


With the usual dwell time of just a few seconds, the water-cut oscillation in this well was
observed to be even more pronounced). The cyclic behaviour has not been fully explained,
but the disadvantage of estimating the water-cut of a well from process samples taken
randomly in time is clearly demonstrated. The MEGRA multiphase flowmeter has now
replaced periodic sampling as the primary source of WC information at this site, and due to
the high-quality real-time data that it provides, forms an integral part of their reservoir
management system.

Figure 6: Water-cut data for the high WC well “ RTD4” of NAM’s Rotterdam production site (The
Netherlands) as measured by MEGRA and simultaneous local sampling.

A second series of field trials, commissioned by Shell BSP's Production Systems
Optimisation Team (Rasau Field, Brunei), compared the MEGRA's metering performance
directly to that of a high-accuracy Coriolis meter. The devices were mounted in series on the
“liquid” output of the field's test separator. The comparison highlighted some serious short-
comingsin the water-cut accuracy of the “two-phase” meter in the presence of breakout gas,
and once again provided detailed tracking of the multiphase stream’s real-time behaviour.

Figure 7 shows the results of a well test, with the test separator operated in “dump” mode
[5]. Here the separator follows afill and drain cycle, during which partial separation of the
oil and water appears to occur. The resultant oscillations in the stream’s water-cut profile
had not been previously recognised, but are clearly demonstrated by the MEGRA data. The
results show that to obtain a representative WC under such conditions, well tests must be of
sufficient duration to smooth out these variations. Furthermore, local sampling at a single
point in time can not be regarded as a good indicator of the average WC of such a stream.
Samples taken at the well-head on the other hand, where the liquid phases remained well-
mixed, were in excellent agreement (£ 2%) with the flow-weighted MEGRA WC values.
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Figure 7: Multiphase flow composition as measured by MEGRA and Coriolis metersin series. The data [5]
were gathered from the output stream of a test separator operated in “ dump” mode (BSP, Rasau
Field, Brunei). The upper section of the graph (right axis) shows the instantaneous (thin line) and
averaged GVF (thick line) as measured by MEGRA. The lower section (left axis) shows the inde-
pendent WC measurements of the two meters. The “ real-time” MEGRA data is updated every few
seconds. The averaged values, derived over the same integration period as the Coriolis meter, are

for comparison only.

MEGRA shows that the gas content of the output stream varies from about O to 10% (Figure
7) and is strongly correlated with the presence of oil, as might be expected. In regions of
high gas “ breakout”, the Coriolis meter exhibits substantial errors. In the highlighted section
the gas content exceeds 2% and the Coriolis WC reading deviates by as much as 70% from
the MEGRA value. (The Coriolis meter is unable to distinguish between areduction in fluid
density dueto increasing gas or decreasing water content).
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Figure 8: Asfor Figure 7, except in this case the test separator was operated in “ continuous’ mode.




Figure 8 shows a similar well-test, this time with the separator operated in “continuous’
mode. A gradual rise in the water-cut is obvious as a new well isrouted to the test separator.
Fluctuations in the WC of the output stream, while finite, are much less pronounced in this
case, and local samples are marginally more reliable. In regions of low gas content (Iessthan
2%) the MEGRA and Coriolis water-cuts agree to within a few per-cent. Sampling estima-
tes also lie in reasonable proximity. However, where the oil content of the stream is large
(near the start of thetest), so too isthe associated gas breakout. Again this seriously hampers
the WC performance of the two-phase meter. The MEGRA on the other hand is unaffected
by the presence of the gas.

SUMMARY AND CONCLUSIONS

A high-accuracy multiphase flowmeter, based on the gamma-ray absorption principle, has
been developed, tested and is now commercially available. The use of relatively low-energy
gamma-ray emissions, with respect to competitive multiphase meters, lends this technology
an enhanced sensitivity to variationsin the component phase fractions. Consequently, water-
cuts and gas volume fractions can be measured to high accuracy in relatively short measure-
ment times (seconds). A further advantage of this underlying sensitivity is that additional
process parameters can potentially be derived, and a method of measuring changes in the
process water salinity, which seriously affects most multiphase flow measurements, has
been described and demonstrated. The ability to measure such changes provides a useful
tool for reservoir monitoring and the detection of injection-water breakthrough etc.

In live applications the MEGRA multiphase flowmeter has proved to be dramatically
superior to the traditional well-test methodology of bulk flow-rate measurement and perio-
dic sampling. The hazards of the latter approach, when the process composition is rapidly
varying have been highlighted. The advantages of employing a multiphase meter (over a
conventional WC meter) in liquid streams where gas carry-under or breakout may potential -
ly occur have also been demonstrated. The high quality of the real-time process data provi-
ded by MEGRA has aready gained substantial interest for well-management purposes.

Overall, the ultimate aim of the MEGRA multiphase flowmeter — to replace the measure-
ment function of the test separator — has been fulfilled. Equipment weight and space, as well
as capital costs and maintenance are substantially lower. The improved accuracy in the
phase fractions (from ~ 10% for the test separator to ~ 2% for MEGRA) and the associated
reduction in well-test times and operator intervention also lead to markedly reduced
operating costs.
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