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Hydraulic fracturing processes employed to re-
lease natural gas accumulations trapped in shale
formation causes cracks in fractured media oc-
curred as microseismic events. Those events
can be detected with either surface or downhole
monitoring technique. One of the advantages of
downhole microseismic monitoring technique is
the relative high detection moment magnitude
threshold, compared to surface and quasi surface
arrays (Maxwell 2014). The epicenters of detected
microseismic events are located with certain ac-
curacies (Eisner et al. 2010). The uncertainties in
location are mainly caused by simplification of
a very complex geological structure, geometry of
the monitoring network, arrival time pick uncer-
tainty and naturally selected processing method.
The correct assessment of macroseismic events lo-
cations with their uncertainties is the key to prop-
er interpretation of the results.

In this study, authors present an analysis of
optimizing geometry of the downhole microseis-
mic monitoring array minimalizing location error
and taking into account level of detectability. To
achieve this goal, several different downhole array
geometries were tested.

The study is located in Northern Poland where
active exploration of shale gas deposits takes place.
In the investigated area three wells are locat-
ed, one vertical (W-1) and two horizontal, which
have been drilled in the same azimuths but differ-
ent direction and slightly different depths (W3H
— deeper and W2Hbis - shallower). As there is

possibility that these wells will be stimulated in
close period of time, the chosen array placed in
the monitoring well should be optimal for depths.
As Eisner stated in his work, best downhole array
should have to consist of 3C sensors placed below
and above of the planed depths of stimulation to
reduce uncertainty of the event locations (Eisner
et al. 2009). Both treatment wells have relatively
high horizontal distance, which results with high
distance between receivers and possible events (in
ranges between 500 m to 1700 m), which is quite
high compared to literature examples (Warpinski
& Natl 1994).

To perform this analysis, GecTomo MiVu™
Microseismic Processing System was used, which
includes a Vecon modeling engine. This software
has been granted to AGH UST for research and
educational purposes. The passive seismic mod-
elling was done with GRTM method (general-
ized reflection transmission coefficients) (Kennet
1980). This kind of mixed procedure is relative-
ly fast to perform and allows checking many dif-
ferent configurations of downhole array. Based
on the 3D seismic survey provided by PGNiG in
the investigated area authors have decided to use
simple layered velocity model which sufficient-
ly describes the local geological conditions. The
synthetic microseismic events were located using
TGS (Traveltime Grid Search) algorithm available
in MiVu software.

Based on presented analysis authors were
able to choose optimal geometry of downhole
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microseismic array for both prospective intervals
which fulfill condition of being good compromise
between costs and location accuracy of possible
events.
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