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SYSTEM AND METHOD FOR SIMULATION
OF DOWNHOLE CONDITIONS IN A WELL SYSTEM

Background

Wellbore and downhole simulation 1s an arca of oil and gas engineering that
employs computer models to predict the state of wellbore components above and below the
surface of a formation. Downhole simulators can be used by petroleum producers to
determine how best to design new wells, including casing and tubing design, as well as to
gencrate models of wellbore movement within a formation and stresses on wellbore

components during production.

In o1l and gas wellbore simulation, 1t 1s desirable to simulate pressure buildup and
the effects of such pressure buildup in annular fluid disposed between casing and tubing
strings 1n a multi-string well systems. Heretofore, conventional downhole simulators do
not account for thermal transfer between certain components 1n simulation of a proposed
wellbore system. Thus, although existing approaches to downhole simulation have been
satisfactory for their intended purposes, they have not been entirely satisfactory in all

respects.
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Brief Description of the Drawings

A more complete understanding of the present disclosure and advantages thercof
may be acquired by referring to the following description taken in conjunction with the

accompanying figures, wherein:

Fig. 1 1s a block diagram of a downhole simulation system according to various

aspects of the present disclosure.

Fig. 2 1s a diagrammatic cross-section of a well system that includes an electrical

submersible pump.

Fig. 3 1s a diagrammatic side view of the electrical submersible pump 1n the well

system shown of Fig. 2.

Fig. 4 1llustrates 1s an example line graph depicting thermal simulations of two

different well configurations over a long term production scenario of a year.

Fig. 5 1llustrates a method of simulating downhole conditions 1n a well system

according to aspects of the present disclosure.
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Detailed Description

[llustrative embodiments and related methodologies of the present invention are
described below as they might be employed in a system for simulating downhole
conditions. In the interest of clarity, not all features of an actual implementation or
methodology are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions
must be made to achieve the developers’ specific goals, such as compliance with system-
related and business-related constraints, which will vary from one implementation to
another. Morcover, 1t will be appreciated that such a development effort might be complex
and time-consuming, but would nevertheless be a routine undertaking for those of ordinary
skill 1n the art having the benefit of this disclosure. Further aspects and advantages of the
various embodiments and related methodologies of the present disclosure will become

apparent from consideration of the following description and drawings.

To overcome the above-noted and other limitations of the current approaches,
embodiments described herein comprise methods and systems for simulation of downhole

conditions 1n a well system.

Fig. 1 1s a block diagram of a downhole stmulation system 100 according to various
aspects of the present disclosure. In one embodiment, the downhole simulation system 100
includes at least one processor 102, a non-transitory, computer-readable storage 104, an
optional network communication module 105, optional I/O devices 106, and an optional
display 108, all interconnected via a system bus 109. The network communication module
105 may be operable to communicatively couple the downhole simulation system 100 to
other devices over a network. In one embodiment, the network communication module
105 18 a network 1nterface card (NIC) and communicates using the Ethernet protocol. In
other embodiment, the network communication module 105 may be another type of
communication interface such as a fiber optic interface and may communicate using a
number of different communication protocols. It 1s recognized that the downhole
simulation system 100 may be connected to one or more public (¢.g., the Internet) and/or
private networks (not shown) via the network communication module 105. Such networks
may 1nclude, for example, servers upon which wellbore and downhole data 1s stored.
Software 1nstructions executable by the processor 102 for implementing a downhole

simulator 110 1n accordance with the embodiments described herein may be stored 1n
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storage 104. It will also be recognized that the software instructions comprising the
downhole simulator 110 may be loaded into storage 104 from a CD-ROM or other

appropriate storage media.

As will be described below, the downhole simulator 110 1s configured to simulate,
model, or predict, conditions within a well system during various stages of its life cycle.
For instance, temperatures and pressures within the well system, including all of 1its
components, may be simulated during both drilling operations and production operations.
Such a wellbore analysis may predict conditions such as casing and tubing movement,
wellhead movement, pressure buildup in annular fluids within a well system, and the
cffects of these conditions on the system as a whole. For example, these predicted
conditions may be evaluated to determine the integrity of well tubulars currently 1n a well
system or utilized to select appropriate well tubulars or casings in a future well system.
One of ordinary skill in the art would recognize that the above simulation objectives are
simply examples and additional and/or different downhole conditions may be simulated by
the downhole simulator 110. Further, the downhole simulation system 100 including the
downhole simulator 110 may be employed to sitmulate downhole conditions 1n a variety of
well system types, such as terrestrial-based well systems and sea-based well systems

including high-pressure and high-temperature deepwater or heavy oil drilling systems.

As shown 1n the illustrated embodiment, the downhole simulator 110 includes a
drilling prediction module 112, a production prediction module 114, a casing stress module
116, a tubing stress module 118, and a multi-string module 120. Based upon the imnput
variables as described below, algorithms executed by the various modules function to
formulate the downhole conditions analysis workflow of the present invention. Drilling
prediction module 112 simulates, or models, drilling events and the associated well
characteristics such as the drilling temperature and pressure conditions present downhole
during logging, trip pipe, casing, and cementing operations. Production prediction module
114 models production events and the associated well characteristics such as the fluid,
heat, and pressure transfer within the well system during circulation, production, well
servicing, and 1njection operations. Casing stress module 116 models the stresses caused
by changes from the initial to final temperatures and/or loads on the casing, as well as the
temperature and pressure conditions affecting the casing. Such stress models may predict
design integrity and buckling behavior of the casings within the well system. Tubing stress

module 118 simulates the stresses caused by changes from the initial to final temperatures
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and/or loads on the tubing, as well as the temperature and pressure conditions affecting the
tubing. As an aspect of this, the tubing stress module 118 may predict tubing loads and
movements, buckling behavior and design integrity of tubing in a well system under
production scenarios. The modeled data received from the foregoing modules 112, 114,
116, and 118 1s fed mnto multi-string module 120 which performs a total well system
analysis (1.c., all “strings” in the well system are modeled together). In particular, the
multi-string module 120 1s configured to analyze the influence of the thermal expansion of
annular fluids within the well system (which thermal expansion can result in annular
pressure buildup or trapped annular pressure), and/or the influence of loads imparted on the
wellhead during the life of the well, on the integrity of a well’s tubulars. In other words, the
multi-string module 120 determines the effects of the expansion of annular fluids, and the
position (displacement) of the wellhead as a result of production operations and/or the
injection of hot/cold fluids into the well. These pressure loads and wellhead displacement
values are used to determine the integrity of a well’s tubulars. Persons of ordinary skill in
the art having the benefit of this disclosure will realize that 1n alternative embodiments the
downhole simulator 110 may include different and/or additional modules configured to
simulate different aspects of a well system and that there are a variety modeling algorithms
that may be employed to achieve the results of the present invention. For example, not all
of the above-described modules need be utilized. Likewise, while the invention 1s
described primarily as modeling a wellbore system under production scenarios, the
invention can also be used to model a wellbore system under drilling scenarios.
Additionally, 1n certain embodiments, the downhole simulator 110 may be a specialized
hardware component of the downhole simulation system 100 or may be a hybrid system

comprised of both hardware and software.

To simulate downhole conditions 1n a well system, engineers may first input 1nto
the downhole simulator 110 a variety of configuration data and operation variables that are
associated with and represent a well system. The simulated downhole conditions produced
by the simulator 110 are specific to the particular well system described by the
configuration information mput into the simulator. As one of ordinary skill in the art
would realize with the benefit of this disclosure 1s that the more accurate the configuration
data describing a well system 18, the more accurate the simulated downhole conditions will
be.  Thus, to accurately simulate thermal transfer during production scenarios, the
production module 114 needs not only configuration information describing standard well

system components, but also information describing any heat sources disposed within the

S



10

15

20

25

30

CA 02880460 2015-01-28
WO 2014/025798 PCT/US2013/053815

well system. An clectrical submersible pump (ESP) 1s one example of a heat source that
may affect thermal conditions within a well system during production. In some well
systems, an ESP may be incorporated into a well completion configuration to 1mprove
production rates. Of course, one of ordinary skill in the art would recognize that many
other sources of heat may be present in a well system and, thus, should be accounted for in
a thermal flow simulation. For example, a well system may include rotary steerable
systems (downhole motor during drilling phase) and downhole electric heaters (heavy oil
production enhancement scenarios). In some scenarios, a well system may include devices
to lower temperatures 1n the well system such as mud coolers that reduce drilling and/or
mud fluid temperatures. Certain embodiments of the present disclosure, as described 1n
more detail below, provide for a method and system for downhole simulation that accounts
for heat sources within a well system such as one or more electrical submersible pumps. In
this manner, downhole simulations may more effectively predict conditions in a well
system during production or injection operations. The downhole simulator 110 1n the
downhole simulation system 100 may implement this method and other methods

contemplated by the embodiment.

Fig. 2 1s a diagrammatic cross-section of a well system 200 that mcludes an
clectrical submersible pump 202. The well system 200 1s shown 1n a completion (1.¢.,
production) configuration and includes a plurality of tubular components or “strings.” The
well system 200 1n the example embodiment of Fig. 2 includes a first conductor driven
casing 204, a second surface casing 206, a third intermediate casing 208, and a fourth
protective casing 210 below RKB. The well system also includes a production liner 212
and a production tubing 214 disposed within the first production liner. While not intended
as a limitation, but for illustrative purposes only, first conductor driven casing 204 has a 30
inch diameter and extends approximately 600 ft measured depth below rig kelly bushing
(RKB), second surface casing 206 has a 20 inch diameter and extends approximately 2,000
ft measured depth below RKB, third intermediate casing 208 has a 13 3/8 inch diameter
and extends approximately 9,700 ft measured depth below RKB, and fourth protective
casing 210 has a 9 5/8 inch diameter and extends approximately 15,000 ft measured depth
below RKB. Production liner 212 has a 7 inch diameter and extends approximately 17,500
ft measured depth below RKB and production tubing 214 has a 3 % inch diameter. In this
example, depths are measured relative to the rig kelly bushing datum above mean sea level.
In any even, concrete 216 1s disposed between cach concentric casing to strengthen the

well bore and prevent leakage. Additionally, annular fluids 218 are present between the
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concentric strings of the well system and are subjected to various pressure and thermal
changes while the well system 1s in a production mode. As the pressure of the annular
fluids 218 mncreases with temperature increases, the tubular components of the well system
200 are subjected to stresses which can cause expansion and/or buckling. The ESP 202 1s
coupled to the end of the production tubing 214 and is configured to more efficiently draw
hydrocarbons or other fluids from a reservoir into the production tubing 214. In one

illustrative example, ESP may be positioned approximately 15,000 ft measured depth
below RKB.

In that regard, Fig. 3 1s a diagrammatic side view of the clectrical submersible
pump 202 1n the well system 200 shown 1in Fig. 2. The ESP 202 includes a motor 230, an
cqualizer 232, a pump 234, and intakes 236 through which fluid 1s drawn 1nto the pump.
Power 1s provided by an e¢lectrical cable 238 that extends through the production tubing
214. As the ESP 202 pumps hydrocarbons through the well system, it expels heat into the
production tubing 214. Specifically, various components of the ESP 202, such as the
motor 230, pump 234, and clectrical cable 238, generate thermal energy that 1s propagated
through the well system. The amount of thermal energy released may depend on a number
of factors such as ESP size, housing material, time period of operation, pump operational
speed, power drawn through the electrical cable, motor size, and any number of additional
and/or factors. In certain embodiments, the amount of thermal energy expelled by an ESP

may be obtained from a manufacturer of the ESP or other source.

Referring now to Fig. 4, illustrated 1s an example line graph 250 depicting an
undisturbed temperature line 252 and thermal simulation lines 254 and 256 of two different
well configurations over a long term production scenario (€.g., a year). In this example, as
shown by line 252, the temperature of a formation that 1s undisturbed by a well system
increases linearly as distance from the surface increases. Thermal simulation line 254
depicts the temperature of fluid 1in a first well system at increasing distances below the
surface. Thermal simulation line 256 depicts the temperature of fluid 1n a second well
system similar to the first well system but having an ESP—such as ESP 202—disposed 1n
the system. As mentioned above, in the non-limiting, illustrative example, ESP 1s disposed
approximately 15,000 ft measured depth below RKB. As shown by the example line graph
250, the additional thermal energy expelled by the ESP 1n the second well system causes an
increase 1n fluid temperature along the entire length of the well system as compared to the

first well system. Specifically, at approximately 15,000 ft RKB measured depth below the
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tubing where the ESP 1s positioned, fluid in the second well system with the ESP 1s
approximately 30 degrees warmer than the fluid in the first well system without an ESP.
As the distance from the surface decreases, the presence of the ESP affects fluid
temperatures by a decreasing amount. This difference in temperature of fluids along a well
system caused by a heat source within the wellbore, such as an ESP, 1s sufficient to affect
tubing and wellbore integrity along a substantial portion of the length of the tubing through
increased pressures. The downhole simulator 110 of the invention 15 disposed to account
for temperature and pressure changes due to heat sources disposed within a well system,
thereby more accurately simulating downhole conditions during one or more phases of the

lite of the wellbore.

As a further example of the effect heat sources such an electrical submersible pump
have on well systems, the table below 1llustrates the difference 1n movement of a 3 %
diameter production tubing 1in a two well systems—one with an ESP and one without—

over the course of a one year production scenario.

MD (ft) Hook’s | Buckling | Balloon | Thermal | Total
Top Bace Law (ft) (ft) (t) (ft) (ft)
Well 40.1 | 16,000 0.01 0.0 -0.71 3.83 3.12
System
w/o ESP
Well 40.1 40.1 0.0 0.0 -0.74 5.22 4.48
System
with ESP

The above example table illustrates that, among other things, the additional thermal energy
introduced 1nto a well system by an ESP may cause a 3 % diameter production tubing to
increase 1n length by as much as 1.5 feet (3.83 vs. 5.22) as compared to similar tubing in a
well system without an ESP. This increase 1n length 1s substantial enough to cause tubing

stress—and thus loss of integrity—in a locked tubing completion configuration.

The additional thermal energy and pressure in the various components of a well
system due to the presence of an additional heat source such as an ESP ultimately affects
the annular fluids within the plurality of strings disposed in the well system. Specifically, a

difference 1n annular fluid expansion (AFE) between well systems with and without ESPs
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may be measured. For example, over the course of a one year production run, the presence
of an ESP 1n a well system may increase the trapped annular pressure by over 500 psi in
cach of a 13 3/8 inch intermediate annulus casing, a 9 5/8 inch protective casing, and a 7
inch production tieback. Again, this increase 1n annular fluid expansion—and thus,
trapped annular pressure—is sufficient to compromise well integrity and 1s therefore
addressed by the downhole simulator 110 of the present disclosure through the inclusion of
heat source information 1n downhole simulations. One of ordinary skill in the art would
recognize that the above 1llustrations of the effects of additional heat sources in a well
system are simply examples and different well systems may react differently to additional
thermal energy. Further, although the additional heat source 1s described as an ESP certain
embodiments of the invention, other embodiments of the invention may be disposed to

address other types and numbers of heat sources disposed within well systems.

Referring now to Fig. 5, illustrated 1s a method 300 of simulating downhole
conditions m a well system according to aspects of the present disclosure. In one
embodiment, the method 300 may be implemented by the downhole simulator 110 1n the
downhole simulation system 100 of Fig. 1. In particular, the method 300 1n FIG. 5
illustrates an example data flow between the drilling prediction module 112, the production
prediction module 114, the casing stress module 116, the tubing stress module 118, and the
multi-string module 120 1n the downhole simulator 110 according to a various aspects of

the present invention.

At block 302, the mechanical configuration of the well 1s defined using manual or
automated means. For example, a user may mput well configuration information via 1/0
device 106 and display 108 1n downhole simulation system 100. However, the
configuration information may also be received via network communication module 105 or
called from memory by processor 102. In this illustrated embodiment, the configuration
information defines the well’s physical and operational configuration such as, for example,
number and type of casing and tubing strings (1.€., inventory), casing and hole dimensions,
annular fluids surrounding the strings, cement types, undisturbed static downhole
temperatures, operation duration, and environment variables such as geothermal properties
of the formation and ocean currents. Based upon these imnput variables, at block 304, using
drilling prediction module 112, processor 102 models the temperature and pressure
conditions present during drilling, logging, trip pipe, casing, and cementing operations. At

block 306, processor 102 then outputs the initial drilling temperature and pressure of the
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wellbore.

Next, at block 308, processor 102 outputs the “final” drilling temperature and
pressure. Here, “final” may also refer to the current drilling temperature and pressure of
the wellbore 1f the downhole simulator 110 1s being utilized to analyze the wellbore
conditions 1n real time. If this 18 the case, the “final” temperature and pressure will be the
current temperature and pressure of the wellbore during that particular stage of downhole
opcration sought to be simulated. Morecover, the present imnvention could be utilized to
model a certain stage of the drilling or other operation. If so, the selected operational stage

would dictate the “final” temperature and pressure.

The method next moves to block 310, where the mmtial and final drilling
temperature and pressure values are provided to the casing stress module 116, where
processor 102 simulates the stresses on the casing strings caused by changes from the
initial to final loads during drilling, as well as the temperature and pressure conditions
affecting those casing strings. At block 312, processor 102 then outputs the 1nitial casing
mechanical landing loading conditions to the multi-string module 120. Referring back to
step 302, the mputted well configuration information may also be provided directly to
multi-string module 120. In addition, in certain embodiments, at block 306 the initial

drilling temperature and pressure data may be provided directly to multi-string module

120.

Referring back to block 202, after processor 102 has modeled the drilling
temperature and pressure conditions present during drilling, logging, trip pipe, casing, and
cementing operations, the results of the simulation are provided to production prediction
module 114. As part of this, the completion configuration information of the well system
defined 1n block 302 1s also entered 1nto the production prediction module 114. That 1s, all
components of the well system that will be present during production are incorporated by
the production prediction module 114, including additional heat sources disposed 1n the
well bore. In that regard, in block 314, heat source information 1s fed into the production
prediction module 114 so that 1t may incorporate the information into thermal transfer
stmulations of downhole conditions during production scenarios. In certain embodiments,
specific thermal expenditure information about a heat source may be directly entered into
the downhole simulator 110 prior to a downhole simulation. For example, heat source

information such as the amount of heat released over a defined time period may be directly
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entered 1nto the production prediction module 114 for inclusion into a thermal transfer
stmulation of the well system. In other embodiments, more gencral heat source
information such as heat source dimensions, location, and operational power requirements
may be entered into the downhole simulator 110 and the simulator may subsequently
calculate the amount of thermal energy expelled by the heat source. In certain
embodiments, where an electrical submersible pump 1s disposed within the well system,
heat source information fed into the production prediction module 114 may include ESP
outside diameter, ESP length, ESP weight, ESP ¢lectrical cable length and thickness, ESP
location within the well system, and/or heat loss of each component of the ESP (pump heat

loss, motor heat loss, electrical cable heat loss).

After all well completion configuration information, including heat source
information, has been fed into the production prediction module 114, method 300 moves to
block 316 where the processor 102 simulates production temperature and pressure
conditions 1n the wellbore of the well system during operations such as circulation,
production, and injection operations. For instance, production prediction module 114 may
simulate temperature transfer through the well system based on the configuration
information and the additional heat source information. Then, at block 318, processor 102
determines the final production temperature and pressure based upon the analysis block

316, and this data and the simulated temperature transfer data 1s then fed into multi-string

module 120.

Referring back to block 316, after the production temperature and pressure
conditions have been modeled, the simulation results are provided to the tubing stress
module 118. At block 320, processor 102 simulates the tubing stresses caused by changes
from the mitial to final temperatures and loads, as well as the temperature and pressure
conditions affecting the stress state of the tubing. As described above, the tubing stress
module 118 analyzes the load and movement of tubing within a well system, as well as
tubing buckling and design integrity. As an aspect of this, the tubing stress simulation 1s
affected by additional heat sources disposed 1n the well system, as defined by the heat
source 1nformation. For example, additional heat transferred from an ESP into a
production tubing string may cause the tubing string to expand and lose integrity beyond
normal production conditions. At block 322, processor 102 outputs the initial tubing
mechanical landing loading conditions, and this data 1s provided to the multi-string module

120. At block 324, after simulation data from the plurality of modules has been provided

11



10

15

20

25

30

CA 02880460 2015-01-28
WO 2014/025798 PCT/US2013/053815

to the multi-string module 120, the final (or most current) total well system analysis and
simulation 1s performed by processor 102 1n order to estimate the annular fluid expansion
(1.c., trapped annular pressures) and wellhead movement. For example, the annular fluid
pressure simulation 18 based on the casing stress module simulation 1n block 310, the
tubing stress module simulation 1in block 320 and the production simulation at block 316,
which 1s based 1n part on the heat source information. The multi-string module 120 outputs

stmulation results that include annular fluid pressure buildup information 326.

One of ordmary skill in the art would understand that method 300 of simulating
downhole conditions 1n a well system 1s simply an example embodiment, and 1n alternative
embodiments, additional and/or different steps may be included in the method. For
example, 1 certain embodiments, the production prediction module simulation 1n block
316 may predict thermal transfer within a well system based on heat source information
describing a plurality of heat sources disposed within the system. For instance, multiple
pumps of varying types may perform various functions at locations throughout a well
system. The production prediction module may perform a comprehensive thermal transfer
analysis that incorporates heat source information corresponding to the plurality heat

sources throughout the well system.

Accordingly, various embodiments of the present invention may be utilized to
conduct a total well system analysis during a design phase or in real-time during
production operations. As an aspect of this, the influence of the thermal expansion of
annulus fluids, and/or the influence of loads imparted on the wellhead during the life of the
well, as well as the load effects on the integrity of a well’s tubulars may be predicted. The
described embodiments further determine the pressures due to the expansion of annular
fluids and the position (e.g., displacement) of the wellhead during drilling operations.
Accordingly, the load pressures and associated wellhead displacement values are used to
determine the integrity of a defined set of well tubulars 1n the completed well or during
drilling operations. As described above, these simulations incorporate heat source
information describing additional heat sources disposed within a well system so that

downhole conditions may be more accurately predicted.

The foregoing methods and systems described herein are particularly useful in
creating and executing a plan to develop a reservoir including one or more well systems.

First a reservoir 18 modeled with reservoir simulation systems and then downhole
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simulations system may be employed to design a well completion plan for one or more
wells. In an embodiment, the drilling well completion plan includes the selection of
various tubulars to be disposed 1n a proposed wellbore. The plan may include construction
materials for components of proposed well systems including tubing and casing materials,
sizes, and types. The downhole simulator may then be run to model well production and
conditions over a period of time. As an aspect of this, the downhole simulations may be
utilized to adjust onec or more proposed features of the wellbore system. In certain
embodiments, the well completion plan may be optimized by the previously-described
downhole simulation method. For example, a downhole simulator may be employed to
predict conditions that may occur 1n a wellbore so that parameters such as tubular sizing
may be independently and separately optimized for a wellbore in the 1nitial model of the
reservolr. Based on the optimized model, a drilling plan may be implemented and a

physical wellbore may be drilled and constructed in accordance with the plan.

In a further exemplary aspect, the present disclosure 1s directed to a method for
drilling a wellbore 1n reservoir. The method includes utilizing a reservoir simulation
system to model reservoir flow and develop a drilling plan and well system configurations
using a downhole simulator, such as that described herein. Once reservoir flow has been
modeled and optimized and wellbore conditions modeled and optimized, the method
includes preparing equipment to construct a portion of a wellbore 1n accordance with the
drilling plan, mitiating drilling of the wellbore and thereafter, drilling and constructing a

wellbore 1n accordance with the drilling plan.

While the downhole simulation system has been described in the context of
subsurface modeling, it is intended that the simulator and system described herein can also
model surface and subsurface coupled together. A non-limiting example of such a
simulator 1s the modeling of temperature and pressure conditions 1n a surface network
consisting of flowlines, pipelines, pumps, and equipment such as pumps, compressors,
valves, etc coupled with the well and the reservoir together as an integrated flow network

Or system.

In one exemplary aspect, the present disclosure 1s directed to a method for
simulating downhole conditions 1s described. The method includes receiving configuration
information about a well system in a production configuration, the well system including

annular fluids disposed therein and receiving heat source information associated with a
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heat source disposed within the well system. The method also includes simulating
temperature transfer in the well system during a production scenario based at least on the
configuration information and the heat source information and predicting pressure buildup

in the annular fluids based on the sitmulated temperature transfer in the well system.

In another exemplary aspect, the present disclosure 1s directed to a computer-
implemented method of simulating downhole conditions 1in a multi-string well system. The
method 1ncludes receiving, with a production prediction module, a completion
configuration definition of the multi-string well system, the completion configuration
definition describing annular fluids within the strings of the multi-string well system and
recerving, with the production prediction module, heat source information associated with
a heat source disposed within the well system. The method also includes simulating, with
the production prediction module, temperature transfer in the well system during a
production scenario based at least on the completion configuration definition and the heat
source information. The method also includes receiving, at a multi-string module,
stmulated temperature transfer data from the production prediction module and predicting,
with the multi-string module, pressure buildup 1n the annular fluids within the strings of the

multi-string well system based on the simulated temperature transfer data.

In yet another exemplary aspect, the present disclosure 1s directed to a computer-
implemented downhole simulation system. The system includes a processor, a non-
transitory storage medium accessible by the processor, and software instructions stored on
the storage medium. The software instructions are executable by the processor for
recerving configuration information about a well system 1n a production configuration, the
well system including annular fluids disposed therein and receiving heat source
information associated with a heat source disposed in the well system. The software
instructions are also executable by the processor for simulating temperature transfer in the
well system during a production scenario based at least on the configuration information
and the heat source information and predicting pressure buildup in the annular fluids based

on the simulated temperature transfer in the well system.

In a further another exemplary aspect, the present disclosure 1s directed to a method
for drilling wellbores 1n a reservoir. The method includes receiving configuration
information about a proposed well system 1n a production configuration, the proposed well

system including annular fluids disposed therein and receiving heat source information
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assoclated with a heat source defined in the proposed well system. The method also
includes simulating temperature transfer in the proposed well system during a production
scenar1o based at least on the configuration information and the heat source information
and predicting pressure buildup 1n the annular fluids based on the simulated temperature
transfer 1n the proposed well system. Further, the method includes, selecting construction
components for at least one physical wellbore corresponding to the proposed well system
in the reservoir based on the predicted pressure buildup and preparing equipment to
construct a portion of the at Ieast one physical wellbore. Additionally, the method includes
drilling and constructing the at least one physical wellbores 1n accordance with the selected

construction components.

While certain features and embodiments of the disclosure have been described 1n
detail herein, 1t will be readily understood that the disclosure encompasses all
modifications and enhancements within the scope and spirit of the following claims.
Furthermore, no limitations are intended in the details of construction or design herein
shown, other than as described 1n the claims below. Moreover, those skilled 1n the art will
appreciate that description of various components as being oriented vertically or
horizontally are not intended as limitations, but are provided for the convenience of

describing the disclosure.

It 1s therefore evident that the particular 1llustrative embodiments disclosed above
may be altered or modified and all such variations are considered within the scope and
spirit of the present disclosure. Also, the terms 1n the claims have their plain, ordinary

meaning unless otherwise explicitly and clearly defined by the patentee.
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CLAIMS:

1. A method of production from a reservoir, comprising:
receiving configuration information about a proposed well system in a production
configuration, the well system including annular tluids disposed therein;

receiving heat source information associated with a heat source disposed within the

well system;

simulating heat transfer in the well system during a production scenario based at least
on the configuration information and the heat source information;

predicting pressure buildup in the annular fluids based on the simulated heat transter

in the well system; and

adjusting a proposed feature of the well system based on the predicted pressure

buildup caused by the simulated heat transfer.

2. The method of claim 1, wherein receiving heat source information includes receiving

information about the amount of thermal energy output from the heat source.

3. The method of claim 1, wherein receiving heat source information includes receiving

information about the physical configuration of the heat source.

4. The method of claim 3, wherein simulating heat transfer in the well system includes

calculating the thermal energy output from the heat source based on the information about the

physical configuration of the heat source.

. The method of claim 1, wherein receiving heat source information includes receiving

information describing the location of the heat source within the well system.

6. The method of claim 1, wherein receiving heat source information includes receiving

information about an electrical submersible pump disposed within the well system.

7. The method of claim 6, wherein the information about the electrical submersible
pump includes at least one of an outside diameter of the electrical submersible pump, a length
of the electrical submersible pump, a weight of the electrical submersible pump, and a length

of an electrical cable associated with the electrical submersible pump.
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8. The method of claim 6, wherein the information about the electrical submersible

pump includes information about the thermal energy output by the electrical submersible

pump during operation.

9. The method of claim 8, wherein the information about the thermal energy is

calculated by a manufacturer of the electrical submersible pump.

10. The method of claim 1,
wherein the well system includes a wellhead; and

wherein the predicting pressure buildup includes predicting wellhead movement.

1. The method of claim 1,

further including simulating stress loads on tubing disposed within the well system
based at least on the heat source information; and

wherein the predicting pressure buildup in the annular fluids 1s based in part on the

simulated stress loads on the tubing.

12. A computer-implemented method of simulating downhole conditions in a multi-string
well system, comprising:

receiving, with a production prediction module, a completion configuration definition
of the multi-string well system, the completion configuration definition describing annular
fluids within the strings of the multi-string well system, said production prediction module
forming at least a portion of a downhole simulation system having a processor and a non-
transitory storage medium accessible by the processor, said production prediction module
including software instructions stored on the storage medium executable by the processor;

receiving, with the production prediction module, heat source information associated
with a heat source disposed within the well system;

simulating, with the production prediction module, heat transter in the well system
during a production scenario based at least on the completion configuration definition and the
heat source information;

receiving, at a multi-string module, simulated heat transfer data from the production

prediction module, said multi-string module forming at least a portion of said downhole

simulation system;
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predicting, with the multi-string module, pressure buildup in the annular fluids within
the strings of the multi-string well system based on the simulated heat transfer data; and

adjusting a feature of the well system based on the predicted pressure buildup caused

by the simulated heat transfer.

13. The method of claim 12,
further including simulating, with a tubing stress module, stress loads on tubing
strings disposed in the multi-string well system based at least on the heat source information;

and

further including receiving, at the multi-string module, simulated tubing string stress
load data from the tubing stress module;

wherein the predicting pressure buildup in the annular fluids within the strings of the

multi-string well system 1s also based on the simulated tubing string stress load data.

14.  The method of claim 12, wherein receiving heat source information includes receiving

information about the amount of thermal energy output from the heat source.

15.  The method of claim 12, wherein receiving heat source information includes receiving

information about the physical configuration of the heat source.

16.  The method of claim 15, wherein simulating heat transfer in the well system includes
calculating the thermal energy output from the heat source based on the information about the

physical configuration of the heat source.

17.  The method of claim 12 wherein;:
receiving heat source information includes receiving information about an electrical

submersible pump disposed within the well system.

]8. The method of claim 17 wherein:

the information about the electrical submersible pump includes information about the

thermal energy output by the electrical submersible pump during operation.

19. The method of claim 17, wherein the information about the electrical submersible

pump includes at least one of an outside diameter of the electrical submersible pump, a length
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of the electrical submersible pump, a weight of the electrical submersible pump, and a length

of an electrical cable associated with the electrical submersible pump.

20. A computer-implemented downhole simulation system, the system comprising:
a processor;
a non-transitory storage medium accessible by the processor; and
software 1nstructions stored on the storage medium and executable by the processor
for:
receiving configuration information about a well system in a production
configuration, the well system including annular fluids disposed therein;
recerving thermal energy output information associated with a heat source
disposed in the well system;
simulating heat transfer in the well system during a production scenario based
at least on the configuration information and the thermal energy output information;
predicting pressure buildup in the annular fluids based on the simulated heat
transfer in the well system; and
adjusting a parameter ot the well system based on the predicted pressure

buildup caused by the simulated heat transfer.

21.  The computer-implemented downhole simulation system of claim 20 wherein:
said software instructions are executable by the processor for receiving information

about an electrical submersible pump disposed within the well system.

22.  The computer-implemented downhole simulation system of claim 21 wherein:
the information about the electrical submersible pump includes information about the

thermal energy output by the electrical submersible pump during operation.

23.  The computer-implemented downhole simulation system of claim 21 wherein:
the information about the electrical submersible pump includes information about a

physical configuration of the electrical submersible pump.

24.  The computer-implemented downhole simulation system of claim 23 wherein:
the information about the electrical submersible pump includes at least one of an

outside drameter of the electrical submersible pump, a length of the electrical submersible
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pump, a weight of the electrical submersible pump, a length of an electrical cable associated

with the electrical submersible pump.

25.  The computer-implemented downhole simulation system of claim 20,
said software instructions are executable by the processor simulating stress loads on
tubing disposed in the well system based at least on the thermal energy output information;
wherein the predicting pressure buildup in the annular fluids is based in part on the

simulated stress loads on the tubing.

26. A method for drilling wellbores in a reservoir, the method comprising:

recetving contiguration information about a proposed well system in a production
contiguration, the proposed well system including annular fluids disposed therein;

receiving heat source information associated with a heat source defined in the
proposed well system;

simulating heat transfer in the proposed well system during a production scenario
based at least on the configuration information and the heat source information;

predicting pressure buildup in the annular fluids based on the simulated heat transfer
in the proposed well system;

based on the predicted pressure buildup, selecting construction components for at
least one physical wellbore corresponding to the proposed well system in the reservoir;

preparing equipment to construct a portion of the at least one physical wellbore; and

drilling and constructing the at least one physical wellbores in accordance with the

selected construction components.

27.  The method of claim 26, wherein receiving heat source information includes receiving

information about an electrical submersible pump disposed within the proposed well system.

28. The method of claim 27, wherein the information about the electrical submersible
pump Includes at least one of information about a physical configuration of the electrical
submersible pump and information about the thermal energy output by the electrical

submersible pump during operation.
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