






Real-time completion monitoring: I 
 

waves experience strong changes. The fast tube wave 
experiences moderate attenuation and change of waveform. 
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Figure 6:  Synthetic data computed for open and closed pores in 
the glass setup. (a) Overlay of pressure seismograms for open (red) 
and closed (black) pores showing that the fast tube wave in a 
permeable screen experiences attenuation and dispersion. Blue and 
red lines denote moveout velocities of the fast (1030 m/s) and the 
slow (280 m/s) tube waves. (b) Slowness-frequency spectrums.  
The slow tube wave transforms into a complex packet with 
weak amplitude. The following physical interpretation can 
be given to the modeled results. A tube wave is born when 
the piston-like motion of the fluid inside the pipe creates a 
radial expansion that is resisted by the elastic pipe. The 
slow wave is supported mainly by the inner pipe. When this 
pipe becomes slotted, radial movement of the fluid is no 
longer resisted since liquid can freely escape to the annulus, 
thus leading to a strong attenuation of this wave. In 
contrast, the fast wave is supported mainly by the outer 
glass solid pipe. When the inner pipe becomes permeable, 
piston-like motion of the fluid in the fast wave can 
additionally exchange the fluid between the outer and the 
inner fluid columns, thus creating a moderate attenuation.  
Slowness-frequency spectra for open pores (Figure 6b) 
shows, that, similar to the experimental results the fast 
wave experiences anomalously high attenuation in the 
medium frequency range of 350-700 Hz. A more robust 
display averaging over “small”, “medium” and “high” 
frequencies is shown on Figure 7. Comparison of Figure 7a 
and 7b confirms the qualitative agreement between 

experiment and modeling: in both cases the fast wave 
exhibits anomalous amplitude decrease in the medium 
frequency range, while still preserving higher and lower 
frequencies.  This amplitude decrease should be attributed 
to anomalous attenuation caused by fluid movement 
through the slotted porous screen.  The frequency range 
with resonance attenuation is controlled by permeability, 
i.e. the lower the permeability, the higher the frequency of 
the band with anomalous attenuation of the fast wave. 
Therefore central frequency of the band with anomalous 
attenuation of the fast tube wave is an additional useful 
diagnostic of the screen permeability.  
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Figure 7: Experimental (a) and modeled (b) distribution of energy 
of the fast tube wave. Note anomalously high attenuation in the 
“medium” (~300-700 Hz) frequency range due to permeability of 
the screen. 
 
Conclusions 
We propose a new non-intrusive real-time technique that 
monitors changes in permeability along sand-screened 
completions utilizing acoustic signals in the fluid column. 
We present a full-scale laboratory test verifying the method 
for a scenario where impairment is caused by sand-screen 
plugging in a completion without a gravel pack. We 
observe two tube waves supported by the screen and casing 
Simple inspection of the raw data allows identification of 
plugged and open sections of the screen: plugged sections 
give large signal, whereas open sections have a lower 
signal (increased attenuation of both fast and slow tube 
waves). We further compared experimental results with 
simple poroelastic modeling and found a qualitative 
agreement between experimentally measured and predicted 
signatures. Experiments with gravel-packed completions 
are reported in a companion paper (Bakulin et al, 2008b). 
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