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APPLICATION OF VENTURI WET GAS FLOW METERS IN AN OFFSHORE
ENVIRONMENT

Alan Downing, Solartron ISA
David Bilsborough, Woodside Energy Ltd.

1. INTRODUCTION

Wet gas metering, until recently the domain of North Sea and Middle East Gas Exploration, is now
forming an integral part of an increasing number of developing fields on a world-wide basis.

The potential to eliminate the use of test separators and dedicated test lines has driven the growth
in wet gas metering, facilitating the development of previously uneconomical fields.  Extension of
the measurement technique to subsea installations provides valuable information to assist the
reservoir engineer in maximising the recovery from the field.

In South East Asia the development of a new gas/condensate reservoir from an existing offshore
platform has resulted in the introduction of high capacity, big-bore wells which cannot easily be
tested using the original test separator.  A flowline measurement was required that would provide
the platform operators with a realistic indication of the gas flow rates, with sufficient accuracy to
form part of the overall allocation process.

The paper will describe the use of Solartron ISA venturi meters, specifically designed for wet gas
service, to continuously measure the flow from each well.  It will also show how wet gas corrections
applied to the venturi have been verified against the single-phase production train meters, with good
agreement over a range of flows.  The paper will present some of the results of these trials and
identify future requirements and trends for this type of meter.

2. BACKGROUND

Natural gas is a rapidly growing energy source for the world.  There are still large resources
available, it has a relatively low carbon dioxide emission, is clean burning and is easily distributed to
individual customers.  However, the number of reservoirs producing only (dry) gas is negligible and
in most instances the reservoir contains heavier hydrocarbons and water vapour, which condense
due to the temperature and pressure drop as the fluids are proceed to the surface.  It is essential to
measure these flows for allocation, production and reservoir management purposes.

For gas-condensate reservoirs, where down-hole condensation of hydrocarbons takes place,
metering is the key in the optimisation and ultimate recovery of the heavier hydrocarbons and in the
reduction of operating costs.  This is especially true for the development of small accumulations
close to existing facilities, typically involving sub-sea wells tied back via a network of pipelines and
manifolds.  Wellhead metering of the multiphase fluids provides the reservoir engineers with the
information needed to maximise the recovery from these fields.

3. WET GAS METERING

The term “Wet Gas” implies the physical presence of a small amount of liquid in the gas stream, i.e.
a two-phase measurement, but with no agreed definition on the quantity of liquid involved.  Typically
wet gas implies a Gas Volume (Void) Fraction (GVF) greater than approximately
90 – 95%, although the Lockhart-Martnelli (LM) parameter is often a better way to determine
whether a measurement condition should be considered within the wet gas measurement region,
(LM < 0.3).
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Multiphase meters have been developed for high liquid content flows where generally there is more
liquid than gas in mass terms but these are often unsuitable for wet gas measurements.

The most common application for wet gas metering is the measurement of the raw gas flow from a
gas/condensate well.  Conventionally wet gas metering has been done by means of a test
separator, with limitations arising from the cost, rangeability, separation efficiency etc.  The use of
the test separator shared between a number of wells can impact on routine production operations.
A dedicated meter on each well, providing continuous wet gas metering, would eliminate the
disadvantages of the test separator approach.  Production variations would be easier to realise and
reservoir management would be more accurate.

It is now generally accepted that venturi meters [1], used in conjunction with wet gas correction
algorithms, now provide a method of deriving the individual gas and liquid flow rates in the
production from wet gas wells.

Correction algorithms are required to correct for the over reading of the gas flow rate, due to the
presence of liquid in the raw gas flow from the well.  Commonly used algorithms include those
proposed by Murdoch [2], Chisholm [3], both originally developed for use with orifice plate meters.
De Leeuw [4] developed a correction algorithm for venturi meters based on the analysis of empirical
data from a full scale multiphase test facility over the range of pressures and GVF’s typically found
on gas/condensate production facilities.  De Leeuw corrections have been applied on the Perseus
meters.
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� �gFren 746.01606.0 �
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where

Qgi gas flow rate calculated using the two-phase pressure drop
Qg gas only flow rate
X Lockhart-Martinelli parameter
Frg densiometric gas Froude number
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To apply a wet gas correction implies a prior knowledge of the liquid fraction of the raw gas stream.
To date this liquid fraction information has typically been generated from well testing using either
traditional test separators or by means of tracer dilution techniques.  Although accuracy associated
with separators is often debated, it is now accepted that liquid flow rates generated from the careful
use of phase selective tracers are typically within 10% [5].

The two well test methods described above suffer from one major draw back, determining liquid
fraction is a ‘one shot’ technique and due to equipment availability or economics these tests are
often only carried out on an intermittent basis.  Changes in well characteristics that are inevitable
over a protracted period may not be detected until the next scheduled well test.  Liquids production
may vary if the test is carried out at a constrained rate due to equipment limitations and may take up
to 24 hours to return to equilibrium conditions.

Although a venturi based system with on-line determination of liquid fraction has now been
developed [6], wet gas systems to date are almost exclusively based on using these ‘one shot’
methods and it is now generally accepted that corrected gas flow rates are possible to within 1% [1].
However, it is probably more common to accept between 2% to 2.5% for allocation purposes.

4. PERSEUS PROJECT

Woodside Energy operates the North West Shelf project on behalf of a number of Joint Venture
Partners.  Two gas/condensate fixed offshore platforms, North Rankin ‘A’ (NRA) and Goodwyn ‘A’
(GWA) are installed 135 Kms off the north west coast of Western Australia and linked by a 30"
interfield pipeline.  Gas, condensate and produced water from the wells are separated on the
platforms, with the gas and condensate dried and then recombined into a two-phase 40" subsea
pipeline to the onshore gas plant.  Dry gas from an FPSO producing from a nearby oil field is also
exported to shore via the same pipeline.

The onshore gas plant further processes the offshore production into LNG, LPG and condensate for
export, and natural gas for the domestic market.  All custody transfer metering is done at the
onshore plant, with metering offshore being provided to permit allocation of the overall production to
the individual facility and production well.

The NRA platform, the central hub of the North West Shelf gas and condensate production
operations, was commissioned in 1984, at which time it was the largest capacity production platform
in the world.  Standing in 125 metres of water about 135 Km offshore, the processing capacity has
progressively been increased to a total of 1800 mmscfd of gas and 24,000 barrels of condensate
per day.  Originally producing from the Rankin Gas field, the platform life has now been extended by
another 15+ years by the addition of new high-capacity wells completed into the adjacent Perseus
reservoir.

Each Perseus well is equipped with twin chokes, connected by individual 8" flowlines to one of the
platform production trains.  A single Perseus well is capable of producing over 350 mmscfd of raw
gas, at approximately 97% GVF split between the two flowlines.  Each flowline can also be
individually connected to the test separator, although the capacity of this vessel only permits testing
of an individual flowline at a significantly reduced rate.

5 EXISTING OFFSHORE METERING

The flowlines from the existing wellheads on NRA are fitted with conventional orifice plates meters,
with one early Perseus well equipped with vortex meters.  The flow rates from these meters were
adjusted empirically based on test separator measurements to compensate for the effect of the
liquid in the well flow.  The correction are made as part of the overall mass balance for the platform,
which in turn forms part of the overall allocation process for the North West Shelf operations.
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In addition, the single phase gas, condensate and produced water flows from each of the three
separator trains are measured by the end-of-train production meters prior to the gas and
condensate being recombined into the export pipeline and the water being discharged overboard.
Orifice plates meters are used for the gas flows, with turbine meters for the liquids.  Operational
problems with the original on-line densitometers have resulted in their removal and replacement
with periodically adjusted “fall back” valves, degrading the uncertainty of the end-of-train meters.

All flow rates are expressed in mass flow terms on all operator displays and in the hydrocarbon
accounting system.

6 PERSEUS METERING

During the development stage of the Perseus project several issues were raised with regards to the
metering philosophy:-

� The existing test separator on NRA is relatively small and is significantly undersized for the
production from the new wells.  It is possible to reduce the flow in the flowline connected to the
test separator, with a compensating increase in the flow to the associated flowline on the same
wellhead to maintain the wellhead conditions roughly constant.  However, there are production
implications in maintaining a balance through each of the production trains.

� The composition of the gas from the Perseus well differs to that from the Rankin reservoir, with
the two streams mixed in the projection trains in varying ratios depending on operating
constraints.  Knowledge of the Perseus flow rate is important in balancing the production to
meet the onshore constraints.

� The Perseus reservoir overlaps into an adjacent licence block, with different owners.  the
unitisation issues had not been resolved before the detailed design stage for the new wells and
could have had implications on the quality of the Perseus gas measurements.

As a result of the above, key objectives for the Perseus wellhead were defined as follows:-

� The installation of better quality metering specifically designed for wet gas service.
� The correction of the raw gas measurement, based on GLR, to provide display of gas and liquid

flow rates directly.
� To investigate the pressure recovery characteristic of the venturi as an indicator of changes in

GLR.

Many of Woodside’s future developments close to the existing platforms are likely to be subsea to
develop a better understanding of the performance of wet gas metering for future subsea
applications.

7 METERING SPECIFICATION

To achieve the objectives set out in (7) above, venturi based systems were specified in line with
current good practice for wet gas metering.  Six metering spools were purchased for the flow lines
for three Perseus wells, although to date only two of the wells have been drilled.  The flowline
diameter is 8" NB, fabricated in duplex stainless steel for corrosion resistance.

The venturi were designed for a pressure of 24 MPa and a temperature of 120°c, although normal
operating conditions are 12.5 Mpa and 80°c.  Each venturi has a third tapping point, downstream of
the throat in line with established practice for monitoring the pressure recovery.

The venturi were supplied complete with a matched upstream spool piece, 10D long, which was
included in the calibrations carried our prior to delivery to site.  Calibration and discharge coefficient
measurements were carried our on both water (fig. 1) and dry gas (fig. 2), shown below.
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Fig. 1 Venturi calibration on water

Fig. 2 Venturi calibration on dry gas

Associated instrumentation was selected from ‘reference class’ standard equipment.  Two
differential pressure transmitters were fitted for flow and recovery pressure measurement.  Line
pressure and temperature are also measured.

Provision has been made for the injection and sampling of phase sensitive tracers into the flowlines
for the measurement of hydrocarbon and water liquid flow rates at normal operating conditions as
an alternative method of determining the liquid fraction. To date these have not been used.
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Fig. 3 Perseus Well Schematic

8 UNCERTAINTY CALCULATIONS

Prior to shipment full uncertainty calculations were carried out to ISO 5167 assuming dry gas
conditions.  A single DP transmitter was used and system uncertainty was calculated to better than
1% over 3:1 turndown.

Fig. 4 ISO 5167 Uncertainty results based on dry gas

9 INSTALLATION

Each flowline for the new Perseus wells has been equipped with an 8" duplex stainless steel venturi
meter, manufactured by Solartron ISA.  Each meter has two differential pressure transmitters, one
to measure the pressure drop across the venturi for the basic flow measurement and the other to
measure the overall pressure drop across the venturi after the pressure recovery.  This latter
transmitter was included in an attempt to detect changes in the gas/liquid ratio by monitoring the
overall pressure recovery ratio across the venturi.  A new well test sequence would be triggered by
a change in the gas/liquid ratio to determine the new operating conditions.

The meters are located in the roof of the offshore wellhead module, with the transmitters mounted in
a panel on the adjacent wall.  The impulse lines are relative long, but have a continuous slope down
to the meter.  The flowline layout was constrained by the existing module piping, but at least 15D
straight length upstream of the meter was possible for all installations, including the matched, 10D
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spool piece.  The tracer injection point was provided as close to the choke valve as practicable, with
the sample point located more than 150D downstream of the meter to ensure adequate mixing of
the tracer with the well fluids.

Many mistakes were made in the installation of venturi meters  on earlier projects and as with any
‘new’ technology there is a steep learning curve to overcome. Solartron ISA have now installed
several hundred wet gas meters and in conjunction with the major operators have learned several
invaluable lessons.

These mistakes, (some on subsea projects !), were  typically associated with the following areas:

� Tappings/impulse pipe work
� Meter orientation
� Rigid manufacture in accordance with ISO 5167

To quote a previous wet gas paper “If you are going wet gas metering, read the standards, but do
NOT slavishly follow them” [7].  The following recommendations are now considered to be good
engineering practice for the installation of wet gas venturi meters:

� Install at high point
� Install in an horizontal plane
� No annular rings
� Tappings at 12 o’clock
� No flow conditioning
� Upstream/downstream straight lengths not critical

10. RESULTS

Normally the production from the Perseus wells is co-mingled with the Rankin wells in the
production header for each train.  However, during the initial start-up phase for one of the Perseus
wells, there was an opportunity to dedicate one of the production trains solely to the output from this
well.  This enabled the corrected gas and liquid flow rates from the venturi to be cross checked
against the single phase meters for gas, condensate and water at the output of the production
separation stage.

A typical set of results are shown below (Fig.  5 & 6).  The corrected values were derived using an
“average” De Leeuw correction factor based on the calculated values for the minimum, normal and
maximum flow rates specified in the venturi specification.  The gas/liquid ratio of the production from
the Perseus wells to date has been relatively constant and has had minimal effect on the correction
applied to the raw data.

The error between the corrected venturi reading and the single phase end-of-train gas meter is less
than +/- 5%, (other than during the flow rate transitions where the data sampling system is
contributing to the error).  Much of the error appears to be due to the fluctuations in the end-of-train
flow rates, which are a reflection of the separator level control rather than the meter system.
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Fig. 5 Corrected Venturi Gas Flow (5% error bars)

Fig. 6 Corrected Venturi Liquid Flows (5% error bars)

The pressure recovery ratio has been monitored for evidence of changes in the liquid content of the
well production.  However, experience to date has been that the gas/liquid ration of the wells has
been very stable and variations in the overall pressure recovery ratio have not provided any
meaningful information.

11. FUTURE REQUIREMENTS

The evaluations carried out to date have demonstrated that the correction factors applied to the raw
venturi readings can provide gas and liquid flow rate data which is sufficiently accurate for the
current operations.  However, the correction applied to the raw gas readings has been based on off-
line calculated values, with an average factor being used for convenience.  Strict application of the
De Leeuw correction, which is a function of the gas and liquid Froude numbers, requires an iterative
approach which has not been implemented in the calculations carried out in the control system on
NRA.  For the conditions applying to the current Perseus wells this not an issue, but for fluids where
the liquid content may vary over time the simplified approach would introduce additional uncertainty.
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The Pressure recovery measurement was included for the Perseus venturis to determine if
significant changes in the liquid content of the raw gas could be identified by this method.  The
objective was to identify when the conditions had changed sufficiently to require a full well test to
recalculate the gas/liquid ratio and the correction factors.  However, the indications are that, at the
pressures and flow rates for the existing and planned future wells, the pressure recovery
measurement will not be sufficiently sensitive to detect any significant change in the gas/liquid ratio.

Provision was made in the Perseus flowlines for the injection and sampling of phase-sensitive
tracers as an alternative method to determine the liquid content (water/hydrocarbons) of the raw
gas.  This facility has not been used to date and there are no plans to do so in the foreseeable
future.  Whilst it is believed that the method would give comparable results to the test separator
measurements, the mobilisation costs and logistic complications outweigh any advantages of being
able to test the wells at normal operating flow rates.  Tracer technology to determine the liquid
content is still relatively unproved and subsea versions of this technique are still on the drawing
board.

Many of Woodside’s future developments in the vicinity of the fixed platforms are likely to involve
subsea wells, tied back via common flowlines.  The allocation issues may become more complex
and the reservoir engineers need additional information to maximise production, especially
hydrocarbon liquids, from each well.  The high capital cost of providing separate test manifolds and
pipelines always provides a driver to look at alternative methods of monitoring the well performance.
A simple, dedicated meter per well providing gas/liquid ratio information in addition to flow rate
would be ideal, but the cost and relatively poor performance of multiphase meters for high GVF
applications would suggest that this is not the way forwards.

12 APPLICABLE DEVELOPMENTS

In section 3, reference was made to a wet gas system with online correction of gas and liquid flow
rates.  Development of this system was completed by Solartron ISA during 2000 and field trials and
first project installations are now under way.

The system was developed in conjunction with Advantica Technologies (formerly BG Technology)
as a direct response to the points that have been raised in this paper.  The main objectives being to
generate corrected gas and liquid flow rates in real time from a meter which is inherently based on a
traditional wet gas venturi system, and therefore simple, robust, reliable and relatively cost effective,
yet is not reliant on test separators or tracer dilution sampling.

If a second differential pressure element is introduced in series with the venturi and if the second
DP device exhibits a significantly different Murdock constant to that of the venturi, then two
simultaneous equations exist that can be solved to yield the gas mass fraction.
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It is this method of calculating the GMF ‘the Dual DP approach’ that forms the basis of the
Dualstream II wet gas flow meter.

The flow measurement process is as follows:

� The flow rate is measured using both DP devices assuming dry gas conditions.
� These indicated gas rates are then used to estimate the gas mass fraction.
� The estimated gas mass fraction is then used in a Murdock correction to generate  corrected

gas and liquid flow rates i.e.

Fig. 7 Dualstream II Calculation Process

Final meter design consists of three elements a mixer, venturi and second DP device (fig. 8)
although a compact version (fig. 9) has also been developed.

Fig (8) Final Meter Design                                                Fig (9) Compact Version

Laboratory and field testing to date has demonstrated that both meter designs can achieve
uncertainties of 5% on corrected gas rate and 10% corrected liquid rate (Fig. 10), with the final
design meter achieving corrected gas rates of <2.5% (fig. 11) over the GVF range 90-99% on the
wet gas loop at NEL. [6][9].
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Fig (10) Gas mass flow rate (5% error bars) and liquid mass flow rate (10%) error bars from
field trials of compact meter design [8].
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wet gas testing at NEL of final meter design [6]

13 CONCLUSION

Existing, simple ‘wet gas’ venturis,  compensated for the over-reading due to the liquid fraction, are
effectively used  in the metering of wet gas flows and in this  project  have been successfully
installed and are providing useful well data.

However, the simple meter does not provide the on-line, continuous information required for
production and reservoir management without regular update of the liquid fraction data from well
tests or the use of tracers.

It is unfortunate that useful data has not been generated through the application of the ‘third’
tapping so comment cannot be made as to its effectiveness as a ‘trigger’ for further well testing due
to changes in the GLR. In any case this would not alleviate the requirement for a test separator or
tracers and in many future applications, particularly in a subsea environment, well testing may not
be feasible or economically viable.

Multiphase flow meters for high flow rate, high GVF applications, especially subsea, are costly and
are limited in performance.  The recent development of the ‘dual dp’ type meter, based on the
simple venturi, offers a practical solution to this problem which can be applied on a per well basis
for both topsides and subsea applications.
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14 NOTATION

Q Mass Flow rate
x Gas Mass Fraction
X Lockhart-Martinelli Parameter
D Pipe Diameter
� Beta Ratio
g Acceleration Due To Gravity
Vs Superficial Velocity
� Density
M Murdock Coefficient
c Murdock Offset
C Chisholm Constant
C~ De Leeuw 'Constant'

Subscripts
g Gas
l Liquid
gi Indicated Gas
gc Corrected Gas
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