conditions specified in the permit. 

 
Envireau Water  
06/12/2017 
  



Envireau Water  

Ref: P:\Third Energy KMA (1996)\40 - Reporting\Flow Verification\Report r1.docx Page 4 of 4 
Rev: 06/12/2017 

5 REFERENCES 

Ref. 1  Kirby Misperton A Wellsite, Permit number EPR/DB3002HE. Environment Agency, 11/04/16. 
 
Ref. 2 Abstraction Metering Good Practice Manual, R&D Technical Report W84, A Godley, Environment Agency, 

2009. 
 
Ref. 3  Siemens, Sitrans F, Ultrasonic Flowmeters, FUP1010 IP67 7ME3510 Portable Flowmeter, Operating 

Instructions, January 2013. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



Envireau Water  

Ref: P:\Third Energy KMA (1996)\40 - Reporting\Flow Verification\Report r1.docx Figures 
Rev: 06/12/2017 

 

FIGURES 



Installation of Reference MeterFigure 1
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Results From Flow Meter Verification Exercises
Third Energy

Ref: Third Energy KMA (1996)\4 - 
Reporting\Flow Verification\Figure 2 r2

te: 06/12/2017Da

Figure 2
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Pages: 5 

Re: Flow Verification of Test Meters at KMA Wellsite Using an 
Ultrasonic Clamp on Flow Meter 

Date: 01/12/2017 

 
Introduction 

This technical note provides a method statement for the in-situ verification of three NUFLO liquid turbine 
flow meters (the “test meters”) installed at Third Energy’s KMA wellsite, using a Siemens Sitrans F 
ultrasonic clamp on flow meter (the “reference meter”).  

This method statement has been written with reference to: 

• Abstraction Metering Good Practice Manual, R&D Technical Report W84, A Godley, Environment 
Agency, 2009 [Ref. 1] 

• Siemens, Sitrans F, Ultrasonic Flowmeters, FUP1010 IP67 7ME3510 Portable Flowmeter, Operating 
Instructions, January 2013 [Ref. 2] 

Test Meters 

Summary details of the three test meters to be verified are listed in Table 1 below. 

Table 1  Test Meter Details 

Test Meter 
ID 

Nominal 
Diameter  Location  Description 

Test Meter 1 150mm ACE Blender 
inlet 

NUFLO liquid turbine flow meter measuring hydraulic fracture 
fluid (fluid and chemical additives) 

Test Meter 2 150mm ACE Blender 
outlet 

NUFLO liquid turbine flow meter measuring mixed hydraulic 
fracture fluid and proppant 

Test Meter 3 150mm Missile 
Manifold inlet 

NUFLO liquid turbine flow meter measuring mixed hydraulic 
fracture fluid and proppant 

 
A data sheet for the test meters is presented in Appendix A and shows that the accuracy of the meters is 
1% or less. Recent calibration certificates for Test Meter 1 and Test Meter 2 are presented in Appendix B 
and show that the meters are within specification under laboratory test conditions. 

mailto:info@envireauwater.co.uk
http://www.envireauwater.co.uk
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Reference Meter  

The reference meter is a Siemens Sitrans FUP1010 IP67 portable ultrasonic clamp on flow meter with C3 
(size code) transducers. It can operate in either Widebeam transit time or reflexor (Doppler) mode, making 
it suitable for most liquids, even those with high aeration or suspended solids.  

The ultrasonic flow meter was manufactured on 12/02/2014 and has the following details: 

• Model: FUP1010 
• Item No: 1010WPTRH 
• Part No: 7ME35101CA000AA0 
• Serial Number: 46068 
• (Transducer Serial Number: 54848A & B) 

The key technical specifications of the equipment are: 

• Flow range: +/- 12m/s, bidirectional 
• Pipe size: 2” to 12” (C3 transducers) 
• Accuracy: 2% or less 
• Liquid temperature (standard): -40 to +120C 
• Ambient temperature: -18 to +60C 
• Battery operation: 4 hours 

The accuracy of the reference meter is of a similar accuracy to the test meter. 

The reference meter is MCERTS certified; a copy of the product conformity certificate is provided in 
Appendix C.  

The reference meter was last calibrated on 29/11/2017 and demonstrated to be working within 
specification under laboratory test conditions. A copy of the calibration certificate is presented in Appendix 
D.  

Verification Procedure 

Equipment Required 

• Siemens Sitrans FUP1010 IP67 portable ultrasonic clamp on flow meter with C3 (size code) 
transducers 

• Portable 12v car battery and terminal connectors 
• Handheld thickness gauge and pipe tape measure 
• Scouring pad/scraper 
• Coupling gel 
• Hand tools, cable ties, duct and insulation tape 
• GPS device and digital camera 
• Notebook and pencils/pens 
• Flow verification spreadsheet 
• Field laptop with USB reader and SI-Ware software programme 
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Locating the Reference Meter 

A clamp on flow meter must be programmed with the correct data, e.g. internal pipe dimensions and 
materials, the pipe must be running full, and good acoustic coupling is needed between the pipe wall and 
the transducer (achieved by cleaning the pipe and using a coupling gel). 

As a clamp on flow meter does not introduce any flow disturbance itself, it can be installed upstream of the 
test meter, allowing 5D between it and the meter to be tested (provided there is sufficient distance 
upstream between it and any further disturbance (bends, valves, etc) [Ref. 1]. 

If the clamp on flow meter is being used downstream of the meter under test, then the minimum 
recommended distance between the test meter and clamp on meter (reference meter) is 40D [Ref. 1]. This 
is based on the test meters being mechanical meters.  

In addition to the above, the Siemens manual [Ref. 2] states that there should be 10D before and 5D after 
the transducers. 
 
If the recommended location distances are not possible, then the maximum possible distance will be 
achieved and a built-in algorithm within the reference meter will be used to compensate for anomalies. 
 
Installation & Setup of the Reference Meter 

The flow verification exercise will be performed by Envireau Water staff, who are trained in the use of the 
reference meter. 

The following procedure will be followed to verify each of the test meters: 

1. The make, model and serial number of the test meter will be recorded. A GPS reading of the test 
meter will also be recorded using a hand-held GPS and photographs of the meter will be taken. 

2. The following measurements and observations will be made before installing the reference meter: 

§ Length of straight section of pipe available 

§ Flow direction 

§ Condition of pipe (smoothness, etc) 

§ Pipe material 

§ Measure pipe diameter and thickness (using battery powered handheld thickness 
gauge and pipe tape measure) 

§ Liner material and thickness (if present) 

§ Inspect installation to ensure test meter will be fully submerged (full bore flow) 

3. An appropriate location will then be selected to mount the clamp on flow meter: 

§ Recommended at least 5D upstream or 40D downstream of test flow meter, or 
maximum possible distance and a built-in algorithm used to compensate for 
anomalies. 

§ The location of any bends, valves, etc should also be noted and considered when 
choosing the location.  

4. Program pipe details into the transmitter: 

§ Input pipe data from Step 2 above. 
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§ Input fluid data and any pipe anomalies. 

§ Input transducer details. The recommended transducers will be presented on the 
top line of the transmitter screen. One of two mounting methods will be used: 

• Reflect – Transducers installed at 10 or 2 O’clock (do not install directly on 
top of pipe). This is the preferred method for metal pipework in good 
condition. 

• Direct – Transducers installed at 3 and 9 O’clock. This is the preferred 
method for plastic pipework, pipework in poor condition and pipework 
containing high viscous liquids. 

§ Record the following output from the transmitter: Transducer mount mode, 
spacing method, number index, ltn value. 

§ Do not select ‘install transducer’ until transducers are mounted on pipe. 

5. Pipe preparation: 

§ Remove any external lagging from pipework. 

§ Remove any material on the surface of the pipe carefully using a scouring 
pad/scraper to create a smooth surface. 

6. Mount transducer frames: 

§ Reflect mode - Using the mounting frames and correct spacer bar, fix together 
using values obtained from programming. The transducers are not required until 
frames are mounted on pipe. Tighten frames to pipe using supplied straps. 

§ Direct mode - For direct mounting the transducers need to be mounted at opposite 
sides of the pipe. For this type of installation, the spacer bars cannot be utilised, 
therefore the spacing value shown on the transmitter must be used. 

7. Install transducers: 
§ Apply a thin bead of coupling gel to the centre of the transducer and carefully 

insert transducer into frame. Apply extra coupling gel if required. 
§ Use the fixing screw on the frame to push the transducer onto the pipe. Do not 

over tighten as this may push the fount of the transducer off the pipe. Once in 
place use locking nut to secure. 

8. Connect upstream and downstream transmitter cables. 
9. Return to the transmitter and select ‘Install Complete’. Note the sonic velocity of the liquid. 
10. Zeroing the meter: 

§ Reflect mount – the meter will automatically zero itself. 
§ Direct mount – an actual zero must be performed by stopping the flow in the pipe. 

11. The clamp on flow meter is now programmed and ready to measure flow. 

12. Commence verification test (carried out for up to 4 flow rates): 

§ Record 6 pairs of meter readings on the test meters and reference meter at 
minimum 30 second intervals.  

§ Repeat procedure for each flow rate. 

13. Remove the transducers and ensure that the working area is left clean and as it was prior to the 
works.   
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Assessment of Results 

For all in-situ flow checks a number of pairs of readings will be recorded comprising a reading from the test 
meter and a simultaneous reading from the reference meter. At least 6 pairs will be taken [Ref. 1].  
 
The difference between each pair of readings will be calculated and the mean of the differences calculated.  
 
Summary 

The test meters at the KMA Wellsite will be verified by Envireau Water in accordance with the Environment 
Agency’s Abstraction Metering Good Practice Manual, using a recently calibrated reference meter that is 
MCERTs certified. The reference meter has a similar level of accuracy as the test meters and is therefore 
suitable to determine the accuracy of the test meters. The results from the verification exercise will be 
reported to Third Energy.  

 
Envireau Water 
01/12/2017 
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In 1957, this flow meter was developed with a tungsten-carbide shaft and 

bearing to withstand the rugged conditions of the oil field. Over the years, it 

has earned an unsurpassed reputation for withstanding severe punishment 

while maintaining operational and measurement integrity. Today, it remains 

a strong seller among Cameron’s NUFLO™ liquid measurement products.

NUFLO turbine flow meters indicate flow rate and measure total throughput 

of a liquid line. As liquid flows through the meter and over the rotor, 

the rotor turns at a speed that is directly proportional to the flow rate. A 

magnetic pickup senses the rotor blades as they pass and generates an 

electrical (sine wave) signal. These electrical pulses are then transmitted to 

the flow measurement readout equipment.

TECHNICAL SPECIFICATIONS

Benefits

Accurate and repeatable measurement

An economical solution for turbine flow meter 
applications

Easy installation and a variety of end 
connections

Minimum maintenance required

Long service life, even in severe applications

NUFLO Liquid Turbine Flow Meters
Accurate Flow Measurement

In 1957, this flow meter was developed with a tungsten-carbide shaft and 

bearing to withstand the rugged conditions of the oil field. Over the years, it 

has earned an unsurpassed reputation for withstanding severe punishment 

while maintaining operational and measurement integrity. Today, it remains 

a strong seller among Cameron’s NUFLO™ liquid measurement products.

NUFLO turbine flow meters indicate flow rate and measure total throughput 

of a liquid line. As liquid flows through the meter and over the rotor, 

the rotor turns at a speed that is directly proportional to the flow rate. A 

magnetic pickup senses the rotor blades as they pass and generates an 

electrical (sine wave) signal. These electrical pulses are then transmitted to 

the flow measurement readout equipment.



 

Meter Grade Linearity Repeatability

Standard1 ± 1% of reading ± 0.05%

Industrial1 ± 0.5% of reading ± 0.02%

Enhanced accuracy Consult factory Consult factory

1  For 3/8” meters, linearity is ± 2% of reading (standard) and ± 1% of reading 
(industrial).

4

3 5 6 8 7

2 1

First Class Design Delivers First Class Performance

1. Permanent 1” MNPT conduit connection is standard.

2.  Rotor is pitched and pre-calibrated to determine accuracy.

3.  End Connections available as a flanged, threaded, grooved,  

EZ-IN® and WECO® 1502.

4. Flow Vanes increase performance at low rates.

5. Flow Vane Hub supports rotor assembly.

applications
Cameron offers turbine flow meters in a variety of end 
connections and accuracy levels. Typical applications are:

• Water-injection measurement

• Heater treaters

• Test and production separators

• Disposal wells

• CO2 injection

• Steam generator fuel and feed water

• Metering liquid fertilizer

• Water, fuel and chemical measurement in plant settings

• Chemical tank loading and unloading

• Measuring liquid propane

• In-situ mining and leaching

accuracy

Cameron offers two meter grades to satisfy various linearity 

requirements. The standard grade meter is a cost-effective 

solution for applications requiring accuracy of 1% or less.  

For higher accuracy, an industrial grade meter can be used. 

Greater accuracy may be achieved if the expected flow range is 

specified.

6.  Rotor Shaft, Bearings and Thrust Ball are made of tungsten 

carbide for long service without lubrication other than by the 

process liquid.

7. Retaining Rings make disassembly easy.

8.  Flow Meter Body is a sturdy, one-piece construction, precision 

finished. 

2



meter Size Selection

Flow meter size selection should be based on the instantaneous 

flow rate of the line into which the meter will be mounted and 

on the meter pressure drop. Meter size should never be based 

on the nominal piping size of the installation. Refer to the linear 

flow range chart (page 3) and the pressure drop curve chart 

(page 6) for meter size selection. The meter will remain accurate 

at flow rates higher than its rating, but over-ranging a meter 

for long periods can cause excessive bearing wear and pressure 

drop and shorten the life span of the meter. NUFLO flow meters 

can be over-ranged by 10% for short periods without damage.

installation

•  The meter should be installed so that the arrow on the 

meter body corresponds to the flow direction of the line.

•  A 10 diameter length of straight unrestricted pipe must 

be upstream and a five diameter length of straight 

unrestricted pipe must be downstream of the flow meter. 

Both pipe sections should be the same nominal pipe size as 

the flow meter’s end connection.

•  Throttling/control valves should be located downstream of 

the flow meter.

magnetic pickup/electronics installation

•  The meter’s permanent conduit connection has 1” MNPT 

threads for attaching an electronic readout instrument.

•  The conduit connection is designed for use with a 5/8” to 

18” threaded magnetic pickup which is sold separately by 

Cameron.

compliances

•  CSA certified for hazardous areas, Class I, Div. 1,  

Groups A, B, C, D

•  Meters with maximum working pressures below 7500 psi are 

compliant with ANSI 12.27.01-2003 single seal

•  EZ-IN meters and WECO 1502 union meters available with 

CE mark for Pressure Equipment Directive  

(PED, 97/23/EC)

materials of construction

• Meter body (standard): Grade 316L stainless steel1

• Meter body (high pressure): A286 stainless steel1

• Vanes: Grade 316L stainless steel

• Rotor: CD-4MCu

• Shaft and bearings: Tungsten carbide
1 Traceability of pressure-containing components available on request.

optional materials
Shaft

Binderless carbide for enhanced corrosion resistance to selected 

chemicals.

Shaft and Bearings

Silver brazing to withstand temperatures to 850˚ F (454˚ C) and 

chemicals that attack epoxy bonding bearing materials.

rotor

Nickel plating for enhanced corrosion resistance to selected 

chemicals (especially acids that corrode ferrous materials).

Temperature Range Flow Meter Size

Standard
-67° F to 250° F (-55° C to 107° C)

-67° F to 250° F (-55° C to 121° C)

3/8” through 3/4”

7/8” through 8”

Medium -67° F to 450° F (-55° C to 232° C) all sizes

Note:  Consult Cameron’s Measurement Systems division for any use of turbine flow 
meters below -20° F (-29° C) or above 250˚ F (121˚ C). 

temperature range (magnetic pickup) 
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Flow Meter Size x
End Connection Size

Working Pressure   Length

in. psi MPa in. mm

3/8 x 1 7500 51.7 4.0 102

1/2 x 1 7500 51.7 4.0 102

3/4 x 1 7500 51.7 4.0 102

7/8 x 1 5000 34.5 4.0 102

1 x 1 5000 34.5 4.0 102

1-1/2 x 1-1/2 5000 34.5 6.0 152

1-1/2 x 2 5000 34.5 6.0 152

2 x 2 5000 34.5 10.0 254

3 x 3 1000 6.9 12.5 318

4 x 4 1000 6.9 12.0 305

end connections

NUFLO flow meters are available in a variety of end connections:

• Threaded

• Grooved

• Flanged

• EZ-IN

• WECO 1502

threaded (Npt) end connections
• Threaded meter sizes range from 3/8” to 4”. 

•  Meter sizes from 3/8” to 1” pipe all have 1” NPT  

end connections to simplify meter size changes.

•  All meter sizes other than the 2” have  

male threads.

linear flow range (1, 2, 3)

Flow 
Meter Size(3) 

Nominal(2)

Calibration Factor

Maximum 
Output 

Frequency

∆P at Maximum 
Flow(2)

in. mm GPM m3/HR BPD Pulses
Gallon

Pulses x 
1000/m3

Pulses/Sec psi kPa

3/8 10 0.3 – 3 0.068 – 0.68 10 – 100 22000 (5812) 1100 4.0 28

1/2 13 0.75 – 7.5 0.17 – 1.70 25 – 250 14500 (3830) 1815 12.0 83

3/4 19 2 – 15 0.45 – 3.41 68 – 515 2950 (780) 740 18.0 124

7/8 22 3 – 30 0.68 – 6.81 100 – 1000 2350 (621) 1175 20.0 138

1 25 5 – 50 1.14 – 11.36 170 – 1700 900 (238) 750 20.0 138

1-1/2 38 15 – 180 3.41 – 40.88 515 – 6000 325 (86) 975 16.0 110

2 51 40 – 400 9.09 – 90.85 1300 – 13,000 55 (14.5) 365 22.0 152

3 76 80 – 800 18.16 – 181.66 2750 – 27,500 57 (15.2) 760 20.0 138

4 102 100 – 1200 22.71 – 272.55 3400 – 41,000 30 (7.9) 600 10.0 69

6 152 250 – 2500 56.78 – 567.82 8600 – 86,000 7 (1.8) 290 10.0 6

8 203 350 – 3500 79.49 – 794.94 12,000 – 120,000 3 (.8) 175 6.0 41

(1) The linear flow range of liquids with non-lubricating characteristics is limited to the upper 60% of rating.
(2)  Based on water.
(3)   Consult Cameron’s Measurement Systems division for engineering assistance with applications involving liquids of viscosities greater than 5 centistokes on 3/8”  

through 3/4” meters.
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Flow Meter Size x
End Connection Size

Flange
Pressure Rating

Length

in. psi in. mm

3/8 x 1/2 150, 300, 600
900, 1500, 2500

5.0
6.25

127.0
158.8

1/2 x 1/2 150, 300, 600
900, 1500, 2500

5.0
6.25

127.0
158.8

3/4 x 3/4 150, 300, 600
900, 1500, 2500

5.0
6.25

127.0
158.8

7/8 x 1 150, 300, 600, 900, 1500, 2500 6.0 152.4

1 x 1 150, 300, 600, 900, 1500, 2500 6.0 152.4

1-1/2 x 1-1/2 150, 300, 600, 900, 1500, 2500 7.0 177.8

2 x 2 150, 300, 600, 900, 1500, 2500 8.5 215.9

3 x 3 150, 300, 600, 900
1500
2500

10.0
12.0
15.0

254.0
304.8
381.0

4 x 4 150, 300, 600, 900
1500
2500

12.0
14.0
16.5

304.8
355.6
419.1

6 x 6 150, 300, 600, 900
1500

12.0
16.0

304.8
406.4

8 x 8(1) 150, 300, 600, 900 12.0 304.8

(1)Contact factory for other flange classifications above 900#.

flanged end connections

Turbine flow meters with flanged end 

connections are available in both raised-face 

(RF) models and ring-type joint (RTJ) models. 

Flanged NUFLO meters are constructed with 

carbon steel or stainless steel slip-on flanges or 

machined from a single block of stainless steel. 

Slip-on flanges are welded to the outside of the 

meter to ensure that the flange never comes 

into contact with the process fluid. The flanges 

are designed to mate with ANSI B16.5 flanges. 

Contact the factory for availability of materials 

and construction types for a desired meter size.

  

  Flange
  Pressure Rating Design-Operating

Temperature Range

Maximum Working Pressure
Flange Material

psi   Carbon Steel                                     Stainless Steel

    150 

-20˚ F to 100˚ F
-20˚ F to 200˚ F
-20˚ F to 400˚ F
-20˚ F to 450˚ F

(-29˚ C to 38˚ C)
(-29˚ C to 93˚ C)
(-29˚ C to 204˚ C)
(-29˚ C to 232˚ C)

285 psi
260 psi
200 psi
185 psi

1.96 mPa
1.79 mPa
1.38 mPa
1.28 mPa

275 psi
235 psi
195 psi
183 psi

1.89 mPa
1.62 mPa
1.34 mPa
1.26 mPa

     300

-20˚ F to 100˚ F
-20˚ F to 200˚ F
-20˚ F to 400˚ F
-20˚ F to 450˚ F

(-29˚ C to 38˚ C)
(-29˚ C to 93˚ C)
(-29˚ C to 204˚ C)
(-29˚ C to 232˚ C)

740 psi
680 psi
635 psi
620 psi

5.10 mPa
4.69 mPa
4.38 mPa
4.27 mPa

720 psi
600 psi
495 psi
480 psi

4.96 mPa
4.14 mPa
3.41 mPa
3.31 mPa

     600

-20˚ F to 100˚ F
-20˚ F to 200˚ F
-20˚ F to 400˚ F
-20˚ F to 450˚ F

(-29˚ C to 38˚ C)
(-29˚ C to 93˚ C)
(-29˚ C to 204˚ C)
(-29˚ C to 232˚ C)

1480 psi
1360 psi
1265 psi
1235 psi

10.2 mPa
9.38 mPa
8.72 mPa
8.52 mPa

1440 psi
1200 psi
995 psi
963 psi

9.92 mPa
8.27 mPa
6.86 mPa
6.64 mPa

     900

-20˚ F to 100˚ F
-20˚ F to 200˚ F
-20˚ F to 400˚ F
-20˚ F to 450˚ F

(-29˚ C to 38˚ C)
(-29˚ C to 93˚ C)
(-29˚ C to 204˚ C)
(-29˚ C to 232˚ C)

2220 psi
2035 psi
1900 psi
1855 psi

15.3 mPa
14.0 mPa
13.1 mPa
12.6 mPa

2160 psi
1800 psi
1490 psi
1443 psi

14.9 mPa
12.4 mPa
10.3 mPa
9.95 mPa

     1500

-20˚ F to 100˚ F
-20˚ F to 200˚ F
-20˚ F to 400˚ F
-20˚ F to 450˚ F

(-29˚ C to 38˚ C)
(-29˚ C to 93˚ C)
(-29˚ C to 204˚ C)
(-29˚ C to 232˚ C)

3705 psi
3395 psi
3170 psi
3093 psi

25.5 mPa
23.4 mPa
21.8 mPa
21.3 mPa

3600 psi
3000 psi
2485 psi
2408 psi

24.8 mPa
20.7 mPa
17.1 mPa
16.6 mPa

     2500

-20˚ F to 100˚ F
-20˚ F to 200˚ F
-20˚ F to 400˚ F
-20˚ F to 450˚ F

(-29˚ C to 38˚ C)
(-29˚ C to 93˚ C)
(-29˚ C to 204˚ C)
(-29˚ C to 232˚ C)

6170 psi
5655 psi
5280 psi
5153 psi

42.5 mPa
39.0 mPa
36.4 mPa
35.5 mPa

6000 psi
5000 psi
4140 psi
4010 psi

41.3 mPa
34.5 mPa
28.5 mPa
27.6 mPa

Test Pressure: 1.5 times maximum working pressure at -20˚ F to 100˚ F (-29˚ C to 38˚ C)
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eZ-iN end connection

EZ-IN series turbine flow meters provide 

a cost-effective alternative to typical 

flanged meters. They offer the accuracy, 

rugged construction, and maintenance-

free operation of conventional NUFLO flow 

meters plus the following advantages:

•  Lower installation cost

•  Less expensive than a conventional, 

flanged meter

•  Easy installation, removal and 

inspection

•   Mates to any raised-face flange rated 

ANSI 150# to 1500#

•  Mates to any ring joint flange rated 

ANSI 900#, 1500# or 2500#

•  Reduced-bore designs (e.g. 1” x 2” 

end connection) enable flow range 

adjustments without changing end 

connections.

Specialized flow meters

Grooved end connection
Flow meters with grooved end connections are available in  
7/8” through 8” sizes.

Flow Meter Size 
x End 

Connection Size

Length Working Pressure

in. in. mm psi MPa

7/8 x 1 4.0 102 1000 6.9

1 x 1 4.0 102 1000 6.9

1-1/2 x 1-1/2 6.0 152 1000 6.9

1-1/2 x 2 6.0 152 1000 6.9 

1-1/2 x 2 6.0 152 2500 17.2 

2 x 2-1/2 10.0 254 1000 6.9

3 x 3 12.5 318 1000 6.9 

4 x 4 12.0 305 1000 6.9

6 x 6 12.0 305 800 5.5

8 x 8 12.0 305 800 5.5

Weco 1502 union end connection

Flow meters with WECO 1502 end connections are commonly used 

in high-pressure oilwell service applications. All WECO 1502 union 

end connection meters have two pickup adapters.

Contact Cameron’s Measurement Systems 

division for application assistance.

• High pressure

• Nitrogen

• CO2

• Cement slurry

•  Corrosive service

• Drilling fluids

Flow Meter  
Size x End  

Connection Size

End  
Connection 

Type*

Length Working 
Pressure

in. in. mm psi MPa

1 x 2 W-T 8.00 203.3 15,000 103

1-1/2 x 2 W-T 8.60 218.4 15,000 103

2 x 2
W-T
T-T

9.00
8.00

228.6
203.3

15,000
15,000

103
103

3 x 3
W-T
T-T

13.0
13.0

330.2
330.2

15,000
15,000

103
103

4 x 4
W-T
T-T

15.0
13.0

381.0
330.2

15,000
15,000

103
103

Flow Meter Size x
End Connection 

Size(2)

Lengths, in. (mm)

in. 1 2 3 4 6 8

3/8 x 1 4.0 (102) –– –– –– –– ––

1/2 x 1 4.0 (102) –– –– –– –– ––

3/4 x 1 4.0 (102) –– –– –– –– ––

7/8 x 1 4.0 (102) –– –– –– –– ––

1 x 2 –– 2.5 (63.5) –– –– –– ––

3/8 x 2 –– 2.5 (63.5) –– –– –– ––

1/2 x 2 –– 2.5 (63.5) –– –– –– ––

3/4 x 2 –– 2.5 (63.5) –– –– –– ––

7/8 x 2 –– 2.5 (63.5) –– –– –– ––

1 x 2 –– 2.5 (63.5) –– –– –– ––

1-1/2 x 2 –– 2.5 (63.5) –– –– –– ––

2 x 2 –– 2.5 (63.5) –– –– –– ––

2 x 3 –– –– 4.25 (108) –– –– ––

3 x 3 –– –– 4.25 (108) –– –– ––

3 x 4 –– –– –– 5.0 (127) –– ––

4 x 4 –– –– –– 5.0 (127) –– ––

4 x 6 –– –– –– –– 5.75 (146.1) ––

6 x 6 –– –– –– –– 5.75 (146.1) ––

6 x 8 –– –– –– –– –– 6.25 (158.8)

8 x 8 –– –– –– –– –– 6.25 (158.8)

(1) Specify flange type (raised face or ring joint) when ordering.
(2)  Cameron offers multiple flow meter sizes for many end connection sizes, making it easy to adapt to changing 

flow rates
(3) CE-marked meter requires special centering rings.

meters for use with raised face flanges (1, 3)
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pressure drop curve for Nuflo turbine flow meters

meters for use with ring Joint flanges1

Flow Meter Size x
End Connection Size

Lengths, in. (mm)

in. 1 2 3 4 6 8

1/2, 3/4, 7/8, 1 x 2 –– 3.5 (88.9) –– –– –– ––

1-1/2 x 2 –– 3.5 (88.9) –– –– –– ––

2 x 2 –– 3.5 (88.9) –– –– –– ––

3 x 3 –– –– 4.25 (108) –– –– ––

4 x 4 –– –– –– 5.0 (127) –– ––

6 x 6 –– –– –– –– 5.75 (146.1) ––

8 x 8 –– –– –– –– –– 6.25 (158.8)

1 Specify flange type (raised face or ring joint) when ordering.
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MCERTS is operated on behalf of the Environment Agency by 

Sira Certification Service 

12 Acorn Industrial Park, Crayford Road, Crayford 
Dartford, Kent, UK DA1 4AL 

  Tel: +44 (0)1322 520500   Fax: +44 (0)1322 520501 
 

The MCERTS certificate consists of this document in its entirety.  
For conditions of use, please consider all the information within. 

This certificate may only be reproduced in its entirety and without change 
Registered Office: Rake Lane, Eccleston, Chester, UK CH4 9JN 

To authenticate the validity of this certificate please visit www.siracertification.com/mcerts 
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PRODUCT CONFORMITY CERTIFICATE 

 
This is to certify that the 

 

SITRANS FUS 1010 Clamp-on Flowmeter 
SITRANS FUP 1010 Portable Clamp-on Flowmeter 

 
Manufactured by: 

 

Siemens Industry, Inc. 
Industry Automation Division 

Process Instrumentation & Analytics 
1201 Sumneytown Pike 

PO Box 900 
Spring House 

PA 19477 
USA 

 
 

Has been assessed by Sira Certification Service 
And for the conditions stated on this certificate complies with: 

 
MCERTS Performance Standards for Water Monitoring  

Equipment Part 3, Version 2.4 dated February 2013 
 

Certification Ranges : 
 

0.25 m/s to 6 m/s 
 
 

  
Project No. : 16A30019 Add A  
Certificate No : Sira MC140259/00  
Initial Certification : 04 November 2014  
This Certificate issued : 04 November 2014 Emily Alexander BSc (Hons) 
Renewal Date : 03 November 2019 Deputy Certification Manager 
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Approved Site Application 
 
 
Any potential user should ensure, in consultation with the manufacturer, that the monitoring system 
is suitable for the intended application. For general guidance on monitoring techniques refer to the 
Environment Agency Monitoring Technical Guidance Notes available at www.mcerts.net 
 

The product is suitable for use, where it is appropriate, for regulated applications such as 
abstraction, effluent discharge, ultraviolet disinfection and industrial processing. 
 
The product has been tested on pipe sizes of 150 mm, 24” (nominally 500 mm) and 42” (nominally 
1100 mm) over a range of velocities - 0.25 to 5 m/s on 150 mm pipe, 0.28 to 2.36 m/s on ~500 mm 
pipe and 0.28 to 2.44 m/s on ~1100 mm pipe. The majority of the testing was conducted with C3: 
1010 Universal transducers. See the notes beneath the certified performance section for full 
details. 
 
The instrument is suitable for pipe sizes upwards of 100mm. 
 
The field test was conducted on a pumped flow at a water supply works for final drinking water 
distribution (pipe size DN 600). The field test duration was three months. The instrument setup 
included: 
 

 FUS 1010 (serial number 40397) 

 D3 Universal Transducers (serial numbers 54956A & 54965B) 

 Reference meter: SITRANS FM Magflo MAG 5100 Electromagnetic flowmeter (serial 
number 149602N049) 

 
 
Basis of Certification 
 
This certification is based on the following Test Report(s) and on Sira’s assessment and ongoing 
surveillance of the product and the manufacturing process:  
 
WRc report UC9776.1 dated July 2014 
 
 
 

  

http://www.mcerts.net/
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Product Certified 
 
The FUS 1010 measuring system consists of the following parts: 
 

 SITRANS FUS 1010 (DC/AC) 

 SITRANS FUP 1010 

 Universal and High Precision Transducers (fixed and portable). For MCERTS certified 
transducer types/sizes (when combined with SITRANS FUS 1010), please see the table 
below: 
 

Universal Transducers Permanent and Portable MLFB Part 
Number 
 

Serial number 
 

B1 Universal for pipe OD from 12.7 to 76 mm (0.5 to 3 in.) 7ME395xxLC10 61560A/B onwards 

B2 Universal for pipe OD from 12.7 to 76 mm (0.5 to 3 in.) 7ME395xxLC20 62109A/B onwards 

B3 Universal for pipe OD from 19 to 127 mm (0.75 to 5 in.) 7ME395xxLC00 51892A/B onwards 

C1 Universal for pipe OD from 51 to 254 mm (2 to 10 in.) 7ME395xxLD10 51808A/B onwards 

C2 Universal for pipe OD from 51 to 254 mm (2 to 10 in.) 7ME395xxLD20 50229A/B onwards 

C3 Universal for pipe OD from 51 to 305 mm (2 to 12 in.) 7ME395xxLD00 50133A/b onwards 

D1 Universal for pipe OD from 102 to 508 mm (4 to 20 in.) 7ME395xxLE10 52018A/B onwards 

D2 Universal for pipe OD from 152 to 610 mm (6 to 24 in.) 7ME395xxLE20 58717A/B onwards 

D3 Universal for pipe OD from 203 to 610 mm (8 to 24 in.) 7ME395xxLE00 49855A/B onwards 

E1 Universal for pipe OD from 254 to 3048 mm (10 to 120 in.) 7ME395xxLF10 50824A/B onwards 

E2 Universal for pipe OD from 254 to 6096 mm (10 to 240 in.) 7ME395xxLF00 49844A/B onwards 

E3 Universal for pipe OD from 304 to 9144 mm (12 to 360 in.) 7ME395xxLF20 50707A/B onwards 

 
High Precision Transducers Permanent and Portable Including High 
Temperature 
 

MLFB Part 
Number 
 

Serial number 
 

B1H (High Precision) for pipe WT from 2.0 to 3.0 mm (0.08 to 0.12 in.) 7ME395xxLKx0 50391A/B onwards 
B2H (High Precision) for pipe WT from 3.0 to 4.1 mm (0.12 to 0.16 in.) 7ME395xxLLx0 50219A/B onwards 
B3H (High Precision) for pipe WT from 2.7 to 3.3 mm (0.106 to 0.128 in.) 7ME395xxLTx0 52104A/B onwards 

C1H (High Precision) for pipe WT from 4.1 to 5.8 mm (0.16 to 0.23 in.) 7ME395xxLMx0 72096A/B onwards 

C2H (High Precision) for pipe WT from 5.8 to 8.1 mm (0.23 to 0.32 in.) 7ME395xxLNx0 68825A/B onwards 

D1H (High Precision) for pipe WT from 8.1 to 11.2 mm (0.32 to 0.44 in.) 7ME395xxLPx0 61707A/B onwards 

D2H (High Precision) for pipe WT from 11.2 to 15.7 mm (0.44 to 0.62 in.) 7ME395xxLQx0 50387A/B onwards 

D3H (High Precision) for pipe WT from 7.4 to 9.0 mm (0.293 to 0.354 in.) 7ME395xxLUx0 55951A/B onwards 

D4H (High Precision) for pipe WT from 15.7 to 31.8 mm (0.62 to 1.25 in.) 7ME395xxLRx0 49952A/B onwards 

 
 

This certificate applies to all FUS 1010 instruments fitted with software version 5.04.04 (serial 
number 26728 onwards) and all FUP 1010 instruments fitted with software version 4.04.04 (serial 
number SN 29252 onwards) 
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Certified Performance 
 

The instrument was evaluated for use under the following conditions: 
 
Ambient Temperature Range:  -10°C to +35°C 
Instrument IP rating:  NEMA 4X/IP65 
 
Results are expressed as error % reading and conducted using transducer C3 : 1011 Universal, unless otherwise stated. 

Test Results expressed as error % 
reading  

Other results MCERTS 
specification 

 <0.5 <1 <2 <8   

Protection against unauthorised access     Password 
required 

Clause 3.1.2 

Indicating device     The flowmeter 
displays 

totalised volume 
and/or flow-rate 

Clause 3.1.3 

 

Units of measurement     The flowmeter 
records in metric 

units 

Clause 3.1.6 

Loss of power     All pre-set data 
retained for 66 

hours 

Note 1 

Clause 6.3.1 

Warm up time      

14s 

Clause 6.1.2 

To be reported 

Combined performance characteristic 
    

 

3.26 

Table 7 

5% Class 2 

Mean error     Note 2  

170mm nominal      

Clause 6.3.2 

4% Class 2 

 

 

 0.14 – 0.43 m/s    2.5  

 1.15 – 1.73 m/s   1.3   

 2.59 – 3.16 m/s   1.5   

 4.03 – 4.60 m/s   1.7   

 5.18 – 5.75 m/s   1.8   

Repeatability      Clause 6.3.2 

 0.14     1% Class 1 

Supply voltage       Clause 6.3.3 

 76.5 to 264 V AC 0.14     0.5% Class 1 

 9 to 36 V DC 0.12     0.5% Class 1 

Output impedance  

 1000 Ω, 500Ω & 100Ω 

 

<0.01 
   

 

 

Clause 6.3.4 

0.5% Class 1 

Fluid temperature 

 3.7ºC to 25.5ºC 
  

 

1.36 
 

Note 3 Clause 6.5.3 

2% Class 3 
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Test Results expressed as error % 
reading  

Other results MCERTS 
specification 

 <0.5 <1 <2 <8   

Ambient temperature 

 -10ºC to +35ºC 
0.06    

 Clause 6.3.6 

0.5% Class 1 

Relative humidity 

 ≥95%RH 
0.03    

 Clause 6.3.6 

0.5% Class 1 

Bi-directional flow  
   

 

2.12 

 

 

Clause 6.3.13 

To be reported 

Effect of conduit material 
    

 Clause 6.3.16 

 

 Carbon steel       

   Mean error    2.5  To be reported 

   Repeatability  0.14     To be reported 

 ABS       

   Mean error    7.7  To be reported 

   Repeatability  0.34     To be reported 

 Cement lined ductile iron       

   Mean error    3.9  To be reported 

   Repeatability  0.20     To be reported 

Effect of conduit size     Note 4 Clause 6.3.17 

24” (0.5m nominal) – Mean error       

 0.28    -4.1  To be reported 

 0.85    -3.9  To be reported 

 1.38    -2.4  To be reported 

 1.90    -3.8  To be reported 

 2.44    -3.5  To be reported 

42” (1.2m nominal) – Mean error       

 0.29   -1.5   To be reported 

 0.80   -1.5   To be reported 

 1.32   -1.4   To be reported 

 1.87   -1.2   To be reported 

 2.36   -1.3   To be reported 

Response time 
    

 

10 s 

Clause 6.3.19 

< 30 s 
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Test Results expressed as error % 
certification range  

Other results MCERTS 
specification 

 <0.5 <1 <2 <8   

Error under field test conditions  

Max error  3.97% 

Min error  -2.99% 

Mean error 1.08% 

 

Proportion of errors ≤2% = 63% 

Proportion of errors ≤5% = 100% 

 

 Clause 7.3 

5% Class 2 

Up time 
    

 

99.3% 

Clause 7.4 

>95% 

Maintenance 
    

None Clause 7.5 

To be reported 

 
Note 1: Test conducted using the FST 020 controller (rather than the FUS 1010). 
 
Note 2: Test conducted using C2H : 1011HP-T1 transducers. 
 
Note 3: Test conducted using C1H : 101HP-T1 transducers. 
 
Note 4: Test conducted using D1 : 101H-D1H transducers. 
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Description 

 
The SITRANS FUS clamp-on flowmeters described on this certificate provide accurate, non-intrusive 
flow measurement in full pipes. They consist of a transmitter, either a FUP1010 or FUS1010, calibrated 
matched pair of transducers and mounting hardware such as cables and easy mount frames.   
 
The transducer use Wide-Beam technology.  This technology increases precision by reducing the 
sensitivity to any change in the medium type or pressure. The Wide-Beam ultrasonic signal is not 
affected by step velocity changes (hydraulic surging) or solids particle distribution. 
 
The sensors can be mounted in two different orientations depending on the quality of the pipe and 
viscosity of the product. To achieve the best accuracy the “reflect method” is recommended. Using this 
method enables auto zero calibration, eliminating any necessity to stop process flow. With this 
configuration in place the pipe characteristics are continually monitored to instantly correct any offset 
generated by temperature changes in the process. 
 
The matched pair of transducers is available in two types, either Universal or High Precision. The High 
Precision sensors have been tuned for use on steel pipe only and should only be used for these 
applications. The standard Universal Transducers, are suitable any other pipe material including steel.  
 
The FUS1010 is a configurable transmitter that can be expanded to 2 or 4 channel operation. This 
enables 2 transducer sets to be installed on one pipe providing better coverage of the flow profile for 
larger pipes and improving accuracy and repeatability. Extra hardwire outputs and communications 
cards can be added to increase the functionality.     
 
SITRANS FUP1010 operation is as the FUS1010 except that it comes in a rugged submersible portable 
enclosure. The FUP1010 is frequently used for flow studies or to simply validate existing flowmeters. It 
can also be used to temporarily replace failed or inoperable flow devices in emergency or breakdown 
situations. 

 
General Notes 
 
1. This certificate is based upon the equipment tested.  The Manufacturer is responsible for 

ensuring that on-going production complies with the standard(s) and performance criteria defined 
in this Certificate.  The Manufacturer is required to maintain an approved quality management 
system controlling the manufacture of the certified product.  Both the product and the quality 
management system shall be subject to regular surveillance according to ‘Regulations Applicable 
to the Holders of Sira Certificates’.  The design of the product certified is defined in the Sira 
Design Schedule for certificate No. Sira MC140259/00. 

 
2. If certified product is found not to comply, Sira Certification Service should be notified 

immediately at the address shown on this certificate. 
 
3. The Certification Marks that can be applied to the product or used in publicity material are defined 

in ‘Regulations Applicable to the Holders of Sira Certificates’. 
 
4. This document remains the property of Sira and shall be returned when requested by the 

company. 
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Appendix D 
 

Reference Meter Calibration Certificate 
 



Riverside, Canal Road, Sowerby Bridge,
West Yorkshire  HX6 2AY, England
Tel.: 01422 829920    Fax.: 01422 829921   Web: www.flowquip.co.uk       flowmetering systems

Flowmeter Calibration Certificate Certificate No. 10995

Customer : Envireau Ltd Date: : 29/11/2017 -2.7441
Meter Under Test : Siemens Sitrans F Ultrasonic Clamp-on Job Ref. : 171129A -2.8455
Serial No. : 46068 P.O. Nr. : 2017/0282 -3.2493
Transducer S/No : 1011PPS-C3 (54848A/B) Cal. Fluid : Water #REF!
Pipe Details : OD104mm/ID100mm/WT2mm Fluid Temp. : 12.2 to 13.8 degC #REF!

Pipe Material : Stainless Steel Calibration Ref. : FQM001

Calibration Equipment : FQM001 Traceability of calibration equipment available on request.

As Found/Final ( 4 Flowrate Points + 3 Repeats )

Run Nr. Flow Rate Meter under test Reference meter Deviation Flow %

L/min Lts Lts  Error

1a 4000 11109.20 11419.00 -309.80 -2.71 -2.7441
1b 4000 12599.00 12982.07 -383.07 -2.95

1c 4000 12636.00 12969.13 -333.13 -2.57 -3.2493

2a 3000 10331.50 10634.10 -302.60 -2.85

2b 3000 10355.50 10659.03 -303.53 -2.85

2c 3000 10230.30 10529.70 -299.40 -2.84

3a 2000 7318.45 7567.37 -248.92 -3.29

3b 2000 7317.33 7561.57 -244.24 -3.23 -3.2493
3c 2000 7572.31 7824.93 -252.62 -3.23

4a 1000 3635.34 3777.27 -141.93 -3.76

4b 1000 3214.72 3339.60 -124.88 -3.74

4c 1000 3289.66 3412.70 -123.04 -3.61

Calibration Traceable to UKAS Standards

                  Sales Director Calibration Engineer

                                              Registered No. 1623009 ENGLAND & WALES

The uncertainty of the above calibration process is calculated to be better than 0.3%


