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ABSTRACT

Microseismic has been used basically to monitor hydraulic fracturing, which is a short term plan and to monitor
steam injection, a long term plan. Recent advances in microseismicity technology has led to an increase in its
usage in the reservoir monitoring activities such as gas storage, co, injection , hydraulic fracture operations ,
production monitoring (oil and gas) etc., and thus, fast becoming a viable technique in oil and gas industry. Thisis
because of its unique service it renders through provision of fast and accurate information about stress changesin a
reservoir and the associated geomechanical deformation which are used to characterize complex fracture networks
and fluid flow paths. Due to its relevance in monitoring fracture network and fluid flow paths, a lot of efforts and
innovations in the recent years have been channeled to improving its mode of operations and its imaging
capabilities. In this study, we highlighted the methods of acquiring and processing microseismic data, their
limitations and pitfalls and its applicationsin unconventional reservoirs.
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INTRODUCTION

Induced seismicity events could be linked to prdiducof hydrocarbon and fluid injection in a resgrv These
events are generated in the rock matrix which agetd the changes in pore pressure and geomechsiness field.
These changes in stress slippage (usual the streas) can occur in the zones of weakness assoaeidth new or
preexisting faults and fractures and thus emitges®ismic waves. To monitor the hydraulic fractgriemissions
from the microseismic events should be mapped acdrded. In order to gather useful information friva data,
locating areas with high population of microseismients will be necessary in order to increaserdkelution of
the hydraulic monitoring and imaging. The simulatiof hydraulic fracturing has helped to improve &mted oil
recovery during water-flooding and in exploitatiohunconventional gas reservoir, [1].

The distribution patterns of the events are inetgr with respect to the geomechanical deformdinded to the
fluids that are produced or injected. Other apfilices include, delineating the fluids leakage pathsd fronts etc.,
which can then be used to manage the reservoimdaduately plan for future wells. This technologgarded it
breakthrough within the last decade, but it hasibeexistence since 1947 when Stanolind adoptedethnology
at Hugoton Field, Kansas, USA [8]. Today, over i&ilion wells have been fractured and possibly bewmitored.
There are three predominant application of micsragity: environmental monitoring, long-term resarv
monitoring and short-term reservoir monitoring [@lr focus in this review is on hydraulic monitagin

In this article we give some insights into how teehnology works, processing and interpretatiothefdata, and
some of its advantage and its pitfalls, and futntegration of the method with real seismic andi\eg data.
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Monitoring Wells
Monitoring wells are wells drilled to measure sfiiecivell parameters that can indicate performatmegevity and
transient processes (Figure 1)
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Figure 1: Diagram demonstrating microseismic monitang of a hydraulic fracture [6].

Hydraulic Fracture Monitoring

Hydraulic Fracturing or fracking is the processdafling and injecting fluid into the ground at @gh pressure in
order to fracture shale rock to release naturaliggide the reservoir. As a result of the presswerted on the rock
during the drilling, there is an increase in poresgure; the increased pore pressure caused tlee naturally
occurring fracture in the formation to slip leaditay Microseismic (elastic wave). These movemenedn® be
monitored and observed through geophysical equipnae applications (geophones etc) (Figure 2). The
information acquired from the process are then Usedeveral purposes like reservoir informatiompduction
enhancement and prediction, environmental impassssnent, developmental planning of a basin at &td.

Frachures

Figure 2: lllustration of Hydraulic Fracturing and Microseismic Monitoring [10]
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Hydraulic Fracturing

Bt Hydraulic fracturing, or
i “fracking,” involves the injection
of more than a million gallons
of water, sand and chemicals

3,000 at high pressure down and
across into horizontally drilled
wells as far as 10,000 feet

Tg.000 below the surface. The

pressurized mixture causes the
rock layer, in this case the
—_— Marcellus Shale, to crack.
These fissures are held open
by the sand particles so that
|—= natural gas from the shale can
6,000 flow up the well.
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Figure 3: Hydraulic fracturing process [2]

Hydraulic fracturing can be monitored when micres@t events are induced due to fracturing of arvese
especially an unconventional reservoir, which airally fractured. A typical example of this imagitechnology
is in Barnett Shale in Shale, which has becomeddrike largest fields in the United States. Micissgc imaging
has become a viable tool that helps in the undmistg of the of complex unconventional reservoacture
networks [4]. Hydraulic fracturing model is noweégtrated with microseismic monitoring [5]

The operations that are involved in the microseiinimaging have a short time duration which vii# suitably
deployed to a far offset well. To obtain an acceidatcation of the microseismic events, the arrayhef sensors
should be restricted to one or more monitoring svalid their spacing and positions with respeda¢owell should
be taken into account.

MATERIALS AND METHODS

Data Acquisition

The setup is made up of sensors that are coupldtetoeservoir rock with a view to recording loweegy signals
and deliver them as microseismic signals on thfasar The deployment of this system depends oobfective of
the monitoring exercise, the availability of wed) (proximity to the events of interest, and adbdgy to oil field.

Basically, there are three main approaches invoimedcquiring microseismic data during hydrauliedhuring
operations. [8] listed the three different techmisjof acquiring the data:

1) Placing 3-component geophones in wellbores at-reservoir depths — downhole method [11] Figurtn4his
method the microseismic signals are recorded bwelier, it has major pitfalls in the sense thatldregth of the
geophones and the weak signals limit the distaht®eomonitoring well.
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Figure 4: Diagram showing wireline deployment of atring of geophones in a monitoring well [7]

2) Placing a large spread of geophones on the cgyrfauch like a 3-D patch [12]. The geophones i@edrt
component) are arranged in a radially symmetritepataround the treatment wellhead. The radiusefattern is
made about equal to the depth of the deepest tesatzone.

3) Placing geophones permanently in shallow hoteslly at depth on the order of 100m or less (Fdrk. This
method as it provides a good signal to noise ratid can effectively monitor the events of intesggh minimum
cost and time of monitoring associated with it aigb has coverage of 500 sq. mile [3].

Fig. 5: Diagram illustrating permanently installed geophones to monitor multiple wells and Fracking ogration [8].
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Application And Discussions

For this study, method 2 and 3 will be merged toget(same mode of operation) and will be referredas

surface/near surface array method. However, varstudies have showed that adopting 2 methods (aaerand

surface or near surface array methods can grealtigree the quality of the data acquired. This asBist to fill the

gaps inherent in their respective limitations, ashs will assist to reconcile both approaches. ddestudies have
showed that surface or near surface array methmeeprto be more suitable for detecting microseiswents.

Data Processing : There are two basic methodsalf/zing microseismic events:
I. Travel time inversion method [11].
Il.  Waveform migration method [12].

Travel Time Inversion Method

The technique use in this method is to pick thevartime of the P and S phases (elastic wave)s&heaves are
generated when hydraulic fracture forcefully stessthe surrounding rocks, and increase the porespre. The
waves however travelled at different speed. Thivartimes of the waves are picked by the receieigure 6)
with its velocity. This is then use to estimate kbiypocenter (location and time) of the fracture [Hjese events are
then monitored, processed and interpreted by varmophysical applications. The results are alvpagsented as
map sections known as ‘dots in the box’ result i83hould be noted that trilateration or traveieiinversion is best
use in a single observation station because dbseoess to the monitoring reservoir. (Downholehoét— Multiple
geophones on a single well).

Recorded 3-C Data
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Figure 6: P and S wave arrival (Left) Seismic Wav@ath [9]

Waveform migration method

This method was introduced in 2013. It requires tha observed wave-field is inferred from the atation points
backward in time to the source point known as tihifted. The time shifted traces are summed okethcand the
resultant stacked trace is evaluated to know dfath event [9]. This approach requires a well sedhwave-field
over a large aperture. The procedure is repeategl/fyy possible event location in the subsurfiide.best adopted
when a surface or near surface array method ofigitiqn is used (Multiple geophones on multiple WgL3]. This
method requires a good number of geophones (sitleecfirray must be twice the depth of the markrvesg to
acquire data with good signal to noise ratio.

[9], deployed microseismicity technology to monitihe microseismic events during hydraulic fraatgrof wells in
Permian basin to determine the techniques besttdeito produce high quality results in terms ghsi to noise
ratio, downhole image, and events count (improvagimg capability). A full waveform migration metheds used
to analyze the data acquired from both the downhotesurface or near surface array methods.

Figure 7 represents the result of full-waveform dbele image point set (Left — map view; Right — Depiew
looking east). Also Figure 8 illustrates the resilsurface image point set (Left — map view; RighDepth view
looking east).
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Figure 7: Full-waveform downhole image point set (kft — map view; Right — Depth view looking east) [9

Figure 7 shows rich downhole image point set aratiedmonitoring borehole, good zonal control anddyevents
count. The imaging point sets that are close tontlbaitoring borehole contain valid microseismic rge This is
because the imaging uses both P and S wave endogyever, the point that extends beyond 3000ft fribw
monitoring borehole contains lots of uncertaintied thus could not be observed in the result.

Figure 8 is the result of the surface image poilliough the point sets are not as rich as thentmle image point
sets, but however, they were able to pick all thené& in the footprint of the surface array wittceqtable
uncertainty. This is was obvious because of theesree of larger surface array footprint.

Figure 8: Surface image point set (Left — map viewRight — Depth view looking east) [9]
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The above analysis has shown that the applicaticiulbowaveform migration method to process dataguaced
through downhole method will enhance good imagiegbwst failed to pick any microseismic events thia not
located close to the monitoring borehole. Also egapilon of full waveform migration method to prosedata
acquired through surface or near surface array odeftas the capacity to record events that arevfay drom the
monitoring borehole because of the presence oétagrface or near surface array.

CONCLUSION

Utilization of microseismicity in hydraulic fracting monitoring was revisited with a view to inféretbest method
of data acquisition and processing. This technoliggysed to obtain an accurate and a more reliafdemation
about the stress changes in unconventional reseraoid fluid flow paths for proper monitoring ofetheservoir
over a long period of time with minimal costs. Thensors should be integrated with permanent pressur
temperature and flow gauges in wells to monitordhanges in the reservoir fluids properties comraly and also
map out complex fracture networks. This informati@ill enhance in the understanding of the fluidhdndor and
drainage strategy in unconventional reservoirdifture planning and development.
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