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1. 
Introduction
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SOCRATESPA

Duringthe last 20 yearsof activities,SOCRATESPAhassuccessfullyengineered,procured,installed,commissioned
andrevampedthe followingproductsandplants:

Å SkidmountedMeteringSystems.

Å UnidirectionalandbidirectionalPipeProvers.

Å ProductQualitySkids(e.g. analizers, automaticsamplingsystems).

Å ControlSystemswith dedicatedflow computers.

Å ShelteredControlRooms.

SOCRATESpAis fully qualifiedto playa role of EPCContractor,in everystepof the process.
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SocrateSpais able to supplyturnkey meteringsystemsapplyingvarioustechnologies,(e.g.
turbine, ultrasonic,coriolis, pd meters,orifice fitting), includingtrained in-houseresources
anddedicatedassets.

All meteringsystemsare designedaccording
to the most recent international standards
(API, AGA, ISO) and customizedto Client
requests.

Fromdesignto final start-up SocrateSpais
committed to fully satisfy the Client
specificationin termsof time andquality.
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2. 
Revamping of a meteringsystem:

challengesand constraints
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A meteringsystem comprisesa meter and its ancillaries.

Theprincipaland essentialpart of the systemis the meter.

Themeter isan instrument intendedto measure continuosly
the quantityof liquid or gas passing throughthe measuring
device at meteringconditions. 

The associate meteringdevices are thosesensorsconnected
to the calculatorin the view of executing
corrections\conversions.

The ancillariesare equipmentsdevotedto performspecific
tasksor functions

Meteringsystem

Meter

Meteringdevice calculator

Associated
metering
devices

Associated
metering
sensors

(Pressure, 
temperature, 

density)

Ancillaries

Definitions
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Essentiallytwo type of constrainsinterveneduringsizing, selectionand design of a metering
systems

Å Environmentalcontraints
Å Measurementconstrains

Enviroment

Measurement

Metering
system

These constraints drive all the life cycle of the 
ǇǊƻŘǳŎǘ ǎŜǘǘƛƴƎ ǘƘŜ ά{ȅǎǘŜƳ wŜǉǳƛǊŜƳŜƴǘǎέ

Selection Sizing Design Installation Certification
Operations 

and 
maintenance

Definition of design constraints
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Environmental constraints

The first type of constraints are related to the environmental context of the 
installation, in terms of:

Å Metrological regulation
Å Installation context 
Å Origin and destination of measured products
Å Fluid characteristics and relevant properties
Å Safety regulations
Å Level of manned activities requirement
Å Actual situation (in case of retrofit, revamping, development)
Å Time frame and others
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!ǇŀǊǘ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƴǘŜȄǘ όǾŀǊƛŀōƭŜ Χύ ōŜƛƴƎ ŀōƭŜ ǘƻ ǊŜǉǳƛǊŜ ŀ ǇŀǊǘƛŎǳƭŀǊ ƻǊƎŀƴƛȊŀǘƛƻƴ όǇŀǊǘƛŎǳƭŀǊƭȅ ŦƻǊ 
commissioning and startup), one of the essential constraints is the system location and installation requirements. 

Beyond national or international Regulation, Laws, Standards and other Directives, specificities resulting from practices 
and "traditions", or from "customer" standards can be imposed.

Specific constraints can appear in the project, in particular in the research of optimal use of existing parts 
όŎƻƳǇŀǘƛōƛƭƛǘȅΣ ƻǇŜǊŀǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎΣ ƳŀƛƴǘŜƴŀƴŎŜΧ ŀŦǘŜǊ ǎŀƭŜύΦ

Specific requirements come primarily from local context and "customer" rules or heritage.

These constraints become of the essence for revamping and retrofitting project.

Installation context
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Modification of an existing installation for performance improvement, regulatory compliance or process 
modifications requires a particular approach having to integrate all previously evoked  parameters.

The connection of a new system in the hearth of a refinery, on an offshore platform or on a truck does not 
ƎŜƴŜǊŀǘŜ ǘƘŜ ǎŀƳŜ ƛǎǎǳŜǎ ŀǎ ǘƘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ ŀ ƳŜǘŜǊƛƴƎ ǎȅǎǘŜƳΧ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ŀ ŘŜǎŜǊǘΗ

Å Straight lines (upstream/downstream)
Å System position/elevation
Å Access to various devices
Å Maintenance and Verification facility (including proving)
Å Electric and/or Pneumatic networks
Å Others

Å In all cases, a very detailed survey is crucial.

Actual Situation
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The measurement constraints are more technical and define the details of the metering systems, in particular:

Å The design standards to comply with
Å The performance level 
Å The primary element
Å Any other additional device or feature
Å The operations and the maintenance 
Å The periodical assessment of the system

Measurement Constraints
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3. 
Ultrasonicflow meters: 

an option for system revamping

Revamping a metering system
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Flow velocity measurementusingtransit time
ultrasonic flow meter consists in measuring
the differenceof "travel" time of an ultrasonic
wave in the direction of the flow and in the
oppositedirection.

In the directionof flow, the distanceis covered
at a speed equal to the speed of sound
(celerity) plus the mean flow velocity. In the
opposite direction, the same distance is
covered at a speed equal to the speed of
sound(celerity)minusthe meanflow velocity.

Diameter
(mm)

Dt(s) E(Dt) (s)

100 10-6 10-8

300 3x10-6 3x10-8
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More than oneacousticpath isnormallyused.

Dispositionof the path can vary from model
andfrom manufacturer.

The mostcommon path integration method is
GaussianType, howeverother solution(e.g. 
Tcheybechev) havebeenused.

Gaussianintegration method leadsa proper
definition of the chordalpositions and their
relevantweigths.

E.g. 2 paths: 

ὺ ύὺ ȟ

ὴέίὭὸὭέὲ
ρ

σ
ύȟ ρ 0.577R-0.577R

The mostcommon 
numberof paths is
four, for which
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Path velocitiesintegration rule
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Velocity profile may alter the ultrasonic waves flight times, ultimately the
measurementaccuracy.
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Thissimplemathematicalmodelwastestedwith two velocityprofiles:
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Term Typeand effect Contribution NOTES

Transittimes Repeatabilty Turbulence
Incoherentnoise
Coherentnoise
Clock resolution
Electronic stability
Spurioussignal detection

Systematic Possibledepositat transducerlevel
Sound refraction
Beamreflection

-
-
Eliminatedwith calibrationor recalibration

Mathematical Systematic Inaccuracyof integration model

Installation Systematic Pipe configuration
In flow profile (different from calibration)
Initial wall roughnessand roughnessalongtime
Wall deposit
Use of Flow conditioner

-
-
-
-
Eliminatedif USM iscalbratatedwith FC

Meter body Systematic Measurementuncertaintyof dimensionalquantities
Out of roundness
P&T correctioninaccuracy

Eliminatedwith calibrationor recalibration
sic
Sic

Calibration Systematic Calibrationlaboratoryuncertaintyand repeatability
USM repeatabiltyduringcalibration
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Term Typeand effect Contribution notes

Density Systematic Uncertainityand repeatabilityof the densitometer
Densitytemperature\pressure  correction(calibrationand 
inline)

Compressibility Systematic EOS model uncertainty
GC (or other analysis) uncertainty

Pressure Systematic Trasnmitteruncertainty
Stabilityof the instrument
RFI effects on instrument
Enivormnetalcondtions(P,T)
Mounting
Vibration

Temperature Systematic Trasnmitter\elementuncertainty
Stabilityof the instrument
RFI effects on instrument
Enivormnetalcondtions(P,T)
Mounting
Vibration

Flow computer Systematic Calculations
Signal acquisitionloop
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Uncertaintyof the measurement, simplifiedmodel

ό ό +ό +ό

ό ό+ό+όȾ

ό Ὁ

Ὁ
ό ό

Uncertaintyof the inline volumetricflow rate

Uncertaintyof the standard volumetricflow rate

Uncertaintyof the energyflow rate

ucal : standard uncertaintyof the meter after calibration
uop: standard uncertaintyof the meter in operation
ucom: standard uncertaintyof the signal transmission
ufc : standard uncertaintiof the flow computer acquisitionand AD conversion
uP : standaduncertaintyof the pressure measurment
uT : standard uncertaintiyof the temperature measurement
uZ/Z0: standard uncertainityof the compressibilityfactor calculation(EOS and analysis)
uHS: standard uncertaintyof the calorificvaluecalculationor analysis
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AXIAL FLOW VELOCITY  [M/S]

Relative Expanded Uncertainty Vol. flow rate at stand. cond.

OVERALL EXPANDED UNCERTAINTY 

USM CALIBRATION RESULT (after correction)

Measurand U%(95%)

USM (calibration) 0.21 ς0.20

Pressure 0.16

Temperature 0.0487

Compressibilityfactor
(model and analysis)

~0.34

Installation effects 0.16

Typicaluncertainty(U) for an ultrasonicmeter
run is0.5 ς0.7 %



Revamping a meteringsystemςcase study

Sh.21 of 31

4. 
Case study
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BAUMGARTEN SITE
Operators: EUSTREAM, TAG

с Ȅ олέ LEFM 380Ci installed in parallel at the BAUMGARTEN Border Station in Austria replacing existing Orifice Stations

BAUMGARTEN receives 1/3 of Russian gas into Europe and distributes this within the Austria network and towards 
Northern Italy

Application challenge: Only 10 available upstream and flow conditioners were to be avoided due to pressure drop and 
compression costs

Cameron LEFM 380Ci is an OIML R137 Class 0.5 device with a minimum of 5D and no flow conditioner

Revamping a metering systemςcase study
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Major Import Station accepting gas from Austria into Northern Italy

Operator: TAG

Onshore Austria

мс ƻŦŦ нлέ /ŀƳŜǊƻƴ [9Ca оул/ƛ ƳƻǳƴǘŜŘ ƛƴ ǎŜǊƛŜǎ ǿƛǘƘƛƴ ŀƴ 8 stream system configuration

Picture of meters being installed and insulation added

ARNOLDSTEIN STATION

Revamping a metering systemςcase study
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# Type Description

1 Measurement Pay&checkUFM configuration
Class 0.5 OIML

2 Measurement Class 0.5 OIML R137

3 Measurement\Environmental Data transfer via DSFG bus, typicalof german
world

4 Enviromental Maintaincalibrationsetup in installation

5 Environment Respect the tie-in dimensions, i.e. fit overall
length of the line.

6 Environment Materialsasper end user heritage

7 Environment Lead time in accordancewith plant shut down

8 Environment maximizeavailabilityof the measurement

MAIN PROJECT CONSTRAINTS

Revamping a metering systemςcase study



Sh.25 of 31

Revamping a metering systemςcase study

Constraintrespected:
1. pay&check
2. Fit the available space
8. Maximizemaintenability
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Flow conditioner and calibration issues

Installinga flow conditionerat any position in the meter run
upstream of the USM will causea changeof the ƳŜǘŜǊΩǎ
indicatedflowrate. Thischangedependson manyfactors(e.g.
flow conditioner type, meter type, position relative to the
USM, flow perturbation upstream of the flow conditioner,
etcΧ)ΧToavoidthis additionaluncertainty, the bestoption is
that the USMis calubratedwith the actual flow conditioner
andmeter tube asonepackage(USMP)

exISO17089-1

If a flow conditioner is to be used the meter should be 
calibrated along with its flow conditioner in the correct 
location and orientation.
This set up should be carefully maintained in the 
ŦƛŜƭŘΧ

No flow conditioner used
Å No maintenanceconcerns
Å No additional pressureslosses
Å Only the meter itself need be returned to 

the lab for calibration

Revamping a metering systemςcase study
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TRANSDUCER ARRANGMENT IN 
USED UFM

Revamping a metering systemςcase study

Constraintrespected:
2. OIML 0.5 Class
8. Maximizemeasurementavailabiltyand 
maintenabilty
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Revamping a metering systemςcase study

Constraintrespected:
3. Dsfgbus DT
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Revamping a metering systemςcase study

Constraintrespected:
4. Maintaincalibrationsetup in field 
installation


