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Summary

Microseismic imaging during hydraulic fracture stimulation
has become a common and very useful observational tool
that provides information about hydraulic fracture
geometry. Proper interpretation of microseismic data and
its integration with other fracture diagnostic surveys is
important to predict the effective or propped fracture
geometry more precisely. Accurate hydraulic fracture
monitoring from microseismic allows operators to optimize
the field development strategy through a clear
understanding about the hydraulic fracture half length,
height and symmetry.  In this study, a new logical approach
has been introduced to interpret the microseismic data.
Microseismic results are then integrated with tracer and
frac model to validate interpretation approach.
In the first section, the microseismic events are normalized
and filtered based on their magnitude, signal to noise ratio
and zone of interest. A final set of microseismic events is
prepared for further interpretation. Using a simple
microseismic interpretation tool and Spot Fire software,
frac half-length, frac height and stimulated rock volume
(SRV) are estimated. Then an “SRV sensitivity” approach
has been introduced to determine the effective or propped
frac half-length and frac height.
In the second section, various geological, geomechanical
reservoir properties and completion parameters are used to
simulate a discrete fracture network (DFN) model along the
same well. The frac half-length and height are computed.
Tracer data pumped in the well has been monitored in the
nearby wells to ascertain the extent of fracture growth.
In the last section, effective fracture-half length and
fracture height calculated from microseismic data is
compared with the DFN model and tracer results. It is
found that the fracture geometry estimated by three various
techniques show similar results. So the new “SRV
sensitivity” approach introduced to interpret the
microseismic data is proved to be a useful tool to predict
the effective or propped fracture geometry more accurately.

Introduction

During the last decade, hydraulic fracturing has become a
popular procedure to enhance production in new
unconventional gas resources (including shale gas).
Production improvement depends mainly on the geometry

of the induced fracture. Owing to limited access of the
subsurface, direct observation of induced fractures is
almost impossible. Therefore, different methods have been
proposed in the literature to estimate the size of fractures.
Among these methods, pressure analysis and microseismic
monitoring (Meadows and Winterstein, 1994) have
attracted most attention. The mapping of induced fracture
from microseismic event locations is well established and
has proven particularly effective in plays like the North
Dakota Bakken shale and the Barnett in Texas (Williams
et al, 2010). Microseismicity associated with hydraulic
fracture stimulations is used to interpret the fracture
geometry: including direction, height, length, and
complexity associated with interaction of pre-existing
fractures (Maxwell, 2012). During development phase of
any shale play, it is important to understand the effective
fracture half-length and height of the hydraulic fractures in
order to optimize the field development and maximize the
recovery. In this paper we have illustrated a novel
workflow to determine the effective half frac length and
height through SRV sensitivity method.

Significance of Hydraulic Fracture Geometry Study:

In this paper, we have illustrated a method to estimate the
effective fracture geometry from microseismic data more
accurately. It is necessary to understand the hydraulic
fracture geometry in order to optimize the field
development and maximize the overall recovery. The main
elements of hydraulic fracture geometry and their effect on
development strategy are explained below:

a.Effective Half Frac Length (EHFL): It is the length of the
stimulated rock volume (SRV) on each side of the
wellbore which mainly contributes to the EUR of a well.
Understanding effective half frac length properly is
required for optimizing the well spacing (Figure-1).

b.Effective Frac Height (EFH): It is the height of the SRV
that primarily contributes to the well Estimated Ultimate
Recovery (EUR). Clarity about the effective frac height
helps in understanding if there is any scope for staggered
or stacked drilling to maximize the field recovery
(Figure-1).

c. Effective Frac Symmetry: It explains the symmetry of the
effective HFL or Frac Height. Understanding about this
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element helps in putting the lateral within the right zone
or within the zone of maximum hydrocarbon richness in
order to enhance the well productivity (Figure-1).

Figure-1: Elements of Effective Fracture Geometry and their
importance

Methodology

The entire process of identifying the effective fracture
geometry includes 2 different stages:

1.Data Preparation
2.Data Interpretation

1. Data Preparation:

Often, interpretation of microseismic data is performed on
all the computed event locations, but since every data set
includes a variety of different signal strengths and quality,
such an interpretation equally considers confident and
uncertain data. For more accurate analysis of microseismic
data, it is important to first select an accurate and
representative data set. So before any engineering
interpretation, microseismic data needs to be filtered and
normalized at least based on their magnitude, signal to
noise ratio and zone of interest.

a. Observation Well Bias: The location of the observation
well with respect to the treatment well and the location of
microseismic activity can introduce errors into the
interpretation (Maxwell and Le Calvez 2010). Small events
can only be detected if they are close to the sensor array
and at some distance even the largest events cannot be
detected. The strength of the microseismic events can vary

considerably, resulting in an apparently greater event
density close to the sensor array. Understanding the
detection limit is important when interpreting fracture
geometry and comparing stimulation treatments (Cipolla,
2011).

Figure 2: Magnitude-distance graph for a multiple stage horizontal
well completion showing the entire lateral is mapped.

The magnitude-versus-distance plot is shown in Figure-2.
The minimum detected magnitude at various source-
receiver distances can be used to estimate a minimum event
magnitude that can be detected throughout the total range
of distances where microseismic activity has been detected.
In this example, it has been observed that -1.84 is the
minimum magnitude of the event that has been detected by
the receiver throughout the total range of distances. Events
whose magnitudes are lower than -1.84 and are detectable
only within a limited distance from the receiver (events
colored with green) are ignored and not included in the
effective fracture analysis. The events above this cut-off
limit are included in the analysis.

b. Selecting High Quality Events: A microseismic image
contains events of variable signal amplitudes or signal-
noise ratio (SNR), with the majority of the events having
low SNR. These low-SNR events tend to be more
uncertain, and so a simple event selection filter is applied to
consider only high-SNR events (Maxwell, 2012). In most
cases a minimum SNR between two and three is used as a
cut-off when reporting events (Cipolla, 2011). In this case
we have plotted signal to noise ratio in a histogram. It is
observed in the plot that there exists a trend i.e. with
increasing SNR the number of events decreases. But few
events lying in the left side of the red dotted line of Figure-
3 with SNR less than 2.39 are falling out of the trend. In
this case study, we have considered 2.39 as the SNR cut-off
to select the high quality events for further analysis. This
SNR cut-off is in line with the global trend.
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Figure 3: Histogram of Signal to Noise Ratio

c. Selecting the Events within Zone of Interest: In this
section of data preparation, we filtered the microseismic
events outside the zone of interest. As we are mainly
focused on how the hydraulic fractures are moving, we
tried to keep all the microseismic events which are located
within the target reservoir for effective fracture geometry
estimation (Figure-4). Microseismic event patterns can vary
significantly depending on the reservoir fluids, stress
regime, existence of natural fractures, matrix permeability
etc. (Cipolla, 2011). So constraining the events within the
specific geological formation/zone will help in generating
an even set of events for better interpretation.

Figure-4: Microseismic Events without Filter going above target.

Figure-4: Microseismic Events after all filter and confine to the
target zone used in the estimation of Fracture Geometry

d. Surface creation through Wellbore: In this step, a
surface conformable to bottom of the target zone has been
generated through the wellbore (Figure-5). This surface

was created to measure the perpendicular height of any
event from the wellbore.

Figure-5: Surface generated for horizon distance Calculation

2. Data Interpretation:

After all the filtering and normalization, a final set of data
was prepared in IHS-Kingdom for further estimation of
fracture geometry (i.e. Fracture Half Length, Fracture
Height). Utilizing the microseismic tool of Kingdom
software package, the following attributes are estimated.

a. Horizon Distance: This calculates the distance in time
or depth from the Z value of each point (Microseismic
Event) to the Z value of a selected horizon at a
common XY location. This is the true measurement of
the fracture height (not the effective fracture height
that contributes to the well EUR) (Figure-6).

b. Borehole Distance: The Borehole Distance calculation
provides the distance between each event and the frac
well. This value can be used to calculate the true Half-
Frac-Length (HFL) using above mentioned horizontal
distance (HD) and Pythagoras equation (Figure-6).

Figure-6: Diagram explains the method used to calculate actual
Half-Frac-Length

Half Frac Length (HFL) = (BD2 – HD2)1/2

By using the above equation, the actual distance of
each microseismic event can be calculated using
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Kingdom software. But this is not the real
representative of effective half-frac-length that
contributes to the well EUR. So to calculate the
effective HFL and frac height, a novel idea is
introduced in this paper. We termed it as “SRV
Sensitivity” approach.

c. SRV Estimation: Stimulated Rock Volumes are the
volume of rock stimulated by a treatment based on the
shrink wrap volume of events (points) per stage or per
job. The algorithm for the shrink wrap volume type is
the smallest volume occupied by any given set of
points. SRV for the final set of microseismic data is
estimated using IHS-Kingdom tool at each 10 ft.
interval of half frac length and frac height to perform
the “SRV Sensitivity” approach.

d. “SRV Sensitivity” approach: The hydraulic HFL &
height measured from the filtered microseismic data
do not represent the real/effective fracture geometry.
So this “SRV Sensitivity” approach is adopted to
estimate the effective half frac length and effective
frac height that contributed to the well EUR in a
practical sense.

Before applying this approach to estimate the
effective frac half-length, SRV at each 10 ft. interval
from both the sides of the wellbore are estimated (as
shown by different color boxes). Incremental SRV%
of each interval is then calculated with respect to the
previous interval and plotted against the half-frac-
length and frac height (Figure-7, 8 &9). It is observed
that near the wellbore the SRV is much higher and
when we move away from the well bore, the
incremental SRV is decreasing. At a certain frac half
length, the incremental SRV% becomes negligible
and almost constant (Figure-8).

Figure-7: Diagram showing SRV calculation method. SRV
calculated at 10 ft. HFL/Frac height is shown by brown box.
Similarly at 20 ft. HFL is indicated by gray box and so on up to
300 ft. at each side of the wellbore.

Figure-8: Effective HFL estimated using SRV Sensitivity Method
(SRV% is given in decimal)

Similarly it is also observed that at a certain frac height,
incremental SRV% is very low and almost constant. The
limit at which the incremental SRV% is almost flat/below
10% is identified as Effective Half Frac Length and
Effective Frac Height.

Figure-9: Effective Frac Height estimated using SRV Sensitivity
Method (SRV% is given in decimal)

From this SRV sensitivity method, the estimated average
effective fracture half-length and frac height are 220 ft. and
120 ft. respectively.

Result Validation:

The effective HFL and effective Frac Height estimated
through SRV sensitivity approach is compared with the
Frac model and radioactive (RA) tracer results to validate
the microseismic interpretation approach.
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Microseismic data analyzed in the above sections belongs
to well-Z (Figure-9).Well-P is a pilot well drilled at 200 ft.
from well-Z.

Figure-9: Base map showing the well in which
Microseismic, Tracer survey is carried out.

A. Frac Modeling:

Discrete fracture network (DFN) modeling is performed in
Well-Z (Figure9). Geomechanical parameters (i.e. Young’s
modulus, Poisson’s ratio and minimum horizontal stress
and fracture toughness) reservoir parameters (i.e. net pay
porosity, permeability and reservoir pressure) and
completion parameters (i.e. fluid type, pumping rate,
proppant type, proppant size, proppant strength, break
down pressure, stage spacing, cluster spacing, number of
perforation etc.) are taken as input to the DFN model.

Figure-10: DFN of well-Z showing effective/propped Half-Frac-
Length and effective Frac Height.

It is observed that the propped or effective frac half -length
of created DFN is 200 ft. and average effective fracture
height is 120 ft. which is almost matching with the
microseismic results.

B. RA Tracer:

RA tracer survey has been carried out in well-Z. RA tracer
is a very useful tool to understand the proppant movement.
Tracers pumped in well-Z are not detected in well-P which
is at 200 ft. distance (Figure-11) indicates that the proppant
has not moved above 200 ft.

Figure-11: RA Tracer Log of Well-P.

Conclusion:
Microseismic imaging during hydraulic fracture stimulation
has become a common and very useful observational tool
that provides information about hydraulic fracture
geometry.  But its proper interpretation is required to
understand the effective fracture geometry.

Before a meaningful interpretation, microseismic data need
to be filtered and conditioned. There are several ways to
condition the microseismic data, but the major 3 steps of
data filtering are illustrated in this paper.

SRV Sensitivity method applied to estimate the effective
Half Fac Length and effective Frac Height is a unique
method and found to be more realistic when compared with
the DFN model and RA tracer results.
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