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1. 0 INTRODUCTION

Driven by the demand to reduce field development costs, and in particular in an effort to
remove the reliance on test separators, multiphase, and now more specifically ‘wet gas ‘ flow
measurement has become of increasing interest to the oil and gas industry on a worldwide
basis.

With a relaxation in uncertainty requirements from many regulatory bodies  ‘wet gas’ systems
are now extensively used for allocation metering in both topside/onshore and subsea
applications as well as being used for well testing and reservoir management.

This paper will describe  how the approach to  wet gas metering has  developed over the last
decade  and  the development, testing and first field implementation of the Dualstream 2  wet
gas flowmeter, a new generation wet gas meter which does not rely on continuing well
testing.

2.0 BACKGROUND

The term ‘Wet gas’ implies the presence of a small amount of liquid within  a gas stream. In
the context of multiphase flow measurement it has typically been applied to high GVF (Gas
Volume Fraction) applications where the GVF is >95%. The measurement is generally
considered as a two phase measurement  i.e. Gas and total liquid however the liquid fraction
may comprise condensate, water and  Methanol.

When using a differential pressure device to measure wet gas flow rates the presence of
liquid causes an over read and as a result a correction  is required to generate ‘true’ gas and
liquid flow rates.

Several correction algorithms have been developed those commonly used being Murdock �1�,
Chisholm �2� and De Leeuw�3�. Murdock and  Chisholm were originally developed for use
with orifice plates although they are now applied to venturi.
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Murdock's correlation is perhaps the most applied, whilst De Leeuw's was developed to
accommodate the observed change in the venturi over-read characteristic with varying
pressure and gas velocity.  All three techniques have one common feature - in order to apply
the correction a knowledge of the liquid flow rate or gas mass fraction (GMF) is required.  To
date this has typically been achieved through on going well testing either utilising separator or
tracer dilution techniques.

3.0 EARLY WET GAS MEASUREMENT

Solartron ISA’s first involvement in wet gas measurement was with the supply of orifice meter
runs, ironically these early systems now break many of the ‘rules’ which we now abide by and
these installations were quickly superseded by venturi.

In hindsight it is easy to see why orifice plates are clearly not the best choice for wet gas
metering as they provide an excellent trap for debris and liquid and there is no easy way of
knowing if they are subject to build up of debris’ �4�

In addition orifice installations are often supplied with flow conditioning plates to reduce
installed lengths. These plates are an obvious location for hydrate formation, which in many
North Sea applications is a serious concern.

Fig1. Orifice Plate Installation

4.0 CURRENT WET GAS METERING METHODOLOGY

In the early 1990’s as the demand for wet gas measurement increased, including requirement
to ‘allocate’ wet gas subsea, the move away from orifice plates to venturi meters was
relatively swift. The advantages over the orifice plate are easy to understand. The venturi
profile is inherently robust (i.e. no square edge) , particularly important when considering the
sand and debris which can be expected within the well stream. There is no possibility for
liquid hold up and particularly important in subsea installations the venturi spool can be
considered as ‘fit & forget’ therefore routine maintenance is not required.

4.1 Installation Criteria
Applying the venturi to wet gas measurement has however, not been without its problems.
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. �5�

Possible hydrate formation

Liquid/debris build up

Orifice
erosion
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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” [6].  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

A significant benefit of the methodology, which has emerged, is that the system components
are relatively simple. A schematic is shown below:

Fig (2) Typical ‘Traditional’ Wet Gas Meter Schematic (Dualstream 1)

4.2 Reliance on Well Testing
Solartron ISA has applied this methodology in almost 50 projects  to date however 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 application of phase selective tracers are typically within 10%.

From a measurement perspective reliance on well testing has one major drawback,
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, which 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 [5].

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% [7].
However, it is probably more common to accept between 2% and 2.5% for allocation
purposes.
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5.0 DUALSTREAM 2 - A NEW WET GAS METER
The concept for what is now known as the ‘Dualstream 2’ wet gas flow meter was originally
proposed following two phase meter experiments  by Advantica Technologies (previously BG
Technologies) at their Lower Thornley  test site in 1995.  Advantica carried out additional
testing during 1997 at which time the original concept meter was developed. This meter
consisted of a mixer plate and venturi and initial trials demonstrated  gas flow rates could be
measured within 4% and liquid within 12%.

5.1 Meter Principle – The Dual DP Approach
The Dual DP approach is based on the principle that if two different devices were to exhibit
significantly different Murdock constants then two simultaneous equations exist that can be
solved to yield the gas mass fraction.�8�
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It is this method that forms the basis of the Dualstream II wet gas flowmeter.

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 3 Dualstream II Calculation Process
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6.0 METER DEVELOPMENT

6.1 Initial NEL ‘Wet Gas’ Test Programme 1999
Following the initial Advantica trials at Lower Thornley Solartron ISA became involved via a
licence agreement to complete meter  development to  take it to market. A new trial meter
was manufactured and tests were organised at the ‘new’ wet gas loop at NEL in late 1999.

During this first phase of ‘wet gas’ testing at NEL we were unable to reproduce the results
achieved at Lower Thornley by Advantica. However we had installed a nucleonic
densitometer downstream of the meter and it became apparent that the restriction caused by
the densitometer  displayed a Murdock constant that significantly differed from the venturi and
allowed the GMF to be resolved (Fig 5).

The Dual DP technique using the signals from the densitometer spool piece and the venturi
was shown to be capable of measuring the gas mass flow rate to well within 4% of reading.
Liquid flow rates to within 10% of reading over a limited GVF range were also achieved (Fig
6).

                             

Fig 4. Concept meter  at NEL ‘ wet gas’ loop
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Fig 5 – Murdock Plot for Venturi/Densitometer Fig 6  - Gas & Liquid errors – Venturi/
                                                        Densitometer Combination
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6.2  NEL ‘wet gas’ test programmes 2000
Following the initial trials at NEL it was decided to evaluate four different designs of ‘2nd DP
Device’ to gain a greater understanding of geometry of the device and the Murdock constant.
A comprehensive test matrix was carried out covering GVF range 90-100% with flow rates
between 200-800m3/h and a test pressure of 40bar.

Some of the results for this stage of testing are shown below(Fig 7 & 8). It can clearly be seen
that DP device 4 demonstrated most promise  showing greatest sensitivity to liquid and less
scatter than the other devices.
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  Fig. 7  DP Device 1 & 3                            Fig 8. DP Device 2 & 4

To further evaluate DP device 4 two further test programmes were carried out at NEL during
May and June 2000. These phases of testing resulted in defining the final orientation and
geometry of the venturi and DP device 4  during which time a mixer section was also included
to condition flow into the meter. The mixer section was in fact a repeat of DP device 4.

Final meter design therefore consists of three elements a mixer, venturi and second DP
device (fig. 9A & 9B) although a compact version (fig. 10) has also been developed.

Fig 9A Final Meter Design                                                 Fig 10. Compact Meter Version

Results from the final meter design are shown in Fig (11-13). A performance specification of
5% on gas rate over a GVF range 90-100% and 10% on liquid rate over the GVF 90-99% was
concluded. �8�
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                            Fig 9B. Dualstream 2 Schematic
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 Fig 11  Over-read against LM at 60 bar for final meter
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Fig  12  Gas error at 60 bar for final meter design
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Fig 13  Liquid error at 60 bar for final meter design
7.0 FIRST FIELD TRIALS
The first field trials were planned to take place on the BG Armada platform prior to the
completion of  NEL  test programme and were based on the initial Advantica design ie. mixer
plate/ venturi.  Fortunately, due to operational reasons, meter installation was delayed until
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the summer shutdown in 2000. This allowed us to upgrade the meter design to mixer/venturi
/2nd DP configuration however due to space restrictions a shorter version was to be installed
which utilised a mixer plate rather than DP device(Fig 10).

The meter was installed by replacing a spool-piece designed into an 8” line downstream of
the test manifold and immediately prior to the test separator (Fig 14). Space was critical and
there is a 90o bend immediately upstream of the meter.  The installed meter is shown below :

                              
                              Fig 14. Meter installed on seperator

              
                                    Figure 15  Installation Schematic

A series of comparison tests were carried out against the platform separator. Flow rates were
tested over a turn down of 3:1, GVF was typically 99%. Temperature was in the order of
80oC  pressure in the order of 70 bar.

At such low liquid levels, as the Murdock constants start to converge, calculating GMF
becomes increasingly more difficult. As  a result the Murdock plots  for the devices show
greater scatter   however demarcation between the two devices is clearly evident (Fig 16).
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Reference against the separator has shown a relative error on GMF of generally better than
1.5% (Fig 17) with gas flow rate within 5% (typically 2.5%)(Fig18) and liquid flow rate
generally within 10% (Fig 19)
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Fig. 18 Gas mass flow rate (5% error bars)     Fig. 19 Liquids mass flow rate (10% error bars)

The results of this first field installation were  seen as very encouraging and substantiated the
laboratory results achieved on NEL ‘wet gas ‘ test loop despite the compact meter being
installed and operating at very high GVF.�9�
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8.0 FURTHER FIELD RESULTS
Initial applications for Dualstream II have  varied from traditional onshore applications through
to Deepwater subsea installation.  Several meters have now been in operation since mid
2000 with first gas expected immanently on another project. Several other meters are
scheduled to be delivered this year including units for 3000m subsea.

8.1 Onshore Application.
Our client has a series of remote wellheads  located approximately 50km away from the
production separator at a central processing unit.

The wellheads are unmanned,  power is generated locally. Communication is via a system
transposed along the production pipeline.

Due to the distance between the wellheads and CPU and subsequent time lag, it is not
possible to obtain instantaneous online measurement of wellhead production  without some
form of metering at each well site. Accurate information is required as there are onerous
penalties on daily production rates

Dualstream II meters have been installed directly on each  wellhead to enable changes in
choke position to be implemented  well in advance of changes being detected by the
production separator.

8.1.1 Meter Design  & Process Conditions
The meters supplied were class 600lb   manufactured in duplex stainless steel. Single DP
transmitters were supplied, as flow range required was only 3:1. Meters were operating at
approximately 100Bar and at temperature of 60oC. GVF for both sites was approximately
97%.

Fig 20.  Dualstream II mounted on wellhead            Fig 21. Dualstream II

8.1.2 Commissioning  & Observations
Initial observations  related to practical issues. Meters were installed prior to our arrival for
commissioning. One of the major advantages of this meter is it is not an ‘alien’ piece of
equipment. In essence it comprises a venturi with additional spools , standard DP, Gauge
pressure and temperature transmitters all  hooked up to a standard flow computer. Meters
were installed to our satisfaction with the exception that the impulse pipework did not have
sufficient slope back to the pressure tappings and could have created liquid legs. This
problem was  easily rectified  however it highlights the importance of clear and concise IOM
manuals.

Another unexpected issue was an over range DP transmitter at one wellhead. After some
consultation with the CPU it was finally concluded that the production rate from the well was
higher than had been predicted when the meter was initially sized. Replacing the transmitter
with a capsule of a higher range rectified this.
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8.1.3 Initial Field Results
Field results are still being  collated at site and due to the distance between the wellhead and
CPU validation is not simple however the following initial results have  been made available.

                       Fig 22. Intial Field results for gas rate.

9.0 FUTURE VALIDATION
Additional testing has been taking place as a result of several project requirements and we
are currently involved in a number of  other test programmes.

10.0 CONCLUSION
Even though ‘traditional’ wet gas systems are now in extensive use, the need to remove
reliance on ongoing well testing is generally considered to be the next appropriate step for
further development of marginal fields or to enable total subsea developments in high GVF
applications.

Although transposing the Dualstream II meter design from a concept within Advantica to a
marketable product has taken significant testing and redesign, first field applications are
substantiating performance achieved within the laboratory. Dualstream II therefore offers a
real solution to new projects whether looking to improve reservoir management or
implementing allocation systems.

In addition the meters simplistic ‘fit and forget’ design which utilises transparent algorithms
and ‘off the shelf’ instrumentation is easily understood by commissioning and operational
teams alike therefore minimising operational costs.
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11.0 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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