w0 2021/007486 A1 | I 00000 KA Y OO OO0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 O 0 00 P00 A0

International Bureau % (10) International Publication Number

WO 2021/007486 Al

(43) International Publication Date
14 January 2021 (14.01.2021) WIRPOIPCT

(51) International Patent Classification: TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
CO2F 1/30 (2006.01) CO2F 103/10 (2006.01) KM, ML, MR, NE, SN, TD, TG).

(21) International Application Number:

PCT/US2020/041529  Published:

—  with international search report (Art. 21(3))
(22) International Filing Date:
10 July 2020 (10.07.2020)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
16/507,819 10 July 2019 (10.07.2019) UsS

(71) Applicant: SAUDI ARABIAN OIL COMPANY
[SA/SA]; 1 Eastern Avenue, Dhahran, 31311 (SA).

(71) Applicant (for AG only): ARAMCO SERVICES COM-
PANY [US/US]; 1200 Smith Street, Two Allen Building,
Houston, Texas 77002 (US).

(72) Inventors: ARKADAKSKIY, Serguey Viktorov; Saudi
Aramco, P.O. Box 20594, Dhahran, 31311 (SA). COWIE,
Michael; Saudi Aramco, P.O. Box 12897, Dhahran, 31311
(SA).

(74) Agent: BRUCE, Carl E. et al.; FISH & RICHARDSON
P.C., P.O. Box 1022, Minneapolis, Minnesota 55440-1022
(US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: USE OF TERTIARY TREATED SEWAGE EFFLUENT STERILIZED WITH IONIZING RADIATION IN UPSTREAM
WELL APPLICATIONS

(57) Abstract: Methods, systems, and apparatuses for using irradiated tertiary treated sewage effluent (TTSE) for use in upstream and
downstream well operations are disclosed. In some implementations, the TTSE is treated with ionizing radiation, such as gamma rays
or electron beam radiation, in order to sterilize the TTSE. The sterilized TTSE is utilized in a well treatment operation, such as drilling
operations, completion operations, pressure maintenance operations, and hydraulic fracturing operations. Sterilization of the TTSE prior
to introduction into a well prevents damage to the well, such as fouling of a reservoir or reduction in permeability of the reservoir or both.



10

15

20

25

30

WO 2021/007486

USE OF TERTIARY TREATED SEWAGE EFFLUENT STERILIZED
WITH IONIZING RADIATION IN UPSTREAM WELL
APPLICATIONS

CLAIM OF PRIORITY
[0001] This application claims priority to U.S. Patent Application No. 16/507,819
filed on July 10, 2019, the entire contents of which are hereby incorporated by reference.
TECHNICAL FIELD

[0002] The present disclosure relates to upstream well operations.

BACKGROUND
[0003] Water resources for use in petroleum production operations can be scarce
resources, especially in remote locations where some petroleum wells are located. Vast
quantities of groundwater, including high-quality fresh groundwater, are used for
upstream operations, including, drilling, performing completions, hydraulic fracturing,
and maintaining reservoir pressures.
SUMMARY

[0004] A first aspect of the present disclosure is directed to a method using tertiary
treated sewage effluent (TTSE) in an upstream well treatment. The method may include
applying ionizing radiation to TTSE and using the irradiated TTSE during the course of
an upstream well operation. A second aspect of the present disclosure is directed to a
computer-implemented method performed by one or more processors for performing an
upstream well operation using tertiary treated sewage effluent (TTSE). The method may
include the applying ionizing radiation to TTSE and using the irradiated TTSE during
the course of an upstream well operation. A third aspect of the present disclosure is
directed to an apparatus for performing an upstream well operation using tertiary treated
sewage effluent (TTSE). The apparatus includes one or more processors and a non-
transitory computer-readable storage medium coupled to the one or more processors and
storing programming instructions for execution by the one or more processors. The
programming instructions may be operable to instruct the one or more processors to
apply ionizing radiation to TTSE and conduct an upstream well operation using the
irradiated TTSE.

[0005] The various aspects may include one or more of the following features.

Applying ionizing radiation to TTSE may include applying ionizing radiation to a flow
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of TTSE. Using the irradiated TTSE during the course of an upstream well operation
may include using the irradiated TTSE in an upstream well operation that includes a
drilling operation, a completion operation, a reservoir pressure maintenance operation,
and a hydraulic fracturing operation. Using the irradiated TTSE during the course of an
upstream well operation may include forming a hydraulic fracturing fluid using the
irradiated TTSE and fracturing a formation using the hydraulic fracturing fluid. Using
the irradiated TTSE during the course of an upstream well operation may include
forming a drilling mud with the irradiated TTSE and pumping the drilling mud into a
well during a drilling operation.

[0006] The various aspects may include one or more of the following features. The
programming instructions to instruct the one or more processors to apply ionizing
radiation to TTSE may include programming instructions to instruct the one or more
processors to generate a flow of the TTSE and applying ionizing radiation to a flow of
TTSE. The programming instructions to instruct the one or more processors to conduct
an upstream well operation using the irradiated TTSE may include programming
instructions to instruct the one or more processors to conduct, using the irradiated TTSE,
an upstream well operation that includes a drilling operation, a completion operation, a
reservoir pressure maintenance operation, and a hydraulic fracturing operation. The
programming instructions to instruct the one or more processors to conduct an upstream
well operation using the irradiated TTSE may include programming instructions to
instruct the one or more processors to form a hydraulic fracturing fluid using the
irradiated TTSE and fracture a formation using the hydraulic fracturing fluid. The
programming instructions to instruct the one or more processors to conduct an upstream
well operation using the irradiated TTSE may include programming instructions to
instruct the one or more processors to form a drilling mud with the irradiated TTSE and
pump the drilling mud into a well during a drilling operation.

[0007] The details of one or more embodiments of the present disclosure are set
forth in the accompanying drawings and the description that follows. Other features,
objects, and advantages of the present disclosure will be apparent from the description

and drawings, and from the claims.
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DESCRIPTION OF DRAWINGS

[0008] FIG. 1 is an example system for treating tertiary treated sewage effluent
(TTSE) with ionizing radiation, according to some implementations of the present
disclosure.

[0009] FIG. 2 is a flowchart of an example method for utilizing TTSE, sterilized
with ionizing radiation, in upstream well operations, according to some implementations
of the present disclosure.

[0010] FIG. 3 is a block diagram illustrating an example computer system used to
provide computational functionalities associated with described algorithms, methods,
functions, processes, flows, and procedures as described in the present disclosure,

according to some implementations of the present disclosure.

DETAILED DESCRIPTION

[0011] For the purposes of promoting an understanding of the principles of the
present disclosure, reference will now be made to the implementations illustrated in the
drawings, and specific language will be used to describe the same. Nevertheless, no
limitation of the scope of the disclosure is intended. Any alterations and further
modifications to the described devices, systems, methods, and any further application of
the principles of the present disclosure are fully contemplated as would normally occur
to one skilled in the art to which the disclosure relates. In particular, it is fully
contemplated that the features, components, steps, or a combination of these described
with respect to one implementation may be combined with the features, components,
steps, or a combination of these described with respect to other implementations of the
present disclosure.

[0012] An abundant source of water (that is, wastewater) is used to replace, in whole
or in part, natural groundwater resources in upstream well operations. As a result,
consumption of groundwater resources is reduced, and, consequently, pressure placed
on natural groundwater resources is reduced. Tertiary treated sewage effluent (TTSE),
a form of wastewater, is an abundant economic alternative to groundwater and has low
salinity and low sulfur levels. In some cases, a low percentage of TTSE is reused. For
example, in some case, approximately 20% of TTSE is reused, with the remainder of

the TTSE being discarded.
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[0013] The inability of conventional technologies, such as chlorination and UV
irradiation, to remove microorganisms completely from TTSE renders the use of TTSE
for upstream applications undesirable. This is because, without eradication of microbial
contamination from the TTSE, introducing TTSE into a reservoir in the course of a
treatment operation could cause reservoir fouling, loss of permeability, or both.
However, treatment of the TTSE with ionizing radiation, such as gamma rays or electron
beam radiation, is an effective method for complete wastewater sterilization.

[0014] In contrast to conventional treatment methods, the effectiveness of ionizing
radiation is largely independent of the wastewater’s physical parameters such as total
suspended solids (TSS) and turbidity, which often interfere with other types of
treatments, including UV irradiation treatment. Treating wastewater with ionizing
radiation, in combination with other conventional treatments (such as primary treatment
and secondary treatment), results in decomposition of many refractory organic
compounds.

[0015] As a result of ionizing radiation sterilization, sterilized TTSE is a water
resource that is usable to replace, in whole or in part, other water resources, such as
groundwater, in conducting well operations, particularly upstream well operations.
These upstream well operations include, but are not limited to, drilling operations (such
as gel and mud production), completion operations, pressure maintenance operations,
and hydraulic fracturing operations. In still other implementations, TTSE sterilized
using ionizing radiation may also be used in downstream refining operations (such as
salt washing); carbon dioxide (COz) dissolution; transportation operations (such as for
use as a medium in carbon capture and storage operations); and groundwater aquifer
recharge, including the prevention of aquifer salinization caused by groundwater over-
abstraction.

[0016] FIG. 1 is an example ionizing radiation sterilizing system 100 in which a
TTSE flow 102 is ejected from a nozzle 104 into a path of a beam 106 of ionizing
radiation emitted from a nozzle 108. As the flow 102 of TTSE passes through the beam
106 of ionizing radiation, the TTSE is sterilized. The TTSE is collected in a container,
such as a tank 110.

[0017] In some implementations, an ionizing radiation dosage within a range of
approximately one to three kilogray (kGy) may be applied to the flow 102 of TTSE. As

a result of exposure to the ionizing radiation, such as within the indicated range, bacteria
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within the TTSE can be reduced by 98%, 99%, and up to 99.9%. At these levels of
bacteria removal, the TTSE treated with ionizing radiation can be used in upstream well
operations without the risk of reservoir fouling, a reduction in permeability of the
reservoir, or both.

[0018] The scope of the disclosure is not limited to the example dosage range
indicated earlier. Rather, the dosage of ionizing radiation may be varied. A dosage of
ionizing radiation may be increased, for example, up to 20 to 30 kGy in some
implementations, or, in other implementations, a dosage may be reduced to a level below
one kGy. Further, a dosage of ionizing radiation may vary depending on other
characteristics of the TTSE. For example, the dosage may vary depending on biological
loading of the TTSE. In some implementations, for TTSE having increased biological
loading levels, an increased dosage of ionizing radiation may be used. In other
implementations, for TTSE having a reduced level of biological loading, a reduced
dosage of ionizing radiation may be used.

[0019] FIG. 2 is a flowchart of an example method 200 for the use of treated TTSE
for upstream well operations. At 202, ionizing radiation is applied to TTSE. Examples
of the ionizing radiation include gamma rays or electron beam radiation. In some
implementations, the ionizing radiation may be applied to a flow of TTSE. In some
implementations, the flow of TTSE may be collected in a container after application of
the ionizing radiation. At 204, the treated TTSE is used in an upstream well operation.
Example upstream well operations include drilling operations (such as gel and mud
production), completion operations, pressure maintenance operations, and hydraulic
fracturing operations. A fractional component of treated TTSE that may be used in an
upstream operation may be from zero, where water used for an upstream operation does
not include any treated TTSE, to one, where all of the water used for an upstream
operation is treated TTSE and no other water type is used. The fractional component of
treated TTSE may vary depending on one or more considerations. For example, a cost
associated with obtaining the treated TTSE or other water sources, the availability of
treated TTSE or other water sources, and the compatibility of TTSE with minerals within
a reservoir or another water type are example consideration that are taken into
consideration when determining whether treated TTSE is used and, if so, what fractional
component of the treated TTSE is used. For example, in some instances, whether treated

TTSE is used and, if so, the fractional component of the treated TTSE to be used may
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be determined, in whole or in part, based on whether the treated TTSE poses a risk of
unfavorable fluid-mineral reactions within a reservoir or a risk of unfavorable fluid-fluid
mixing reactions, or both.

[0020] FIG. 3 is a block diagram of an example computer system 300 used to
provide computational functionalities associated with described algorithms, methods,
functions, processes, flows, and procedures described in the present disclosure,
according to some implementations of the present disclosure. The illustrated computer
302 is intended to encompass any computing device such as a server, a desktop
computer, a laptop/notebook computer, a wireless data port, a smart phone, a personal
data assistant (PDA), a tablet computing device, or one or more processors within these
devices, including physical instances, virtual instances, or both. The computer 302 can
include input devices such as keypads, keyboards, and touch screens that can accept user
information. Also, the computer 302 can include output devices that can convey
information associated with the operation of the computer 302. The information can
include digital data, visual data, audio information, or a combination of information.
The information can be presented in a graphical user interface (UI) (or GUI).

[0021] The computer 302 can serve in a role as a client, a network component, a
server, a database, a persistency, or components of a computer system for performing
the subject matter described in the present disclosure. The illustrated computer 302 is
communicably coupled with a network 330. In some implementations, one or more
components of the computer 302 can be configured to operate within different
environments, including cloud-computing-based environments, local environments,
global environments, and combinations of environments.

[0022] At a high level, the computer 302 is an electronic computing device operable
to receive, transmit, process, store, and manage data and information associated with the
described subject matter. According to some implementations, the computer 302 can
also include, or be communicably coupled with, an application server, an email server,
a web server, a caching server, a streaming data server, or a combination of servers.
[0023] The computer 302 can receive requests over network 330 from a client
application (for example, executing on another computer 302). The computer 302 can
respond to the received requests by processing the received requests using software

applications. Requests can also be sent to the computer 302 from internal users (for
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example, from a command console), external (or third) parties, automated applications,
entities, individuals, systems, and computers.

[0024] Each of the components of the computer 302 can communicate using a
system bus 303. In some implementations, any or all of the components of the computer
302, including hardware or software components, can interface with each other or the
interface 304 (or a combination of both), over the system bus 303. Interfaces can use an
application programming interface (API) 312, a service layer 313, or a combination of
the API 312 and service layer 313. The API 312 can include specifications for routines,
data structures, and object classes. The API 312 can be either computer-language
independent or dependent. The API 312 can refer to a complete interface, a single
function, or a set of APIs.

[0025] The service layer 313 can provide software services to the computer 302 and
other components (whether illustrated or not) that are communicably coupled to the
computer 302. The functionality of the computer 302 can be accessible for all service
consumers using this service layer. Software services, such as those provided by the
service layer 313, can provide reusable, defined functionalities through a defined
interface. For example, the interface can be software written in JAVA, C++, or a
language providing data in extensible markup language (XML) format. While
illustrated as an integrated component of the computer 302, in alternative
implementations, the API 312 or the service layer 313 can be stand-alone components
in relation to other components of the computer 302 and other components
communicably coupled to the computer 302. Moreover, any or all parts of the API 312
or the service layer 313 can be implemented as child or sub-modules of another software
module, enterprise application, or hardware module without departing from the scope of
the present disclosure.

[0026] The computer 302 includes an interface 304. Although illustrated as a single
interface 304 in FIG. 3, two or more interfaces 304 can be used according to particular
needs, desires, or particular implementations of the computer 302 and the described
functionality. The interface 304 can be used by the computer 302 for communicating
with other systems that are connected to the network 330 (whether illustrated or not) in
a distributed environment. Generally, the interface 304 can include, or be implemented
using, logic encoded in software or hardware (or a combination of software and

hardware) operable to communicate with the network 330. More specifically, the
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interface 304 can include software supporting one or more communication protocols
associated with communications. As such, the network 330 or the interface’s hardware
can be operable to communicate physical signals within and outside of the illustrated
computer 302.

[0027] The computer 302 includes a processor 305. Although illustrated as a single
processor 305 in FIG. 3, two or more processors 305 can be used according to particular
needs, desires, or particular implementations of the computer 302 and the described
functionality. Generally, the processor 305 can execute instructions and can manipulate
data to perform the operations of the computer 302, including operations using
algorithms, methods, functions, processes, flows, and procedures as described in the
present disclosure.

[0028] The computer 302 also includes a database 306 that can hold data for the
computer 302 and other components connected to the network 330 (whether illustrated
or not). For example, database 306 can be an in-memory, conventional, or a database
storing data consistent with the present disclosure. In some implementations, database
306 can be a combination of two or more different database types (for example, hybrid
in-memory and conventional databases) according to particular needs, desires, or
particular implementations of the computer 302 and the described functionality.
Although illustrated as a single database 306 in FIG. 3, two or more databases (of the
same, different, or combination of types) can be used according to particular needs,
desires, or particular implementations of the computer 302 and the described
functionality. While database 306 is illustrated as an internal component of the
computer 302, in alternative implementations, database 306 can be external to the
computer 302.

[0029] The computer 302 also includes a memory 307 that can hold data for the
computer 302 or a combination of components connected to the network 330 (whether
illustrated or not). Memory 307 can store any data consistent with the present disclosure.
In some implementations, memory 307 can be a combination of two or more different
types of memory (for example, a combination of semiconductor and magnetic storage)
according to particular needs, desires, or particular implementations of the computer 302
and the described functionality. Although illustrated as a single memory 307 in FIG. 3,
two or more memories 307 (of the same, different, or combination of types) can be used

according to particular needs, desires, or particular implementations of the computer 302
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and the described functionality. While memory 307 is illustrated as an internal
component of the computer 302, in alternative implementations, memory 307 can be
external to the computer 302.

[0030] The application 308 can be an algorithmic software engine providing
functionality according to particular needs, desires, or particular implementations of the
computer 302 and the described functionality. For example, application 308 can serve
as one or more components, modules, or applications. Further, although illustrated as a
single application 308, the application 308 can be implemented as multiple applications
308 on the computer 302. In addition, although illustrated as internal to the computer
302, in alternative implementations, the application 308 can be external to the computer
302.

[0031] The computer 302 can also include a power supply 314. The power supply
314 can include a rechargeable or non-rechargeable battery that can be configured to be
either user- or non-user-replaceable. In some implementations, the power supply 314
can include power-conversion and management circuits, including recharging, standby,
and power management functionalities. In some implementations, the power-supply
314 can include a power plug to allow the computer 302 to be plugged into a wall socket
or a power source to, for example, power the computer 302 or recharge a rechargeable
battery.

[0032] There can be any number of computers 302 associated with, or external to, a
computer system containing computer 302, with each computer 302 communicating

2% ¢C

over network 330. Further, the terms “client,” “user,” and other appropriate terminology
can be used interchangeably, as appropriate, without departing from the scope of the
present disclosure. Moreover, the present disclosure contemplates that many users can
use one computer 302 and one user can use multiple computers 302.

[0033] Described implementations of the subject matter can include one or more
features, alone or in combination.

[0034] For example, in a first implementation, a computer-implemented method
performed by one or more processors for performing an upstream well operation using
tertiary treated sewage effluent (TTSE) includes: applying ionizing radiation to TTSE;
and using the irradiated TTSE during the course of an upstream well operation.

[0035] The foregoing and other described implementations can each, optionally,

include one or more of the following features:
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[0036] A first feature, combinable with any of the following features, wherein
applying ionizing radiation to the TTSE includes applying ionizing radiation to a flow
of TTSE.

[0037] A second feature, combinable with any of the previous or following features,
wherein using the irradiated TTSE during the course of an upstream well operation
includes using the irradiated TTSE in an upstream well operation that includes a drilling
operation, a completion operation, a reservoir pressure maintenance operation, and a
hydraulic fracturing operation.

[0038] A third feature, combinable with any of the previous or following features,
wherein using the irradiated TTSE during the course of an upstream well operation
includes: forming a hydraulic fracturing fluid using the irradiated TTSE; and fracturing
a formation using the hydraulic fracturing fluid.

[0039] A fourth feature, combinable with any of the previous or following features,
wherein using the irradiated TTSE during the course of an upstream well operation
includes: forming a drilling mud with the irradiated TTSE; and pumping the drilling
mud into a well during a drilling operation.

[0040] A fifth feature, combinable with any of the previous or following features,
wherein the ionizing radiation is selected from the group consisting of gamma rays or
electron beam radiation.

[0041] In a second implementation, a non-transitory, computer-readable medium
stores one or more instructions executable by a computer system to perform operations
including: applying ionizing radiation to TTSE; and using the irradiated TTSE during
the course of an upstream well operation.

[0042] The foregoing and other described implementations can each, optionally,
include one or more of the following features:

[0043] A first feature, combinable with any of the following features, wherein
applying ionizing radiation to the TTSE includes applying ionizing radiation to a flow
of TTSE.

[0044] A second feature, combinable with any of the previous or following features,
wherein using the irradiated TTSE during the course of an upstream well operation
includes using the irradiated TTSE in an upstream well operation that includes a drilling
operation, a completion operation, a reservoir pressure maintenance operation, and a

hydraulic fracturing operation.
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[0045] A third feature, combinable with any of the previous or following features,
wherein using the irradiated TTSE during the course of an upstream well operation
includes: forming a hydraulic fracturing fluid using the irradiated TTSE; and fracturing
a formation using the hydraulic fracturing fluid.

[0046] A fourth feature, combinable with any of the previous or following features,
wherein using the irradiated TTSE during the course of an upstream well operation
includes: forming a drilling mud with the irradiated TTSE; and pumping the drilling
mud into a well during a drilling operation.

[0047] A fifth feature, combinable with any of the previous or following features,
wherein applying ionizing radiation to TTSE comprises applying gamma rays or
electron beam radiation to the TTSE

[0048] In a third implementation, a computer-implemented system includes one or
more processors and a non-transitory computer-readable storage medium coupled to the
one or more processors and storing programming instructions for execution by the one
or more processors, the programming instructions instructing the one or more processors
to: apply ionizing radiation to TTSE; and conduct an upstream well operation using the
irradiated TTSE.

[0049] The foregoing and other described implementations can each, optionally,
include one or more of the following features:

[0050] A first feature, combinable with any of the following features, wherein the
programming instructions to instruct the one or more processors to apply ionizing
radiation to TTSE include programming instructions to instruct the one or more
processors to: generate a flow of the TTSE and apply ionizing radiation to a flow of
TTSE.

[0051] A second feature, combinable with any of the previous or following features,
wherein the programming instructions to instruct the one or more processors to conduct
an upstream well operation using the irradiated TTSE include programming instructions
to instruct the one or more processors to: conduct, using the irradiated TTSE, an
upstream well operation of the group consisting of a drilling operation, a completion
operation, a reservoir pressure maintenance operation, and a hydraulic fracturing
operation.

[0052] A third feature, combinable with any of the previous or following features,

wherein the programming instructions to instruct the one or more processors to conduct
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an upstream well operation using the irradiated TTSE include programming instructions
to instruct the one or more processors to: form a hydraulic fracturing fluid using the
irradiated TTSE and fracture a formation using the hydraulic fracturing fluid.

[0053] A fourth feature, combinable with any of the previous or following features,
wherein the programming instructions to instruct the one or more processors to conduct
an upstream well operation using the irradiated TTSE include programming instructions
to instruct the one or more processors to: form a drilling mud with the irradiated TTSE
and pump the drilling mud into a well during a drilling operation.

[0054] A fifth feature, combinable with any of the previous or following features,
wherein the ionizing radiation comprises gamma rays or electron beam radiation.
[0055] Implementations of the subject matter and the functional operations
described in this specification can be implemented in digital electronic circuitry, in
tangibly embodied computer software or firmware, in computer hardware, including the
structures disclosed in this specification and their structural equivalents, or in
combinations of one or more of them. Software implementations of the described
subject matter can be implemented as one or more computer programs. Each computer
program can include one or more modules of computer program instructions encoded
on a tangible, non-transitory, computer-readable computer-storage medium for
execution by, or to control the operation of, data processing apparatus. Alternatively, or
additionally, the program instructions can be encoded in/on an artificially generated
propagated signal. The example, the signal can be a machine-generated electrical,
optical, or electromagnetic signal that is generated to encode information for
transmission to suitable receiver apparatus for execution by a data processing apparatus.
The computer-storage medium can be a machine-readable storage device, a machine-
readable storage substrate, a random or serial access memory device, or a combination
of computer-storage mediums.

2 <c

[0056] The terms “data processing apparatus,” “computer,” and “electronic
computer device” (or equivalent as understood by one of ordinary skill in the art) refer
to data processing hardware. For example, a data processing apparatus can encompass
all kinds of apparatus, devices, and machines for processing data, including by way of
example, a programmable processor, a computer, or multiple processors or computers.
The apparatus can also include special purpose logic circuitry including, for example, a

central processing unit (CPU), a field programmable gate array (FPGA), or an
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application specific integrated circuit (ASIC). In some implementations, the data
processing apparatus or special purpose logic circuitry (or a combination of the data
processing apparatus or special purpose logic circuitry) can be hardware- or software-
based (or a combination of both hardware- and software-based). The apparatus can
optionally include code that creates an execution environment for computer programs,
for example, code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination of execution environments.
The present disclosure contemplates the use of data processing apparatuses with or
without conventional operating systems, for example LINUX, UNIX, WINDOWS,
MAC OS, ANDROID, or I0S.

[0057] A computer program, which can also be referred to or described as a
program, software, a software application, a module, a software module, a script, or
code, can be written in any form of programming language. Programming languages
can include, for example, compiled languages, interpreted languages, declarative
languages, or procedural languages. Programs can be deployed in any form, including
as standalone programs, modules, components, subroutines, or units for use in a
computing environment. A computer program can, but need not, correspond to a file in
a file system. A program can be stored in a portion of a file that holds other programs
or data, for example, one or more scripts stored in a markup language document, in a
single file dedicated to the program in question, or in multiple coordinated files storing
one or more modules, sub programs, or portions of code. A computer program can be
deployed for execution on one computer or on multiple computers that are located, for
example, at one site or distributed across multiple sites that are interconnected by a
communication network. While portions of the programs illustrated in the various
figures may be shown as individual modules that implement the various features and
functionality through various objects, methods, or processes, the programs can instead
include a number of sub-modules, third-party services, components, and libraries.
Conversely, the features and functionality of various components can be combined into
single components as appropriate.  Thresholds used to make computational
determinations can be statically, dynamically, or both statically and dynamically
determined.

[0058] The methods, processes, or logic flows described in this specification can be

performed by one or more programmable computers executing one or more computer
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programs to perform functions by operating on input data and generating output. The
methods, processes, or logic flows can also be performed by, and apparatus can also be
implemented as, special purpose logic circuitry, for example, a CPU, an FPGA, or an
ASIC.

[0059] Computers suitable for the execution of a computer program can be based on
one or more of general and special purpose microprocessors and other kinds of CPUs.
The elements of a computer are a CPU for performing or executing instructions and one
or more memory devices for storing instructions and data. Generally, a CPU canreceive
instructions and data from (and write data to) a memory. A computer can also include,
or be operatively coupled to, one or more mass storage devices for storing data. In some
implementations, a computer can receive data from, and transfer data to, the mass
storage devices including, for example, magnetic, magneto optical disks, or optical
disks. Moreover, a computer can be embedded in another device, for example, a mobile
telephone, a personal digital assistant (PDA), a mobile audio or video player, a game
console, a global positioning system (GPS) receiver, or a portable storage device such
as a universal serial bus (USB) flash drive.

[0060] Computer readable media (transitory or non-transitory, as appropriate)
suitable for storing computer program instructions and data can include all forms of
permanent/non-permanent and volatile/nonvolatile memory, media, and memory
devices. Computer readable media can include, for example, semiconductor memory
devices such as random access memory (RAM), read only memory (ROM), phase
change memory (PRAM), static random access memory (SRAM), dynamic random
access memory (DRAM), erasable programmable read-only memory (EPROM),
electrically erasable programmable read-only memory (EEPROM), and flash memory
devices. Computer readable media can also include, for example, magnetic devices such
as tape, cartridges, cassettes, and internal/removable disks. Computer readable media
can also include magneto optical disks and optical memory devices and technologies
including, for example, digital video disc (DVD), CD ROM, DVD+/-R, DVD-RAM,
DVD-ROM, HD-DVD, and BLURAY. The memory can store various objects or data,
including caches, classes, frameworks, applications, modules, backup data, jobs, web
pages, web page templates, data structures, database tables, repositories, and dynamic
information. Types of objects and data stored in memory can include parameters,

variables, algorithms, instructions, rules, constraints, and references. Additionally, the

14

PCT/US2020/041529



10

15

20

25

30

WO 2021/007486

memory can include logs, policies, security or access data, and reporting files. The
processor and the memory can be supplemented by, or incorporated in, special purpose
logic circuitry.

[0061] Implementations of the subject matter described in the present disclosure can
be implemented on a computer having a display device for providing interaction with a
user, including displaying information to (and receiving input from) the user. Types of
display devices can include, for example, a cathode ray tube (CRT), a liquid crystal
display (LCD), a light-emitting diode (LED), and a plasma monitor. Display devices
can include a keyboard and pointing devices including, for example, a mouse, a
trackball, or a trackpad. User input can also be provided to the computer through the
use of a touchscreen, such as a tablet computer surface with pressure sensitivity or a
multi-touch screen using capacitive or electric sensing. Other kinds of devices can be
used to provide for interaction with a user, including to receive user feedback including,
for example, sensory feedback including visual feedback, auditory feedback, or tactile
feedback. Input from the user can be received in the form of acoustic, speech, or tactile
input. In addition, a computer can interact with a user by sending documents to, and
receiving documents from, a device that is used by the user. For example, the computer
can send web pages to a web browser on a user’s client device in response to requests
received from the web browser.

[0062] The term “graphical user interface,” or “GUI,” can be used in the singular or
the plural to describe one or more graphical user interfaces and each of the displays of a
particular graphical user interface. Therefore, a GUI can represent any graphical user
interface, including, but not limited to, a web browser, a touch screen, or a command
line interface (CLI) that processes information and efficiently presents the information
results to the user. In general, a GUI can include a plurality of user interface (UI)
elements, some or all associated with a web browser, such as interactive fields, pull-
down lists, and buttons. These and other Ul elements can be related to or represent the
functions of the web browser.

[0063] Implementations of the subject matter described in this specification can be
implemented in a computing system that includes a back end component, for example,
as a data server, or that includes a middleware component, for example, an application
server. Moreover, the computing system can include a front-end component, for

example, a client computer having one or both of a graphical user interface or a Web
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browser through which a user can interact with the computer. The components of the
system can be interconnected by any form or medium of wireline or wireless digital data
communication (or a combination of data communication) in a communication network.
Examples of communication networks include a local area network (LAN), a radio
access network (RAN), a metropolitan area network (MAN), a wide area network
(WAN), Worldwide Interoperability for Microwave Access (WIMAX), a wireless local
area network (WLAN) (for example, using 802.11 a/b/g/n or 802.20 or a combination
of protocols), all or a portion of the Internet, or any other communication system or
systems at one or more locations (or a combination of communication networks). The
network can communicate with, for example, Internet Protocol (IP) packets, frame relay
frames, asynchronous transfer mode (ATM) cells, voice, video, data, or a combination
of communication types between network addresses.

[0064] The computing system can include clients and servers. A client and server
can generally be remote from each other and can typically interact through a
communication network. The relationship of client and server can arise by virtue of
computer programs running on the respective computers and having a client-server
relationship.

[0065] Cluster file systems can be any file system type accessible from multiple
servers for read and update. Locking or consistency tracking may not be necessary since
the locking of exchange file system can be done at application layer. Furthermore,
Unicode data files can be different from non-Unicode data files.

[0066] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of what may be claimed, but rather
as descriptions of features that may be specific to particular implementations. Certain
features that are described in this specification in the context of separate
implementations can also be implemented, in combination, in a single implementation.
Conversely, various features that are described in the context of a single implementation
can also be implemented in multiple implementations, separately, or in any suitable sub-
combination. Moreover, although previously described features may be described as
acting in certain combinations and even initially claimed as such, one or more features
from a claimed combination can, in some cases, be excised from the combination, and
the claimed combination may be directed to a sub-combination or variation of a sub-

combination.
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[0067] Particular implementations of the subject matter have been described. Other
implementations, alterations, and permutations of the described implementations are
within the scope of the following claims as will be apparent to those skilled in the art.
While operations are depicted in the drawings or claims in a particular order, this should
not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed (some
operations may be considered optional), to achieve desirable results. In certain
circumstances, multitasking or parallel processing (or a combination of multitasking and
parallel processing) may be advantageous and performed as deemed appropriate.
[0068] Moreover, the separation or integration of various system modules and
components in the previously described implementations should not be understood as
requiring such separation or integration in all implementations, and it should be
understood that the described program components and systems can generally be
integrated together in a single software product or packaged into multiple software
products.

[0069] Accordingly, the previously described example implementations do not
define or constrain the present disclosure. Other changes, substitutions, and alterations
are also possible without departing from the spirit and scope of the present disclosure.
[0070] Furthermore, any claimed implementation is considered to be applicable to
at least a computer-implemented method; a non-transitory, computer-readable medium
storing computer-readable instructions to perform the computer-implemented method;
and a computer system includes a computer memory interoperably coupled with a
hardware processor configured to perform the computer-implemented method or the
instructions stored on the non-transitory, computer-readable medium.

[0071] A number of embodiments of the present disclosure have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the present disclosure. Accordingly, other

embodiments are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method of using tertiary treated sewage effluent (TTSE) in an upstream well
treatment, the method comprising:
applying ionizing radiation to TTSE; and

using the irradiated TTSE during the course of an upstream well operation.

2. The method of claim 1, wherein applying ionizing radiation to the TTSE

comprises applying ionizing radiation to a flow of TTSE.

3. The method of claim 1, wherein using the irradiated TTSE during the course of
an upstream well operation comprises using the irradiated TTSE in an upstream well
operation of the group consisting of a drilling operation, a completion operation, a

reservoir pressure maintenance operation, and a hydraulic fracturing operation.

4. The method of claim 1, wherein using the irradiated TTSE during the course of
an upstream well operation comprises:
forming a hydraulic fracturing fluid using the irradiated TTSE; and

fracturing a formation using the hydraulic fracturing fluid.

5. The method of claim 1, wherein using the irradiated TTSE during the course of
an upstream well operation comprises:
forming a drilling mud with the irradiated TTSE; and

pumping the drilling mud into a well during a drilling operation.

6. The method of claim 1, wherein the ionizing radiation is selected from the

group consisting of gamma rays or electron beam radiation.

7. A computer-implemented method performed by one or more processors for
performing an upstream well operation using tertiary treated sewage effluent (TTSE),
the method comprising the following operations:

applying ionizing radiation to TTSE; and

using the irradiated TTSE during the course of an upstream well operation.

8. The computer-implemented method of claim 7, wherein applying ionizing

radiation to TTSE comprises applying ionizing radiation to a flow of TTSE.
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9. The computer-implemented method of claim 7, wherein using the irradiated
TTSE during the course of an upstream well operation comprises using the irradiated
TTSE in an upstream well operation of the group consisting of a drilling operation, a
completion operation, a reservoir pressure maintenance operation, and a hydraulic

fracturing operation.

10.  The computer-implemented method of claim 7, wherein using the irradiated
TTSE during the course of an upstream well operation comprises:
forming a hydraulic fracturing fluid using the irradiated TTSE; and

fracturing a formation using the hydraulic fracturing fluid.

11.  The computer-implemented method of claim 7, wherein using the irradiated
TTSE during the course of an upstream well operation comprises:
forming a drilling mud with the irradiated TTSE; and

pumping the drilling mud into a well during a drilling operation.

12.  The computer-implemented method of claim 7, wherein applying ionizing
radiation to TTSE comprises applying gamma rays or electron beam radiation to the

TTSE.

13. An apparatus for performing an upstream well operation using tertiary treated
sewage effluent (TTSE), the apparatus comprising:
one or more processors; and
anon-transitory computer-readable storage medium coupled to the one or more
processors and storing programming instructions for execution by the one or more
processors, the programming instructions instruct the one or more processors to:
apply ionizing radiation to TTSE; and

conduct an upstream well operation using the irradiated TTSE.

14. The apparatus of claim 13, wherein the programming instructions to instruct
the one or more processors to apply ionizing radiation to TTSE comprise programming
instructions to instruct the one or more processors to:

generate a flow of the TTSE; and

apply ionizing radiation to a flow of TTSE.
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15. The apparatus of claim 13, wherein the programming instructions to instruct
the one or more processors to conduct an upstream well operation using the irradiated
TTSE comprise programming instructions to instruct the one or more processors to
conduct, using the irradiated TTSE, an upstream well operation of the group consisting
of a drilling operation, a completion operation, a reservoir pressure maintenance

operation, and a hydraulic fracturing operation.

16. The apparatus of claim 13, wherein the programming instructions to instruct

the one or more processors to conduct an upstream well operation using the irradiated

TTSE comprise programming instructions to instruct the one or more processors to:
form a hydraulic fracturing fluid using the irradiated TTSE; and

fracture a formation using the hydraulic fracturing fluid.

17. The apparatus of claim 13, wherein the programming instructions to instruct

the one or more processors to conduct an upstream well operation using the irradiated

TTSE comprise programming instructions to instruct the one or more processors to:
form a drilling mud with the irradiated TTSE; and

pump the drilling mud into a well during a drilling operation.

18. The apparatus of claim 13, wherein the ionizing radiation comprises gamma

rays or electron beam radiation.
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