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SUMMARY

In response to the high cost and complexity of multiphase meters, as well as to their
unsuitability for the measurement of wet gas flow, BG International sponsored a
programme of work with Advantica (formally BG Technology) to develop a commercial,
low cost, low complexity flow meter for gas-condensate wellstreams. The development
began with a concept in 1997, with Solartron ISA becoming involved towards the end of

that year as sole licensees of the technology.

The meter design has progressed from this concept through a joint development
programme between ISA and Advantica (with continued BG International support) and is
now being marketed as the Dualstream |l meter. The results of the initial laboratory
trials have been reported at the North Sea flow workshop [1], this paper details the
preliminary results of a field trial conducted by Advantica and BG International on the

Armada platform.

NOTATION

0 Mass Flow rate

X Gas Mass Fraction

X Lockhart-Martinelli Parameter
o, Density

M Murdock Coefficient
c Murdock Offset
Subscripts

g Gas

/ Liquid

gi Indicated Gas

gc Corrected Gas
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1 INTRODUCTION

1.1 Background

Wet gas is a term that is often used but rarely defined. A broad definition of wet gas that
might be generally accepted is well fluids where the gas fraction is greater than 95% by
volume (95% gas void fraction or GVF) but less than 100%. The liquid fraction in these

flow regimes may include water, condensate and injected chemicals.

Complex flow regimes are encountered in multiphase flow that are very difficult to predict
and are dependant on many factors including topography. Annular, bubble, slug and
stratified are some of the terms used to try to categorise the flow patterns. However,
transition regions exist between these distinct regimes and the identification and
classification of the flow pattern is not trivial. Annular flow is generally considered to be
the most characteristic wet gas flow regime, changing to misty flow as the GVF

increases towards 100%.

The need to meter wet gas flows may be driven by a variety of considerations. Effective
well, or reservoir, management depends on good well flow data being acquired in a
timely manner at a reasonable cost. In offshore fields, either topside or subsea,
metering is required for allocation purposes when more than one party is using the same

export line or gathering centre.

It is true to say that the metering costs as a proportion of total revenue become more
significant as the oil/condensate fraction diminishes. It is thus extremely desirable to find

a low cost accurate method of metering in these types of flow conditions.

In the 1990’s a relatively simple method of wet gas metering was developed in the North
Sea and elsewhere. Based on the classical venturi, a metering methodology was
developed by a number of companies that used a correction factor to take account of the
influence of the presence of small amounts of liquid in gas. Using one of these
correction factors a true gas reading could be obtained with relatively good uncertainties,

providing the liquid fraction was known.

It was the requirement for a low cost wet gas meter that did not require a knowledge of

the liquid fraction that motivated the development of the Dualstream |l meter.
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This document details the preliminary results from the field trial of a Dualstream Il wet
gas flow meter on the BG International operated Armada platform. The meter was

installed in the summer of 2000 and is now about half way through the field trial.

1.2 Meter Principle — The Dual DP Approach

Numerous examples exist in the published technical literature that describe the use of
venturi meters as a means of providing an accurate gas flow measurement in a wet gas
stream. The methodology usually applied is to measure the gas as if it were dry and
then correct this reading using a correlation based on a knowledge of the liquid fraction.
Commonly used correction algorithms include those proposed by Murdock [2], Chisholm
[3] and De Leeuw [4]. The liquid fraction that is required to apply these correction
algorithms is typically generated from a test separator or a tracer dilution test. The

correlation proposed by Murdock is shown below :

0. - Qs _ (1)
g
—x Cd, o 1+MX
1+M17x g 5g &
x Cd, P

These wet gas venturi systems are now a generally accepted method of reservoir
management/allocation metering and Solartron ISA have gained a great deal of

experience in designing and supplying these systems.

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 exists

that can be solved to yield the gas mass fraction,
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It is this method of calculating the GMF that forms the basis of the Dualstream Il wet gas

flow meter.
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1.3 Wet Gas Meter Development

The concept for a wet gas meter design was proposed following two-phase meter
experiments conducted by Advantica at their Low Thornley test site in 1995. Venturi
meters for wet gas operation existed at the time but had the limitation that a knowledge
of the liquid content was required before a gas reading could be obtained. The idea of
the new wet gas meter was to infer this information from two or more differential

pressure measurements.

In 1997 Advantica undertook a further programme of wet gas meter tests at Low
Thornley. These trials resulted in a meter design that consisted of a perforated mixer
plate upstream of a venturi mounted in a horizontal orientation (Figure 1). The trials
demonstrated that this type of design could be expected to measure the gas flow to

within 4% of full scale and liquid to within 12% of full scale.

Solartron ISA has expertise in the manufacture of wet gas venturi meters and entered
into a partnership with Advantica Technologies via a licence agreement following these

trials.

Advantica Technologies intended to build a prototype meter, of the design shown in
Figure 1 for testing. With the decommissioning of Low Thornley a project was initiated to
conduct a trial on the BG
International operated
Armada platform in the

central North Sea.

In parallel with this ISA
instigated a series of wet
gas tests commencing in
December 1999 and
concluding in June 2000 at
the National Engineering
Laboratory (NEL). These

Figure 1:  Initial Meter Design trials  resulted in an
evolution to the wet gas

meter design that now took the form of an upstream fluid conditioner, a wet gas venturi

and a second DP device. A diagram of this meter is shown in Figure 2. The perforated
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mixer plate has been replaced with a device that is not prone to hydrate formation, the

venturi remains and a second DP device has been included downstream of the venturi.

Figure 2:  Final Meter Design

This meter design is significantly longer than the original prototype design. However, for
situations where space is at a premium and hydrates are unlikely, an alternative meter
design also came out of the NEL trials. This design consists of a perforated mixer plate,
a venturi and a much more compact second DP device. Whilst the accuracy of the
meter when using the perforated plate and alternate second DP device did not prove to
be as good as the final meter design it did prove capable of measuring the gas mass
flow rate to well within 5% of reading. Liquid flow rates to within 10% of reading were

also demonstrated over a limited GVF range.
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2 THE ARMADA TRIAL

2.1 Meter Installation

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 (Figure 4). Space was
critical and there is a 90° bend immediately upstream of the meter. The installed meter

is shown in Figure 3.

Figure 3:  Meter mounted on separator

As this project had commenced prior to the testing at NEL the meter design was based
upon the original Dualstream concept (Figure 1), the mixer/venturi combination, however
due to delays in installing the meter it was possible to upgrade the meter to the

mixer/venturi/2" DP device combination developed during the NEL tests.

The meter was installed during the summer shutdown 2000.

Figure 4:  Installation Schematic
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2.2 Reference meter

The test separator, which was used to provide the reference measurement for these

trials, is a vertical three-phase separator with gas, condensate and water outlet streams.

The gas stream is metered by an orifice plate and the liquid streams by turbine meters.

Individual wells from three fields can be routed to the meter and test separator. The

results presented here were obtained from the normal well testing programme and

represent five wells from one of the three fields.

2.3 Test Results

A summary of the test points can be seen in Table 1.

_ Separator (1-x) \/pt

Test Point  |Gas Temperature Water Cut| —— |—
Pressure X P

°C Barg %

1 83.88 70.94 0.13 0.034644
2 84.30 70.05 0.15 0.033592
3 84.77 70.13 0.16 0.032326
4 84.30 70.62 0.15 0.032514
5 82.93 70.64 0.18 0.029421
6 82.80 70.86 0.09 0.037016
7 75.96 70.87 0.1 0.046115
8 82.17 70.66 0.24 0.027994
9 82.22 71.30 0.23 0.027524
10 86.8 70.28 0.17 0.028755
11 87.49 69.81 0.28 0.031212
12 84.41 69.31 0.28 0.034105
13 75.61 69.29 0.17 0.050485
14 83.56 68.94 0.39 0.034255
15 78.35 68.94 0.9 0.040041
16 82.76 70.22 0.26 0.030346
17 79.73 70.22 0.19 0.034662
18 7017 70.12 0.21 0.04562
19 82.18 69.44 0.28 0.030277

Table 1: Meter Test Points
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A plot of the fraction over-read against the Lockhart-Martinelli parameter should result in
a straight line whose gradient is the 'Murdock' constant. This is shown for both the
venturi and second DP device in Figure 5. On inspection of this graph it can be seen
that there is a large amount of scatter in the results. Fundamental to the operation of
the wet gas meter is that the two DP devices need to exhibit different characteristics on
wet gas. However, even with the scatter in the results and the very high GVF of the test

points the demarcation between the two devices is clearly evident.

Fraction Overread
Estimated GMF

| |
| |
| |
| |
| |
| |
| |
|
|
| |
| |
| |
| |
.01 0.02 0.03 0.04 0.05 0.06 0.07
(1-x)/xsqrt(Rhog/RholL)

Reference GMF

Figure 5:  'Murdock’ Plots for venturi and
Second DP Device

Figure 6: Error in Estimated GMF - Error
Bars 3%
With these results it is possible, using equation 2, to obtain the gas mass fraction to

within a relative error that is generally better than 1.5%. This is illustrated in Figure 6.

Using the estimated GMF to obtain the gas flow produces results with a relative error on
the gas flow rate that is generally better than 5% with the majority of points within 2.5%.
A plot of reference gas flow against measured gas flow is given in Figure 7. For reasons
of confidentiality the actual flow rates are not provided here but are instead shown as a
fraction of the maximum flow rate seen. The test points cover a turndown on gas of

approximately 3:1.

A plot of reference liquid flow against measured liquid flow is given in Figure 8. All but
two of the test points fall within a relative error of 10%. Once again the liquid flow rates

are represented by a fraction of the maximum liquid flow.
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Figure 7: Gas Mass Flow - Error Bars 5%
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Figure 8: Liquid Mass Flow
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24 Completion Of Field Trial

Further sets of test data will be collected during future well test programmes on an on-

going basis.

The scatter observed in the first set of test data may be attributable to problems with
impulse lines form the orifice plate of the separator. The trace heating has been

improved and another well test programme is presently underway.

3 CONCLUSION

The results presented within this document are preliminary and the trial is still on-going.
Taking in to consideration uncertainties associated with the reference metering device
the results do substantiate the claim that the meter is capable of measuring the gas flow
to within <5% and liquid to within <10%. These results are comparable to those

produced during testing at the NEL.
This is encouraging for two reasons :

1. The meter used in the trial was the ‘compact design’. The final Dualstream Il design

has produced errors in gas flow rates of the order of <2.5% during tests at NEL.

2. The field trial was at very high GVF (typically at 99%). It is at this sort of GVF that
the NEL test results started to show increased uncertainty. At such low liquid
fractions the readings of the two DP devices tend to converge and the resolution of
the liquid measurement diminishes. Although the correction required on the gas flow
rate is less at high GVFs the inability to get an accurate measure of the liquid fraction

can also increase the uncertainty of the measurements in this critical region.
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