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Designing Wellbore Completion Intervals

BACKGROUND
{8001 ] This specification relates to designing wellbore completion intervals.
{0002] After a wellbore 1s drilled 1o a subterrancan region, a completion process is
used to prepare the wellbore for production. The corpletion process may include
fracture treatments, stabilization treatments, stimulation treatments, or other types of
treatments applied to the subterrancan region. The completion process may include
mstallation of production tubing, inflow control devices, and other types of

completion tools.

DESCRIPTION OF DRAWINGS
{8003] FIG. 1 1s a diagram of an example well system.
{8904] FIG. 2 15 a diagram of an example comaputing syster,
{30051 FIG. 3 is a diagram of an cxample system archifecture for completion analysis
and design.
{8006} FIG. 4 is a plot showing example correlation data dertved from well system

data.

{8087} Like reference symbols in the various drawings indicate like elements,

DETAILED DESCRIPTION
{8008} FIG. 1 is a diagram of an example well system 100, The example well system
100 includes a wellbore 110 defined in a subterranean region 102 beneath the ground
surface 106. The example well system 100 inchudes surface equipment 108 at the
surface 106. The well systen: 100 can inchude additional or different features, and the
features of the well system 100 can be arranged as shown in FIG. 1, or the features of
the well system 100 can be arranged in another manmner. The example wellbore 110
shown in FIG. 1 includes a horizontal wellbore. A well system may include any

combination of horizontal, vertical, slant, curved, or other wellbore orientations.
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Moreover, a well system may include multiple intersecting or non-intersecting

wellbores.

{8009] The subterranean region 102 may include all or part of a rock formation {e.g.,
shale, coal, sandstone, granite, or others) that contain natural gas, oil, other
hydrocarbons, or other materials of interest, The example subterrancan region 102
shown in FIG. 1 includes a reservoir that contains hydrocarbon resources, such as oif,
natural gas, other hydrocarbons, etc. The subterranean region 102 may include
naturally fractured rock or natural rock formations that are not fractured to any
significant degree. The subterranean region 102 may include tight gas formations that

fnchide low permeability rock {e.g., shale, coal, or others).

{80181 The example subterrapean region 102 includes multiple subterrancan layers
104a, 104b, 104c, 1044, 104¢. In the example shown n FIG. 1, cach subterrancan
layer represents a distinct stratigraphic position in the subterrancan region 102, For
example, each layer can have hithographic properties that are substantially uniform
within the layer and distinct from adjacent layers. o some instances, a characteristic
lithographic property of 3 subterranean layer includes the type of rock, the porosity of
the rock, the fractured density of the rock, the hydrocarbon content of the rock, or
other properties of the rock in the subierranean layer. For example, the subterravean
layer 104d may include naturally fractured rock containing hydrocarbons, whereas the
layers 104c and 104e may include a lower volume of hydrocarbons or lower density

of natural fractures, etc.

{8011} As shown in FIG. 1, the example wellbore 110 includes multiple wellbore
mtervals 112a, 112b, 112¢, 1124, 112¢, 112£ 112g, 112h, 1121, A wellbore can
inciude any number of wellbore intervals {e.g., 5, 10, 20, 30, 100, etc), and the
wellbore futervals can vary in length (e.g., 10 feet, 20 feet, 50 feet, cte.). In the
example showr in FIG. 1 cach wellbore interval is a distinct segroent of the wellhore
110. The intervals may be defined by hardware installed in the wellbore 110, by the
locations of perforations in the wellbore wall, or the intervals may be defined in
another manner,

{8012} In some cases each interval includes one or more perforations, slots, or other
means of connecting the wellbore to the reservoir. For example, the wellbore 110 may

be cased or uncased, and the wellbore casing or the wellbore wall can be perforated
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for an injection freatment, stinmulation freatment, production, or other activities. In
some cases, each interval is defined by packers or seals at the intervals boundaries.
For example, the first interval 112a may be detined by a set of packers at cach end of
the interval 112a, the second fnterval 112b be may be defined by a set of packers at

cach end of the interval 112b, etc.

{80613} Each of the wellbore intervals resides at a stratigraphic position in the
subterranean region 102. The stratigraphic position can refer (o the layer, or a
property of the layer, in which the wellbore interval resides. In some examples, two or
maore intervals of 8 wellbore reside at different stratigraphic positions. In the example
shown in FIG. 1, the interval 112a resides in the subterrancan layer [04¢, the interval
112b resides at the inferface of the subterrancan layers 104¢ and 1044, and the
interval 112d resides in the subterranean layer 104d. In some cases, the stratigraphic
posttion of a wellbore interval indicates the lithographic properties of the layer
surrounding the wellbore interval, the distance between the wellbore interval an

adjacent layer, or other information.

{8014} Fach of the intervals in the wellbore can have distinct completion interval
attributes. The completion interval attributes can include completion equipment,
completion techniques or parameters thereof applied to the wellbore interval to
prepare the interval for production. In some cases, all wellbore intervals have the
same completion interval attributes. In some cases, some or all of the wellbore
ntervals are completed according to distinet completion interval attributes. The
completion interval atiributes for a given wellbore interval can be adapted or selected
based on the stratigraphic position of the wellbore interval, production objectives, and

other considerations.

{80157 The surface equipment 108 may include equipment installed above the surface
106 below the surface 106, for example, in the wellbore 110, and in other locations,
The surface equipment 108 may include equipment for performing a treatment (e.g., a
fracture freatment, a stabilization treatment, an acid treatment, etc. ). At various times,
the surface equipment 108 may include injection equipment, drilling equipment,
production cquipment, or other types of well system equipmuent; the surface
equipment 108 may include logging systems, communication systems, systems for
nstalling tools {e.g., production tools, injection tools, ete.} in the wellbore 100, or

other types of systems. The surface equipment 108 may include measurement or
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observation equipment. For example, the surface equipment 108 can measure
production attributes such as, for example, 2 volume of hydrocarbons produced from
the wellbore 118, a rate of production from the wellbore 118, a tloid content produced
from the wellbore 110, or other aspects of production. In some cases, the surface
equipment 108 includes a computing system or & communication interface operable to

receive data from and send data to a remote computing system,

{8016} In some implementations, a completion design system is used to determine the
completion inderval ativibutes for each interval in the wellbore 110, The completion
design system can be implemented by a computing system included in the well
systern 10{ or in a remote location. For example, the completion design system can be
implemented by the example computing systern 200 shown in FIG, 2, The completion
design system can receive wellbore interval data indicating the stratigraphic position
of each respective wellbore interval 112a-1121, and the completion design system can
select a type of treatment, parameters for a treatment, a type of completion equipment,
parameters of completion cquipment, or other completion atiributes fo be applied fo

cach mnterval of the wellbore 110,

{8017} in some instances, production can be characterized by completion interval or
producing interval position such that the optimam or desirable completion procedures
and producing intervals can be more easily determined. The completion interval
posttion can be tied to both the completion process attributes and resulting production.
They may be correlated implicitly or explicitly through the use of vartous data mining
and analvsis techutgues. The correlations may be derived based on data, from cither
actual or model treatments, that include hydraulic fracturing data, petrophysical
calculations, relative stratigraphic wellbore positions, geclogic analysis, and other
data. The petrophysical calculations may include, for example, total oil content,

natural fracture density, effective porosity, etfective permeability, or other properties.

{8018] The stratigraphic position (or lithographic properties associated with the
stratigraphic positiony of cach wellbore interval can be detected by logging
equipment, dertved from compater sivonlations, derived from geologieal data analysis,
ot from other sources. In some examples, the stratigraphic position of each wellbore
interval includes lithographic information obtained from logging while drilling,
measurement while drilling, wireline logging, seismic monitoring, micro seismic

mounttoring, or other types of observation. The stratigraphic position of the wellbore
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interval can be based on nuclear magnetic resonance logging, resistivity logging,

gamma logging, acoustic logging, and other types of logging.

{80191 In some instances completion inferval attributes are determined based on
atiribute weighted averages. For example, values for one or more variables can be
identitied for each individual wellbore interval. The variables can include production
attributes or other types of variables. The vahies of the variables may be determined
discretely at a point in the wellbore or over the intersection links of the wellbore in the
reservoir producing interval in which it is contained. The appropriate variables and
weighting factors could be deternuned a priori based on engineering expertise, as a

resuli of data mining, as a result of data analysis, or based on other factors.

{8020} The completion design systern can account for the spatial relationship between
completion interval stratigraphic position, completion interval sequence, producing
interval position, or a combination of these and other completion attributes, and the
resulting production. Production attributes can be associated with individual wellbore
intervals, and by identitving correlations between the production attributes and
completion interval attributes, completion interval atiributes can be optimized for
varying interval stratigraphic positions, As such, the completion design system can
provide a more predictable correlation between production and completion and

reservoir aftributes which can be valuable in a production workflow.,

{8021} The completion design system can design completion interval attributes based
on a correlation database. The correlation database can be derived from historical
production data and stratigraphic information associated with welibore intervals. The
correlation data can be generated by, for example, by a correlation engine that
identifies trends in the historical production data, stratigraphic information, and
associated completion atiributes. For example, the correlation engine may determinge
that more extensive hydraulic fracturing in a Jow-permeability region may gevnerally
correlate with higher production, or the correlation engine may determine a type of
hiydraulic fracturing that correlates with higher production from zones with a
particular permeability or fracture density. As another example, the correlation engine
may determine that hydraulic fracturing near a reservoir boundary has less benefit
than hydraulic fracturing in the center of the reservoir; or the correlation engine may
determine a type of production equipment the correlates with higher production from

zones with a particular fluid content.
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{8022] FIG. 2 is a diagram of an example computing system 200, The example
computing system 200 can operale in connection with a well system or independent of
a well system. For example, the computing system 200 can be located at or near one
or more wells of the well system or at a remote focation apart from a well system. In
some implementations, communication links allow the computing system 200 to
communicate with 8 well system. In some instances, the computing system 200 can
receive data from a well system, analyze the data, and send an ouiput to the same well

system or another well system.

{8023] The example computing system 200 includes a memory 250, a processor 260,
and input/output controllers 270 communtcably coupled by a bus 265, The memory
256 can inchude, for example, a random access memaory (RAM), a storage device
{e.g., a writable read-only memory (ROM) or others), a hard disk, or another type of
storage medium. The computing system 200 can be preprogrammed or it can be
prograrmnmed (and reprograromed) by loading a program from another source (e.g.,
trom a CD-ROM, from another computer device through a data network, or in another
manner ). In some examples, the input/output controller 270 is coupled to input/output
devices (e.g., a monitor 275, a mouse, a keyboard, or other input/output devices) and
{0 a comnunication link 280. The input/output devices can receive ot transmit data o
analog or digital form over communication links such as a serial Hnk, a wircless link

(e.g., infrared, radic frequency, or others}, a parallel link, or another type of link,

{8024] The communication link 280 can include any type of communication channel,
connector, data communication network, or other link. For example, the
communication link 280 can include a wircless or a wired network, a Local Arca
Network (LAN), a Wide Area Network {WADN), a private network, a public network
(such as the Internet), a WiFi network, a network that includes a sateliite hink, or

another type of data communication network,

{8025] The memory 250 can store instructions (e.g., computer code} associated with
an operating system, computer applications, and other resources. The memory 250
can also store application data and data objects that can be interpreted by one or more
applications or virtual machines running on the computing system 200, As shown in
FI(. 2, the example memory 250 includes data 254 and applications 258. The data
254 can wchude wellbore 1nterval data, completion interval attribute data, production

data, correlation data, or other types of data. In some impleroentations, a memory of a
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computing device includes additional or different data, applications, or other
information.

{80261 The applications 258 can include software apphications, scripts, programs,
functions, executables, or other modules that are interpreted or executed by the
processor 260, For example, the applications 258 can include a correlation engine, a
completion design engine, or other types of applications. The applications 258 may
include machine-readable instructions for performing one ot more of the operations
velated to FIG. 3, or other operations. The applications 258 may include machine-
readabie instructions for generating a user interface or a plot, for example, as shown
fn FIG. 4. The applications 258 can receive input data, such as wellbore interval data,
production data, or other types of input data, from the memory 230, from another
focal source, or from one or more remote sources (.2, via the communication link
2803, The applications 258 can generate output data and store the output data in the
memory 250, in another focal medivm, or in one or more remote devices {e.g., by

sending the output data via the communication link 280).

{8027] The processor 260 can execute instructions, for example, to generate oufput
data based on data inputs. For example, the processor 260 can run the applications
258 by executing or interpreting the software, seripts, programs, functions,
executables, or other modules contained in the applications 258, The processor 260
may perform one or more of the operations related to FIG. 3. The input data received
by the processor 260 or the output data generated by the processor 260 can include
any of the correlation data, wellbore interval data, production data, etc.

B

{B028] FIG. 3 is a diagram of an exarple system architecture 300 for completion
analysis and design. All or part of the architecture 300 can be implemented in a well
system, a computing system, or a combination of these and other types of systems.
For exaraple, the architecture 300 can include features of the example well syster

160 shown in FIG. 1, features of the example computing system 200 shown in FIG. 2,
or a combination of multiple different systems distributed at multiple different
locations.

{80281 The example architecture 300 shown in FIG. 3 includes well systern data 307a,

well system data 302Zb, a correlation engine 310, a completion design system 340, and

a completion design data 360. A completion analysis and design system can include
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additional or different features, and the features of the completion analysis and design
system can operate as shown and described with respect to FIG. 3 or in another

TNanner,

{8030] The example well system data 302a includes production data 304, interval data
306a, and completion data 308, The well systen: data 302a may include additional or
different data. The well system data 302a can include information describing an
existing well system, a simulated well system model, a planned well system, or
another type of well system data. In some examples, the well system data 302a
includes information obtained by measurements on site at a well system such as, for
example, the well systers 100 shown in FIG. 1. In some examples, the well system
data 3024 includes information generated by a coraputing system that models,
simnulates, or analyzes well system data such as, for example, the computing system

200 shown in FIG. 2.

{8031} The well system data 302a can inchude information describing multiple
intervals from a single well or from multiple different wells. In some
implementations, the wel system data 302a are taken from multiple wellbores or
multiple well systems, and the correlation engine 310 can use the well system data
302a to develop correlations across a range of wellbores or well aystems at the same
fime. For example, the well systern data 302a may nclude a wide range of completion

attributes, production attributes, stratigraphic attributes, and other propertics.

{8632} In the example shown in FIG. 3, the well system data 302a are from a first set
of wells, and the well system data 302b are from anocther set of wells. According o
the example system architecture 300 shown m FIG. 3, the well system data 302a from
the first set of wells are used to generate correlation data for the correlation database
320, and the correlation data are then used with the well system data 302b from the
second set of wells fo optimize or improve the completion atiributes for the second set
of wells. The first and second sets of wells can be part of the same well system, or

they may be part of multiple different weil systems.

{8033} The production data 304 can include information assoctated with producing
subterranean resources from the fivst set of wells. The production data 304 can
describe production attributes for an overall well system, for an individual wellbore,

for individual wellbore intervals, or for other aspects of the first set of wells. The
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production data 304 can indicate a volume of fluids produced, a rate at which fluids
are produced, net or gross value of resources produced, profitability of the wellbore,
the duration of production activities, a thud content produced, or other types of
information. The production data 304 can include measured or estirnated resource
production history data from an existing well system, a simulated resource production
history from a computer model of well system, or a combination of these and other

nformation.

{8034} The micrval data 306a can include information describing the distinct intervals
of the first set of wells. For example, the interval data 306a may indicate the length
and size of cach wellbore interval, the stratigraphic position of each wellbore interval,
or other properties of cach wellbore interval. In some cases, the stratigraphic position
of the wellbore interval indicates the lithographic properties of rock surrounding the
wellbore interval, the lithographic properties of the subterranean layer in which the
interval resides, the lithographic properties of subterranean layers near or adjacent to

the welthore interval, or combination of these and other attributes,

{B035] The completion data 308 can include imformation describing atiributes of the
completion of the first set of wells. The completion data 308 may indicate distinct
completion attributes for each wellbore fnterval, completion attributes for an overall
wellbore or well systern, or both. [n some cases, the completion data 308 indicate a
type of injection treatment used, a type of stimulation treatment used, a type of
fracture treatment used, a type of completion hardware installed, a configuration of
hardware installed, or information on other activities applied to a wellbore or wellbore
interval before producing the wellbore. The completion data 308 may indicate a
sequence of multiple treatments applied to each wellbore interval or an order in which

the wellbore intervals were ireated.

{8036] The example correlation engine 310 can be implemented by hardware,
software, firmware, or combination thereof, In some cases, the correlation engine 310
is implemenied by one or more software programs running on a computer system. The
example correlation engine 310 receives some or all of the well system data 302a as
nput and produces outputs that include correlation data. For example, the inputs can
inchude the production data 304, the interval data 306s, the completion data 308, or a

combination of these and other data; and the correlation data and possibly other
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outputs generated by the correlation engine 310 can be used fo update the correlation

database 320

{8037} In some example implementations, the correlation engine 310 analyzes the
faput data to identity correlations. The correlations detected by the correlation engine
310 can include trends or other types of relationships garnered through analysis of the
well systent data 302a, or other types of correlations. For example, the correlation
engine 310 may perform data mining, data searching, data fitting, or other types of
data analysis. In some cases, the correlation engine 310 examines production data
associated with distinct combinations of completion attributes and stratigraphic
attributes of individual wellbore intervals. For example, the correlation engine 310
may determine completion attributes that optimize or otherwise improve production

for various stratigraphic positions in a sublerranean region.

{3038} In some implementations, the correlation data indicate the presence of a
relationship among two, three, or more variables analyzed by the correlation engine
310, In some instances, the correlation data indicate a trend (ot parameters of a trend)
in the relationship among the variables. In some cases, the variables can include
binary indicators, values of measurements obtained in a well system, values derived
from simulations of a model well system, or other types of vartables. The correlations

can be stored as links or associations between two or more of the variables,

{8039} In some cases, the correlation engine 310 assimilates production data and
completion data associated with wellbore intervals that have the same (or related)
stratigraphic positions. The assimilated data can inchude data associated with wellbore
intervals from a single welibore, muitiple wellbores 1 a single well system, or
multiple wellbores in multiple well systems. The correlation engine 310 can analyze
the assimilated data to determine completion attributes that tmprove or optimize
production for the stratigraphic positions of the wellbore intervals for which data was
assimilated. In some instances, the correlation engine 310 may identify a relationship
or trend in the assimilated data. For example, the correlation engine 310 may
determine that increasing the fhnd density of injected fluid leads to an mncreased
production volume, that decreasing the fluid density of tnjected fluid leads to
increased production volume, that increasing the durstion of the stimulation treatment
leads to improved production, that decreasing the duration of the stimulation

freatment leads to improve production, or other types of frends.

10
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{8048} The correlation engine 310 may determine ideal, optimal, acceptable, or
otherwise desirable completion attribuies for wellbore intervals having a range of
stratigraphic properties. For example, the correlation engine 310 may determune that
fnjecting a particular tvpe of treatment fluid at a particular rate or pressure orin a
particular manner may correlate with optimal resuits for wellbore intervals having
certain stratigraphic positions. The correlation engine 31 may determine
relationships between completion atiributes and production attributes for patticular
wellbore intervals having certain stratigraphic positions. For example, the correlation

engine 310 may identify a “sweet spot” for fluid pressures during a fracture treatment.

{80411 In some instances, the correlation cogine 310 determines parameters of a
functional relationship between completion attributes and production atiributes for
one of more stratigraphic positions. For example, the correlation engine 310 may
determine parameters of a linear relationship, an exponential relationship, an inverse
relationship, a polynomial relationship, or another type of functional relationship. For
example, the correlation engine 310 may identity the slope of a Hincar curve, the
inflection point of the polynomial curve, a rate of an exponential increase or decrease,
or another parameter. The correlation engine 310 may employ other types of
sophisticated modeling and analytic fechniques to arrive at the relationships among

completion atiributes, production attributes, and stratigraphic positions.

{8042} The correlation data produced by the correlation engine 310 can include
tables, hists, records, or other types of data structures indicating the correlations
detected by the correlation engine 310, For example, the correlation data can be
structured as a table indexed by stratigraphic properties, completion attributes,
production objectives, or a combination of these and other indices. In some instances,
the correlation data indicates one or more completion interval attributes that are
correlated with improved or optimal production from an interval having a specified
type or range of stratigraphic propertics. The correlation data can be stored in the
correlation database 320, or the correlation data can be used to update existing
correlation data previously stored in the correlation database 320

{8043} The well system data 302b can include information on cach of the wellbore
intervals in the second set of wells. In some exarmples, the second setof wells is a
more-recently drilled wellbore where production has not begun, a wellbore to be

modeled 1n a computer siomlation, or another type of wellbore. Generally, the well

i1
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system data 302b can describe wellbore intervals in any type of wellbore, in multiple
wellbores, in multiple well systems, ete. In some instances, the correlation data
generated from the well system data 302a can be used to design a completion that will
improve or optimize production trom the wellbore intervals described by the well

system data 302Zb.

{8044} The completion design system 340 shown in FIG. 3 includes the correlation
database 320 and the design engine 350. The completion design system 340 may
meclude additional or different features, and the features of the completion design
system may operate as shown and described with respect to FIG. 3 or in another
manner, As shown in FIG. 3, the completion design systers 340 receives fnputs that
may include interval data 306b, production objective data 330, and possibly additional
information; the completion design systern 340 generates outputs that include

completion design data 360 and possibly additional information.

{80453] The completion design system 340 can be iroplemented by hardware,
software, firntware, or combination thereof. For exaraple, the corrclation database 320
can be iraplemented in memory, on a server, in a software program, or in another
manner; the design engine 350 can be implemented as a software program ranning on
a compuoting system, or in another manuer. The completion design system 340 can
receive inpuis from a local memory or from a remote soutrce of a combination thereof,
and the completion design system 340 can store cuiputs on a local memory or send

ouiputs o remote destination or another computing system,

{8046} Similar to the interval data 3064 for the fivst set of wells, the interval data 306b
for the second set of wells can indicate the length and size of each wellbore interval,
the stratigraphic position of each wellbore interval, or other properties of each
wellbore interval. The design engine 350 can receive the wellbore tnterval data 306b
and determine completion interval attributes for one or more of the wellbore intervals,
The design engine 350 can determine the completion interval atiributes by selecting
the completion interval attributes that optimize resource production for an individual
wellbore interval or an overall wellbore or well system. In some instances, the design
engine 350 queries the correlation database 320 based on welibore interval data,

production objectives, or other information.
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{8047} In some examples, the design engine 350 determines a stratigraphic position of
the wellbore interval and queries the correlation database 320 based on the
stratigraphic position, lithographic properties of the stratigraphic position, or other
mnformation. In response to receiving the query, the correlation database 320 can
compare the stratigraphic position, the lithographic properties, or the other
information received from the design engine 350 against an index or field in the
correlation database 320. Based on the comparison, the correlation database 320 can
return one of more records, lists, or tables to the design engine 350, The design enging
350 can use the records, lists, or tables returned by the correlation database 320 to
determine the completion interval atiribute for the stratigraphic position of the

wellhore interval,

{8048] The design engine 350 can query the correlation database 320 for a single
wellbore interval or multiple wellbore intervais and determine completion interval
attributes for a single wellbore interval or multiple wellbore intervals. The completion
design system 340 can combine the corapletion inderval atirtbutes for one or more
wellbore intervals in a single wellbore or nultiple wellbores in a well system, and
generate completion design data 360. The completion design data 360 can indicate the
completion atiribuies selected by the design engine 350 fo optimize or otherwise

improve production of resources from the well system,

{0049} In some cases, the design engine consults the production objectives data 330
to determine the optimal completion attributes for one or more wellbore intervals, for
one or more wellbores, or for a well system. For example, the production objective
data 330 may indicate the desired production volume for a well system, a desired
maximum cost for the well system, a minimum profitability for the well system, a
desired hydrocarbon content for the well system, or a combination of these and other
types of production objectives. In some cases, the design engine 350 assumes
production objectives or assumes an optimal production objective and generates the
completion design based on the assumed obiectives. For example, the design engine
350 roay assume that the production objectives include producing the maxiroum
volume of hydrocarbons from the wellbore, maxinizing profitability of the wellbore,

maximizing the Hfetime of the wellbore, or other objectives.

{8050} The completion design engine 350 can be configured to improve or optimize

production for a wellbore, a well system, a production zone, or another system. 1o
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somg instances, the completion design engine 350 selects completion interval
atiributes that optimize a local resource production atiribute for an individual wellbore
fnterval, In some instances, the completion design engine 350 selects completion
interval attributes that optimize resource production across multiple wellbore

intervals.

{8051} To optimize with respect to multiple welibore intervals, the design engine 350
can use weighted averages or weighted distributions over the wellbore intervals. For
exammple, the design engine 350 can assign a weight to each respective wellbore
interval along the wellbore or along multiple wellbores. The weight for each wellbore
fnterval may be selected based on the size, location, or properties of each interval. For
example, intervals near the heel of a horizontal wellbore may be given a higher or
fower weight than intervals near the toe of the horizontal wellbore. As another
example, longer intervals may be given a higher or lower weight than smaller
intervals. The design engine 350 can select completion interval attributes that
optimize or otherwise improve a weighted sum of production atiributes. For example,
the production contribution from cach interval can be scaled by the weight assigned to

that interval.

{80521 The completion design data 360 can be used to complete an existing wellbore,
to simulate completion and production of a well system, or for other purposes. For
example, if the completion design data 360 specitics a particular injection treatment to
be applied in one or more wellbore intervals, an injection system can be progranuned
to apply the specified injection treatruent to the specified wellbore intervals. As
another example, if the completion design data 360 specifies a particular type of
inflow control device, production tubing, or other hardware to be included ina
wellbore interval completion, the specified hardware can be installed in the specified

wellbore intervals.

{30531 In some implementations, the system architecture 300 uses mulbtiple data
sources, modeling programs, and other resources to develop the correlations, to
develop completion designs, or for other purposes. For example, the correlation
engine 310, the design engine 350, or other components of the system architecture
300 may access treatment data, geological data, fracture data, fluid data, flow models,

complex fracture models, reservoir models, welibore models, fluid flow simulators,
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injection treatment simulators, reserveir simulators, or a combination of these and

other data or applications,

{80541 In some implementations, the system architecture 300 can access or gencrate
freatment data that indicate a pumping schedule, injection treatroent parameters (e.g.,
information on flow rates, flow volumes, slurry concentrations, fluid compositions,
injection locations, injection times, or other parameters), or other treatment data. The
system architecture 300 may obtain geological data relating to geological properties
of a subterrancan region, such as, for example, information on the lithology, fluid
content, stress profile (e.g., stress anisotropy, maximum and minimum horizontal
stresses), pressure profile, spatial extent, porosity, or other attribuotes of reservoir
media. The geological data can include mformation collected from well logs, rock
samples, outcroppings, microseismic iraging, or other data sources. The system
architecture 300 may obtain fracture data that identify the locations, sizes, shapes, and
other propertics of fractures in a subterranean region, The fracture data can include
information on natural fractures, hydraulically-induced fractures, or any other type of
discontinuity in the subterranean region. The fracture data can inchude fracture planes
calculated from microseismic data or other information. The system architecture 300
may obtain fluid data that indicate types of fluids, fluid properties, thermodynaraic
conditions, and other information related to well system fluids, The system
architecture 300 can use these and other data to operate computer models or

sinuilations, to gencrate correlation data or completion designs, or for other purposes.

{B055] F1G. 4 1s a plot 400 showing an example of correlation data from a well
system. The example plot 400 includes a vertical axis 402a representing a range of
production attributes and a horizontal axis 402b representing a range of completion
interval attributes. The plot 400 also includes data points 406 and a trend line 408, In
the example shown, cach data point 406 represents a production atiribute value
associated with the completion interval atiribute value, and the trend line 408

represents a linear fit of the data points 406,

{80561 The completion mierval attribute (represented by the horizontal axis 402b) can
relate 1o a parameter of a treatmoent applied to a welthore interval such as, for
example, a parameter of a fracture treatment, stimulation treatment, stabilization
treatment, or another type of treatment. The completion interval attribute can relate to

a parameter of corapletion hardware mstalled in a welibore interval such as, for
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example, a parameter of an inflow control device, a size of a sand screen, a size of
production tubing, or another type of hardware parameter, The production attribute
(represented by the vertical axis 4023} can relate to a parameter of production history
associated with the welibore, For example, the production atiribute can include
volume produced, rate of production, profitability, production cost, production

lifetime, or a combination of these and other parameters.

{8057} As an example, the data points 406 in the plot 400 may represent data from
nultiple wellbore intervals that all have a conmmon stratigraphic property. For
example, the data points 406 may represent wellbore intervals in rock formations
having permeability or porosity in a specified range. The horizontal axis 402b may
represent the fracturing pressure used to fracture the wellbore interval, and the vertical
axis 402a may represent the production volume from the wellbore that included the
wellbore interval. The trend line 408 in the example shown in FIG. 4 suggests that
increased fracture pressure correlates with increased production volume for the range

of values shown in the plot 400.

{8038] In the example shown in FIG. 4, the trend line 408 is an cxample of a
correlation derived by a linear {it of multiple data points. Correlations can be derived
by other techniques. For example correlations can be derived from other types of data
fitting, data binning, ot other techniques. In some nstances, a histogram can be
construcied from production data and completion data for wellbore intervals
associated with a common stratigraphic property, and one or more optimal values can

be derived from the histogram.

{B059] In some implementations, each value along the horizontal axis 402b can
represent a distinct combination of completion interval attributes and stratigraphie
positions, and cach value along the vertical axis 402a can represent a distinet
production atiribute. The data in the plot 400 can be processed to correlate the
resource production attributes with the distinct combinations of completion interval
attributes and stratigraphic positions. For example, processing the data in the plot may
include fitting the data, identifying maxima, minima, mflection points, matching the

data to a model, or performing other types of analysis,

{8068 Some embodiments of subject matter and operations described in this

specification can be implemented in digital electronic circuitry, or in computer
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software, firmware, or hardware, including the structures disclosed in this
specification and their structural equivalenis, or in combinations of one or more of
them. Some embodiments of subject matter deseribed n this specification can be
implemented as one or more compuier programs, .., one or more modules of
computer program instructions, encoded on computer storage medium for execution
by, or to control the operation of, data processing apparatus. A computer storage
medinm can be, or can be included in, a computer-readable storage device, a
computer-readable storage substrate, a random or serial access memory array or
device, or a combination of one or more of them. Moreover, while a computer storage
medium is not a propagated signal, a computer storage medium can be a source or
destination of computer program mstructions encoded in an artificially generated
propagated signal, The computer storage medium can also be, or be included in, one
or more separate physical components or media {e.g., multiple CDs, disks, or other

storage devices).

{8061} The term “data processing apparatus” encompasses all kinds of apparatus,
devices, and machines for processing data, including by way of example a
progranunable processor, a computer, a system on a chip, or multiple ones, or
combinations, of the foregoing. The apparatus can mclude special purpose logic
circuitry, e.g., an FPGA (field programmable gate array} or an ASIC {application
specific integrated circuit). The apparatus can also include, in addition to hardware,
code that creates an execution environment for the comprter program 1o question,
e.g., code that constifutes processor firmware, a protocol stack, a database
management system, an operating system, a cross-platform runtime environment, a
virtual machine, or a combination of one or more of them. The apparatus and
exocution environment can realize various different computing model infrastractures,

such as web services, distributed computing and grid computing infrastructures.

{80621 A computer program {also known as a program, software, software
application, script, or code) can be written in any form of programming language,
including compiled or interpreted languages, declarative or procedural languages. A
computer program may, but need not, correspond to a file in a file systera. A program
can be stored in a portion of a file that holds other programs or data (e.g., one or more
scripts stored tn a markup langoage document), in a single file dedicated to the

program in question, or in multiple coordinated files (e.g., files that store one or more
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maodules, sub programs, or portions of code). A coraputer program can be deploved to
be executed on one computer or on multiple computers that are located at one site or

distributed across multiple sites and mtercomnected by a communication network,

{8863} Some of the processes and logic flows described in this specitication can be
performed by one or more programmable processors executing one or more computer
programs to perform actions by operating on input data and generating output. The
processes and logic flows can also be performed by, and apparatus can also be
implemented as, special purpose logic circuitty, ¢.g., an FPGA (ficld programmable

gate array) or an ASIC {application specific integrated circuit).

[8064] Processors suitable for the execution of a computer program include, by way
of example, both general and special purpose microprocessors, and processors of any
kind of digital computer. Generally, a processor will recetve instructions and data
from a read only memory or a random access memory or both. A computer includes a
processor for performing actions in accordance with instructions and one or more
memory devices for storing fnstructions and data. A computer may also include, ot be
operatively coupled to receive data from or transfer dats to, or both, one or more mass
storage devices for storing data, e.g., magnetic, magneto optical disks, or optical
disks. However, a8 computer need not have such devices. Devices suitable for storing
computer program instructions and data include all forms of non-volatile memory,
media and memory devices, inchuding by way of example semiconductor memory
devices {e.g., EPROM, EEPROM, flash memory devices, and others), magnetic disks
{¢.g., internal hard disks, removable disks, and others), magneto optical disks , and
CD ROM and DVD-ROM disks, The processor and the memory can be supplemented

by, or incorporated in, special purpose logic circuitry.

{8065 To provide for inferaction with a user, operations can be implemented on a
computer having a display device {e.g., a roontior, ot another type of display device)
for displaying information to the user and a keyboard and a pointing device {e.g., a
mouse, a trackball, a tablet, a touch sensitive screen, or another type of pointing
device) by which the user can provide input to the computer. Gther kinds of devices
can be used to provide for interaction with a user as well; for example, feedback
provided to the user can be any form of sensory feedback, e.g., visual feedback,
auditory feedback, or tactile feedback: and input from the user can be received in any

form, including acoustic, specch, or tactile input. In addition, a computer can inferact

[,
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with a user by sending documents {o and receiving documents from a device that is
used by the user; for example, by sending web pages to a web browser on a user’s

client device in response to requests received from the web browser.

{8066] A computer systern can be or include a single computing device, or multiple
computers that operate in proximity or generally remote from cach other and typically
interact through a communication network., Examples of communication networks
include a local area network (“"LAN") and a wide area network (“WAN"), an inter-
network (e.g., the Internet), a network comprising a satellite hnk, and peer-to-peer
networks (©.2., ad hoc peer-to-peer networks)., A relationship of client and server may
arise by virtue of computer programs running on the respective computers and having

a client-server relationship to cach other,

{80671 While this specification contains many details, these should not be construed
as limitations on the scope of what may be claimed, but rather as descriptions of
features specific to particular examples. Certain features that are described in this
specification fu the coniext of separate implementations can also be combined.
Conversely, various features that are described in the context of a single
implementation can also be implemented in muitiple embodiments separately or in

any suitable subcombination.

{0068} A number of examples have been described. Nevertheless, 1t will be
understood that various modifications can be made. Accordingly, other

implementations are within the scope of the following claims.
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CLAIMS

1. A method of analyzing well system completions, the method comprising:
receiving resource production data associated with producing resources from a
subterranean region through multiple distinct wellbore intervals;
receiving wellbore interval data indicating respective stratigraphic positions
and completion interval attributes of the respective wellbore intervals; and
processing the resource production data and the wellbore interval data to
correlate resource production attributes with distinct combinations of corapletion

interval attributes and stratigraphic positions.

b

The method of claim 1, further comprising generating a correlation database that
indicates relationships between the resource production attributes and the distinet

combinations of completion interval atiributes and stratigraphic positions.

3. The method of claim I, wherein the wellbore inferval data comprise information
on muultiple wellbores, and the resource production data comprise information on

resource production history from the multiple wellbores,

4. The method of claim 1, wherein the wellbore tnterval data comprise mformation
on a model for multiple wellbores, and the resource production data comprise

information on stmulated resource production history the model.

S, The method of claim §, wherein the resource production data indicate at feast one
of production volume, production rate, production cost, or profitability associated
with producing resources from the subterranean region through the wellbore

intervals.

6. The method of claim 1, wherein the completion interval attribute of each wellbore
interval comprises at least one of:
a type of treatment applicd to the wellbore interval;
a sequence of treatments applied to the wellbore interval; or
a type of completion bardware installed in the wellbore interval.
7. The method of ¢laim 1, wherein the stratigraphic position of cach wellbore
interval indicates a lithographic property of a subterranean laver associated with

the wellbore interval.
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A method of designing a completion for a well system in a subterranean region,
the method comprising:

wdentifying stratigraphic positions of respective wellbore intervals fn a
subterrancan region, af least two of the wellbore mtervals residing m different
stratigraphic positions in the subterranean region; and

determining completion interval attributes for the respective wellbore mtervals
based on the stratigraphic positions of the respective wellbore intervals, the
completion interval atiributes being determined by a completion design system
that associates resource production attributes with distinct combinations of

stratigraphic positions and coropletion interval attributes.

The method of claim 8, wherein the completion design system determines the
completion interval attributes by selecting a comapletion interval attribute that

satisfies a resource production objective for the well system.

The method of claim 8, wherein the completion design system determines the
corapletion interval attributes by selecting a completion mterval attribute that

optimizes a local resource production atiribute for cach wellbore interval,

The method of claim 8, wherein the completion design system determines the
completion interval atiributes by:
assigning weights to the respective wellbore intervals along a wellbore; and
selecting completion interval attributes that optimizes an overall resource
production atiribute for the welibore based on a weighted average across the

welthore intervals,

The method of clain 8, further coraprising generating a completion design for the
well system, the completion design indicating the completion interval attributes

determined for the respective wellbore intervals.

The method of claim 8, wherein determining a completion interval atiribuie
comprises determining at least one of:

a type of treatment for the wellbore interval;

a sequence of treatments for the wellbore interval; or

a type of completion hardware for the wellbore interval.
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14. The method of claim 8, wherein the stratigraphic position of each wellbore
interval indicates a lithographic property of a subterrancan layer associated with

the wellbore interval,

15. A system comprising:

a correlation database that stores correlation data for well systems, the
correlation data indicating correlations between resource production atiributes and
distinet combinations of completion interval attributes and stratigraphic positions;
and

g completion design engine operable to:

identity stratigraphic positions of respective welltbore intervals in a
subterrancan region;

access correlation data from the correlation database based on the
stratigraphic positions of the respective welibore intervals; and

determine completion interval attributes for the respective wellbore

mtervals based on the correlation data.

16. The system of claim 15, further comprising a correlation engine operable to
generate the correlation data, the completion design engine being operable to
determine the completion interval attributes for a first wellbore, the correlation
engine being operable to generate the correlation data based on production data

and welibore interval data from multiple other wellbores.

17. The system of claim 16, wherein the correlation engine is operable to:

receive resource production data associated with producing resources through
wellbore intervals in the other wellbores;

receive wellbore imterval data indicating respective stratigraphic positions and
completion interval atiributes for the respective wellbore intervals in the other
wellbores; and

generate the correlation data, based on the resource production data and the
welibore interval data, by correlating resource production atiributes with distinet

combinations of completion nierval attributes and stratigraphic positions,

I8, The system of claim 153, wherein the completion design engine is operable to

determine the completion interval attributes by selecting a completion interval
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attribute that optimizes a local resource production attribute for cach wellbore

inferval.

The system of claim 15, wherein the completion design engine is operable to
determine the completion interval atiributes by
assigning weights to the respective wekibore infervals along a wellbore; and
selecting completion interval attributes that optimizes an overall resource
production attribute for the wellbore based on a weighted average across the

welibhore intervais,

. The system of claim 15, wherein the completion design engine is operable to

generate a completion design for the wellbore, the completion design indicating

the completion interval atiributes determined for the respective wellbore intervals,



