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The primary uses of the subsea multiphase flowmeters have been well testing
and allocation measurement. Subsea metering allows for accurate and frequent
well test data resulting in improved flow rate management of subsea wellheads.
Multiphase wet gas measurement and management of subsea wells is critical to
ensure optimal well performance and reservoir depletion rates. This paper
discusses such an application in detail noting pros, cons and lessons learnt.
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Introduction

The installation of multiphase flowmeters into
subsea hardware has proven necessary in recent
years for a variety of reasons. The primary uses
of the subsea multiphase flowmeters have been
well testing and allocation measurement.
Subsea metering allows for accurate and
frequent well test data resulting in improved
flow rate management of subsea wells. Flow
rate management of subsea wells is critical to
ensure optimal well performance and reservoir
depletion rates. Allocation measurement has
become a necessity when a common pipeline is
used to transport production from wells owned
by different companies to a processing facility
(Thorn). Subsea metering eliminates the need
for individual test lines to each well owned by a
different company.

The incorporation of multiphase flowmeters into
flowline jumpers between the individual wells
and a common manifold has proven to be very
successful. The impact on existing subsea
hardware is minimized since the flowmeter
simply takes the place of a straight piece of pipe
spanning between two connectors. This
placement of the flowmeter allows for well
testing and allocation measurement of each well
before the production from multiple wells is
commingled.

This paper will discuss several aspects of
incorporating multiphase flowmeters into subsea
hardware. A brief description of traditional well
test methods will be given to demonstrate the

advantages of subsea metering followed by a
discussion of incorporating subsea meters into
various subsea hardware assemblies. The
application of multiphase flowmeters for the gas
condensate reservoirs in the King Kong field
will be discussed. This discussion will include
descriptions of the incorporation a flowmeter
into a flowline jumper as well as the multiphase
flowmeter used.

The Need for Subsea Multiphase Flowmeters

There have traditionally been two methods to
test a subsea well: testing by difference or a test
separator.

Testing by difference is a common method of
well testing which does not involve additional
equipment cost. This is because the standard
production flowline, separators, and meters are
used. The disadvantage of testing by difference
is accuracy and potential lose of production.
Testing by difference requires the flow from the
test well be interrupted while maintaining a
constant flowrate from the remaining wells.
This can prove to be quite difficult to achieve
with multiple wells flowing at different rates
and pressures into a common flowline.

The use of a test separator at the processing
facility requires dedicated test lines. The cost of
a dedicated test line generally makes this the
most costly method of well testing. The test
separators as well are expensive, take up a lot of
facility space, require a long time to monitor
each well in order to develop a stable flow, and
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do not provide continuous well monitoring. However, this method allows for fluid
sampling and tends to be relatively accurate since the wellstream is not mixed with flow
from other wells (Thorn).

Subsea metering is often the only method to make allocation measurements before flow
1s commingled into a common flowline. This allows production from different owners to
use the same flowlines back to a common processing facility. Allocation measurements
may also prove important in allowing existing subsea infrastructure to be used to develop
marginal fields. Production from fields and wells with different owners can now be
commingled before it reaches a processing facility.

Incorporating Multiphase Flowmeters into Subsea Hardware

In most subsea developments there are three different locations multiphase meters could
be placed: tree, manifold, or flowline jumper.

Placing the flowmeter on the subsea tree allows for continuous monitoring of individual
wells. Real time well data is available from as close to the well as possible. The
incorporation of a flowmeter into a tree generally requires significant modifications to the
tree. The size of the flowmeter most likely will increase the footprint and weight of the
tree. This will make handling the tree on a drilling rig more difficult.

Incorporating flowmetering in a manifold can be approached in several ways. A single
meter can be used to test any of the wells flowing into the manifold by directing flow to a
test header. This allows only one well at a time to be tested but requires only one flow
meter for testing multiple wells. The addition of a single flowmeter to a manifold will
generally have a minimal effect on the size and weight of the manifold. However since
only one well at a time can be tested, this may not be acceptable for allocation
measurement purposes. Another method of incorporating flowmeters into a manifold, is
to have a designated flowmeter for each well flowing into a manifold. This would have a
more dramatic impact on a manifold in size, weight, and cost.

Another alternative is placing a flowmeter in a jumper which connects a subsea well to
either a manifold or flowline. This allows for continuous monitoring of each well, but
does require a flowmeter for each well. The impact on a jumper constructed of rigid pipe
is generally minimal because the meter is installed in one of the pipe runs.

Incorporating a Flowmeter in a Jumper

The King Kong field in the Gulf of Mexico used a four well slot cluster manifold to tie-in
wells from several blocks owned by multiple companies. The multiple well owners made
subsea multiphase flowmetering a necessity. The incorporation of the flowmeters had to
have a minimal impact on the subsea hardware because of the fast-track nature of the
project. The jumpers connecting the trees to the manifold were chosen as the preferred
location for the flowmeters.
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The jumpers and connection system used for this project were rigid pipe jumpers
approximately 70 feet long with vertical collet connectors on each end. The multiphase
flowmeter was installed in a horizontal section of the jumper. The flowmeter was
interfaced to the rest of the jumper using API flanges. The jumper was fabricated on
stands which mimicked the relative positions of the hubs subsea.

The addition of the flowmeter in the jumper presented several design challenges. The
jumper pipe work had to be designed with enough flexibility to accommodate
measurement and fabrication tolerances as well as flowline expansions where applicable.
Two of the wells were tied back to the manifold with infield flowlines which were
expected to expand during production. The additional weight and stiffness of the
flowmeter in the jumper greatly increased the stresses in the jumper pipe. The position of
the flowmeter and the geometry of the jumper had to be optimized to bring pipe stresses
to an acceptable level. Finite element analysis was used to verify that all stresses in the
jumper piping were acceptable.

The position of the flowmeter was also important during installation of the jumper. An
M-shaped jumper was originally chosen for its flexibility but advantages for installation
quickly became apparent. The M-shaped jumper allowed the flowmeter to be mounted in
a position below the hubs which allowed the jumper to be very stable through out the
installation operations (Figure 1). The significant weight of the flowmeter presented
various other challenges during installation. The flowmeter was supported during
installation by a sling set hung from the jumper spreader beam (Figures 2 and 3).

One of the main reasons the flowmeter had a relatively small effect on the design of the
jumper was the Cameron Vertical Connection (CVC ™) system used on each end of the
jumper. The connectors were vertical collect connectors operated by running tools. The
running tools provide support to the jumper through out installation, provide soft landing,
and provide the force required to actuate the connector. The weight of the flowmeter
causing the connectors to misalign during installation was a concern. However, the
hydraulic cylinders which provide soft landing also provide forced alignment of the hubs
which was more than adequate to overcome the weight of the flowmeter.

Wet Gas Flowmeter

The economic viability of developing new fields often depends upon the ability to
measure unprocessed well stream fluids with sufficient accuracy to allow for the
possibility of commingling fluids from a number of wells/fields prior to separation.
Natural gas is a rapidly growing energy source for the world, however, the number of
reservoirs producing only (dry) gas is negligible and in most cases the reservoir contains
heavier hydrocarbons and water vapor. In subsea gas field developments, these fluids
condense due to temperature and pressure drop as they proceed to the surface, and it is
essential to accurately measure these flows for allocation, production and reservoir
management purposes. (Daniel, Tudge and Lund)
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For gas condensate reservoirs, where down-hole condensation of hydrocarbons takes
place, metering is the key in the optimization and ultimate recovery of the heavier
hydrocarbons and in the reduction of operation costs. This is especially true for the
development of small accumulations close to existing facilities, typically involving
subsea wells tied back via a network of pipelines and manifolds. Wellhead metering of
multiphase fluids provides the operator with the information needed to maximize
recovery from these fields.

To date, multiphase flow meters have been developed primarily for high liquid flows
where there is generally more liquid than gas in mass terms. These meters, especially
when applied subsea, are very costly, limited in performance and often unsuitable for
high GVF (Gas Void Fraction) applications. The Dualstream II meter from Solartron
ISA was designed specifically for the high GVF realm (90 — 99% GVF) of multiphase
measurement and has proved to be a practical solution that can be applied on a per well
basis. Conventionally, wet gas metering has been done by means of a test separator, with
limitations arising from the cost, rangeability and separation efficiency. A dedicated
meter on each well, providing continuous wet gas metering, eliminates the disadvantages
of the test separator approach. Production variations are easier to realize and reservoir
management becomes more accurate.

The wet gas meters utilized on the King Kong project were modified from an original
British Gas design. They consist of three elements: an upstream mixing device (which
eliminates the need for typical upstream pipe diameter lengths during installation), a
venturi flowmeter and a second DP device. Developed specifically for wet gas scenarios,
the second DP device exhibits very different behavioral characteristics than that of the
venturi, enabling the meter, through comparative analysis of the two flowmeters, to
calculate gas mass fraction (GMF) on-line. It is this method of calculating the GMF, “the
Dual DP approach,” that forms the basis of the wet gas flowmeter.

A triple redundant design was chosen, as long term reliability and accuracy is of
paramount importance in deepwater subsea environments. The stand-alone meter does
not require manual intervention, and the simplicity of the device (based on well-proven
and demonstrated principles) provides a very cost-effective solution for on-line wet gas
measurement.

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 (GMF).

- The estimated GMF is then used in a Murdock correction to generate corrected gas
and liquid flow rates.
(See Figure 4 for more detail)

Prior to marketing the technology ISA manufactured a 6" unit for testing at the National
Engineering Laboratory (NEL). The purpose of this test program was to verify and
repeat the results previously achieved by British Gas and to check that the BG algorithms
were transferable to standard venturis of varying size. Between December 1999 and June
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2000 four test programs were conducted. Each successive program was planned on the
basis of the findings of the previous one. Results are illustrated in Figures 5 and 6.

The initial field trial of the flowmeter took place topside on the BG International operated
Armada platform in the North Sea. The meter was installed upstream of the production
separator. Typical comparative results of the meter versus the separator are graphically
represented in Figure 7.

Additional testing of the meter has taken place at Southwest Research Institute in San
Antonio, Texas and at CEESI in Colorado. These tests were of an application specific
nature and performed for clients at higher pressures over a broader GVF range.
Extensive laboratory testing has demonstrated achievable corrected gas flow rates of
<2.5% and corrected liquid flow rates of ~10% over the GVF range of 90-99%. Field
testing of the meter and units currently in service yield similarly favorable results. On-
going testing will yield results at GVF’s down to 0.80.

Conclusion

As the use of multiphase flowmeters becomes more common in subsea applications, the
methods of incorporating them into subsea hardware will mature. The incorporation of a
flowmeter into a jumper for the King Kong project proved to be most efficient and
economic solution. The impact on existing subsea hardware was minimal and installation
methods saw little change. The flowmeter is ideally suited for the gas condensate
reservoirs present in the field. The flowmeter will continue to provide valuable well
information in the future for allocation, production and reservoir management.
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Fig. 1 - Jumper fabrication and flowmeter testing

Fig. 2 - Installation of jumper and flowmeter
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Fig 3 - Installed jumper incorporating a flowmeter between a tree and manifold
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Figure 5 — NEL Test Results @ 60 Bar
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Figure 6 - NEL Test Results @ 60 Bar
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Gas Flowrate

Figure 7- Wet Gas Meter Compared to Platform Test Separator
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