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METHOD OF PERFORMING A PERFORATION OPERATION
USING SELECTIVE STRESS LOGGING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The application claims the benefit of US Provisional Application No., 62/269,396,
filed on December 18, 2015, the entire contents of which are hereby incorporated by

reference herein,

BACKGROUND

{0002} The present disclosure relates generally to methods and systems for performing
wellsite operations. More particularly, this disclosure is directed to methods and systems for
facilitating production by performing stimulation operations, such as perforation operations.
[0003] Wellbores are drilled to locate and produce hydrocarbons from reservoirs located
within subsurface formations, The wellbores may be formed by deploving a drilling tool from
a surface rig and advancing the drilling tool through lavers of the formation. The drilling tool
and/or a separate measurement tool, such as a logging tool, may be used to collect
measurements about the wellbore. Examples of wellbore measurements are provided in US
Patent/Application Nos. US20140214324, US2012150515, UST526385, UST042802, and
UUS5841135, the entire contenis of which are hereby tncorporated by reference herein,

[0004] In order to facilitaie the recovery of hydrocarbons from oil and gas wells, the
formations surrounding such wells can be stimulated using hydravlic fracturing. Hydraulic
fracturing may be used to create cracks in subsurface formations to allow oil or gas to move
toward the well. The formation may be fractured, for example, by deploving a downhole tool
into a wellbore, and creating perforations along the wall of the wellbore, and then injecting
fluid into the formation through the perforations. Examples of perforation techniques are
described in US Patent/Application Nos. USBS540024, UST7918279, USE126646, and
UR9228425, the entire contents of which are hereby incorporated by reference herein.

[0005] Fluid (e.g., an “injection fluid”, “fracturing fluid”, “slurry”, etc.) may be pumped
through the perforations and into the surrounding formation under presswre to crack the
formation. The cracks define pathways to allow fluid from subsurface reservoirs to pass info
the wellbore for production to the surface.

{00067 Despite the advances in perforation techniques, there remains a need to perform

perforation operations in a manmer that is cost effective and/or more effectively facilitates the
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operations in a manner that is cost effective and/or more effectively facilitates the production of

hydrocarbons at the wellsite. The present disclosure is directed at meeting such need.

SUMMARY

10007} A method of performing a perforation operation at a wellsite is disclosed. The method
involves generating a stress contrast distribution for each perforation stage of a well based on
drilling stress data and a stress log of the well, generating a stress association betwseen the drilling
stress data and the stress log; generating a new stress contrast distribution for each of the stages of
a new well based on new wellsite data (inchuding new drilling stress data) of the new well and the
stress association, generating a production forecast using the geometric completion (GC) design
and a predicted production forecast based on the new stress contrast disiributions and an
engineered completion (EC) design, comparing a cost of 8 new stress log of the new well witha
change in revenue between the geometric completion design production forecast and the predicted
production forecast of the enginesred completion design, and selectively perforating the new well
using the GC or EC design based on the comparing, whereby siress logging may be selectively
performed.

{00608] The method may also involve drilling the well at the wellsite and measuring wellsite data
comprising drilling stress data, and logging the well and generating the stress log, drilling the new
well at the wellsite and measuring the new wellsite data comprising the new drilling stress data.
The method may also involve, if a change in between the production forecast and the predicted
production forecast revenue comprises an increase in revenue which is greater than the cost of the
new stress log, then logging the new well and defining an engineered completion design based on
the stress logging, and perforating the new well using the engineered completion design whereby
stress logging may be selectively performed.

100097 The method may also involve, if the change in revenue comprises an increase in revenue
which is greater than the cost of the new stress log, then logging the new well, defining the
engineered completion design based on the stress logging, and perforating the new well using the
engineered completion design; if the change in revenue is less than the cost of the new stress log,
then forming perforations in the new well by perforating the new well using the geometric
completion design. The method may also involve injecting stimulation fuid into the formation

through perforations in the formation and producing fluid from the well.

%3
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{00107 This summary is provided to introduce a selection of concepts that are further described
below in the detailed description. This sumiary is not intended to identify key or essential features
of the claimed subject matter, nor is it intended to be used as an aid in limiting the scope of the

claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

{0011} Embodiments of the system and method for generating a hydraulic fracture growth patiern
are describad with reference fo the following figures. The figures are not necessarily to scale and
certain features and certain views of the figures may be shown exaggerated in scale or in schematic
m the interest of clarity and conciseness.

[0012] Figure 1 is a schematic view illustrating a wellsite with multiple wells, sach well depicting
various cilfield operations;

[0013] Figures 2.1 and 2.2 are schematic views illustrating wells drilled through formations having
low and high stress contrast, respectively;

[0014] Figures 3.1 and 3.2 are schematic diagram illustrating perforation stages of a wellbore
using geometric completion (GC) and engineering completion (EC) design, respectively;

{00157 Figure 4 is a graph illustrating stress contrast for each stage of a wellbore having GC and
EC design, respectively;

{0016] Figures 5.1 and 5.2 are graphs illustrating production forecasts for GC and EC design in
wells with low and high stress contrast, respectively;

{0017} Figures 6.1 — 6.4 are graphs illusirating correlations between siress contrast and gamma
ray contrast;

[0018] Figures 7.1 — 7.4 are graphs illustrating correlations between stress contrast and Common
Mineralogy (CM);

[0019] Figures 8.1 - 3.3 are schematic diagrams illustrating CM calculation, CM for clusters in
similar rock, and CM for clusters in different rock, respectively;

[0020] Figure 9 is a schematic diagram illustrating a stress association based on changes in
measured drilling data;

[0021] Figures 10.1 and 10.2 are histograms illustrating stress contrast association based on
weighted gamma ray contrast distributions for a high and low average stress contrast wells,

respectively; and
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[0022] Figure 11.1 and 112 are flow charts illusirating example methods of performin
p g

perforation operations.

DETAILED DESCRIFTION

[0023] The description that follows includes apparatuses, methods, techniques, and instruction
sequences that embody techniques of the inventive subject matter. However, it is understood that
the described embodimentis may be practiced without these specific details.

[0024] This disclosure relates to methods for performing perforation operations. These methods
involve selective placement of perforation stages along the wellbore based on differences in
formation stresses along the wellbore, Placement may be determined by generaling stress
associations based on wellsite data for a well, and applying a correlation to additional wells of a3
wellsite. The stress associations may be generated by determining correlations between drilling
data variation and stress logs variation, changes in measured data during drilling and/or weighted
histograms of drilling data

{00251 Multi-stage wells perforated with multiple clusters per stage can be under stimulated when
the stress contrast between the clusters is high, as stimulation treatment may preferentially go into
clusters of lower stress, leaving the higher stress clusters unstimulated. This under-stimulation of
higher stress clusters may lead to lower than expected productivity, Stress contrast between
clusters can be minimized by selecting the depth of the stages and/or perforation chusters. The
stress association(s) may be used to identify the magnitude of changes in rock formations, and/or
to akter placement of the perforations for optimal stimulation. Depending on the conditions and
costs associated with the well, the perforations may be placed according to a predetermined
geometric completion (GC) design or altered t© an engineered completion (EC) design based on
the stress association. In other words, the perforation stages may be placed along the wellbore in
locations where stress contrast (variation in stresses} is decreased {(or balanced}. When placed
along low contrast stress locations, the perforations may have similar pressures applied thereto,
which may cause the perforations to open in a similar manner during fracturing and facilitate
production through the perforations. This balanced placement may be used to assure that more of
the perforations within the stages are able to crack during fracturing to generate production Hlow
from subsurface reservoirs.

[0026] The stress associations may also be used to determine if the stress contrast along the
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wellbore is large encugh to justify logging the wellbore and/or adjusting the location of the
perforations. Where an average change in stress is above a predetermined level, the stress contrast
may indicate that the variation is high epough to prevent certain perforations from cracking and
negatively impact production. In such cases, additional costs associated with stress logging may
be outweighed by increased production, and stress logging may be performed to identify optimal

stage locations along the wellbore.
OILFIELD OPERATIONS

{0027} Figare | schematically illustrates a wellsite 100 for performing oilfield operations. The
wellsite 100 includes multiple wells 102.1-102.n (three are depicted in this example} on a pad
1031, Fach well 102.1-102.n is shown performing a different operations, including drilling,
logging, and production, respectively. Each well includes a surface rig 104.1-104.n and a surface
unit 105 positioned about a wellbore 106.1-106.n penetrating a formation 108 with multiple
layers 110.1-110.n. Each rig 104.1-104.n has a downhole tool 112.1-112.n deployed into the
wellbores 106.1-106.n, respectively.

[0028] The well 102.1 schematically shows the drilling rig 104.1 deploying a drilling tool 112.1
into the formation 108 via a conveyance to form the wellbors 106.1. The rig 104.1 may be
provided with devices, such as kellys, elevators, rotating tables, pipe handlers, and other surface
equipment, for operating the drilling tool 112.1. Sensars (8) may be positioned about the rig
104.1 to collect surface drilling measurements, such as weight on bit (WOB), rate of penetration
(ROP), eic.

{00297 The drilling tool 112.1 may be a conventional drilling tool including a bottomhole
assembly (BHA) 116 with a bit 118 at an end thercof used to cut away portions of the formation
108 as the drilling tool 112.1 advances into the formation 108, During drilling mud is pumped
from a mud pit, through the drilling tool 112.1 and out the bit 118 1o lubricate the bit 118 and
generate cuttings 114 of the formation. Portions of the formation are pumped to the surface with
the cuttings 114. As schematically shown, samples of the cuttings 114 may be gathered at the
surface for analysis.

[0030] The BHA 116 of the drilling too} 112.1 may include various devices, such as
communication, power, measurement, and/or other components. The BHA 116 is shown as

having a measurement device (5}, such as a measurement while drilling (MWD), logging while
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drilling (LWD), sensors, gauges, and/or other devices, for collecting downlhole drilling
measurements, such as gamma ray, resistivity, and/or other measurements. Such measurements
may be transmitied from the drilling tool 112.1 to the surface unit 105 via the conveyance or via
wireless transmission.

[0031] Data collected from the rig 104.1, the drilling tool 112.1, the cuttings 114, and/or other
sources may be collected and/or analyzed. The surface unit 105 may be provided with devices,
such as communication, processing (CPL, input/output, databases, and/or other devices, for
collecting, storing, analyzing, and/or communicating the data and/or information generated
therefrom. The data may be commumicated to onsite and/or offsite facilities for further
processing. Information generated therefrom may be used to make decisions and/or take action
at ong or more wells at the wellsite.

[0032] The well 102.2 schematically shows a wireline tool 112.2 deploved via a convevance
from the surface rig 104.2 and into the wellbore 106.2. The wireline tool 1122 maybe s
conventional wireline tool deployed into the wellbore 106.2 to collect measurements and/or to
iake samples. The wireline tool 112.2 may include one or more components, such as sensors,
gauges, logging, sampling, communication, power, and/or other components, The sensors
{and/or logging tool) (8) may be provided with resistivity, gamma ray, sonic, Electromagnetic,
nuclear magnetic resonance, and Hihological composition measurements, and/or other devices
for collecting geomechanical (including stress} and petrophysical data, and/or other
measurements. These measurements may be passed to the surface unit 105 via the conveyance
and/or wirelessly in a similar manner {0 that of the drilling tool 112.1.

[(0033] The well 102.n schematically shows a produoction tool 112.0 deployed from a Christimas
tree 104.n into the wellbore 106.1 via a conveyance {e.g., tubing) for producing fluids from
subsurface formations and to a surface location. The production tool 112.n as shown includes
devices o receive and pass fluids from the formation through the tubing and to the surface. The
production tool 112.n may inclode one or more measurement devices, such as sensors, gauges,
and/or other measurement devices {8). These measurement devices (8) may be coupled directly
or indirectly to the surface unit 105 for passing measurements to the surface unit 105 in a similar
manner to that of the drilling tool 112.1,

{0034] While the wellsite 100 is depicted as a land-based wellsite with three wells performing

specific operations, it will be appreciated that one or more wells may be present and may be
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performing various operations, such as drilling, measuring, testing, stimulating, producing,
and/or other otlfield operations. Also, while the downhole tools, surface rigs, surface units,
sensors, and/or other wellsite equipment are shown in specific configurations, various equipment
may be provided for performing various oilfield operations and gathering data associated

therewith, The wells may be cased or uncased, and/or land-based or offshore,
PERFORATION OPERATIONS

[3035] Figures 2.1 and 2.2 schematically illustrate perforation operations 20{0.1, 200.2 at wells
202.1,202.2. The wells 202.1, 282.2 may represent one or more of the wells of Figure 1 and/or
an additional well that may be at the wellsite 100, Each well 202.1, 202.2 is depicted as having a
wellhore 206.1, 206.2 passing teough one of more formation Iayvers F1-Fn and a simulation tool
212 for generating clusters of perforations P in stages S1-Sn along the wall of the wellbore. Each
well 200.1, 200.2 is also depicted as having stresses ol-on about the wellbore due to changes in
formation parameters about the layers F1-Fn of the formation.

[08036] As shown in Figure 2.1, a stimulation tool 212 is shown deploved into the well 202.1 for
performing a stimulation operation. The stimulation operation may be performed, for example, to
stimulate production at the wellsite 100 (Fig. 1). The stimulation tool 212 may be, or include, a
perforating tool, which may be a conventional perforating tool capable of creating perforations
along stages (S1-5n) defined along the wall of the wellbore 206.1. The stimulation tool 212 is
deploved from a surface rig 204 into the wellbore 206.1 for performing the perforation operation,
The perforations may be created, for example, by deploying the stimulation tool 212 o a given
location, and firing a projectile from the stimulation tool 212 and into the formation. As shown,
stages of the perforations may be positioned at various depths about the wellbore 206.1. The
stimulation tool 212 may also have other devices, such as an injector for passing fluids through
the perforations and into the formation to crack the formation and create flow pathways between
reservoirs in the formation and the well,

{00377 As also shown in Figure 2.1, the formation has multiple layers F1-Fn of various types of
rock. Fach layer may have variations in geological properties, such as stresses o1~ on. These
variations may be detected using, for example, measurements from the drilling and/or logging
tools of Figure 1. The wellbore is depicted as extending vertically through multiple layers and

horizontally through a single layer of the formation.

3
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[0038] A graph 220.1 shows an example of plot of rock stresses o (y-axis) at various depths D
{x-axis) along the weilbore. Perforations P of the well are shown on the graph. As indicated by
this graph, depending on the location of the perforation, the rock stresses at each of the locations
may vary. These variations in stresses for groups of clusters within a stage define a “siress
contrast”, namely a difference between a maximuim stress and a minimum stress (omax-omin}.
In this case, the stress contrast CL is relatively low (e.g., less than about 400 psi (2758 kPa) of
variation}.

[0039] Figure 2.2 is similar to Figure 2.1, except that both the vertical and horizontal wellbore
passes through multiple layers F1-Fn of the formation. The corresponding graph 220.2 shows
that the stress conirast Ch is high (e.g., more than about 800 psi (5516 kPa) of variation) due to
the changes in rock properties at each of the layers. The perforations P corresponding to the rock
stresses o 1- on at each location may also vary.

[00407 Figures 3.1 and 3.2 schematically depict perforation stages S1-8n about portions of a well
302, and the corresponding stress conirasts C, O’ along the well for each siage. These figures
show siages S1-Sn, each consisting of multiple clusters of perforations P1-Pm at depths D1-Dm
about the wellbore 300. Each perforation P1-Pm for a given stage has a leagth L, phasing/
orientation a, and diameter &.

[0041] As schematically shown in Figure 3.1, stress o versus depth D of the formation adjacent
the well 300 is also depicted. A stress contrast C for each of the perforations P1-Pm with fixed
geometric spacing Sp therebetween is also depicted. The stress contrast C1-Cm along the
wellbore varies at each depth D1-Dm for each perforation cluster P1-Pm. As schematically
shown in Figure 3.2, the siress contrast C1-Ca can be lowered when the spacing Sp can be
adjusted for each perforation cluster (Spl- Spm-1) so that the perforation clusters are located in
rock or similar stress.

{0042} While Figures 3.1 and 3.2 show as specific arrangement of stages, perforations, stresses,
and geometry, each of these may be varied. Changes in well, equipment, formation, customer
needs, costs, and/or other factors may alter the geometry, measurements, and associated design.
[0043] Figures 3.1 and 3.2 also show examples of Geometric Completion (GC) designs and
Engineered Completion (EC), respectively. The location of stages and perforation clusters about
the wellbore 300 {e.g., in cased-hole horizontal wells) may be defined using GC or EC design.

As indicated by these figures, the GC design may be altered to EC to increase the production

8§
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flow into the wellbore.

[0044] As demonstrated by Figure 3.1, the GC design is based on standard geometry, such as
stage length, number of clusters per stage and cluster spacing along the well. The GC design may
provide, for example, for the same geometric configurations of perforations at given depth intervals along
the well. In at least some cases, the GC design may result in numerous clusters failing to contribwte to
prochuction due to uneven stimulation (e.g., Hittle or no proppant in clusters with higher stress).

[0045] Where the stress contrast C is high, as shown in Figure 3.1 the pressures along the
different perforations may affect the ability to inject fluid through certain perforations and crack
the formation adjacent thereto. This may also affect the ability to create a hydraulic fracture (Hf)
and draw fluid into the formation as indicated by the arrows. The stress variation along the stages
may affect fluid flow to the perforations, and not all perforations are able to generate hydraulic fractures
Fif sufficient to produce fluid. An adjustment may be needed to allow more perforations to generste
production.

[0046] As schematically shown in Figure 3.2, the GC design may be modified to an EC design
tailored to the stress variations of the well to reduce the siress contrast from C of Figure 3.1 to O
of Figure 3.2 by varying the spacing Sp between the perforation clusters to provide for various
spacing Spi-Spm-1. Where the stress contrast O is low, as shown in stage Sn of Figure 3.2, the
pressures are relatively consistent across the stages, thereby providing a balance which allowsthe
injection fluid to evenly apply to sach perforation and create hydraulic fractures (Hi) thereabout.
In this case, hydraulic fractures are possible about each perforation and fluid may be permitted to
fiow into the well via the perforations as indicated by the arrows.

{00471 The EC desipn may be used to maximize the number of active producing clusters by maximizing
the number of stimulated clusters. The BC design starts from the standard stage length, number of clusters
per stage and cluster spacing provided by the GC design as shown, for example, by Sp of Figure 3.1. The
specific length of each siage, number of clusters per stage and cluster spacing Sp may then be adjusted on
the basis of wellsite data, such as downhole siress logs, to minimize the stress contrast between stage
chusters. As shown in Figure 3.2, the spacing Spl - Spm-1 has been adjusted fom the spacing Sp of Figure
3.1. This BC approach may result in wells having a lower average stress contrast, and may have no stages
with high stress confrasts.

[0048] A perforation design may be provided which defines the location of the stages along the

welibore and the predefined spacing Sp therebetween, The cluster perforation spacing may also
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define the number of perforations and their corresponding geometry about the wellbore. The
cluster perforation spacing may be adjusted based on the stress contrast to provide an EC design
with, for example, adjusted spacing to vary the spacing Sp between the stages. The spacing may
be adjusted to align the perforation stages with select formations based on data, such as stress
logs.

{(049] Figures 4, 5.1 and 5.2 graphically depict comparisons between GC and EC design. As
demonstrated by these examples, the stress contrast may be reduced and the production increased
when the design is altered based on the stresses along the well. Figure 4 is a graph 400 depicting
an example of stage stress contrast between GC and EC designs. This graph 400 plots pressure P
versus stage index SI along the wellbore. In this case, the adjustment of the perforation locations
from the GC to the EC design results in a reduction of the overall average stress (from oavg to
savg’) and eliminates high stress contrast stages. The average stress contrast for EC design
reduced to about 125psi (862 kPa) versus 525 psi (3626 kPa) for GC design.

{0050] Additionally, some data indicates that, for wells with a high average stress contrast when
completed geometrically, up to 30-30% of all perforation clusters may not contribute to
production when wells are completed with a GC design. In wells completed with an EC design,
less than from about 15% to about 25% of the perforation clusters may contribute fo production,
resulting in about a 10% to about 30% incremental productivity over the GC design.

{0051] Figures 5.1 and 5.2 are graphs 5{)&,1, 500.2 depicting production forecasts for a wellbore
with EC and GC for high and low stress conirasts, respectively. These figures plot production
PROD {e.g., cumulative gas production (MMSCF)) versus time {months}.

[(052] These graphs may be generated by modeling the wells based on known drilling and other
wellsite data to determine predicted production for a given well with certain stresses perforated
using a GC design. A similar model may be made by estimated adjustments to the GC design
based on known drilling data. The modeling may be performed, for example, using fracture
simulation software, such as MANGROVE® commercially available from SCHLUMBERGER
TECHNOLOGY CORPORATION®.

[0053] As indicated by Figures 5.1 and 5.2, economic value of an EC design may vary from well
to well. Figure 5.1 shows EC and GC design production forecast comparison in a well where
stress variation is marginal (e.g., does not vary sufficiently along the lateral}. Figure 3.2 shows

EC and GC design production forecast comparison in a well where siress variations are more
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than marginal {(e.g., vary sufficiently along the lateral}.

[0054] The production outcome in each case may determine whether taking action, such as
adjusting perforation design, is financially justified. Due to the high cost of stress logging, a
minimum increase in production may be required before logging may be performed. The stress
fogging may be needed to property identify the stresses along the wellbore used to provide the
EC design.

[0055] In wells placed in marginal reservoirs, the incremental production resulting from the use
of an EC design may not justify the cost of logging the well {e.g., Figure 5.1). Similarly, in a
well where stress does not vary sufficiently along the lateral, the incremental production
resulting from the use of ap EC design may not justify the cost of logging the well due to the
Himited incremental production resulting from the EC design over the GC design base case. Ina
well where stress varies sufficiently along the lateral (e.g., Figure 5.2) drilled in medivm-high
quality reservoirs, the logging and EC design may result in optimized wells that produce more
than the GC design and payback for the investment within an acceptable time frame.

[0056] Completing all wells with a GC design may not be the optimum way to develop a pad (or
sector) as some {and sometimes most) of the wells may have benefited in terms of production
from and EC design. Similarly, gathering data on all wells and completing them with an EC
design may not necessarily be the most economical approach as some of the wells may not pay
back for the log investment. Understanding which wells may benefit from investing in daia
acquisition and EC design without logging them is not & simple task s it may be the logs that
allow for the GC and EC designs to be compared in terms of post-stimulation well productivity.
{0057] In order to properly evaluate whether a GC design may be used, or whether an EC design
and the corresponding costs of logging may be justified, a better understanding of the stresses of
the well may be examined. Information gleaned from the stress and logging data of one well may
be applied to other wells using stress associations to determine if GC or EC design for the new

wells may be justified.
STRESS ASSOCIATIONS

[0058] Attempts have been made to derive stress from drilling data. However, associations
between individual drilling data and stress may be weak. Stress depends on many parameters,

such as vertical depth, overburden, mechanical properties (Young's modulus and Poisson’s
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ratio), fabric (lamination, planes of weakness, ete.} of the rock, and pore pressure and tectonic
forces (Fg. 1), No single parameter dominates stress as indicated by the following closure sivess

equation:
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where o is stress, Pp(H) is pore pressure, Pp(v} is pore pressure, E is Young’s Modulus, v is
Poisson’s ratio, and e is fectonic strain.

[0039] Figures 6.1-10.2 depict various example techniques that may be used to determine
associations between stress contrast and drilling data contrast. Such techniques may involve, for
example, correlations between drilling data contrast and stress contrast (Figures 6.1-8.3), changes
in measured drilling data (Figure 9), and weighted histograms of drilling data (Figures 10.1 and
10.2). The stress association used may depend on the availability of certain types of data. In
each of the example cases provided, drilling data may be used as the stress association. Drilling
data may involve the use of various data, such as ganuna ray measurement (e.g., standard gamma
ray (GR) or spectral gamma ray (SGR}), minerslogical composition {e.g., percentage by volume
or weight of minerals measured from cutiings or derived from LWD data, rock typing), drilling
parameters {&.g., rate of penetration (ROP), weight on bit {WOB), torque or rotations per
minute (RPM) measured during drilling, ratios of drilling parameter, such as rate of penetration
per rotation (ROP/RPM), mechanical specific energy (MSE), etc.), and/or wellbore trajectory data
{¢.g., measured depth, vertical depth as well as their derivation such as azimuth, deviation and
dog leg severity (DLS}).

[0060] Correlations may be used when various types of data are available. Even when drilling
data alone is available for consideration in determining stress conirast associations, a first level
processing may be performed on the drilling data by creating data sets similar to those created to
establish correlation using the same A data points a given B distance from each other, with A
being the GC design number of chusters per stage and B being the GC design cluster spacing
{possible clusters). Second level processing may be performed on each data set similar to what is
done to establish the comrelation, e.g., calculating variations of the drilling data sets. A third level
processing may involve the caleulation of probabilities of high and low stage stress contrast. This

may be done by calculating the difference between the higher and lower value of stress and
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drilling data for all possible cluster scenarios to obtain the well-level distribution of stress and
drilling daia contrast in the well.

[0061] Figures 6.1 - 6.4 are graphs 600.1-600.4 demonstrating how the relations between drilling
data contrast, such as gamma ray measurements taken during drilling, and stress contrast is
established. These graphs demonstrate an example process of correlation between drilling data
and stress. Graph 600.1 plots axmin (y-axis) versus gamma ray {x-axis} which appears to show a
fack of any correlation.

[0062] A sccond level processing is performed on each data set (referred as the variation of the
data), and can be any of the following: Range=max{data set}-min{data set) for each data set of A
clhusters with a spacing distance of B.

[(1063] A third level processing on the data involves establishing the distribution of stress
variation (bigh and low stress contrast thresholds) versus daia variation. Such processing
generates two datasets: probability of high stress contrast versus drilling data contrast value,
and probability of low stress contrast versus data contrast value. Linear, polynomial, logarithmic
or exponential trend lines can be used to extract simple equations that become the correlations
used for the second part of the workflow.

[0064] Graph 600.3 is a stacked histogram plotting possible stage counts versus GR distribution.
This histogram provides a count of cluster groups with high (e.g., above about 800 psi (3516
kFa)), medium (e.g., from about 400 to about 800 psi (2758 kPa - 5516 kPa)), and low stress
variations (¢.g., below about 400 psi (2758 kPa)), and the corresponding distribution of GR
contrast. As shown in graph 600.4, this provides a probability of high and low stress contrast
versus (GR contrast by plotting data points according to those measurements from graph 600.3
that fall within the low and high stress variation ranges. Trend lines 624.1, 624.2 for the high and
low stress contrasis may be fit based on the generated data provided.

[0065] Figures 7.1 — 7.4 are example graphs 700.1-700.4 depicting correlation building using
Common Mineralogy {CM) versus stress. CM is a measure of anisotropy between different rocks
associated with specific single-stage clusters depth. In this scenario, mineralogical compositions
by weight or volume are simplified into three main groups: Carbonates, Clays and QFM (quartz and
feldspar minerals). Once normalized to 100%, the minimum percentages for each mineral group
may be summed into what is defined as the CM. That number may be close to 1 if all clusters of

rock composition are almost identical and close to  if all clusters of rock compasition are extremely
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distinct.

[0066] Figures 8.1-8.3 schematically depict CM of cuttings from a well. The cuttings may be
generated during drilling as shown, for example, in Figure 1. As shown by diagrams 800.1-800.3
of Figures 8.1-8.3, CM for certain minerals with high contrast (Figure 8.2} or low contrast
(Figure 8.3) may be determined using the caleulation of Figure 8.1, Figure 8.1 is an illustration of
the CM concept showing how the following caloulation is applied fo clusters of different

mineralogy:
Timinerotogies Minimum mineralogy % (among n clusters) 2y

The CM may be similar for some species of rock. The formula may be used to determine CM for
a given rock. Figure 8.2 is an example of a high CM involving clusters in very similar rock.
Figure 8.3 is an example of low CM involving clusters in very different rock.

{0067} Referring back to Figures 7.1-7.4, Graph 700.1 is a plot of raw mineralogy (RM) data {y-
axis) versus minimum borizontal stress oxmin (x-axis). This plot depicts raw data mineralogy for
three minerals, namely carbonate, clay and quartz. This plot appears to show an apparent lack of
correlation. Graph 700.2 is a plot of miniowam horizontal stress variation (Acxmin} versus common
mineralogy {CM). This graph indicates a low correlation, but notable feature of low stress contrast
in high CM variation and high stress contrast in low CM variation environment.

[0068] The data from Figures 7.1 and 7.2 may be replotied to further understand the relationship
between stress and the mineralogy of the rock. Graph 700.3 shows cluster groups for possible
geometric stage counts with high, medium, and low stress variations plotted against distribution of
M varistion. As in Figure 6.4, the high and low points from graph 700.3 are applied to graph 700.4
to provide the probability of stress contrast versus CM (%), Trend lines 724.1, 724.2 through the
high and low data points respectively are provided. These trend lines show good correlation (e.g.,
r-square greater than about {.8).

[0069] When correlation cannot be established due to unsuitsbility of data type or data set, an
estimate of stress contrast distribution can still be established using the drilling data changes and/or
MSE contrast as depicted in Figure 6 and/or the drilling data distribution as depicted in Figures
7.1 and 7.2.

[0(70] Figure 9 shows an example stress association 900 based on a review of the changes in

measured drilling data at each depth. Such changes may be an indication of changes in formation
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layers. Figure 9 is a schematic diagram of a well 902 extending into a formation with layers Fi-Fn
and corresponding stresses ol-on.

[(071] Figure 9 also includes graphs 940.1-940.n of drilling data, inclading ROP, WOB, and other
dritling data (DD), measured during drilling. These graphs are aligned with the formation to show
stress variations indicating changes in rock based on drilling data. The shifts in data along the
graphs may indicate a change in layer, which may be used to derive siresses variation ol-on in the
multi-layer environment. As shown by this figure, the stresses of a given layer may have similar
measurements of various drilling data, such as ROP, WOB, RPM, ROP/RPM, trajectory, measured
depth, vertical depth, azimuth, deviation, DLS, etc. Although direct associations may be weak, it
may be assumed that nearby clusters located in the same formation layer (or rock) may have low
stress contrast between them, while nearby clusters located in different rock may have a higher
stress contrast between them.

[0072] Figures 10.1 and 10.2 are graphs 1000.1, 1000.2 depicting another example using weighted
histograms to illustrate stress distributions. Fach graph 1000.1, 1000.2 plots gamma ray
measurements for each perforation along the well. A vertical threshold line 1097 is defined along
the graphs indicating where a % of the gamma ray measurements fall. The line 1097 may be
defined along the histogram to determine whether a well has a high or low proportion of high stress
contrast,

[0073] In the example case of Figure 10.1, the well has a large histogram proportion of high GR
contrast falls below line 1097 which indicates that the well is likely o have a high proportion of
high stress contrast stages. As shown in the example case of Figure 10.2, wells with a small
histogram proportion of high GR contrast fall below line 1097 may indicate that the well is likely
to have a low proportion of high stress contrast stages.

[{0074] Associations between histogram populations above a high threshold and proportion of high
stress contrast stages, and histogram populations below a low threshold and proportion of low
stress contrast stages can be established using histogram distribution and stress data on the wells
where both data is available. Such associations can then be extended to wells for which the drilling
data alone is available.

[{0075] While Figures 6.1-10.2 show example stress contrast associations that may be made based
on drilling and/or stress logs, one or more of these and/or other stress associations may be used to

detect potentia! changes in stress and/or formation layers usable in perforation design, such as GC
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and/or BEC design. The various association techniques may also be compared for validation and/or
to detect any data errors.

[0076] Figures 11.1 and 11.2 are flow charts depicting methods 1100.1, 1100.2 of performing &
perforation operation. Figure 11.1 depicts a method 1100.1 of performing a perforation
operation involving perforating based on stress associations, Figure 11.2 is a method 1100.2 of
performing perforation operations involving building a stress correlation. These methods may be
used to build the stress associations for a well of a wellsite based on drilling and logging data,
and appiyiﬁg these associations 1o a new well to determine whether to perforate using GC or EC
designs.

{0077] The method 1106.1 involves building the stress association 1170.1 for a well of a wellsite,
and 1182 applying the stress association 1170.1 to another {new) well. The stress association may
be a stress correlation, changes in drilling measurements, or stress histogram distribution defined
along the well based on the wellsite data (see, e.g., Figures 6.1-10.2). The stress association may
define, for example, a relationship between the stress contrast distributions of a first logged well
and another well before it is logged. The association may be used, for example, to predict stresses
and resulting impact on production for deciding whether stress logging and EC design is
financially justified.

[0078] The stress association 1170.1 may be determined by 1172 collecting wellsite data (¢.g.,
drilling stress data and logging data) of the well. The wellsite data comprises drilling data {e.g.,
WOR, ROP, etc.) and logging data {e.g., sonie, resistivity, anisotropy, gamma, gic.}. The drilling
data may be generated from drilling logs, drilling sensors, mineralogy samples, etc. The data may
be generated at the wellsite by measuring, logging, sampling, etc. The data may also be collected
from other sources, such as client data, operator input, etc.

{00791 The method continues with 1174 generating a stress contrast distribution for each of the
stages of the well (e.g., $1-8n of Figures 2.1-2.1). The stress contrast distribution may be
determined by plotiing the stresses versus depth. For each defined possible set of chusters in a given
stage along the wellbore, the stress contrast distribution {e.g., maximum minus minimum stress at
the clusters) for each stage may be determined.

[H180] Next, the method continues with 1176 generating a stress association between the drilling
stress data and data from the stress log for each of the stress contrast distributions. The stress

association may be generated using, for example, the method 1100.2 of Figure 11.2. Examples of

16



WO 2017/106867 PCT/US2016/067608

stress associations are described further herein,

[0081] The siress association may be validated 1178 by comparing the associations to other
associations and/or wellsite data. The stress association may also be adjusted 1180 to remove data
errors and/or to align with the other associations and/or wellsite data. Examples of calibrating
techniques {(which may be used for the validating) are provided in US Patemt Application No.
2014/0372089, the entire contents of which are hereby incorporated by reference herein.

[0082] The stress association may be applied 1182 to the new well to determine whether to
perforate using GC or EC design. The applying 1182 may involve 1184 drilling a new well and
collecting new wellsite data {e.g., new drilling data} of the new well. The applying 1182 further
involves 1186 generating a high and low stress contrast probability for each stage of the new well
of the wellsite based on the new wellsite data and the stress association.

{00837 Next, a decision may be made as to whether to proceed with a GC or EC design. To do so,
the method involves 1187 generating a production forecast of the new well using the GC design
and a predicted production forecast of the new well based on the new stress contrast disiributions
and an EC design. The forecasts may be performed using synthetic models for GC and EC design.
[(}84] The production forecasts may involve applying a distribution of high and low stress
contrast probability along the stages of the wellbore on the basis of the drilling data variation along
the wellbore. Synthetic stress logs may be created for both GC and EC scenarios by assigning a
stress level to each perforation cluster based on each stage stress contrast distribution for GC and
based on a given EC stress contrast distribution for EC design. Completion design and production
forecasts may be simulated to compute the value of the incremental production and evaluate the
economic value of the BC approach and its associated incremental data acquisition.

[0085] The method continues by 1188 comparing a cost of the new stress log of the well with a
change in revenue between the GC production forecast and the predicted production forecast. See,
for example, the production comparisons of Figures 5.1, 5.2. The production forecasting may be
performed using simulations as is described further herein. The new well may then be selectively
perforated 1190 using the GC or the EC design based on the comparing. The well may then be
stimulated and fluids produced from the surrounding formation.

[0086] Where the production impact indicates that the predicted production forecast for EC design
generates sufficient increased production o outweigh the cost of a siress log, the stress log is

performed and the EC design is generated based on the stress contrast distribution. Where the
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production tmpact is insufficient, no log is performed and GC design may be performed. A
production analysis may be performed {o determine if the production forecast increase is higher
than the cost of logging.

[0G87] Wells for which the incremental production generated by the EC approach makes the
mcremental data acquisition economical are flagged for logging. This can be done while the well
is still being drilled. A given portion of the well {e.g., at least 50% of the well) may need o be
drilled for the flag to be meaningful. For groups of wells that have already been and which are
pending stimulation, the same workflow can be applied to identify (cased well can be logged with
cased-hole tools).

{6088] The production impact may be a point where revenue difference from forscast productions
for EC may be incremental and may not exceed the logging cost. This production impact also may
be, for example, a point at which an average stress contrast of the GC for the new well is low
enough (e.g., below 400 psi (2758 kPa) to allow each cluster of perforations within a stage to be
stimulated without diversion, or a point at which an average stress contrast of the GC for the new
well is too high to allow each cluster of perforations within a stage to be stimulated without
diversion. If the stress contrast is too high, a few clusters may crack while the others do not {see,
&.g., Figure 3.2).

[0089] Figure 11.2 shows another example method 1100.2 of performing perforation operations.
The method 1100.2 may be used alone or with the method 1100.1 of Figure 11.1 {e.g., 1170.1
and/or 1182). The method 1180.2 involves building stress correlations between stress and drilling
datz in wells which have been siress logged. The method 1100.2 involves 1173 establish
correlation between probability of variation of stress and variation of drilling data in wells for
which stress log is available. See, e.g., Figures 6.1-7.4. Correlations between drilling data and
siresses may be examined o determine a relationship between stress and drilling data, such as
gamma ray and mineralogy. Drilling data such as measurement while drilling (MWD} data and
their interpretation, logging while drilling (L WD) data and their interpretation, drilling parameter,
wellbore trajectory, and cuttings analysis can be processed in a manner that generates probabilitics
of high and low stress comntrast for sets of clusters. These correlations may be based on a
principle that variation of drilling data is correlated to varistion in the rock, itself correlated to
stress contrast.

{00907 The method 1100.2 continues by 1175 applying the correlations to wells for which there is
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drilling data alone, and caloudating an overall proportion of high and low stress conirast stages.
Modeling may be performed (using, e.5., MANGROVE®) to 1177 create synthetic stress profiles
for both GC and EC design based on calculated proportion of high and low stress contrast stages.
The process 1173-1177 used to create the synthetic stress profiles for GC and EC may be repeated
for multiple scenarios. For selected GC and EC profiles, 1179 synthetic stress logs may be created
to allow for simulation of both GC and EC designs and compare production forecast and economies.
See, e.g., Figures 5.1 and 5.2, Based on the modeling, wells may be 1181 - flagged/ranked based
on which economically benefit from further data acquisition required for EC approach.

100911 Once correlations are established on a well for which both drilling data and stress log are
available, these correlations can be used on near-by wells for which drilling data alone is available
to create synthetic GC and EC design that can be compared to evaluate the economic value of the
EC design and associated data gathering. This method may allow for wells to be evaluated during
the drilling phase as data is gathered to produce a real-time decision that triggers the mobilization
of logging tools or not based on the economic  analysis. This process can also be used on large
groups of wells that are cased-cemented and are waiting to be stimulated. Wells among such a large
group that have the potential {6 economically benefit the most from an EC design may be flagged
for logs {e.g., cased-hole logs) and EC design.

[0092] Part or all of the methods (and or various combinations of the methods) may be performed
in any order and repeated as desired.

{00937 Although the present disclosure has been described with reference to embodiments and
implementations thereof, the present disclosure is not to be limited by or fo such embodiments
and/or implementations. Rather, the systems and methods of the present diselosure are susceptible
to various modifications, variations and/or enhancements without departing from the spirit or
scope of the present disclosure. Accordingly, the present disclosure expressly encompasses all
such modifications, variations and enhancements within its scope.

[6094] It should be noted that in the development of any such actual embodiment, or numerous
implementation, specific decisions may be made to achieve the developer’s specific goals, such as
compliance with system related and business related constraints, which will vary from one
implementation to another. Moreover, it will be appreciated that such a development effort might
be complex and time consuming but would nevertheless be a routine undertaking for those of

ordinary skill in the art having the benefit of this disclosure. In addition, the embodiments
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used/disclosed herein can also include some components other than those cited.

[0095] In the description, each numerical value should be read once as modified by the term
“about” (unless already expressly so modified), and then read again as not so modified unless
otherwise indicated in context. Also, in the description, it should be understood that any range
listed or described as being useful, suitable, or the like, is intended that any and every value within
the range, including the end points, is to be considered as having been stated. For example, “a
range of from 1 to 107 is to be read as indicating each and every possible number along the
continuum hetween about 1 and about 10. Thus, even if specific data points within the range, or
even no data points within the range, are explicitly identified or refer to a few specific ones, it is
to be understood that inventors appreciate and understand that any and all data points within the
range are to be considered {0 have been specified, and that inventors possessed knowledge of the
entire range and all points within the range.

[0096] The statements made berein merely provide information related to the present disclosure
and may not constitie prior art, and may describe some embodiments iflustrating the invention.
Al references cited herein are incorporated by reference into the current application in their
entirety.

[0097] Although only a few example embodiments have been described in detail above, those
skilled in the art will readily appreciate that many modifications are possible in the example
embodimenis without materially departing from the system and method for performing the
integrated oilfield {c.g., fracture and production) operations. Accordingly, all such modifications
are intended to be included within the scope of this disclosure as defined in the following claims.
In the claims, means-plus-function clauses are intended to cover the structures described herein as
performing the recited function and not only just structural equivalents, but also equivalent
structures. Thus, although a nail and a screw may not be structural equivalents in that a nail
employs a cylindrical surface to secure wooden parts together, whereas a screw employs a helical
surface, in the environment of fastening wooden parts, a nail and a8 screw may be equivalent
structures. It is the express intention of the applicant not to invoke 35 U.8.C. § 112, paragraph 6
for any limitations of any of the claims herein, except for those in which the claim expressly uses

the words ‘means for’ together with an associated function.
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CLAIMS
What is claimed s

1. A method of performing a perforation operation at a wellsite, the wellsite positioned
about a subterranean formation, the wellsite having a geometric completion design for
perforating stages along a well of the wellsite, the method comprising:
generating a stress contrast distribution for each of the stages of the well based on
wellsite daia of the well, the wellsite data comprising drilling stress dataand 2
stress log of the well, the stress contrast distribution comprising a difference
between maximum and minimum stress for each of the stages;
generating a stress association betwesn the drilling sivess data and data from the stress
log;
generating a new stress contrast distribution for each of the stages of a new well based on
new wellsite data of the new well and the stress association, the new wellsite data
comprising new drilling stress data of the new well;
generating a production forecast of the new well using the geometric completion design
for the new well and a predicted production forecast of the new well based on the
new siress contrast distributions and an engineered completion design;
comparing a cost of the stress log of the new well with a change in revenue between the
geometric completion design production forecast and the predicted production
forecast of the engineered completion design; and
selectively perforating the new well using one of the geometric completion design and
the engineered completion design based on the comparing whereby stress logging

may be selectively performed.

2. The method of claim 1, wherein, if the change in revenue between the production forecast
and the predicted production forecast exceeds the cost of the new stress log, performing the
stress log, adjusting the geometric completion design to the engineered completion design, and
perforating the new well according to the engineered completion design.

3. The method of ¢claim 1, wherein, if the cost of the new stress log excesds the change in

revenue between the production forecast and the predicted production forecast, perforating the
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new well according 1o the geometric completion design.

4. The method of claim 1, wherein the drilling stress data comprises gamma ray data of the
new well and the stress association comprises a stress correlation between the gamma ray dala
and the stress data.

5. The method of claim |, wherein the drilling stress data comprises mineralogy of cuttings
from the new well and the stress association comprises a stress correlation between the
mineralogy and the stress data.

6. The method of claim 1, wherein the drilling stress data comprises mechanical specific
energy and the stress association comprises a stress correlation between the mechanical specific
energy and the stress data.

7. The method of claim 1, wherein the siress association comprises a percent distribution of
the drilling sivess data about 3 histogram.

8. The method of claim 1, further comprising validating the stress association by comparing
the stress association with another stress association.

9. The method of claim 8, further comprising adjusting the stress association and the
another stress association based on the comparing.

10.  The method of claim 1, further comprising generating the drilling stress data and the sew
drilling stress data by at least one of sensing drilling parameters at the wellsite, measuring

parameters of cuttings from the wellbore, and logging the wellbore during drilling.

22



WO 2017/106867 PCT/US2016/067608

11. A method of performing a perforation operation at a wellsite, the wellsite positioned
about a subterranean formation, the wellsite having a geometric completion design for
perforating stages along a well of the wellsite, the method comprising:
drilling the well at the wellsite and measuring wellsite data comprising drilling stress
data;
logging the well and generating a sivess log;
generating a stress contrast distribution for each of the stages of the well based on the
wellsite data of the well, the wellsite data comprising the drilling stress data and
the stress log, the siress contrast distribution comprising a difference between
maximum and minimum siress for each of the stages;
generating 8 stress association between the drilling stress data and data from the stress
log;
drilling a new well at the wellsite and ymeasuring new wellsite data comprising new
drilling stress data;
generating & new siress contrast distribution for each of the stages of the new well based
on the new wellsite data of the new well and the siress association, the new
wellsite data comprising the new drilling stress data of the new well;
generating a production forecast of the new well using the geometric completion design
for the new well and a predicted production forecast of the new well based on the
new stress confrast distribution and an engineered completion design;
comparing a cost of a new siress log of the new well with a change in revenue between
the geometric completion design production forecast and the predicted production
forecast of the engineered completion design;
if the change in revenue comprises an increase in revenue which is greater than the cost
of the new stress log, then logging the new well and defining the engineered
completion design based on the logging, and
perforating the new well using the engineered completion design whereby stress logging

may be selectively performed.

12.  The method of claim 11, further comprising injecting the new well and producing fluid

from the new well.
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13, The method of claim 11, further comprising if the change in revenue is less than the cost

of the new stress log, then perforating the new well using the geometric completion design.

14, A method of performing a perforation operation at a wellsite, the wellsite positioned
about a subterrancan formation, the wellsite having a geometric completion design for
perforating stages along a well of the wellsite, the method comprising:
drilling the well at the wellsite and collecting wellsite data comprising drilling stress data;
logging the well and generating a stress log;
generating a stress contrast distribution for each of the stages of the well based on the
wellsite data of the well, the wellsite data comprising the drilling stress data and
the stress log, the siress contrast distribution comprising 2 difference betwesn
maximum and minimum siress for each of the stages;
generating a stress association between the drilling stress data and data from the stress
log;
drilling a new well at the wellsite and measuring new wellsite data comprising new
drilling stress data;
generating a new siress contrast distribution for each of the stages of the new well based
on the new wellsite data of the new well and the stress association, the new
wellsite data comprising the new drilling stress data of the new well;
generating a production forecast of the new well using the geometric completion design
for the new well and a predicted production forecast of the new well based on the
new stress contrast distribution and an engineered completion design;
comparing a cost of a new stress log of the new well with a change in revenue between
the geometric completion design production forecast and the predicted production
forecast of the engineered completion design;
if the change in revenue comprises an increase in revenue which is greater than the cost
of the new stress log, then logging the new well, defining the engineered
completion design based on the logging, and perforating the new well using the
engineered completion desigm;
if the change in revenue is less than the cost of the new stress log, then forming
perforations in the new well by perforating the new well using the geometric

completion design;
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injecting stimulation fluid into the formation through the perforations in the formation;
and

producing fhad from the well.

The methad of claim 14, further comprising generating the engineered completion design

hased on the new drilling dats and the geometric completion desiga.

1s.

The method of claim 14, wherein the collecting comprises measuring the drifling data

during dritling and collecting mineralogy samples during drilling.

7.

The method of claim 14, wherein the generating a stress association comprises:
establishing a correlation between a probability of variations of stress and variation of the
drilling data in one or more wells of the wellsite for which the stress log is

available;

applying the correlations to the wells for which there is only drilling data and calculating
overall proportion of stages with high and low stress contrast distribution;

creating synthetic stress profiles for both the geometric completion and engineered
completion design based on the calculated proportion of the stages with the high
and low stress contrast distribution;

creating a synthetic stress log allowing for simulation of both the geometric completion
and engineered completion design based on calculated proportion of the stages
with the high and low stress contrast disiributions; and

ranking wells that economically benefit from further data acquisition required for the

engineered completion design.
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1170.1 - BUILDING A STRESS ASSOCIATION

1182 - APPLYING THE STRESS ASSOCIATION TO A NEW WELL

11/12

1100.7 - METHOD OF PERFORMING A PERFORATION OPERATION

A

(1172 - COLLECTING WELLSITE DATA (E.G., DRILLING DATA AND LOGGING

DATA) OF A WELL

- MEASURING DRILLING DATA (E.G., WOB, ROP, GAMMA, ETC.) DURING
DRILLING

- COLLECTING MINERALOGY SAMPLES DURING DRILLING

- GENERATING STRESS LOGS (E.G., RESISTIVITY, ANISTROPY, GAMMA
ETC.) OF THE WELLBORE (E.G., BY LOGGING THE WELLBORE)

1174 - GENERATING A STRESS CONTRAST FOR EACH STAGE OF THE WELL

BASED ON THE WELLSITE DATA, THE STRESS CONTRAST COMPRISING
éﬁ\FD]I_II:',II-:__Eg?]I%qI\é%ES BETWEEN MAXIMUM AND MINIMUM STRESSES OF EACH

1176 - GENERATING A STRESS ASSOCIATION (E.G., CORRELATION

THRESHOLD) BETWEEN THE DRILLING DATA AND THE STRESS LOG

- gﬁ%@é RAY, MINERALOGY, OR MECHANICAL SPECIFIC ENERGY VS.

- PLOTTING, HISTOGRAM, OR DISTRIBUTION

1178 - COMPARING THE STRESS ASSOCIATIONS TO OTHER ASSOCIATIONS

AND/OR WELLSITE DATA

1180 - ADJUSTING THE STRESS ASSOCIATIONS BASED ON THE COMPARING

(1184 - DRILLING A NEW WELL AND COLLECTING NEW WELLSITE DATA OF THE

NEW WELL, THE NEW WELLSITE DATA COMPRISING DRILLING DATA OF
THE NEW WELL

1186 - GENERATING A NEW STRESS CONTRAST FOR EACH STAGE OF THE NEW

WELL OF THE WELLSITE BASED ON THE NEW WELLSITE DATA (E.G.,
DRILLING DATA) AND THE STRESS ASSOCIATIONS

1187 - GENERATING A PRODUCTION FORECAST OF THE NEW WELL USING THE

GEQOMETRIC COMPLETION DESIGN FOR THE NEW WELL AND A PREDICTED
PRODUCTION FORECAST OF THE NEW WELL BASED ON THE NEW STRESS
CONTRAST DISTRIBUTION AND AN EC DESIGN

1188 - COMPARING A COST OF THE NEW STRESS LOG OF THE NEW WELL WITH

A CHANGE IN REVENUE BETWEEN THE GCPRODUCTION FORECAST
AND THE PREDICTED PRODUCTION FORECAST

1190 - SELECTIVELY PERFORATING THE NEW WELL USING THE GEOMETRIC

COMPLETION DESIGN OR THE ENGINEERED COMPLETION DESIGN BASED
ON THE COMPARING

FIG. 11.1
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1100.2 -

12/12

METHOD OF PERFORMING A PERFORATION OPERATION

1173 -

ESTABLISH A CORRELATION BETWEEN PROBABILITY OF
VARIATION QF STRESS AND VARIATION OF DRILLING DATA
IN WELLS FOR WHICH STRESS LOG IS AVAILABLE

l

1175 - APPLY CORRELATIONS TO WELLS FOR WHICH THERE IS

ONLY DRILLING DATA AND CALCULATE OVERALL
PROPORTION OF HIGH AND LOW STRESS CONTRAST STAGES

l

1177 -

CREATE SYNTHETIC STRESS PROFILES FOR BOTH GC AND EC
DESIGN BASED ON CALCULATED PROPORTION OF HIGH AND
LOW STRESS CONTRAST STAGES

l

1179 -

CREATE SYNTHETIC STRESS LOG ALLOWING FOR SIMULATION
OF BOTH GC AND EC DESIGNS AND COMPARE PRODUCTION
FORECAST AND ECONOMICS

l

1181 -

FLAG/RANK WELLS THAT ECONOMICALLY BENEFIT FROM
FURTHER DATA ACQUISITION REQUIRED FOR EC APPROACH

FIG. 11.2
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