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DETERMINATION OF FLOW RATES OF OIL, WATER AND GAS IN PIPELINES
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INTRODUCTION

The extraction of fluid hydrocarbons from their geological reservoirs involves the piping of
multiphase mixtures of crude oil, (salt) water and gas from each well. Knowledge of the flow
rates of each component, in each well pipeline feeding to the production platform, is required
to control production. Current practice is to feed sequentially the outputs from each well to a
common test separator, and to measure the flow rates of each (single phase) component after
separation. The time to determine the flow rates for each well is many hours, and the determi-
nation can also be unrepresentative because the flow rate is sampled for only a small part of the
production time of a well.

The oil industry requires a multiphase flow meter (MFM) which is compact, measures the flow
rates continuously, and can be mounted directly onto each well pipeline. Use of such a meter
should lead to

a) the replacement of the need for test separators, initially in non-critical applications and later,
after the MFM technology has been proved to be dependable, in most new offshore platforms,

b) the reduction in the cost of subsea piping because the outputs of two or more wells can be
commingled and flow through a single flowline from satellite platform to central facility,

c) the reduction in capital costs of new platforms because the heavy test separator can be replaced
by the light MFM,

d) better reservoir management, production allocation, and optimisation of total oil production
over the field lifetime.

This paper describes a multiphase flow meter developed by CSIRO for determining of the flow
rates of oil, water and gas in high pressure pipelines, and the results of a trial of this flow meter
on an offshore oil platform.

DETERMINATION OF FLOW RATES

Two gamma-ray transmission gauges are mounted about a pipeline carrying the full flow of oil,
water and gas (Fig. l).The flow rates are determined by combining

* single energy gamma-ray transmission measurements which determine the mass per unit
area of fluids in the gamma-ray beam as a function of time,

* dual energy gamma-ray transmission (DUET) which determine the approximate mass
fraction of oil in the liquids,

* cross-correlation of gamma-ray transmission measurements, with one gauge upstream of
the other, which determines flow velocity,

* pressure and temperature measurements, and

* knowledge of the specific gravities of oil and (salt) water, and solubility of the gas in the
liquids, all as a function of pressure and temperature.
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The measurements are first used to identify the flow regime. They are then combined in models
of the identified flow regime to give the flow rates of each component. Computer programs
process the measurements to give the flow rates of oil, water and gas.

PLATFORM TRIAL

A full scale trial of the MFM was undertaken on the Vicksburg platform during February and
March, 1992. This platform, on the Northwest Shelf offshore from Onslow, West Australia, is
an oil production platform operated by Western Mining Corporation. The wells drain a thin
layer of oil about 1500 metres below the sea bed.

The gauges were mounted on both vertical and horizontal sections of a 74 mm bore test pipeline
carrying the oil/water/gas mixtures from the test manifold to the test separator. The flows from
each of the nine separate wells feeding the platform, and combinations of these well flows, were
sequentially routed through this pipeline, thus achieving a wide range of flow conditions. The
flow rates determined by the MFM were compared with the flow rates determined by the single
phase flow meters which monitor the outputs of the separator.

Fig. 2 shows the time variation of the mass per unit area of fluids in the gamma-ray beam in the
vertical section of the test pipeline, taken from the measurement records of two separate wells.
The fairly regular slugging behaviour (left) is typical of flows from wells close to the platform.
The frequency and length of the slugs vary from well to well, and also depend on the pipeline
pressure. The plot (right) shows the highly irregular record caused by terrain slugs which develop
in the subsea flowline between the well head and the platform for wells distant from the platform.

The velocities of the liquid flows were determined every 17 seconds by cross-correlation of the
outputs of the two gauges. The velocities corresponding to different individual, and combined,
wells covered the range of 3.5 to 13 m s"\ For wells close to the platform, the velocities varied
little with time over the total measurement period of 40 minutes, the standard deviation being
about 5 to 10% relative. For wells far from the platform, the variations in velocity were much
greater, the standard deviation being in the range of about 20 to 40% relative. This wider range
of velocities is a true measure of the large variations of flow which occur over the 40 minute
period, due to the terrain slugging.

The results of determinations of the flow rates of oil and gas in the vertical pipe are shown in
Fig. 3. Each point corresponds to the flow rate averaged over a forty minute period. Each flow
rate was measured twice, in consecutive forty minute periods, and results for both periods are
shown as separate points on the graphs.

R.m.s. differences were calculated by least squares regression of flow rates of oil, water and gas
as determined by the gamma-ray transmission gauges and by the relevant separator output meter.
The ratios of r.m.s. difference and mean flow rate, expressed in per cent, were 8.9% for oil,
5.6% for water, 8.2% for gas, and 5.2% for total liquids for measurements on the vertical pipe,
and somewhat larger for measurements on the horizontal pipe.

The accuracies of determination of the flow rates of oil, water and gas on the Vicksburg platform
are sufficient for many potential applications of the MFM on offshore platforms. CSIRO is
currently undertaking a further field trial to prove the gamma-ray transmission MFM at
WAPET's oil production facilities on Thevenard Island, North West Shelf. A MFM based on
microwave phase shift and gamma-ray transmission will also be dialled. CSIRO has licensed
Mineral Control Instrumentation Ltd. to manufacture the commercial MFM. CSIRO and MCI
plan to prove jointly the commercial prototype in a long term trial in 1994.
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Fig. 1 (left). Gamma-ray
transmission gauges mounted
about pipeline.
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Fig. 2. Variations in mass per unit area of liquids with time.
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Fig. 3. Gauge and separator output determinations of the flow rates of oil and gas.


