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A method of reducing CO, emission from a wellsite diesel engine includes the steps of: providing the wellsite diesel engine
operatively coupled to a wellsite apparatus for transmission of power from the wellsite diesel engine to the wellsite apparatus; and
Injecting at least one component of natural gas into the wellsite diesel engine, thereby combusting the natural gas component in
the wellsite diesel engine. A system for supplying power to a wellsite apparatus includes a wellsite diesel engine operatively couplea

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

SN 4

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

OPIC - CIPO 191

“y 3Ty d A, . S S \
L RSN
4
3




CA 2710468 C 2013/03/19

anen 2 (10 468
13) C

(57) Abrege(suite)/Abstract(continued):
to the wellsite apparatus for transmission of power to the wellsite apparatus; a diesel fuel supply; a natural gas component fuel

supply which supplies at least one component of natural gas; and each of the diesel and natural gas component fuel supplies
being connected to the wellsite diesel engine for combustion therein of a mixture of diesel fuel and the natural gas component.



woO 2009/090368 A3 |{II 000 AL 00 AV RO R RORER AR

CA 02710468 2010-06-21

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

23 July 2009 (23.07.2009)

(10) International Publication Number

WO 2009/090363 A3

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

E21IB 43/16 (2006.01) F02D 19/08 (2006.01) CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
, o | EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(21) International Appllcatlon Number: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

pCI/GB2005/000011 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

6 January 2009 (06.01.2009) NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
- . SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

(25) Filing Language: English UG, US, UZ, VC, VN, ZA, ZM, ZW.

(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available). ARIPO (BW, GH,
12/014,320 15 January 2008 (15.01.2008) US GM, KE, LS, MW, MZ, NA, 5D, SL, 52, 12, UG, ZM,

/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for all designated States except US). HAL- TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
LIBURTON ENERGY SERVICES, INC. [US/USJ; ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
P.O. Box 1431, Duncan, OK 73536 (US). MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),

(71) Applicant (for MW ornly): CURTIS, Philip, Anthony SI?{P{\I(S FS,I\]? J:FE)F:F((Z}()}, CLCM, GA, GN, GQ, GW, ML,
|GB/GB]; A A Thornton & Co, 235 High Holborn, Lon- S ’
don WCI1V 7LE (GB). Published:

(72) Inventors; and —  with international search report (Art. 21(3))

(75) Inventor.s/ Applicants (for U5 only): SCHULTZ, Roger __ before the expiration of the time limit for amending the
[US/US; C.R 1460, Nmnnekah, OK 73067 (US). NOR- claims and to be republished in the event of receipt of
MAN, LerS, R. [US/US]; 3308 West Elk Avenue, Dun- amendments (Rule 48.2(h))
can, OK 73533 (US).

. (88) Date of publication of the international search report:

(74) Agent: CURTIS, Philip, Anthony; A A Thornton & Co., 3 June 2010
235 High Holborn, London WC1V 7LE (GB).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(54) Title: REDUCING CO, EMISSIONS FROM OILFIELD DIESEL ENGINES

10

e
DIESEL
FUEL SUPPLY ul
12 14 18
|
54— v/ / 4
WELLSITE WELLSITE INJECTION
30— o DIESEL ENGINE APPARATUS \ \ WELL
46— 1 6
NATURAL GAS | 22
FUEL SUPPLY
——
24
FIG. 1

(57) Abstract: A method of reducing CO; emission from a wellsite diesel engine includes the steps of: providing the wellsite
diesel engine operatively coupled to a wellsite apparatus for transmission of power from the wellsite diesel engine to the wellsite
apparatus; and injecting at least one component of natural gas mto the wellsite diesel engine, thereby combusting the natural gas
component 1n the wellsite diesel engine. A system for supplying power to a wellsite apparatus includes a wellsite diesel engine op -
eratively coupled to the wellsite apparatus for transmission of power to the wellsite apparatus; a diesel fuel supply; a natural gas
component fuel supply which supplies at least one component of natural gas; and each of the diesel and natural gas component
fuel supplies being connected to the wellsite diesel engine for combustion therein of a mixture of diesel fuel and the natural gas
component.
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REDUCING CO, EMISSIONS FROM OILFIELD DIESEL ENGINES

BACKGROUND

The present disclosure relates generally to equipment

utilized and operations performed in conjunction with a

subterranean well and, 1n an embodiment described herein, more

particularly provides for reducing CO; emissions from-oilfield

diesel engines.

For environmental reasons, it is important to reduce the

P
o

greenhouse gases, such as carbon dioxide.

emlission O

Unfortunately, many types of oilfield equipment are operated

—

by means of diesel engines, which typically produce a

relatively large quantity of carbon dioxide in the process of

combusting diesel fuel.

Therefore, it may be seen that it would be very
beneficial to be able to reduce emissions of carbon dioxide

from diesel engines used at wellsite locations to provide

power to wellsite equipment.

SUMMARY

In the present specification, a method and system are
provided which solve at least one problem in the art. One
example is described below in which one or more natural gas
components are combusted along with diesel fuel in a wellsite
diesel engine. Another example is described below in which
the natural gas compoﬁent is supplied from a gas producing

well at or near the wellsite.
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In one aspect, a method of reducing CO; emission from a

wellsite diesel engine is provided. The method includes the

steps of: providing the wellsite diesel engine operatively

coupled to a wellsite apparatus for transmission of power from

the wellsite diesel engine to the wellsite apparatus; and

injecting at least one component of natural gas 1nto the

wellsite diesel engine, thereby combusting the natural gas

component in the wellsite diesel engine.

In another aspect, a system for supplylng power to a

wellsite apparatus is provided. The system includes a
wellsite diesel engine operatively coupled to the wellsite
apparatus for transmission of power to the wellsite apparatus,

a diesel fuel supply and a natural gas component fuel supply

which supplies at least one component of natural gas. Each ot

the diesel and natural gas component‘fuel supplies 1s

connected to the wellsite diesel engine for combustion thereiln

of a mixture of diesel fuel and the natural gas component.

These and other features, advantages, benefits and
objects will become apparent to one of ordinary skill in the
art upon careful consideration of the detailed description of
representative embodiments hereinbelow and the accompanying
drawings, in which similar elements are indicated in the

various figures using the same reference numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a well system embodying
principles of the present invention;

FIG. 2 is a schematic view of a system for supplyilng
power to a wellsite apparatus, the system embodying principles

of the invention; and
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FIG. 3 is a schematic flowchart for a method of reducing

CO, emission from a wellsite diesel engine, the method

embodying principles of the invention.

DETAILED DESCRIPTION

Tt is to be understood that the various embodiments of

the present disclosure described herein may be utilized in

various orientations, such as inclined, inverted, horizontal,

vertical, etc., and in various configurations, without

departing from the principles of the present disclosure. The

embodiments are described merely as examples of useful

applications of the principles of the disclosure, which 1s not

limited to any specific details of these embodiments.

In the following description of the representative

embodiments of the disclosure, directional terms, such as

“above”, “below”, “upper”, “lower”, etc., are used for

convenience in referring to the accompanying drawings. In

general, “above”, “upper”, “upward” and similar terms refer to
a direction toward the earth’s surface along a wellbore, and
“below”, “lower”, “downward” and similar terms refer to a

direction away from the earth’s surface along the wellbore.

Representatively illustrated in FIG. 1 is a well system
10 which embodies principles of the present disclosure. In
the well system 10, a wellsite diesel engine 12 is used to
provide power to a wellsite apparatus 14. The apparatus 14

may be any type of wellsite apparatus, such as a pump,

blender, compressor, vehicle, electrical power generator, etc.

In the example of FIG. 1, the apparatus 14 is a pump used

to inject fluid 16 into an injection well 18. The fluid 16

may be any type of fluid, such as stimulation fluid, treatment

fluid, fracturing fluid, water, dgas, oil, foam, gel, acid,
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proppant slurry, gravel slurry, etc. However, 1t should Dbe

clearly understood that it is not necessary in keeping with

the principles of the present disclosure for the apparatus 14

to be a pump or for any fluid 16 to be pumped 1into any

injection well 18.

The injection well 18 in the system 10 is not necessarily
used for long term injection of the fluid 16. Instead, the

fluid 16 may only be injected into the well 18 during a

treatment or stimulation operation, and the well could later

be used for production of fluids, such as hydrocarbon fluids,

water, etc.

H

A diesel fuel supply 20 and a natural gas fuel supply 22

are connected to the diesel engine 12. Preferably, the diesel
engine 12 combusts a mixture of diesel fuel 54 and at least

one component 46 of natural gas 42 in order to supply power toO

the apparatus 14.

The natural gas fuel supply 22 may comprise another well

which produces natural gas. In this manner, the fuel supply
22 is conveniently located in relatively close proximity to

the diesel engine 12, apparatus 14 and injection well 18.

As depicted in FIG. 1, the diesel engine 12, apparatus

14, injection well 18 and natural gas fuel supply 22 are at a

same location 24. The location may be a same oillfield, a same

wellsite, overlying a same reservolr, etc.

However, it should be clearly understood that it 1is not

necessary for the diesel engine 12, apparatus 14, injection

well 18 and natural gas fuel supply 22 to be at the same
location 24. For example, the natural gas fuel supply 22

could be at another location and delivered to the location 24

by pipeline, truck, etc.
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The natural gas component 46 supplied to the diesel

engine 12 could be propane, methane, butane or any other
natural gas component or combination of components. “Raw”

natural gas could be supplied to the diesel engine 12. As

another alternative, compressed natural gas (CNG) or liquefied

natural gas (LNG) could be supplied to the diesel engine 1Z2.

Referring additionally now to FIG. 2, a schematic diagram
of a system 30 for supplying power to the wellsite apparatus

14 is representatively illustrated. The power supply system

30 may be used in the well system 10 of FIG. 1, or 1t may be

used in other well systems 1f desired.

In the example of FIG. 2, the natural gas fuel supply 22

comprises a gas producing well 32. The producing well 32 may

intersect the same subterranean formation 34 as the injection

well 18, but this is not necessary in keeping with the

principles of the present disclosure. Instead, the wells 18,
32 could include respective wellheads 36, 38 which overlie the

same formation 34 or hydrocarbon reservoir 40, the wells could

be in the same oilfield, etc.

Natural gas 42 is delivered to a fuel gas conditioner 44
from the wellhead 38. The conditioner 44 provides at least
one natural gas component 46 to a gas fuel valve 48 which

controls injection of the natural gas component (s) 1nto an

intake manifold 50 of the diesel engine 1Z2.

The diesel fuel 54 is delivered to the diesel engine 12

via a conventional diesel injection system 52, which typically

includes a pump and injectors. Preferably, the gas fuel valve

48 is regulated so that up to approximately 75-80% of the fuel

combusted by the diesel engine 12 1s the natural gas

component (s) 46. However, if the natural gas component 46 18
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not available at a particular wellsite, the diesel engine 12

can still be operated on diesel fuel 54 alione.

Referring additionally now to FIG. 3, a method 60 of

reducing CO, emission from the wellsite diesel engine 12 1s

schematically illustrated in flowchart form. This method 60

corresponds to the operations described above for the system

30, but the method may be used in other systems 1f desired.

n an initial step 62 of the method 60, natural gas 42 1s
produced. The natural gas 42 may be produced from a well 32
at a same location 24 as the diesel engine 12, for example, in

a same ollfield, at a same wellsite, overlying the same

formation 34 or reservoir 40, etc. Alternatively, the natural
gas 42 may be produced at another location and delivered by

pipeline, truck, etc. to the diesel engine 1Z2Z.

In step 64, the diesel engine 12 is operatively coupled
to the wellsite apparatus 14, so that power may be supplied

from the diesel engine to the apparatus. This coupling may

take place at any location, before or after the diesel engine

12 and/or apparatus 14 are delivered to the wellsite.

In step 66, the natural gas component(s) 46 1is injected
into the diesel engine 12. As described above, the natural
gas component (s) 46 may be injected into the intake manifold
50, but other means of injecting the natural gas component (s)

may be used if desired (for example, via the 1njection system

52, etc.).

In step 68, the natural gas component 46 is combusted 1in
the diesel engine 12. This combustion is preferably a part ot

the diesel cycle, in which fuel is ignited by heat generated

by compressing an air and fuel mixture. In the present case,

the fuel is a mixture of ciesel fuel 54 and one Or more

natural gas components 46. For prevention of pre-ignition,
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1 1)

preferably the fuel mixture is up to approximately /5-80% oO:

the natural gas component(s) 460.

In step 70, power is transmitted from the diesel engilne

12 to the apparatus 14. The diesel engine 12 could be either
directly or remotely coupled to the apparatus 14 for this

power transmission.

In step 72, the fluid 16 is pumped by the apparatus 14

into the injection well 18. Of course, if the apparatus 14 1S

not a pump, then another function may be performed by the

apparatus in response to transmission of power thereto from

the diesel engine 1Z2.

I+ should be understood that it is not necessary for the

steps 62-72 to be performed in the order described above and
depicted in FIG. 3. Instead, the steps 62-72 may be performed
in any order, and more or less steps may be performed in the

method 60, in keeping with the principles of the present

disclosure.

It may now be fully appreciated that the above
description of the well system 10, power supply system 30 and

method 60 provides many advancements in the art orf reducing

carbon dioxide emissions. These advancements include

utilizing natural gas 42 available at a wellsite as a fuel

supply 22 for operation of a diesel engine 12, reducing the

carbon dioxide emissions from the diesel engine due tO

combusting a mixture of diesel fuel 54 and natural gas

component (s) 46, the ability to operate the diesel engine on

only diesel fuel if the natural gas is not available,
improvements in performance and longevity of the diesel engine

due to use of natural gas components as a portion of i1ts fuel,

etcC.
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In particular, a method 60 of reducing CO; emission from a
wellsite diesel engine 12 is described above. The method 60

includes the steps of: providing the wellsite diesel engine 12

operatively coupled to a wellsite apparatus 14 for

transmission of power from the wellsite diesel engine to the

wellsite apparatus; and injecting at least one component 46 of
natural gas 42 into the wellsite diesel engine 12, thereby

combusting the natural gas component in the wellsite diesel
engine.
The natural gas component 46 may include propane, methane

and/or butane in the injecting step. The 1injecting step may

include injecting multiple natural gas components 46 into the

wellsite diesel engine 1Z2.

The method 60 may include the step 62 of producing the
natural gas 42 from an oilfield, and the injecting step 66 may

be performed at the oilfield. The method 60 may include the

step 62 of producing the natural gas 42 from a reservoir 40 1n

4 subterranean formation 34, and the injecting step 66 may Dbe

performed at a location 24 overlying the subterranean

formation. The method 60 may include the steps 62, /72 ot

producing the natural gas 42 from a reservoir 40 1n a

subterranean formation 34 in the earth, and pumping fluid 16

into the earth using the wellsite apparatus 14 as a result of

operating the wellsite diesel engine 12.

The method 60 may also include the step of operating the
wellsite diesel engine 12 for transmission of power from the
wellsite diesel engine to the wellsite apparatus 14 without

injecting the natural gas component 46 into the diesel engine.

A system 30 for supplying power to a wellsite apparatus

14 is also described above. The system 30 may include a

wellsite diesel engine 12 operatively coupled to the wellsite
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apparatus 14 for transmission of power to the wellsite apparatus, a diesel
fuel supply 20, and a natural gas component fuel supply 22 which supplies
at least one component 46 of natural gas 42. Each of the diesel and natural
eas component fuel supplies 20, 22 may be connected to the wellsite diesel
engine 12 for combustion therein of a mixture of diesel fuel 54 and the
natural gas component 46.

The natural gas component fuel supply 22 may be connected to an
intake manifold 50 of the wellsite diesel engine 12. The natural gas
component fuel supply 22 may comprise a gas producing well 32.

The wellsite apparatus 14 may pump fluid 16 into an injection well
18 in response to transmission of power from the wellsite diesel engine 12
to the wellsite apparatus.

The gas producing well 32 and the injection well 18 may be disposed
in a same oilfield. The gas producing well 32 and the injection well 18 may
intersect a same subterranean formation 34. The wellheads 38, 36 of the gas
producing and injection wells 32, 18 may overlie a same subterranean
hydrocarbon reservoir 40.

Of course, a person skilled in the art would, upon a caretul
consideration of the above description of representative embodiments,
readily appreciate that many modifications, additions, substitutions,
deletions, and other changes may be made to these specific embodiments.
Accordingly, the foregoing detailed description is to be clearly understood
as being given by way of illustration and example only, the scope ot the

present invention being limited solely by the appended claims.
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What 1s claimed 1s :

1. A method of reducing CO, emission from a wellsite diesel engine,
the method comprising the steps of: injecting a mixture of diesel fuel and at
least one component of natural gas into the wellsite diesel engine
operatively coupled to a wellsite apparatus for transmission of power from
the wellsite diesel engine to the wellsite apparatus; and the mixture
combusting in the wellsite diesel engine, thereby combusting the natural
gas component in the wellsite diesel engine and reducing the CO, emission

from the wellsite diesel engine.

2. The method of claim 1, wherein the natural gas component

comprises methane in the injecting step.

3. The method of claim 1, wherein the natural gas component

comprises propane in the injecting step.

4, The method of claim 1, wherein the natural gas component

comprises butane 1n the injecting step.

. The method of claim 1, wherein the injecting step further comprises

injecting multiple natural gas components into the wellsite diesel engine.

6. The method of claim 1, further comprising the step of producing the

natural gas from an oilfield, and wherein the injecting step 1s performed at

the oilfield.
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7. The method of claim 1, further comprising the step of producing the
natural gas from a reservoir in a subterranean formation, and wherein the
injecting step is performed at a location overlying the subterranean

formation.

8. The method of claim 1, further comprising the steps of producing the
natural gas from a reservoir in a subterranean formation in the earth, and
pumping fluid into the earth using the wellsite apparatus as a result of

operating the wellsite diesel engine.

9. The method of claim 1, further comprising the step of operating the
wellsite diesel engine for transmission of power from the wellsite diesel
engine to the wellsite apparatus without injecting the natural gas component

into the diesel engine.

10. A system for supplying power to a wellsite apparatus, the system
comprising: a wellsite diesel engine operatively coupled to the wellsite
apparatus for transmission of power to the wellsite apparatus; a diesel fuel
supply which supplies diesel fuel; a natural gas component fuel supply
which supplies at least one component of natural gas; and a gas fuel valve
which regulates a mixture of the diesel fuel and the natural gas component
supplied to the wellsite diesel engine, thereby preventing pre-ignition in the

wellsite diesel engine.

11.  The system of claim 10, wherein the natural gas component tuel

supply 1s connected to an intake manifold of the wellsite diesel engine.
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12. The system of claim 10, wherein the natural gas component fuel supply

comprises a gas producing well.

13.  The system of claim 12, wherein the wellsite apparatus pumps fluid

into an injection well in response to transmission of power from the wellsite

diesel engine to the wellsite apparatus.

14.  The system of claim 13, wherein the gas producing well and the

injection well are disposed in a same oilfield.

15.  The system of claim 13, wherein the gas producing well and the

injection well intersect a same subterranean formation.

16.  The system of claim 13, wherein wellheads of the gas producing and

injection wells overlie a same subterranean hydrocarbon reservorr.

17.  The system of claim 10, wherein the natural gas component

COmMprises propane.

18.  The system of claim 10, wherein the natural gas component

comprises methane.

19.  The system of claim 10, wherein the natural gas component

comprises butane.

20.  The system of claim 10, wherein the wellsite diesel engine 1S
operable by combustion of the diesel fuel without the natural gas

component.
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