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Agenda

 Calibration process
« Cameron calibration laboratory

* Reproducibility/calibration transfer to other
fluids

* Meter design and impact on the influence of
fluid properties

* Calibration transfer to the field
* Long term stability
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4-path, 8-path and 8-path RN meters

Linearity +/- 0.15 %
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Calibration process for Caldon meters

» Characterise over the Reynolds range of the
application, using one, two or three olls

» Enter calibration data into two tables in the
meter as a function of measured profile
flatness and/or Reynolds number

 Calibrate the linearized meter using each of
the olls; default six flowrates per oil to API
5.8 repeatability requirements
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Raw Calibration vs Flow Rate
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Reynolds Number Calibration Curve

—&— MF curve used
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Final Calibration Result
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CALDON ULTRASONICS TECHNOLOGY CENTRE
CALIBRATION LABORATORY
PITTSBURGH, USA
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Main laboratory area

Prover

Master meters

Heat exchanger
Test meter lines

7.5 ton bridge crane
Main control room
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Calibration fluids

* Refined hydrocarbon olils
* Olls chosen to give a good range of viscosity
for Reynolds number span
— EXXSOL D80, kerosene substitute, approx. 3 cSt
— DRAKEOL 5, approx. 15 cSt
— DRAKEOL 32, approx. 150 cSt
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NVLAP Certified Uncertainties

« 10 to 750 m3/hr U 7
NL-\\.IJJ[]‘:L&%D Laablgrnaatoryo:tr:‘cf;:itation Program %”F‘;
—_ Sma” V0|ume prover 0_03% SCOPE OF ACCREDITATION TO ISO/TEC 17025:2005 “"”‘

Cameron Measurement Systems
Caldon Ultrasonics Technology Center
1000 McClaren Woods Drive

— Turbine master meter 0.04% e o

E-mail: bobbie. griffithi@c-a-m com

3 CALIBRATION LABORATORIES NVLAP LAB CODE 200813-0
Y to m r Scope Revised: 2011-08-19

MECHANICAL

ST TR L,
S e,
g

— Ball prover 10 m? 0.04% e
[] 10 ta 750 0.03 Brooks Small Volume Prover
10 to 750 0 One Master Meter
150 to 22 10 Cubic Meter Prover Volume

04

.04

0.07 3.3 Cubic Meter Frover Volume
09

— Ball prover 3.3 m®  0.07% = 2 i
— One master meter 0.09% e e
« 600 to 3900 m3/hr | |
— Two master meters 0.08% ” "

Page | of 1 HVLAP.E18 (REV. 2004-10-31)
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Comparison of ISO17025 capabilities
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Mutual recognition arrangements

 NVLAP is a signatory to the following MRA's:

— ILAC - International Laboratory Accreditation
Cooperation

— APLAC - Asia Pacific Laboratory Accreditation
Cooperation

— IAAC - Inter American Accreditation Cooperation

NVIAG %
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VSL CMC Certification

 The National Measurement Institute of the
Netherlands, VSL, provide Cameron with
an additional Calibration Measurement
Capabilities (CMC) certification

 This certification focuses on the Dutch
uncertainty of the calibration method rewology

* This Is a voluntary certification that adds a
further layer of quality assurance to the
Caldon laboratory operations
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Intercomparision package

* Primary comparison was carried out using
kerosene substitute (Exxsol D80) over a flow
range of 100 to 600 m3/hr in both facilities

— Caldon lab tests vs ball prover

— NEL tests versus turbine secondary standards

« A secondary comparison was also carried out
using the NEL water flow faclility gravimetric
standard

« Comparisons were made at overlapping Reynolds
numbers
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Intercomparision results on kerosene
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Intercomparision results vs water
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Intercomparision results

* The results from both meters and both NEL
facilities (oil and water) demonstrated
metrological equivalence with the Caldon
laboratory

* The closest and most linear agreement was
actually found in the case of the water
comparison, suggesting that the difference
In the oll calibration were In part due to the
curve fitting to the NEL secondary standard
turbines
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Influence of inputs and design on fluid
property effects
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Internal linearization

* The more linear the meter iIs to start with the

less correction Is requirec

 Correction using velocity

orofile may be

prone to installation effects, which can have

a Reynolds dependence
 Correction using an inferr

ed Reynolds

number requires a reliable viscosity input

* Good design can minimiz
property effects
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Linearity before adjustment of two 6-inch meters

« Both 8-path meters, same electronics, same transducers
 Intentional meter body design differences
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0.994
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/./”‘/F Large viscosity input error
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Design variants can minimise
non-linearity and installation effects

This can involve some differences In

design/model selection and configuration
for different applications
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10-inch full-bore LNG meters for high Re
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11 LNG meters after single point MF adjustment
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Reducing Nozzle Meter for
Low Reynolds Numbers
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10-inch LEFM 280CIRN test

* Three Installation configurations tested without
adjustment of the meter between tests

« 10-inch meter vs 10 m3 unidirectional prover
* Two fluids/viscosities (12 and 100 cSt)

* 6 flow rates for each condition, mean value at each
flow determined to better than +/- 0.027%
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Installation at 5D
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Installation at 5D with added swirl
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Installation with 10D — CPA - 10D
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Linearity/error data vs flowrate — 12 ¢St oll
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Linearity/error data vs flowrate — 100 cSt oll
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Linearity data vs Reynolds number
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8-Path Full-Bore Configuration
No flow conditioner and 5D
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Toledo refinery proving reports
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RO &80F 0.72380 RO, @ 60 F S I RO 60 F 1.E4730
Viscoady i ’ 'I-'E:m?r . Visoosiy ]
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uF 14012 ME 18014 14 1ama
MF Varistfon 03080 ME Viariation L8011 MF Varlation L3010
Liguid Properties at Metering Liquid Properties at Metering Liquid Properties at Metering
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Meovmad Op Prégsuve g paig Normal Op, Pressors peig Warmal Op. Pressure ) psig
£q Vapor Pressure psig Eqp. Vaper Pressurs psig Eg. Vapor Frsssure 0 psig
CRL cPL CPL
RUN Accepted? - RUN Accepted? E . RUN Accepted? MF
£ 1 Y5 1.00474 o 9 Yy 1.00714 Bay 1 s 1.00085
i z ik 1.00126 2 ) Y5 100086 Bl z Yieg 1.a0H0v
" 3 Yas 1.00146 & i Yes 10013 o2e 3 Tizs i.00048
I 4 Ve 100110 1 4 Yig 100104 BT 4 b ] 1.00105
i 5 Yes 1.00112 5 5 Yeos 1.00068 BET 5 Yes 1.00088
5074 1.0011 1512 1.00110 p.4120 1.00098
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UK Chevron Alba FSU Export Metering

Original system based on positive displacement (PD)
meters and a ball prover was first replaced by a clamp-on
meter based system on the export line

Due to poor performance an upgrade was required

Aim was to install with minimum changes to the original
Installation

High viscosity (100 cSt) and limited space for installation as
PD meters are not sensitive to installation effects

Two 16-inch Caldon 8-path 280Ci flowmeters installed
Traceable to Cameron’s ISO17025 calibration lab

Commissioned in 2011
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Original system with PD meters
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Just how important are the offshore meters ?
(Chevron Presentation at NEL/DECC oil and gas focus group meeting 2014)

* ForAlba FSU (nett) Prior to upgrading measurement system
— CQQO versus Outturn Nett (2010-2011)
— $-6.1 million — a very big number

— Equates to 0.4 % ‘loss’ — that is, received 0.4 % less from outturn as
against the offshore measured figure

* ForAlba FSU (nett) Post upgrading measurement system
— CQQO versus Outturn Nett (2011-)
— $0.5 million

— Equates to 0.06 % ‘gain’ — that is, received 0.06 % more from outturn as
against the offshore measured figure

» Conclusion

« Continue to maintain the FSU Measurement System to custody
transfer standards

& 2014 Chewron Marth S2a Limited
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Long Term Stability
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Calibration laboratory 10-inch Master Meters

« 8-path master meters are calibrated before use

» Control charts used to ensure everything is
working as it should be
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Unlinearised MF vs Re: 7 years of data

Reynolds Number Control Chart 10 inch 280C MM1
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Summary

* Good quality ultrasonic meters are essentially
stable and affected mainly by fluid hydraulics

— Due to time limitations today | have not covered
VvIScous attenuation and turndown effects

» Achieving and maintaining good linearity and
reproducibility of meter factor is not straight
forward but can be achieved with due care
and attention at each stage of design and
selection, calibration and implementation
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