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ABSTRACT

The Kvaerner DUET multiphase flow meter (MFM) determines the flow rates of oil, water and
gas in pipeiines from oil wells. The MFM consists of two specialised gamma-ray transmission
gauges, and pressure and temperature sensors, which are mounted on a pipe spool carrying
the full flow of the well stream, and processing electronics which are located in a control room.

The prototype MFM has recently completed, what the authors believe to be, the longest ever
operational period of an MFM anywhere in the world: from November 1994 to September
1998. This paper details the associated testing and method of using the MFM to reduce load
on the facilities offshore. A description of the condition of the MFM at removal, including the
physical condition of the composite windows, MFM electronics and the flow tube, and to the
state of the head electronics is given. Also, the flow rate algorithms for the production MFM
have been tested on existing MFM data and comparisons made between each trial result.

1 INTRODUCTION

The Kvaerner DUET MFM originally was developed by CSIRO (Commonwealth Scientific
Industrial Research Organisation). In 1997 Kvaerer Oilfield Products signed an exclusive
licence agreement with CSIRO for production and further development of the DUET MFM.

The field trial of the prototype MFM occurred on the West Kingfish offshore oil platform from
November 1994 — September 98. The platform is located in the Bass Strait off the South
Eastern Australian coast and is operated by Esso Australia. This installation was chosen as
test site because of the quality of flow measurements available from an up-rated test
separator and metering skid

During the trial, weli streams were sequentially routed past the MFM which was mounted on a
pipeline between the test manifold and the test separator. The bore of the test pipeline is
139.7 mm. The typical test pressure is about 15 bar, and fiuid temperatures up to 96°C.

This paper describes the MFM instaliation and use over the almost four years of continuous
operation. A detailed description of the excelient condition which the MFM was found to be in
after removal is given and the fiow algorithms are tested on existing MFM data.

2 THE DUET MFM
2.1 Principles

The DUET MFM consists of two specialised gamma-ray transmission gauges, and pressure
and temperature sensors, which are mounted on a pipe spool carrying the full flow of the well
stream. In the prototypes the processing electronics were located in a control room. The first
gauge, a density gauge, measures the intensity of 662 keV gamma-rays ("*Cs) transmitted
through the fiuids in the pipeline. The second, a dual energy gamma-ray transmission (DUET)
gauge, measures the transmitted intensities of 59.5 and 662 keV gamma-rays from 241Am and
13?CS_




All flow rates are calculated from separate determinations of water cut {(WC) and flow rates of
liquids and gas. Water cut is determined by dual energy gamma-ray transmission. The flow
rates of liquids and gas are determined mainly from measurements of mass per unit area of
liquids across a diameter of the pipeline by the density gauge; flow velocity from cross-
correlation of the outputs of the two gamma-ray transmission gauges,; and operating pressure
and temperature in the pipeline. Gas volume fraction is calculated from the internal diameter
(1.D.) of the pipe, the densities of oil and formation water at the line operating pressure and
temperature, and the combined thickness of oil and water in the gamma-ray beam. in
calculation of liquids and gas flow rates from these measurements, corrections are applied to
make an allowance for slip between the liquid and gas phases in different fiow regimes. Qil
and water flow are respectively determined by multiplying liquids flow by (1-WC) and by WC.

The DUET gauge determines the mass fractions of oil and water in the liquids. The basis of
this determination is the difference in atomic number of the oil and the formation water. The
intensity of the transmitted 59.5 keV gamma-rays depends both on the atomic number of the
fluid constituents and the mass per unit area of the fluids in the gamma-ray beam. The
intensity of the transmitted 662 keV gamma-rays depends on the mass per unit area of fluids
in the gamma-ray beam. Water cut is determined by combining these two measurements and
the densities of the oil and formation water at the pressure and temperature of the flowing
stream of multiphase mixture.

2.2 Hardware and Software

The DUET gauge requires low atomic number windows fo ensure adequate transmission of
the low energy (59.5 keV) gamma-rays. Thick windows of carbon fibre reinforced epoxy
composite are incorporated into the DUET MFM. The inside surface of the carbon fibre epoxy
window, exposed to the multiphase fluid, is shaped to match the curvature of the cylindrical
inner walls of the ring, which has the same I.D. as that of the production pipeline. These
windows are sealed with O rings to contain the process fluids [pressure tests at up to
40,000 psi have proved the integrity of the system), and, for the production version, a fully
metal-to-metal sealed containment system surrounds the windows to prevent escape of
production fluids in the unlikely event of leakage.

The very narrow beam of gamma-rays emerging from the radicisotope source containers
traverse a diameter of the pipeline. The transmitted gamma-rays are absorbed in the Nal
crystal of the scintillation detector. For the DUET gauge, the intensities of the *'Am and '¥'Cs
gamma-rays are separately determined using pulse height analysis. The detector systems
are mounted in explosion proof housings. The electrical signals from the detectors are carried
via armoured cables, first to a flameproof junction box and from there to the processing
electronics. Power is carried by the same armoured cable. The processing is undertaken by
a fast nuclear counting system, and the outputs, in the form of counts, are processed by an
industrial computer. The computer outputs the flow rates, water cut, and various other
parameters which are displayed in computer graphics. The MFM presents the flow rates of
oil, water and gas to the platform control system by a serial interface.

3 WEST KINGFISH PLATFORM
Esso Australia Ltd. operates, for the Esso/BHP Joint Venture, all the oil platforms and gas

production facilities in the Bass Strait, Australia. The MFM trials were undertaken on the West
Kingfish oil platform which lies 70 km from the coast in 80 m depth of water.
















41.2 Determination of liquids and gas flow rates

The algorithms used to calculate the gas and liquids flow rates from the parameters measured
by the DUET MFM have been developed progressively. The same algorithms have been
applied to data gathered during all trials, using physically different fiowmeters and different trial
sites. The results from a trial at the Humble test facility are illustrated in Figures 8 and 9

below.

§ & 8

DUET MFM Liquids Flowrate {mXd

§

These sample data are indicative of the results from ali DUET field trials and show that liquids
and gas flow rates are determined to accuracies of +10%, independent of whether the flow
regimes in the DUET MFM are dispersed, intermittent or separated.

Differences between the fluids used in the different trials have not caused systematic offsets in
the flow rates determined by the MFM and have shown that the measurement accuracy is not

dependent on the pipeline fluids.
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Figure 8 - Liquid flowrate results

2500

* L]
*
-»
a -
.t N T
:
a '
> .
Ad ...
|..
F L 2
* ¢
.e.. -
“ %
-~
..
2000 4000 8000 8000 10000

Figure 9 - Gas flowrate results
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4.2 Reliability

The DUET MFM has proved to be reliable on the West Kingfish platform. The carbon fibre
epoxy windows in DUET gauge ring have been demonstrated successful, with the windows
showing no detectable wear over 43 months on-line. There have been five failures of the
MFM equipment over the extended period of its operation on the platform: a hard disk crashed
irretrievably within 2 weeks of installation, a fan in the processor box failed after 7 months of
operation and again after almost 3 years. The heater control circuit needed modification after
2 years. Both the fan and heater unit have been phased out of the production versions of the
Kvaerner DUET MFM. A modem also failed after one of the lads used it as a saw bench! All
of these breakdowns occurred in the processing electronics in the control room where access
and repair were simple, and none have occurred in the head units mounted on the pipeline. In
fact, the two electronic head units in the field have never been opened, and have operated
without incident since installation. These head units remained installed at all times, without
maintenance intervention, during the four year trial.

One reason for the reliable operation of the MFM is that it is non-intrusive and does not
depend on use of moving parts as with, say, turbine meters. The West Kingfish trial has
demonstrated that the DUET MFM is highly suited to unattended operation on offshore oil
platforms.

4.3 Calibration

The determination of water cut is now well understood, and calibration has now been
simplified to making sequential measurements with the pipe filled with (static samples) oil,
formation water and gas, and knowledge of the densities of oil and formation water, and the
solubility of the gas in the fluids, as a function of pressure and temperature. The gamma-ray
measurements required for calibration on static samples can be undertaken on-line at the field
site, using samples at factory calibration or by calculation from fluid composition data.

4.4 Operational Advantages

The Kvaerner DUET MFM has important operational advantages over the test
separator/output meters system. The DUET is more reliable and requires far less operator
support and time for determination of the well flows than test separator systems. The MFM
operates continuously with operator intervention only being required to switch the appropriate
stream through the pipe on which the MFM is mounted.

Since the DUET MFM can be mounted on the pipeline between the manifold and the
production separator, there is no need for stabilisation of the well flow prior to the MFM
measurement. An Esso operator explains; “There can be a bottleneck which can lead to back
pressure on the well. it can take up to two hours to stabilise the well flow before testing. On
top of this the separator's turbine meters are prone to blockages which can lead to delays for
hours as well as wear and tear.” (The Tiger, 1995)

Operator intervention is also required with the test separator when there is a considerable
change in flow rates of oil or water or gas to ensure that the single phase output streams are
routed to the appropriate output meter. For example, on the West Kingfish platform, the
output oil and water streams are monitored by turbine meters, with both high and low flow
meters on each stream. The gas flow output is metered by a high range orifice plate and a
low range vortex meter. The one DUET MFM on the West Kingfish platiorm measures all the
component flow rates from all the wells fed to the platform; six single phase fiow meters are
required for use with the separator. The MFM has been shown to operate over a much wider
range of flow rates of liquids, oil, water and gas than can be handled by the test separator and
its output meters.




4.5 Engineering and Other Developments

The MFM can be adapted for use on a wide range of pipe diameters simply by adapting the
design of DUET meter body. The DUET gauge with the 'Am and "¥'Cs radioisotope pair is
suitable for use on pipelines with diameters between 4 and 12 inches.

The current limits of the DUET MFM operating range have been extended to up to 95% GVF,
with velocity up to 25 m/s. It is expected that further development of the MFM will extend the
operational envelope up to 98% GVF in the very near future.

5 CONCLUSION

The DUET MFM has been successfully demonstrated in the almost four years of continuous
operation on the West Kingfish platform. Further concurrent trials of prototype and production
standard DUET flowmeters at the Humble and NEL multiphase flow facilities have
demonstrated that the performance of the flowmeter is transportable across physically
different hardware and to different sites with differences in the composition of the
hydrocarbons and produced water. Each of these trials has demonstrated reliable and
consistent operation and measurement performance of the DUET MFM.
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