








Acoustic Waves See Completion Impairment and Flow

Figure 3: Simulated Wireline Survey with a Source Moving from Sensor
Location 5 to 17 with the Increment of 76cm in the Gravel-packed
Completion with a Open-Plugged Interface
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Note that location of the open-plugged interface (between receivers 11 and 12) is easily found by tracking
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attenuation and velocity attributes.

Figure 4: Picture of the Set-up with Connected Flowing Perforations
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Three fibre optic receivers of interest (R7-R9) are shown with red arrows. Yellow arrows point to the nearby
perforation that was used for flow. Water is injected through a single perforation inside the completed well,
thus simulating reservoir production.

Figure 5: Acoustic Responses of Flowing Perforations After
Simple Pre-processing
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Observe low-frequency ridge-like signals with the peaks located near perforations flowing at: A) next to
receiver 7; B) next to receiver 8; C) next to receiver 9.

Path to Deployment

Conducted experiments suggest with good confidence that completion
impairment as well as other processes can be monitored using acoustic
data. In the short term, the best opportunity to apply this technology is
to utilise wireline acoustic logging. Slim acoustic tools with low-
frequency monopole sources and receivers that go inside the screen
can be easily manufactured. The disadvantage of the production
logging approach is that it is not a realtime 4D measurement. It
requires downhole access and possible shut-in of the well. The latter
two concerns may preclude applications to subsea and other wells with
high intervention costs. In addition, repeatability between time-lapse
logging runs may be an issue. The longer-term solution is represented
by a permanent downhole system that can be achieved, for instance,
with fibre optic sensors and passive noise source, as suggested by
Bakulin et al.” A permanent system is desirable for many reasons. First
and foremost, downhole access is diminishing, especially to complex
deepwater or subsea wells, whereas intervention costs are increasing.
In addition, the permanent system has the following important
advantages over wireline option: it provides realtime information; there
is no well shut-in required and thus no lost production incurred; it
allows for monitoring of gravel-packing and other technological
processes; and it enables passive measurements characterising flow,
open and closed perforations, cross-flow and sand production.

While the development of a permanent system may seem impossible at
first, it should be stressed that downhole tools with fibre wrapped
around downhole tubulars are already under development. For example,
the realtime casing imager (RTCI) is expected to monitor deformation
of the sand screens in complex deepwater wells as a means by which to
assess compaction. The RTCI requires fibre helically wrapped around the
entire screen, and is already addressing various challenges related to
downhole placement and connection of the fibre. If RTCl is deployed, the
acoustic system has an even easier ride, especially as it needs only point
sensors that can be deployed at a pre-determined locations in the most
protected place, i.e. on the outside of the base pipe.

Summary and Outlook

Just as 4D seismic revolutionised our ability to manage reservoir
production, realtime completion monitoring has the potential to
revolutionise our ability to manage deepwater wells by understanding
the evolution of flow, drawdown and impairment in realtime. We have
presented results of full-scale laboratory tests proving this potential.
Further progress might be achieved by performing field trials with
available acoustic logging tools run inside sand screens. In 4D seismic,
various fluid flow scenarios are used to predict seismic response and are
then benchmarked against real measurements. Similarly, RTCM would
require the ability to take possible production technology scenarios,
predict their acoustic signatures and benchmark them against actual
downhole measurements. While quantitative inversions may or may not
be achievable, such closing-the-loop methodology of 4D seismic has
proved to be of superior value to reservoir management. We have no
doubt that acoustic in-well monitoring following the same methodology
will lead to substantial progress in managing deepwater wells. ll
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