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DETERMINING FRACTURE SURFACE AREA IN A WELL

CLAIM OF PRIORITY
[0001] This application claims priority to U.S. Patent Application No.
16/355,241 filed on March 15, 2019, the entire contents of which are hereby

incorporated by reference.

TECHNICAL FIELD
[0002] This disclosure relates to hydrocarbon production through hydraulic

fractures along a wellbore in a well.

BACKGROUND
[0003] Hydraulic fracturing is generally applied after a borehole is drilled
and a wellbore formed. Hydraulic fracturing employs fluid and material to
create fractures in a geological formation in order to stimulate production from
oil and gas wells. The fracturing can generate paths that increase the rate at
which production fluids can be produced from the reservoir formation. The
process typically involves injection of fracturing fluid into a wellbore to generate
cracks in the rock formations through which natural gas, petroleum,
and brine will flow more freely. The fracturing may increase production from
the formation. The amount of production may be related to the amount of
fracturing. Hydraulic fracturing may be employed in rocks such as tight
sandstone, shale, and coal beds. Hydraulic fracturing may allow for the
recovery of oil and natural gas from formations that geologists once believed

were impossible to produce, such as tight shale formations.

SUMMARY
[0004] An aspect relates to a method of a computer-implemented workflow,
including determining effective fracture surface-area per cluster of hydraulic
fractures of a hydraulically-fractured well. The determining of the effective
fracture surface-area per cluster includes estimating total effective fracture
surface-area associated with a wellbore of the hydraulically-fractured well and
estimating relative distribution of effective fracture surface-area along the

wellbore. The determining of the effective fracture surface-area per cluster
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includes estimating effective fracture surface-area per cluster of hydraulic
fractures along the wellbore correlative with the total effective fracture surface-
area and the relative distribution.

[0005] Another aspect relates to a computer-implemented method including
obtaining data of well parameters of a hydraulically-fractured well, integrating a
model with the data, and estimating effective fracture surface-area per cluster
of hydraulic fractures along a wellbore of the hydraulically-fractured well having
multiple clusters of hydraulic fractures along the wellbore.

[0006] Yet another aspect relates to a computing system having an
estimator to determine effective fracture surface-area per cluster of hydraulic
fractures of a hydraulically-fractured well. To determine the effective fracture
surface-are per cluster includes to estimate total effective fracture surface-area
associated with a wellbore of the hydraulically-fractured well, estimate relative
distribution (non-uniform) of effective fracture surface-area along the wellbore
via an analytical model or numerical model, and estimate effective fracture
surface-area per cluster of hydraulic fractures along the wellbore correlative
with the total effective fracture surface-area and the relative distribution.
[0007] Yet another aspect relates to a computing system for determining
effective fracture surface-area per cluster of hydraulic fractures of a
hydraulically-fractured well. The computing system includes a processor and
memory storing code executable by the processor to direct the computing
system to: estimate total effective fracture surface-area associated with a
wellbore of the hydraulically-fractured well via rate transient analysis (RTA);
estimate relative distribution of effective fracture surface-area along the
wellbore via a model, where the relative distribution is non-uniform; and
estimate effective fracture surface-area per perforation cluster of hydraulic
fractures along the wellbore correlative with the total effective fracture surface-
area and the relative distribution.

[0008] Yet another aspect relates to a non-transitory, computer-readable
medium storing instructions executable by a processor of a computing device
to: estimate total effective fracture surface-area associated with a wellbore of a
hydraulically-fractured well via rate transient analysis (RTA); estimate relative

distribution of effective fracture surface-area along the wellbore via an
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analytical model or numerical model, where the relative distribution is non-
uniform; and estimate effective fracture surface-area per cluster of hydraulic
fractures along the wellbore correlative with the total effective fracture surface-
area and the relative distribution.

[0009] The details of one or more implementations are set forth in the
accompanying drawings and the description later. Other features and
advantages will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTION OF DRAWINGS
[0010] FIG. 1 is a block flow diagram of a method of a computer-
implemented workflow for determining effective fracture surface-area per
cluster of hydraulic fractures.
[0011] FIG. 2Ais a plot of normalized gas potential versus material balance
time referring to the cases in FIG. 2B
[0012] FIG. 2B is sample top view representations of uniform and non-
uniform relative distribution of effective fracture lengths along a wellbore
trajectory for a fixed fracture height, and with both cases representing the
same total effective fracture surface-area.
[0013] FIG. 3 is an estimated production plot of gas volume over time for
uniform and non-uniform distribution of effective fracture lengths along a
wellbore trajectory for a fixed fracture height.
[0014] FIG. 4 is a block flow diagram of a computer-implemented method of
estimating effective fracture surface-area per cluster of hydraulic fractures.
[0015] FIG. 5is a computing system for determining effective fracture
surface-area per cluster of hydraulic fractures.
[0016] FIG. 6 is a block diagram depicting a tangible, non-transitory,
computer (machine) readable medium to facilitate modeling and prediction of
proppant embedment in reservoir formation rock.
[0017] FIG 7 is a diagram of well site having a horizontal wellbore with
multiple perforated clusters of hydraulic fractures along the wellbore.
[0018] Like reference numbers and designations in the various drawings

indicate like elements.
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DETAILED DESCRIPTION
[0019] This disclosure relates to determining fracture surface-area in a
hydraulically-fractured well. Embodiments may determine the effective
fracture surface-area of hydraulic fractures along a wellbore including per
cluster of hydraulic fractures. The “effective” fracture surface-area may be
defined as fracture surface area contributing to fluid flow from the geological
formation into the wellbore. The total effective fracture surface-area may be
defined as total propped and unpropped fracture surface-area contributing to
fluid flow from reservoir matrix to the wellbore. The fluids may include oil, gas,
and water. The hydraulically-fractured well may include multiple clusters of
hydraulic fractures along the wellbore. In implementations, the multiple
clusters are formed through respective wellbore perforations. A cluster of
hydraulic fractures formed through a wellbore perforation may include a group
of hydraulic fractures including a primary fracture(s) and secondary fractures.
The cluster may include planar fractures, tensile fractures, shear fractures, and
complex fractures.
[0020] The surface area of a hydraulic fracture may be the sum of the
surface area of the two-dimensional (2D) surfaces of the fracture. The units of
measure of fracture surface area may be, for example, in square meters or
square feet.
[0021] The effective fracture surface-area of the sum of hydraulic fractures
associated with perforation clusters in a wellbore should be the “total” effective
fracture surface-area for all of the perforation clusters along the wellbore. The
effective fracture surface-area may vary among respective perforation clusters
present in a wellbore. A “distribution” of effective fracture surface-area, which
describes such variation in effective fracture surface-area, may be considered
along the wellbore trajectory. The distribution may cumulatively sum to the
total effective fracture surface-area. The distribution along a longitudinal or
axial length of the wellbore may include effective fracture surface-area per unit
length of the wellbore, per segment or section of the wellbore, and per
perforation cluster. The effective fracture surface-area along the wellbore may
be non-uniform and thus the relative distribution may indicate a changing value

of effective fracture surface-area along the wellbore.
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[0022] Some aspects of the present techniques are directed to estimating
or determining distribution of effective fracture surface-areas in a hydraulically-
fractured well. The well may be horizontal, deviated, or vertical. A “relative”
distribution may be considered in that the distribution may be non-uniform
along the wellbore trajectory.

[0023] Accurate predictions of hydrocarbon rates and recovery from
hydraulically-fractured horizontal wells in unconventional reservoirs may
depend on accurate characterization of hydraulic fractures. The
characterization may include height, half-length, and conductivity of the
hydraulic fractures. Overall or total effective surface-area of the hydraulic
fractures can be estimated by analyzing rate and pressure data with reservoir
models or reservoir engineering. However, fracture surface area associated
with individual perforation clusters of hydraulic fractures has typically been
unknown for a given formation or well. Such lack of knowledge can introduce
uncertainty in the prediction of hydrocarbon rates and recovery, and therefore
adversely affect production forecasts. Further, while hydraulic-fracture
propagation models can provide estimates of fracture size, the estimates
typically do not address effective surface area. The effective surface area
(surface area that contributes to flow) can be different than the surface area
associated with the fracture size provided by the model estimates. Moreover,
while aggressive depletion may theoretically increase the flow potential, an
associated decrease in effective fracture surface-area may counter some of
the benefit of aggressive depletion.

[0024] Knowledge of the relative contribution of individual perforation
clusters to the total flow may aid evaluation of drawdown strategy to increase
production rates or recovery. Field development plans may consider cash flow
analysis which can depend on rate and recovery estimates. Information of
how fracture surface areas are distributed along the wellbore trajectory may
play a role. In addition, learning the non-uniform fracture distribution may also
facilitate decisions of well spacing to prevent or reduce well interferences and
where to refracture if needed.

[0025] The techniques may determine relative distribution of hydraulic

fracture surface-area along the wellbore trajectory. This information may be
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beneficial for accurate estimation of ultimate recovery and, therefore, for
project economics and improved field development. Embodiments of the
present techniques may give improvement in predictions of rates and recovery.
[0026] Implementations may include a system and method to estimate
effective surface area for each cluster individually by integrating analytical and
numerical simulation models with reservoir monitoring data and petrophysical
data. Such determination of effective surface area per cluster may improve
hydrocarbon rate and recovery estimates from hydraulically-fractured wells.
Embodiments include at least deviated or horizontal wells in an unconventional
reservoir. The evaluation may recognize that reservoir pressure and well
pressure at each cluster may be different. For a given cluster, the surface
areas and production rates may be considered, measured, or calculated
independent of other clusters.

[0027] The present techniques may incorporate real-time fiber optic
monitoring data, in conjunction with analytical and numerical reservoir
simulation models, to obtain effective fracture surface-area (and fracture
conductivity) with depletion. The incorporation of fiber-optic monitoring data
may facilitate improvement or optimization of drawdown strategy. Inclusion of
real-time fiber optic monitoring data may be integrated with well flow models
(for example, the data as inputs and for calibration) so that drawdown strategy
can be improved or optimized, for example, to manage liquid loading. Real-
time fiber optic monitoring data may also be considered independent of
models. The fiber optic monitoring or other sensing techniques that measure
pressure, temperature and rates at one or more locations along the wellbore
length can be employed with reservoir engineering models including analytical
and numerical reservoir simulation models to obtain effective fracture surface-
area (and conductivity) with depletion. Such data and evaluations can aid
development of drawdown strategy. Reservoir pressure at the respective
locations of fracture clusters may be considered. The reservoir pressure at
each location of a fracture cluster may incorporated into the reservoir
engineering models.

[0028] As mentioned, accurate predictions of hydrocarbon production rates

and recovery from hydraulically fractured horizontal wells in unconventional
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reservoirs may depend on accurate characterization of hydraulic fractures
created in terms of their height, half length, and conductivity. Total effective
fracture surface-area may be estimated by analyzing rate and pressure data
with reservoir engineering techniques such as rate transient analysis (RTA),
numerical simulations, and material balance. However, effective fracture area
created for each individual clusters has typically been an unknown. Lack of
this knowledge of effective fracture area per each cluster may introduce
unacceptable uncertainties in predictions of rates and recovery. In contrast,
present embodiments estimate the distribution of effective fracture surface-
area per cluster. This estimation or determination may be implemented by
integrating classical reservoir engineering analysis with distributed reservoir
monitoring data along the wellbore trajectory.

[0029] Real-time or time-delayed distributed monitoring, tracer injection
tests, and production logging may aid in evaluation of the relative contribution
of individual clusters to the total production flow. The distributed monitoring
may measure pressure, temperature, flow rate, and acoustic level. The
distributed monitoring and measuring may be, for example, via fiber optic
cables or multiple sensors installed along the well trajectory or wellbore.
Moreover, intra-cluster and intra-well interferences during fracturing and
production may be detected with implementation of these monitoring
techniques. Real-time or time-delayed monitoring may also facilitate
evaluation of the changes in effective area and conductivity of hydraulic
fractures due to closure, and evaluation of how the individual contribution of
each cluster to the total flow stream changes with pressure depletion.
Although increasing rate of depletion may tend to increase the flow potential,
an associated reduction in effective fracture surface-area may counter some of
the benefit. These aforementioned features and considerations may facilitate
evaluation and improvement of drawdown strategy to increase rates or
recovery.

[0030] Another benefit of real-time (or time-delayed) monitoring is to
observe and analyze how wellbore flow dynamics change with increasing
depletion. Such monitoring data can be employed to calibrate numerical well-

flow models by tuning parameters to increase or optimize deliverability of the
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well in the presence of liquid loading. In certain implementations, numerical or
analytical simulation-model results of hydraulically fractured wells (for
example, horizontal wells) may be calibrated with the measured data including
pressure, rate, and total production.

[0031] In summary, embodiments may facilitate estimating effective
surface-area created per individual cluster by integration of overall effective
surface-area estimated with reservoir engineering techniques and utilizing data
sets from reservoir monitoring technologies. Predictions of rates and recovery
may be improved with the additional information of effective fracture surface-
area distribution along the well trajectory.

[0032] FIG. 1 is a method 100 of estimating or determining fracture surface-
area in a hydraulically-fractured well. The well may include a deviated or
horizontal wellbore in a geological formation. The geological formation has
rock and fluid. Rock types can include shale, carbonate, and tight sands. The
formation rock may be heterogeneous. Calculations giving numerical values
for effective fracture surface-area (for example, in square meters) may be
associated with method blocks 102, 104, and 106 discussed later.

[0033] The method 100 may be a computer-implemented method. For
example, code (instructions, logic) stored in memory of a computing system
may be executed by a processor of the computing system to direct the
processor to perform the actions of method 100. The method 100 can be a
workflow for determining total effective fracture surface-area along a wellbore
of a hydraulically-fractured well. The hydraulically-fractured well may include
multiple clusters of hydraulic fractures formed through wellbore perforations
along the wellbore.

[0034] At block 102, the method includes determining total effective fracture
surface-area of hydraulic fractures associated with a well or wellbore by
performing a model or reservoir engineering such as RTA. The relative
distribution of effective fracture surface-area along the wellbore trajectory may
be determined based, for example, at least in part on an analysis with well
monitoring data such as distributed acoustic sensing (DAS), distributed
temperature sensing (DTS), and production logging (PLT). The estimating of

total effective fracture surface-area may include estimating total effective
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fracture surface-area of clusters of hydraulic fractures associated with the
wellbore of the hydraulically-fractured well. An output of this block 102 action
may be total effective fracture surface-area, for example, in square meters
(m2) or square feet (ft2).

[0035] The RTA may be performed to estimate total effective surface-area
using rate and pressure history, pressure-volume-temperature (PVT)
relationships, completion information, well logs, core data, and a geological
model. Inputs can include history of production rate and well pressure. The
hydrocarbon produced can be crude oil or natural gas, or both. Inputs can
include PVT conditions in the wellbore. Inputs to the RTA can include the
wellbore trajectory and also detail of the clusters of hydraulic factures. The
wellbore trajectory may be the direction(s) in which the well or wellbore is
drilled, the size of the wellbore, and the length of the wellbore. The fracture
cluster details can include fracture cluster spacing and the number of fractures
per cluster. Further, inputs to the RTA can include well logs, core sample
data, and geological models of the geological formation. In a hypothetical
example case with 100 perforation-clusters, 100-feet fracture height, and 500-
feet average effective fracture half-length, the total effective fracture area may
be estimated to be about 20 million square feet.

[0036] At block 104, the method includes determining or estimating the
relative distribution of effective fracture surface-areas along the wellbore
trajectory. The output can be percent (%) of total effective fracture surface-
area per unit length or perforation-cluster (for example, % per meter or per
perforation-cluster). The distribution may cumulatively sum to the total effective
fracture surface-area. In the aforementioned hypothetical example case, the
percentage of total effective fracture surface-area per perforation-cluster may
vary from 0.0% to 5%.

[0037] In embodiments, the relative distribution of the effective fracture
surface-area may be estimated by employing analytical or numerical flow
models and via distributed monitoring data along the wellbore. The flow in the
models can refer to produced flow (for example, including hydrocarbon) from
the geological formation through the hydraulic fractures into the wellbore. The

hydrocarbon (for example, oil and gas) and additional fluids present in the
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geological formation may flow from the hydraulic fractures through wellbore
casing perforations into the wellbore. The flow models may be analytical,
numerical, and hybrid. Analytical and numerical reservoir simulation models
may be employed. In some implementations, an analytical linear-flow model
for a hydraulically-fractured well is utilized. In one example, the analytical
linear flow-model solution presented in Equations 1.1-1.4 is employed.
[0038] Inputs for estimating the relative distribution of effective fracture
surface-area may include distributed monitoring data along the wellbore
trajectory. Such may be provided by production logs and fiber-optics. While
logs may characterize the wellbore, formation, and fluids prior to well
completion, logging tools may be employed to provide information during
production operations. The production logs and associated tools may give
axial flow rate or velocity, pressure, temperature, and fluid density, of
production. Production logging tools may be run in completed wells to
ascertain the nature and behavior of fluids in or around the borehole during
production.

[0039] Furthermore, fiber-optic systems may be employed to enable direct
conversion of downhole measurements into optical signals, such as in
measuring real-time temperature and pressure data down the wellbore. Fiber-
optic monitoring or sensing may include distributed temperature and acoustic
sensing, pressure and temperature measurements, and evaluation of fluid
movement over time within the wellbore. Fiber optic monitoring services can
include a portfolio of distributed and point sensors along the wellbore trajectory
to evaluate a wellbore in well operation.

[0040] The in-well fiber optic monitoring systems may be installed in wells
for monitoring pressure (for example, discrete pressure), temperature, flow
rate, phase fraction, and seismic. The fiber-optic system can include fiber
optic sensors including, for example, fiber-optic pressure sensors and
distributed temperature sensors (DTS). The fiber-optic system can include, for
example, transducers and fiber optic cables, fibers, and connectors.
Downhole sensors or gauges other than fiber-optics, as well as supervisory
control and data acquisition (SCADA), may be employed for sensing,

measuring, and collecting data.

10



10

15

20

25

30

WO 2020/190632 PCT/US2020/022322

[0041] The distribution of effective fracture surface-area along a longitudinal
or axial length of the wellbore may be effective fracture surface-area per unit
length of the wellbore (or per segment, section, or cluster of the wellbore), and
may be non-uniform. The effective surface area per unit length may vary
along the axial length of the wellbore. The relative distribution of the effective
surface may be determined per different longitudinal segments or axial
sections of the wellbore. In some implementations, the relative distribution
may be in percent of the total effective surface-area per unit length along the
wellbore, and in which the percent may not be constant but instead changes
along the wellbore. The estimating of relative distribution (non-uniform) may
include estimating relative distribution of effective fracture surface-area of the
perforation clusters along the wellbore.

[0042] At block 106, the method includes determining the effective fracture
surface-area per cluster of hydraulic fractures. The units of measure of this
output may be m2 per cluster or ft2 per cluster. The determining may involve
calculating and estimating the effective fracture surface-area per cluster. The
determining may involve determining effective fracture surface-area per each
cluster of hydraulic fractures of the hydraulically-fractured well. The effective
fracture surface-area of a first cluster may be different than effective fracture
surface-area of a second cluster. The effective fracture surface-area per
cluster may be calculated, for example, by integrating the information obtained
from blocks 102 and 104.

[0043] The determining of the effective fracture surface-area per cluster
may include constraining the relative distribution of effective fracture surface-
areas with the total effective fracture surface-area estimated via the RTA
(block 102). The summation of the estimated effective fracture surface-area
per cluster may be fitted partially or fully to the total effective fracture surface-
area determined via the model (for example, RTA) in block 102. The
estimated production per cluster may also be similarly constrained. In the
aforementioned hypothetical example case, the effective fracture surface-area
per perforation-cluster, calculated by integrating the information obtained from
blocks 102 and 104, may vary from 0.0 to 1.0 million square feet. Block 106

11
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may combine the results of block 102 (total effective fracture surface-area)
with the results (relative distribution) of block 104.

[0044] At block 108, the method may include applying the workflow blocks
102, 104, and 106 for different time periods in production history to estimate
how effective fracture surface-area per each cluster or fracture changed with
time or depletion. This historical evaluation may be based on, for example,
historical real-time distributed monitoring data (for example, collected via fiber
optics). The method may alter or adjust the drawdown strategy to increase
recovery in response to this historical analysis. The method may include
determining a drawdown strategy in response to reduction in the effective
fracture surface-area per cluster over time or depletion. The determination
may be performed with or without the historical analysis.

[0045] At block 110, the method may alter or generate a production
forecast based on determined variation in effective fracture surface-area per
cluster along the wellbore trajectory. The determined variation may be per
blocks 102, 104, and 106, and optionally including block 108. The variation of
effective fracture surface-area along the well trajectory may be an input for
analytical or numerical flow models to improve or alter production forecasts.
The production forecast may be for a single well or multiple wells, and may be
a simple forecast, a complex forecast, or simulated forecast. A forecast may
consider production start rate and decline rate in some instances, and may
incorporate various declines such as exponential, linear, harmonic, and
hyperbolic. The estimated ultimate recovery (EUR) may be considered. Of
course, the present techniques are not limited to a particular type of production
forecast. Again, a production forecast may be generated, altered, or revised in
response to the earlier-discussed estimation of effective fracture surface-area
per each cluster along the wellbore trajectory.

[0046] An analytical linear flow model solution (Equations 1.1-1.4 or
Equations 1.1-1.7) for a hydraulically fractured well is provided as an example.
This example model solution may involve the constant bottom-hole pressure
solution for the transient linear-flow equation for liquid such as crude oil that is
to some extent compressible. Equations 1.1-1.4 is also applicable for gas well

with pressure terms in Equation 1.1 replaced by pseudo pressure, m(P), which
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is provided in Equation 1.5. This modification may be implemented to consider

pressure dependency of natural gas density and natural gas viscosity.

P=Py . B | ut
qj YAry ke Eq. 1.1
A=) 4y, Eq. 1.2
Q=% Eq. 1.3
9 _ 4 ("_><L> Eq. 1.4
Q A kavg Pavg
P dp
Py=2| P— Eq. 1.5
m(P) -[0 HgZ a
py=p,, ) Eq. 1.6
Myorm(P) = refm g. 1.
Q@)
£y =l Eq. 1.7
o) a

Ay ; = fracture surface area for cluster j
A = total fracture surface area
B = formation volume factor

¢, = total compressibility

k; = average formation permeability near cluster j
kqy4 = average formation permeability
m(P) = pseudo pressure

m(Pror) = pseudo pressure at Pp.¢

P = pressure

P; = initial reservoir pressure

Pyr = well flowing pressure

P,.r = reference pressure

t,p = Material balance time

Q = total flow rate

q; = individual flow rate from cluster j
z = compressibility factor

@; = average porosity near cluster j

13
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$avg = average formation porosity

kg = gas viscosity

[0047] Assumptions for this linear flow model solution may be that the fluid
is incompressible, the initial reservoir pressure and well flowing bottom-hole
pressure are constant along the horizontal trajectory, and the permeability and
porosity may vary along the trajectory. The direct measurement of bottom-
hole flow can relax the assumption of the bottom-hole pressure as constant

along the horizontal trajectory. Ratios of <L> and (ﬂ

avg Pavg

) may be obtained

from well logs and core data. The ratio q,-/Q can be obtained from production

logs, or calculated indirectly from fiber optic data such as DAS and DTS. In
addition to the analytical models, complex numerical simulation models based
on geological information can be built to history match measured responses to
estimate individual surface area for each cluster. Numerical reservoir
simulators coupled with dynamic well flow simulation models can help to
eliminate the assumption of constant bottom-hole pressure along the wellbore
trajectory. In analytical models, it may also be assumed that the initial
reservoir pressure is the same for all clusters. However, for an unconventional
reservoir, such as assumption may not be true. Therefore, reservoir pressure
at each cluster may be determined or considered. The EUR may be the
amount of oil and gas expected to be economically recovered from a well (or
reservoir, field, or basin) by the end of the producing life. The following
discussion demonstrates impact on EUR by non-uniform distribution of fracture
surface area along the wellbore trajectory. Rate transient analysis was
conducted based on pressure and rate data for a hydraulically-fractured
horizontal well in an unconventional reservoir. Results are given in FIG. 2A.
[0048] FIG. 2Ais a plot 200 of normalized gas potential 202 (pounds per
square inch) and its derivative versus material balance time 204 (hours), and
referring to cases in FIG. 2B. Normalized gas potential is pseudo gas
pressure normalized to a reference pseudo gas pressure and then multiplied

by reference pressure as in given in Equation 1.6. Material balance time is the
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ratio of instantaneous cumulative production to instantaneous rate. The
normalized gas potential may be related to EUR.

[0049] FIG. 2A indicates that both uniform 212 and non-uniform 210
hydraulic fracture distribution models matches the plot of normalized gas
potential versus material balance time 206 and its derivative 208 for field data
relatively well. Total fracture surface-area estimated by each model is the
same. However, production forecasts are different. See FIG 3. Curves 210
are output for non-uniform hydraulic-fracture distribution models. Curves 212
are output for uniform hydraulic-fracture models.

[0050] FIG. 2B is sample top view representations of uniform and non-
uniform relative distribution of effective fracture lengths along a wellbore
trajectory for a fixed fracture height, and with both cases representing the
same total effective fracture surface-area. FIG. 2B gives diagram
representations 220 of the distribution of hydraulic fractures or effective
fracture lengths along a wellbore trajectory for the cases discussed with
respect to FIG. 2A. The assumption for these cases is that hydraulic fracture
height is the same for all clusters, but such may not be so. The cases are the
uniform case 222 and the non-uniform case 224. The respective diagrams
222 and 224 for these cases can be interpreted as a two-dimensional (2D)
depiction of the magnitude of hydraulic fractures or effective fracture surface-
area around the depicted centerline as the wellbore. In both respective cases
of the diagram 222 and diagram 224, the total fracture surface-area is the
same and obtained from RTA. The non-uniform 224 distribution is based on
analysis of production logs with Equations 1.1 — 1.4.

[00561] In FIGS. 2A and 2B, the model curves 212 for the uniform 222
fracture distribution case and the model curves 210 for the non-uniform 224
fracture distribution case match the corresponding field data 206, 208. Again,
in both cases, total effective fracture surface-area is equal to each other, and
obtained from RTA. The curves 210 for the non-uniform 224 distribution is
based on analytical simulation model using a transient linear flow equation
similar to Equation 1.4 with integration of petrophysical and production data.
[0052] FIG. 3 is an estimated production plot 300 of gas volume 302

(standard cubic feet) over time 304 (hours). The plot 300 is for uniform and
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non-uniform distributions of effective fracture lengths along a wellbore
trajectory for a fixed fracture height. The production curve 306 is for the non-
uniform case. The production curve 308 is for the uniform case. FIG. 3 gives
production forecast of analytical simulation models previously matched or
calibrated with field data of FIG 2A. The model estimates with the non-uniform
hydraulic fracture distribution are 20% higher in ultimate recovery than the
model with uniform fracture distribution. As mentioned, total fracture surface-
area is the same for both models. FIG. 3 shows that the model with non-
uniform fracture distribution gives an estimate for EUR that is approximately
20% more (arrow 310) than the model with uniform fracture distribution. In
view of these results, it is notable that both cases have the same total effective
fracture surface-area.

[0053] Field development plans are typically primarily based on cash flow
analysis which may depend, for example, on rate and recovery estimates, cost
of completion, and number of wells per section. Therefore, information of how
effective fracture surface-areas are distributed along the well trajectory may
play a beneficial role in improving field development in terms of cluster
spacing, well spacing, and re-fracturing.

[0054] In summary, certain embodiments provide a description of the
distribution of effective hydraulic fracture surface-area along the wellbore
trajectory. This knowledge of relative distribution may be beneficial for
accurate estimation of ultimate recovery. A correct estimation of ultimate
recovery can be advantageous for project economics and improved field
development. Embodiments of the present techniques may improve
predictions of production rates and recovery of hydrocarbon.

[00565] FIG. 4 is a method 400 of estimating effective fracture surface-area
per each cluster (for example, perforation cluster) of hydraulic fractures of a
well. The well may include a wellbore in a geological formation. The clusters
may be associated with the wellbore. In some embodiments, the well is a
hydraulically-fractured deviated or horizontal well in an unconventional
reservoir. The hydraulically-fractured well may include multiple clusters of
hydraulic fractures along the wellbore. In implementations, the multiple

clusters are formed through respective wellbore perforations. The
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hydraulically-fractured well may include multiple clusters of hydraulic fractures
formed through wellbore perforations along the wellbore.

[0066] At block 402, the method includes obtaining and monitoring well
parameters. For example, well parameters obtained may include the wellbore
trajectory direction and fracture cluster details such as fracture cluster spacing.
Further, the method may include obtaining well parameter data such as
petrophysical data for the geological formation (surrounding the wellbore) from
which hydrocarbons are produced. Petrophysical data may include physical
and chemical properties of rocks and the fluids contained in the rocks, and
may be directed to properties relating to the pore system and pore fluid
distribution and flow characteristics.

[0057] Further, the monitoring may include sensing and measurement
systems such as fiber-optic distributed monitoring. Certain embodiments may
incorporate data from fiber-optic monitoring collected in real-time or time-
delayed. The parameters monitored and measured may include pressure,
temperature, and production (fluid) flow rates, at one or more locations along
the wellbore length. The locations for distributed monitoring may be specified
or selected in conjunction with analytical or numerical models, simulation
models, and equation solutions. |n addition, the data collection may include
data from tracer injection tests and production logging.

[0058] At block 404, the method includes integrating model(s) or model
solution(s) with data such as with the data collected in block 402 to give total
effective fracture surface-area and a relative distribution (for example, non-
uniform) of the effective fracture surface-area along the wellbore trajectory. An
analysis may include reservoir engineering model or reservoir engineering
techniques (for example, RTA, numerical simulations, and material balance) to
determine the overall effective fracture surface-area of the total hydraulic
fractures associated with the wellbore. Characterization of hydraulic fractures
in terms of their height, half-length, and conductivity, may be involved. The
models may include analytical or numerical models and flow simulation
models. The models may include simulation models or flow models to
determine the relative distribution of the effective fracture surface-area along

the wellbore trajectory. An example of analytical linear flow-model solution for
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a hydraulically fractured well includes employment of Equations 1.1, 1.2, 1.3,
and 1.4 (and also with Equations 1.5, 1.6, and 1.7) given earlier. These
models and the RTA analysis may receive as inputs (or otherwise be
integrated with) data from block 402.

[0069] The estimating of total effective fracture surface-area may include
estimating total effective fracture surface-area of clusters of hydraulic fractures
associated with the wellbore of the hydraulically-fractured well. The estimating
of relative distribution may include estimating relative distribution of effective
fracture surface-area of the clusters along the wellbore. To estimate total
effective fracture surface-area associated with the wellbore may include to
estimate the total effective fracture surface-area via a reservoir engineering
model or via wellbore monitoring, or a combination thereof. To estimate total
effective fracture surface-area associated with the wellbore may include to
estimate the total effective fracture surface-area via RTA. The relative
distribution of effective fracture surface-area along the wellbore may be
estimated via an analytical model or numerical model, or via distributed
monitoring data, or any combinations thereof.

[0060] At block 406, the method includes determining (for example,
calculating or estimating, or both) the effective fracture surface-are per cluster
of hydraulic fractures along the wellbore. This determination may be
implemented by integrating reservoir engineering analysis with distributed
reservoir monitoring data along the wellbore trajectory, as discussed with
respect to blocks 402 and 404. To estimate effective fracture surface-area per
cluster may be to estimate fracture surface-area per cluster of hydraulic
fractures along the wellbore correlative with the total effective fracture surface-
area and the relative distribution. The determination may involve constraining
the relative distribution of effective fracture surface-areas within the total
effective fracture surface-area estimated via the RTA performed in block 404.
The estimated effective fracture surface-area per cluster may be fitted to the
total effective fracture surface-area. The estimated production per cluster may
also be similarly constrained.

[0061] At block 408, the method includes evaluating well production and

drawdown. The method may improve rate and recovery estimates from
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hydraulically fractured horizontal wells in an unconventional reservoir. The
method may observe and analyze how wellbore flow dynamics change with
increasing depletion. The method may obtain effective fracture surface-area
and conductivity with different depletion scenarios. Reservoir pressure at the
respective locations of fracture clusters may be considered. In particular, the
evaluation may recognize that reservoir pressure and well pressure at each
cluster may be different. Therefore, for a given cluster, the surface areas and
production rates per cluster may be considered and calculated at each cluster
and be different among the clusters. Again, such data and evaluations can aid
development of drawdown strategy. Moreover, the method may consider or
determine conductivity of hydraulic fractures due to closure and how individual
contribution of each cluster to the total production flow changes with pressure
depletion. Although promoting depletion may tend to increase the flow, an
associated reduction in effective fracture surface-area may counter some of
the increase in flow. In all, these aforementioned features may be utilized to
evaluate and improve drawdown strategy to increase rates or recovery.
Predictions of rates and recovery may be improved with the additional
information on fracture surface-area distribution along the wellbore trajectory
including per cluster. The method may determine a drawdown strategy in
response to reduction in the effective fracture surface-area per cluster over
time or with depletion, or both.

[0062] FIG. 5is a computing system 500 having a processor 502 and
memory 504 storing an estimator 506 which may be code (for example, logic
and instructions) executed by the processor 502. The estimator 506 when
executed may direct the processor 502 to determine effective fracture surface-
area per cluster of hydraulic fractures of a hydraulically-fractured well, as
discussed later.

[0063] The computing system 500 may be single computing device, a
server, a desktop, a laptop, multiple computing devices or nodes, a distributed
computing system, or a control system or component of a control system. The
processor 502 may be one or more processors, and each processor may have
one or more cores. The hardware processor(s) 502 may include a

microprocessor, a central processing unit (CPU), or a graphics processing unit
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(GPU). The memory 504 may include volatile memory (for example, cache
and random access memory or RAM), nonvolatile memory (for example, a
hard drive, solid-state drive, and read-only memory or ROM), and firmware.
[0064] In embodiments, the computing system 500 is programmed via code
(including the estimator 506) stored in memory 504 and executed by the
processor 502 to estimate effective fracture surface-area along a wellbore
trajectory. The determination may include effective fracture surface-area per
cluster of hydraulic fractures. To do so in certain embodiments, the code
(including the estimator 506) facilitates the computing system to: (1) estimate
total effective fracture surface-area associated with a wellbore of the
hydraulically-fractured well; and (2) estimate relative distribution of effective
fracture surface-area along the wellbore via an analytical model or numerical
model. To estimate the relative distribution may further include to estimate the
relative distribution via distributed monitoring data along the wellbore. In
implementations, the relative distribution is non-uniform. To estimate the total
effective fracture surface-area associated with the wellbore may include to
estimate the total effective fracture surface-area via a reservoir engineering
model or via wellbore monitoring, or a combination thereof. The total effective
fracture surface-area may be estimated via RTA.

[0065] The computing system 500 via the code (including the estimator
506) may estimate effective fracture surface-area per cluster of hydraulic
fractures along the wellbore correlative with the total effective fracture surface-
area and the relative distribution. To estimate effective fracture surface-area
per cluster may include to estimate effective fracture surface-area per
perforation cluster of hydraulic fractures along the wellbore correlative with the
total effective fracture surface-area and the relative distribution. In addition,
the code may further facilitate the computing system 500 to evaluate
production flow of the well and determine a drawdown strategy for the well,
including in view of the relative distribution and the estimated fracture surface-
area per cluster. The code may facilitate the computing system 500 to perform
actions discussed throughout the present disclosure.

[0066] The computing system 500 improves, for example, the technologies

of well performance evaluation and the production of hydrocarbons (for
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example, natural gas, and crude oil) from a geological formation. In addition,
the computing system 500 is an improved computing system 500 via the code
(including the estimator 506) in determining effective fracture surface-area per
cluster of hydraulic fractures. Such is unconventional in that the fracture
surface-area per cluster has generally been an unknown.

[0067] FIG. 6 is a block diagram depicting a tangible, non-transitory,
computer (machine) readable medium 600 to facilitate determining effective
fracture surface-area of hydraulic fractures. The computer-readable medium
600 may be accessed by a processor 602 over a computer interconnect 604.
The processor 602 may be a controller, a control system processor, a
controller processor, a computing system processor, a server processor, a
compute-node processor, a workstation processor, a distributed-computing
system processor, a remote computing device processor, or other processor.
The processor 602 may be analogous to the processor 502 of FIG. 5, or other
processors.

[0068] The tangible, non-transitory computer-readable medium 600 may
include executable instructions or code to direct the processor 602 to perform
the operations or actions of the techniques described, such as to estimate
effective fracture surface-area of clusters of hydraulic fractures. The various
executed code components discussed may be stored on the tangible, non-
transitory computer-readable medium 600, as indicated in FIG. 6.

[0069] For example, estimate surface-area code 606 may include
executable instructions to direct the processor 602 to: (1) estimate total
effective fracture surface-area associated with a wellbore of a hydraulically-
fractured well via rate transient analysis (RTA); (2) estimate relative distribution
of effective fracture surface-area along the wellbore via an analytical model or
numerical model, and where the relative distribution is non-uniform; and (3)
estimate effective fracture surface-area per cluster of hydraulic fractures along
the wellbore correlative with the total effective fracture surface-area and the
relative distribution. To estimate relative distribution may include to estimate
effective fracture surface-area along the wellbore via distributed monitoring
data. Moreover, in implementations, the hydraulically-fractured well includes

multiple clusters of hydraulic fractures along the wellbore, and where the
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estimated effective fracture surface-area varies per cluster. Evaluate code 608
may direct the processor 602 to evaluate production flow of the well and
determine a drawdown strategy for the well, in view of output via the estimate
surface-area code 606. It should be understood that any number of additional
executable code components not shown in FIG. 6 may be included within the
tangible non-transitory computer-readable medium 600 depending on the
application.

[0070] FIG. 7 is a well site 700 having a wellbore 702 formed (including
drilled) in a geological formation 704 through the Earth surface 706. The
geological formation 704 may have hydrocarbons such as crude oil and natural
gas. The well site 700 includes surface equipment 708 that may form and
operate the wellbore 702. The forming of the wellbore 702 via the surface
equipment 708 may include drilling a borehole as the wellbore 702, casing the
wellbore 702, and cementing the annulus between the casing and the
geological formation 704. The forming of the wellbore 702 may include
perforating the casing and the cement into the geological formation 704.
Hydraulic fracturing may be performed through the perforations into the
geological formation 704 near the wellbore 702 to form perforation clusters 710
of hydraulic fractures. The spacing 712 between the clusters 710 may vary.
The hydraulic fracturing may involve injecting water, proppants (for example,
sand), and chemicals under pressure through the wellbore perforations into the
geological formation 704. In the illustrated implementation, the wellbore 702
may continue 714 in the horizontal orientation further into the geological
formation 704. Wellbore 702 production may be initiated and maintained. In
the production, hydrocarbons (for example, crude oil or natural gas, or both)
may flow from the geological formation 704 through the perforation clusters
710 into the wellbore 702. The produced hydrocarbon 716 may flow through
the wellbore 702 to the Earth surface 706.

[0071] As mentioned, the surface equipment 708 may be utilized to drill the
wellbore 702, install casing into the wellbore 702, and cement the annulus
between the casing (not shown) and the wall of geological formation 704. The
surface equipment 708 may include a mounted drilling rig which may be a

machine that creates boreholes in the Earth subsurface. To form a hole in the
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ground, a drill string having a drill bit may be lowered into the hole being
drilled. In operation, the drill bit may rotate to break the rock formations to
form the hole as a borehole or wellbore 702. In the rotation, the drill bit may
interface with the ground or formation 704 to grind, cut, scrape, shear, crush,
or fracture rock to drill the hole.

[0072] Some embodiments model and predict hydraulic-fracture
performance in hydrocarbon reservoirs. Such may involve computer-based
procedures and modeling processes for numerical simulation and modeling of
hydraulic fractures in a hydrocarbon reservoir. Applications may include
improving well performance and profitability, and increasing recoverable
hydrocarbons extracted from oil and gas reservoirs for vertical, horizontal, and
deviated wells. Examples may build on measuring production contribution
from each cluster along with pressure and temperature profiles to calculate
fracture surface-area per each cluster. Thus, a product of the techniques may
be distribution of fracture surface areas along the trajectory. Then, this
information may be utilized to forecast production more accurately.

[0073] Embodiments evaluate geological formations that are
heterogeneous reservoir systems and generally focus on hydraulically
fractured wells. A focus may be integrating real-time or snapshot data (for
example, collected distributed along the trajectory via fiber optics or production
logs) with analytical or numerical models to estimate surface areas for each
fracture cluster. This information may then be employed to obtain better
estimates of total recovery. Implementations may estimate fracture cluster
surface-area based at least in part on integrating RTA with well logs, real-time
distributed data (for example, collected via fiber optics), and production logs.
Certain implementations utilize real time or snapshot data showing distribution
of production from each cluster to facilitate that surface area per cluster can be
estimated. Implementations may integrate reservoir parameters from well logs
or a geological model with measured or derived well-production data along the
wellbore trajectory to estimate fracture area per each cluster.

[0074] Some embodiments that determine effective fracture surface-area
per cluster: (1) consider variation of fracture surface-area along the wellbore

trajectory but not a single average fracture surface-area for all clusters; (2) do
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not consider pressure transient analysis (PTA); (3) focus on hydraulic fracture
surface-areas along the wellbore trajectory and not on fracture conductivity; (4)
do not perform production decline analysis or specifically production transient
analysis; or (5) do not employ fracture propagation models, or any
combinations thereof. However, other embodiments may consider or employ
these features. Embodiments generally do not model fracture propagation or
calibration of such a model with well data. Some implementations may utilize
(not necessarily) results of a such a propagation model as input as a starting
point, and improve surface-area estimates for each cluster based on
production profile data along the trajectory.

[0075] RTA may be a complement to pressure transient analysis (PTA) with
availability of pressure and rate data. RTA can increase the area of
investigation when compared to PTA alone, and generally without deferred
production. The long-term production can be modeled and forecasted based
on real models as opposed to an empirical function in some instances if
desired. RTA, unlike traditional reservoir engineering techniques such as
decline curve analysis (DCA), may incorporate both fluid rates and flowing
pressures to understand the fluid flow in the reservoir. Unlike PTA, which may
require shut-ins, RTA may rely on flowing pressures so that the well typically is
not shut-in during analysis. In general, RTA may facilitate evaluation further
into the reservoir than PTA because RTA may involve analyzing production
history. RTA can be used to conduct a “flowing material balance” on the
production data. In conclusion, with flowing pressure data generally readily
available and accessible, RTA may garner information previously unavailable,
produce more realistic forecasts, and aid in numerical simulation.

[0076] RTA can loosely be characterized as a modern DCA. RTA may plot
pseudo normalized pressure. DCA may be a forecasting technique that
predicts by history matching of rate-time data on an appropriate type curve. In
contrast, RTA is not based on applying a purely empirical equation to be
analyzed with statistical approaches which often leads to unrealistic
(unreliable) forecast and reserve estimate. Instead, RTA can give estimates of
reservoir parameters with the aforementioned monitoring data and with

available (for example, weekly or monthly) production data. Once reservoir

24

PCT/US2020/022322



10

15

20

25

30

WO 2020/190632

characteristics are determined using RTA, a reservoir model may then be
constructed to forecast future production scenarios.

[0077] A challenge in analyzing unconventional shale reservoirs is that flow
regimes in such reservoirs generally remain in transient flow. This aspect of
unconventional shale reservoirs may make challenging to estimate
recoverable resources along with reservoir properties such as fracture half
length, permeability, drainage area, and fracture conductivity. Conventional
DCA may assume constant flowing bottom-hole pressure, drainage area,
permeability, skin, and existence of boundary dominated flow. Most of these
assumptions are typically no longer valid in unconventional reservoirs.
Therefore, it may be beneficial that not only rate, but also pressure and other
reservoir parameters are taken into account to evaluate unconventional wells
to determine the flow capacity of the reservoir in linear transient flow.

[0078] Gas initial in place (GIIP) may refer to the total amount of gas
present initially in the underground of a gas field. Part of the GIIP in an
explored gas field can be recovered. Generally, the recovery of gas from the
GIIP in a typical gas field ranges from as low as 60 % to as high as 90 %. The
EUR of a petroleum source may be the sum of the proven reserve at a specific
time and the cumulative production up to that time. Proven reserve may refer
to the quantity of gas in a gas reservoir which can be estimated to be
commercially recoverable from a reservoir under the present economic and
operating conditions.

[0079] Reservoir modeling may be the act of producing a model of

a reservoir. The model can include geological factors and fluid characteristics
of the reservoir, and may involve reservoir characterization. Reservoir
modeling may involve the construction of a computer model of a petroleum
reservoir for the purposes of improving estimation of reserves of the field,
making decisions regarding the development of the field, predicting future
production of the field, placing additional wells in the field, and evaluating
alternative reservoir management scenarios. Simulation of petroleum
reservoir performance may refer to the construction and operation of a
mathematical model whose behavior assumes the actual reservoir behavior. A

mathematical model may be a set of equations that, subject to certain
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assumptions, describes the physical processes active in the reservoir.
Although the model itself may lack the reality of the reservoir, the behavior of a
valid model may simulate (assume the appearance of) the actual reservoir. A
purpose of simulation may be estimation of field performance (for example, oil
recovery) under one or more producing schemes. Whereas the field can be
produced only once, a model can be produced or run many times.
Observation of model results that represent different producing conditions aids
selection of an optimal or improved set of producing conditions for the
reservoir.

[0080] In conclusion, an embodiment is a method of a computer-
implemented workflow that includes determining effective fracture surface-area
per cluster (for example, perforation cluster) of hydraulic fractures of a
hydraulically-fractured well. The hydraulically-fractured well may include
multiple clusters of hydraulic fractures formed through wellbore perforations
along the wellbore. The determining of the effective fracture surface-area per
cluster includes: (a) estimating total effective fracture surface-area associated
with a wellbore of the hydraulically-fractured well, such as by rate transient
analysis (RTA); and (b) estimating relative distribution of effective fracture
surface-area along the wellbore. The estimating of total effective fracture
surface-area may include estimating total effective fracture surface-area of
clusters of hydraulic fractures associated with the wellbore of the hydraulically-
fractured well, and where estimating relative distribution may include
estimating relative distribution of effective fracture surface-area of the clusters
along the wellbore. The relative distribution is typically non-uniform. The
estimating of relative distribution may include estimating effective fracture
surface-area along the wellbore via an analytical flow model or numerical flow
model. The estimating of relative distribution may include estimating effective
fracture surface-area along the wellbore via distributed monitoring data along
the wellbore. The method may include integrating the analytical or numerical
models with the distributed monitoring data. The effective fracture surface-
area per cluster of hydraulic fractures along the wellbore is estimated
correlative with the total effective fracture surface-area and the relative

distribution. The estimating of the effective fracture surface-area per cluster
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may include integrating an output from the estimating of the total effect fracture
surface-area with an output from the estimating of the relative distribution. The
estimating of the effective fracture surface-area per cluster may include
constraining the relative distribution with the total effective fracture surface-
area.

[0081] The hydraulically-fractured well generally includes multiple
perforation-clusters of hydraulic fractures along the wellbore, where
determining effective fracture surface-area per perforation-cluster includes
determining effective fracture surface-area per each perforation-cluster of
hydraulic fractures of the hydraulically-fractured well, and where the effective
fracture surface-area of a first perforation-cluster is different than the effective
fracture surface-area of a second perforation-cluster. The method may include
applying the workflow for different time periods in production history. The
method may include updating a production forecast in response to the effective
fracture surface-area per perforation-cluster.

[0082] Another embodimentis a computer-implemented method including
obtaining data of well parameters of a hydraulically-fractured well, and
integrating a model(s) (for example, RTA, analytical model, or numerical
model) with the data. The obtaining of the data may include distributed
monitoring along a wellbore of the well. The hydraulically-fractured well
includes multiple clusters of hydraulic fractures along the wellbore. The
computer-implemented method may include estimating effective fracture
surface-area per cluster of hydraulic fractures along a wellbore of the
hydraulically-fractured well, such as based at least in part on the model(s) and
the data. The hydraulically-fractured well typically includes multiple clusters
(for example, perforation clusters) of hydraulic fractures along the wellbore,
and where the estimated effective fracture surface-area varies per cluster.
The method may include determining a drawdown strategy in response to the
effective fracture surface-area per cluster. The method may include
determining a drawdown strategy in response to reduction in the effective
fracture surface-area per cluster over time or with depletion, or both.

[0083] Yet another embodimentis a computing system for determining

effective fracture surface-area per cluster of hydraulic fractures of a

27

PCT/US2020/022322



10

WO 2020/190632 PCT/US2020/022322

hydraulically-fractured well. The computing system includes a processor and
memory storing code executable by the processor to direct the computing
system to: (1) estimate total effective fracture surface-area associated with a
wellbore of the hydraulically-fractured well via rate transient analysis (RTA); (2)
estimate relative distribution (non-uniform) of effective fracture surface-area
along the wellbore via a model; and (3) estimate effective fracture surface-area
per perforation cluster of hydraulic fractures along the wellbore correlative with
the total effective fracture surface-area and the relative distribution. To
estimate relative distribution may involve to estimate effective fracture surface-
area along the wellbore via distributed monitoring data.

[0084] A number of implementations have been described. Nevertheless, it
will be understood that various modifications may be made without departing

from the spirit and scope of the disclosure.
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WHAT IS CLAIMED IS:

1. A method of a computer-implemented workflow, comprising:
determining effective fracture surface-area per cluster of hydraulic
fractures of a hydraulically-fractured well, the determining comprising:
estimating total effective fracture surface-area of hydraulic
fractures associated with a wellbore of the hydraulically-fractured well,
estimating relative distribution of effective fracture surface-area
of the hydraulic fractures along the wellbore; and
estimating effective fracture surface-area per cluster of hydraulic
fractures along the wellbore correlative with the total effective fracture surface-

area and the relative distribution.

2. The method of claim 1, wherein estimating total effective fracture
surface-area comprises estimating total effective fracture surface-area of
clusters of hydraulic fractures associated with the wellbore of the hydraulically-
fractured well, and wherein estimating relative distribution comprises
estimating relative distribution of effective fracture surface-area of the clusters

along the wellbore.

3. The method of claim 1, wherein the hydraulically-fractured well
comprises multiple clusters of hydraulic fractures formed through wellbore

perforations along the wellbore.
4. The method of claim 1, wherein estimating total effective fracture
surface-area comprises estimating total effective fracture surface-area by rate

transient analysis (RTA).

5. The method of claim 1, wherein the relative distribution is non-uniform,

and wherein the cluster comprises a perforation cluster.
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6. The method of claim 1, wherein estimating relative distribution
comprises estimating effective fracture surface-area along the wellbore via an

analytical flow model or numerical flow model.

7. The method of claim 6, wherein estimating relative distribution
comprises estimating effective fracture surface-area along the wellbore via

distributed monitoring data along the wellbore.

8. The method of claim 1, wherein estimating the effective fracture
surface-area per cluster comprises integrating an output from the estimating of
the total effect fracture surface-area with an output from the estimating of the

relative distribution.

9. The method of claim 1, wherein estimating the effective fracture
surface-area per cluster comprises constraining the relative distribution with

the total effective fracture surface-area.

10.  The method of claim 1, wherein the hydraulically-fractured well
comprises multiple clusters of hydraulic fractures along the wellbore, wherein
determining effective fracture surface-area per cluster comprises determining
effective fracture surface-area per each cluster of hydraulic fractures of the
hydraulically-fractured well, and wherein effective fracture surface-area of a

first cluster is different than effective fracture surface-area of a second cluster.

11.  The method of claim 1, comprising applying the workflow for different

time periods in production history.

12. The method of claim 1, comprising updating a production forecast in

response to the effective fracture surface-area per cluster.
13. A computer-implemented method comprising:

obtaining data of well parameters of a hydraulically-fractured well;

integrating a model with the data; and
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estimating effective fracture surface-area per cluster of hydraulic
fractures along a wellbore of the hydraulically-fractured well, wherein the
hydraulically-fractured well comprises multiple clusters of hydraulic fractures

along the wellbore.

14.  The method of claim 13, wherein the multiple clusters are formed
through respective wellbore perforations, and wherein obtaining the data

comprises distributed monitoring along the wellbore.

15. The method of claim 13, wherein the model comprises rate transient
analysis (RTA).

16. The method of claim 13, wherein the model comprises an analytical

model or a numerical model.

17.  The method of claim 13, wherein estimating effective fracture surface-

area per cluster is based at least in part on the model and the data.

18.  The method of claim 13, comprising determining a drawdown strategy in
response to reduction in the effective fracture surface-area per cluster over

time or with depletion, or both.

19. The method of claim 13, wherein the estimated effective fracture
surface-area varies per cluster, and wherein the clusters comprise perforation

clusters.

20. A computing system comprising:
an estimator to determine effective fracture surface-area per cluster of
hydraulic fractures of a hydraulically-fractured well, wherein to determine
comprises to:
estimate total effective fracture surface-area associated with a

wellbore of the hydraulically-fractured well,
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estimate relative distribution of effective fracture surface-area
along the wellbore via an analytical model or numerical model, wherein the
relative distribution is non-uniform; and

estimate effective fracture surface-area per cluster of hydraulic
fractures along the wellbore correlative with the total effective fracture surface-

area and the relative distribution.

21.  The computing system of claim 20, wherein to estimate total effective
fracture surface-area associated with the wellbore comprises to estimate the
total effective fracture surface-area via a reservoir engineering model or via

wellbore monitoring, or a combination thereof.

22.  The computing system of claim 20, wherein to estimate total effective
fracture surface-area associated with the wellbore comprises to estimate the

total effective fracture surface-area via rate transient analysis (RTA).

23.  The computing system of claim 20, wherein to estimate relative
distribution comprises to estimate effective fracture surface-area along the

wellbore via distributed monitoring data.

24.  The computing system of claim 20, comprising a processor and memory
storing code executable by the processor, wherein the code comprises the
estimator, and wherein to estimate effective fracture surface-area per cluster
comprises to estimate effective fracture surface-area per perforation cluster of
hydraulic fractures along the wellbore correlative with the total effective

fracture surface-area and the relative distribution.

25. A computing system for determining effective fracture surface-area per
cluster of hydraulic fractures of a hydraulically-fractured well, comprising:

a processor; and

memory storing code executable by the processor to direct the

computing system to:
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estimate total effective fracture surface-area associated with a
wellbore of the hydraulically-fractured well via rate transient analysis (RTA);

estimate relative distribution of effective fracture surface-area
along the wellbore via a model, and wherein the relative distribution is non-
uniform; and

estimate effective fracture surface-area per perforation cluster of
hydraulic fractures along the wellbore correlative with the total effective

fracture surface-area and the relative distribution.

26. The computing system of claim 25, wherein to estimate relative
distribution comprises to estimate effective fracture surface-area along the

wellbore via distributed monitoring data.

27. A non-transitory, computer-readable medium comprising instructions
executable by a processor of a computing device to:

estimate total effective fracture surface-area associated with a wellbore
of a hydraulically-fractured well via rate transient analysis (RTA);

estimate relative distribution of effective fracture surface-area along the
wellbore via an analytical model or numerical model, and wherein the relative
distribution is non-uniform; and

estimate effective fracture surface-area per cluster of hydraulic fractures
along the wellbore correlative with the total effective fracture surface-area and

the relative distribution.

28.  The non-transitory, computer-readable medium of claim 27, wherein to
estimate relative distribution comprises to estimate effective fracture surface-

area aiong the welibore via distributed monitoring data.

29.  The non-transitory, computer-readable medium of claim 27, wherein the
hydraulically-fractured well comprises multiple clusters of hydraulic fractures
along the wellbore, and wherein the estimated effective fracture surface-area

varies per cluster.
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