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INTRODUCTION

Microseismic activity has been successfully detected
and located in rocks ranging from unconsolidated sands, to
chalks and crystalline rocks. Microseismicity can be used to:

• Provide real-time 3D monitoring of fluid pressure front
movement, such as water flood fronts and hydrofrac
operations

• Identify hydraulically conductive fault structures
affecting reservoir compartmentalisation or acting as
flow channels and routes for premature water
breakthrough

• Image flow anisotropy associated with production from
fractured reservoirs

• Assist in targeting new producer/injector wells

• Identify areas of reservoir compaction

• Provide high resolution time-lapse seismic velocity and
stress anisotropy images within the reservoir

• Identify areas of potential wellbore instability

• Provide input and condition permeability grids for
reservoir simulation

Microseismic events are very small earthquakes
usually between –3 and 1M 

L
, occurring on failure surfaces

such as fractures, which have typical radii in the 1- to 10-m
scale. They have been located at distances of over 1 km from
monitoring wells in hydrocarbon reservoirs. Because the earth
stresses acting within a reservoir are anisotropic, shear stresses
build up on naturally occurring fracture surfaces. Under normal
conditions, these fracture surfaces are locked together.
However, when in situ stresses are perturbed by reservoir
production activity such as changing fluid pressure, the
fractures shear, producing small earthquakes, see Figure 1.

The seismic signals from these microseismic events
can be located in time and space using high bandwidth
borehole geophones either temporarily or permanently
deployed. Although surface units are suitable for measuring
large scale, e.g., tectonic related seismicity, they cannot detect

the size of event that is of interest for characterising reservoirs.
Attenuation effects mean that only the largest events reach
surface sensors. Rates of seismic activity appear to have a
fractal-type distribution, and for every event detected (using
a surface seismometer or an OBC) at say magnitude 2 M

L
 ,

there may be hundreds or thousands of events at –1 M
L
 . In

1997, using a single, multi-level Vertical Seismic Profile (VSP)
tool, more than 2,000 microseismic events were detected and
located during 19 days of monitoring a chalk reservoir in the
North Sea. It is this large number of small seismic events that
enables the technique to be used to image pressure fronts
and faults. Therefore, the more events detected and located,
the better the data produced on reservoir evolution and
deformation mechanisms.

METHODS USED FOR MICROSEISMIC DATA
ACQUISITION

Microseismic surveys fall into two broad categories,
temporary and permanent. Operators running a temporary
survey may use a modified clamped VSP string, as used at the
NAM microseismic pilot study conducted in a Netherlands
gas field. This is cost effective for temporary surveys, e.g. a
30 day study to determine how seismically active a reservoir
may be, or during a hydrofrac operation.

Alternatively, sensors can be deployed on the tubing,
the completion is then cemented in place to gain a good

Figure 1: Conceptual schematic showing typical microseismic
source mechanisms

ABSTRACT : This paper demonstrates how microseismic activity in the reservoir can be used for continuous 3D time-lapse

monitoring of hydro and geo-mechanical processes occurring in the interwell region and assist in the reservoir management process.



857

Microseismic Monitoring of Hydrocarbon Reservoirs

coupling with the formation. This technique is currently being
employed by PDO/Shell at an oilfield in the Middle-East.

MICROSEISMIC MONITORING

Both of the methods above require the availability of
suspended or monitoring wells. However it is generally
accepted that the ‘Oilfield of the Future’ will incorporate
distributed permanent downhole seismic sensors in flowing
wells. The rapid growth in intelligent well technology has
now made permanent telemetry and sensor systems available
for producing wells. This will accelerate the uptake of
microseismic monitoring as a tool for long term reservoir
management.

MICROSEISMIC DATA ANALYSIS

Microseismic events can be located from a single
monitoring well using a multi-level, 3 component geophone
array, although a spatially distributed network is optimal. For
accurate and reliable locations, sensors must record the signal
undistorted in the few-hundred-Hertz range. The signal is
analysed to give estimates of microseismic event magnitude,
length of the fault that has moved and other detailed
information. See Figure 2.

For event location, a velocity model of the reservoir
is first developed, typically 2-D or 3-D, based on a combination
of reflection seismic and well log data. The location process
comprises two stages. First, distance between sensor and

microseismic event is given by the time delay between S-
wave and P-wave arrivals. Secondly, direction of the event is
given by analysis of P-wave particle motions (hodogram
analysis), or through complex search and optimisation
algorithms.

Figure 3 shows microseismic event locations
resulting from two hydrofrac operations. The figure shows
five depth slices displaying a very strong flow anisotropy.
Based on the microseismic data the operator decided to target
a second well to intersect this newly created fracture network.

Figure 2: Microseismic waveforms showing P-wave and S-wave
arrivals. Hodograms on right show direction and magnitude
of particle movement.

Figure 3: This shows five depth slices taken at 1,150 foot intervals.
Analysis of microseismic data was successfully used to
target the second well.

CONCLUSION

Conceptual barriers to the uptake of microseismic
monitoring have been reduced as 4D seismic has succeeded
in moving the focus from imaging structural geology to
understanding more about long term reservoir behaviour and
processes in the interwell region. Microseismic monitoring is
becoming a valuable and unique tool for achieving 3-D spatial
monitoring remote from the monitoring well (typically a 2-km
coverage diameter), and can now be economically implemented
on land and offshore. Microseismic also has the potential to
complement 4-D seismic surveys, and can be used even in
environments where reflection seismic surveys yield very little
information, i.e. under gas caps. Add to this the newly
developed intelligent well technology, and it is clear that the
continued uptake of microseismic monitoring as a reservoir
management tool is assured.


