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Summary

Real-time completion monitoring (RTCM) with acoustic
waves has recently been proposed as a method to monitor
permeability changes along the completions. Typical
deepwater completions contain additional layers of sand
screen, gravel sand, and perforated casing which make
them quite different from a fluid-filled open borehole.
Monitoring changes of flow properties across the
completion is crucial since impairment of permeability in
any of these layers could cause reduced well productivity.
In contrast to open-hole model, sand-screened completion
supports two tube waves related to inner fluid column and
gravel suspension in the annulus. We construct simple
numerical models of various completion scenarios using
poroelastic description of screen and sand. Despite
limitations, such models provide qualitative and sometimes
semi-quantitative description to the laboratory experiments
with full-scale model of horizontal well.

Introduction

Real-time completion monitoring was proposed by Bakulin
et al (2008a,b, 2009) as a method to detect impairment
(permeability reduction) changes along the deepwater
completions using tube-wave signatures. Bakulin et al
(2008a,b) hypothesized that gravel sand should have small
but non-zero shear velocity. In this case only single tube
wave exists with properties that are affected by all
completion layers. However actual experiments with sand-
screened completions (Bakulin et al, 2009) revealed two
clear tube-wave arrivals, thus suggesting that perhaps
gravel sand has negligible shear velocity and acts largely as
a fluid suspension. This was an important experimental
finding since completion with two fluid columns (fluid
inside the screen and gravel sand suspension in the
annulus) supports two tube waves similar to an earlier
model and experiments without gravel pack. In this study
we attempt a more systematic analysis of tube-wave
signatures based on experimental data in gravel-packed
completions with realistic wire-wrapped sand screens. We
also attempt to generalize our simple analytical model to
describe these signatures taking into account the permeable
nature of gravel pack and sand screen.

Sand-screened completion without gravel pack

Let us consider an idealized model of sand-screened
completion with a free outer boundary (air) as used in the
reported experiments (Bakulin et al, 2008a,b, 2009): fluid —
permeable screen — fluid — casing. Following previous

studies we model the sand screen as a layer of poroelastic
Biot material. At low frequencies such model supports two
tube waves and two plate (extensional) waves. Figure la
shows seismograms for such case where fast and slow tube
waves propagate without attenuation. To compare with the
experimental results all synthetic data shows a radial
component of displacement on the boundary of the outer
pipe (casing) as this is the quantity measured by the fiber-
optic sensors (Bakulin et al, 2009).
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Figure 1: Synthetic seismograms of radial displacement on the
outer pipe in a model of sand-screened completion without gravel
pack. Permeability of the screen is varied. Observe that attenuation
of the fast tube wave is vanishing at low (a) and high (d)
permeabilities. In contrast, slow tube wave becomes completely
attenuated for permeabilities higher than 300 mD.

To understand the nature of tube-wave modes it is
instructive to analyze radial distribution of displacements
for each mode (Figure 2a). There is a remarkable difference
between two tube-wave modes: fast tube wave has
displacements of the same sign inside both fluid columns,
whereas slow wave has displacements of opposite signs.
Fast wave is the one that transforms to a regular tube wave
when shear rigidity of the inner pipe goes to zero.
Therefore we can interpret that the fast wave is supported
by the outer pipe, whereas the slow one is supported by the
inner pipe as originally proposed by Bakulin et al (2008a).

SEG Houston 2009 International Exposition and Annual Meeting

416



