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TEST FACILITY

The test facility is primarily a flow loop comprising a
15m long inclined ‘double-ended’ borehole drilled through
the face of a disused granite quarry. The borehole is cased
with (47 lb/ft) 9 5/8” standard oilfield casing, and can therefore
accommodate a variety of tubing sizes and elements of a well
completion. The casing is cemented in place, and 3-component
geophones are installed behind the casing such that they are
well coupled to the casing and formation. Two large storage
tanks allow fluid to flow through the borehole at rates of up to
40,000 bbls/day using gravity drive (therefore no pump noise
is generated).

A small 2m x 1m x 1m test block has also been
constructed to perform more precise measurements, and to
allow easy investigation of the flow noise whilst maintaining
a close resemblance to a real oil well. The system has been
designed to be flexible, so changing the positions and types
of geophones, accelerometers, and hydrophones could be
achieved. Figure 1 shows a schematic of the test facility.

EXPERIMENTATION

Flow noise was monitored in different parts of the
completion and test block, at a variety of flow rates (flow rates
of 5000 - 40,000 bbls/d were used to simulate as closely as
possible real production conditions). The data was then
recorded using a 72-channel data acquisition system. Figure 2
is a plot showing noise recorded by two geophone strings in
the borehole, one of the strings is clamped to the production
tubing, the other is clamped to the casing. It shows that the
flow noise level is approximately ten times higher when the
sensors are coupled to the production tubing, as opposed to
the casing. This very simple, and perhaps predictable result
helped justify the aim of designing a tool which completely
decouples from the production tubing, whilst being extremely
well coupled to the formation.

Figure 1: Schematic of flowing borehole test facility

Figure 2: Plot showing increase in flowrate against flow noise

ABSTRACT : It is generally accepted that the ‘Oilfield of the Future’ will incorporate distributed permanent downhole seismic
sensors in flowing wells. The effectiveness of these sensors will be limited by the extent to which seismic signals can be
discriminated, or de-coupled, from flow induced acoustic noise originating within the production tubing. A specialised test facility
has been  developed in order to understand and characterise the acoustic noise generated by fluid flow within a production borehole,
with the goal of developing the next generation of seismic tools suitable for permanent deployment in flowing wells.

The physical experimentation was run in parallel with
numerical modelling and mechanical system investigations.
The numerical modelling provided a comprehensive
understanding of the noise generation and transmission
process within flowing wells. It also provided a tool that
enables the experimental investigations to be upscaled to a
real well, and assists in the design of noise management
systems. Figure 3 shows an example of a finite element
simulation of a discrete excitation mode within a typical well
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completion and Figure 4 the deployment of a tool system into
the test well.

The numerical modelling work has included, an
investigation into the basic noise sources and transmission
mechanisms, this then enabled the critical noise sources and
paths within the system to be ranked according to
significance.

Scientific investigations were also conducted to
determine the effects of different materials on the transmission
of flow generated noise within a completion. For example, the

contact stiffness between the tubing and casing is an important
parameter in the acoustic behaviour of the completion. As a
result of various experiments a special tool excentraliser was
also developed to minimise the geophones’ response to
production noise.

TOOL DEVELOPMENT

From the flow noise experiments, a tool has been
developed for permanent deployment into flowing wells. The
tool is designed to allow the seismic sensors to be acoustically
de-coupled from the flow noise, whilst being well coupled to
the formation. This reduces the noise floor, allowing detection
of much smaller seismic signals. A number of seismic sensor
packages can be distributed at various intervals along the
deployed tubing to monitor passive and active seismic data.
The system has been designed so other types of sensors
(e.g.; pressure & temperature) can also be incorporated if
necessary.

The tool is based upon a C-Spring that is held in a
compressed state during the running in operation. The sensors
are then deployed against the casing wall when the completion
is set in the final position. The tool has the following unique
features;

l Tubing pressure is used to deploy the sensors

l The sensors are physically de-coupled from the
production tubing

l The unique 4-axis tetrahedral configuration of the
sensors

l Sensors are installed inside a C shaped ring
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Figure 3 : FE modelling of noise propagation

Figure 4 : Photographs of tool deployment into test well


