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PROCESSING EXHAUST FOR USE IN ENHANCED OIL RECOVERY

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of United States Patent Application
61/775,167 filed March 8, 2013 entitled PROCESSING EXHAUST FOR USE IN
ENHANCED OIL RECOVERY.

FIELD

(0002] Exemplary embodiments of the present techniques relate to techniques for
recovering exhaust heat from a combined cycle plant and using the recovered exhaust heat for

enhanced oil recovery.
BACKGROUND

[0003] This section is intended to introduce various aspects of the art, which may be
associated with exemplary embodiments of the present techniques. This discussion is
believed to assist in providing a framework to facilitate a better understanding of particular
aspects of the present techniques. Accordingly, it should be understood that this section

should be read in this light, and not necessarily as admissions of prior art.

[0004] A Brayton cycle engine commonly known as a gas turbine can be adapted to
combust fuel at near stoichiometric conditions with exhaust gas recirculation. Such an engine
is referred to as an ultra-low emission technology (ULET) because the emissions produced by
the engine are primarily inert gases with low contaminant contents. Some ULET engines use
the exhaust heat of the gas turbine to produce multiple pressure levels of superheated steam
that is used in a condensing steam turbine to produce additional shaft power. In PCT
Application Publication No. W0O2012003079, such an arrangement is described and referred
to as combined cycle power generation (CCPG). A power plant that implements CCPG 1s
referred to as a combined cycle power plant or, simply, a combined cycle plant. Gas turbine
combined cycle plants are rather efficient and can be operated at relatively low cost when

compared to other technologies, such as coal and nuclear.

[0005] The steam turbine in a combined cycle plant runs most efficiently with high
quality, i.e., dry, steam. Production of dry steam requires a water feed that 1s substantially
free of contaminants, such as minerals, salts, and silica. Although water i1s produced as a.
byproduct of the combustion process in a ULET engine, this water 1s of low quality and 1s

therefore not readily usable by a boiler of the steam turbine. The cost of purifying the water
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1s often prohibitive and, therefore, the water 1s often simply discarded. Moreover, although
the steam turbine 1n a combined cycle plant produces blowdown water, this water 1s also of

low quality and 1s, therefore, discarded in many instances.

EHHET: In addition, although using the exhaust heat of the gas turbine to produce
additional shaft power instead of merely venting it improves overall efficiency of the
combined cycle plant, there may be more economical uses for the exhaust heat. However,
current combined cycle plants are not equipped to use the exhaust heat or the steam produced

with the exhaust heat for any alternative purposes.

L For example, U.S. Patent No. 4,271,664 to Earnest discloses a turbine engine with
exhaust gas recirculation. The engine has a main power turbine operating on an open-loop
Brayton cycle. The air supply to the main power turbine 1s furnished by a compressor
independently driven by the turbine of a closed-loop Rankine cycle which derives heat
energy from the exhaust of the Brayton turbine. A portion of the exhaust gas 1s recirculated
into the compressor inlet during part-load operation. However, no additional uses are

disclosed for the exhaust heat or the steam produced with the exhaust heat.
SUMMARY

HEBY An embodiment described herein provides a method for generating steam for
hydrocarbon production using a combined cycle power plant. The method includes
producing steam using heat from an exhaust stream from a gas turbine system, condensing a
water stream from combustion products 1in the exhaust stream, and using the water stream as

a make-up water for production of the steam.

EHHEY: Another embodiment provides a method for using exhaust from a combined cycle
plant in hydrocarbon production. The method includes producing steam using exhaust heat
from an exhaust strecam from a gas turbine system in the combined cycle plant and
condensing a water stream from the exhaust stream. The water stream 18 used as a make-up
strecam for the stecam production. A steam turbine 1s driven with at least a portion of the
stcam and at least another portion of the steam 1s 1jected into a hydrocarbon reservoir for a

thermal recovery process.

3310} Another embodiment provides a system for generating power and thermally
recovering hydrocarbons from a reservoir. The system includes a gas turbine system
configured to produce a hot exhaust stream as a byproduct of combustion. The system also

includes a heat recovery steam generator (HRSG) configured to produce a steam stream using
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the hot exhaust strecam, wherein the HRSG produces a condensate stream from the
combustion products in the hot exhaust stream. A feed system 1s configured to use the
condensate stream as at least part of a make-up water provided to the HRSG to generate the

steam stream.
BRIEF DESCRIPTION OF THE DRAWINGS

G311 The advantages of the present techniques are better understood by referring to the

following detailed description and the attached drawings, in which:

Fig. 1 1s a schematic of a development 1llustrating the use of thermal recovery systems with a

steam producing cogeneration facility;

Fig. 2 1s a simplified block diagram of another development illustrating a detailed view of a

cogeneration facility of the development;

Fig. 3 1s a simplified block diagram of another development illustrating a detailed view of a

cogeneration facility of the development;

Fig. 4 1s a simplified block diagram of a portion of the development of Fig. 3 illustrating a

detailed view of the HRSG of the development according to a first embodiment;

Fig. 5 1s a simplified block diagram of a portion of the development of Fig. 3 illustrating a

detailed view of the HRSG of the development according to a second embodiment;

Fig. 6 18 a process flow diagram of a method for using exhaust heat in a combined cycle

plant; and

Fig. 7 1s a process flow diagram of another method for using exhaust heat in a combined

cycle plant.
DETAILED DESCRIPTION

{331 2] In the following detailed description section, specific embodiments of the present
techniques are described. However, to the extent that the following description 1s specific to
a particular embodiment or a particular use of the present techniques, this 1s intended to be
for exemplary purposes only and simply provides a description of the exemplary
embodiments. Accordingly, the techniques are not limited to the specific embodiments
described below, but rather, include all alternatives, modifications, and equivalents falling

within the true spirit and scope of the appended claims.

(3] At the outset, for case of reference, certain terms used 1n this application and their

23
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meanings as used 1n this context are set forth. To the extent a term used herein 1s not defined
below, 1t should be given the broadest definition persons in the pertinent art have given that
term as reflected 1n at least one printed publication or 1ssued patent. Further, the present
techniques are not limited by the usage of the terms shown below, as all equivalents,
synonyms, new developments, and terms or techniques that serve the same or a similar

purpose are considered to be within the scope of the present claims.

HHEY "Bitumen" 1s a naturally occurring heavy o1l material. It 1s often the hydrocarbon
component found 1n o1l sands. Bitumen can vary in composition depending upon the degree
of loss of more volatile components. It can vary from a very viscous, tar-like, semi-solid
material to solid forms. The hydrocarbon types found in bitumen can include aliphatics,

aromatics, resins, and asphaltenes. A typical bitumen might be composed of:
19 weight percent (wt. %) aliphatics, which can range from 5 wt. %-30 wt. %, or higher;
19 wt. % asphaltenes, which can range from 5 wt. %-30 wt. %, or higher;
30 wt. % aromatics, which can range from 15 wt. %-50 wt. %, or higher;
32 wt. % resins, which can range from 15 wt. %-50 wt. %, or higher; and
some amount of sulfur, which can range 1n excess of 7 wt. %.

In addition bitumen can contain some water and nitrogen compounds ranging from less than
0.4 wt. % to 1n excess of 0.7 wt. %. The metals content, while small, can be removed to
avold contamination of the product synthetic crude o1l (SCO). Nickel can vary from less than
75 ppm (part per million) to more than 200 ppm. Vanadium can range from less than 200

ppm to more than 500 ppm. The percentage of the hydrocarbon types found in bitumen can
vary.

OG15] The “Clark hot water extraction process” or “CHWE” was originally developed
for releasing bitumen from o1l sands, based on the work of Dr. K. A. Clark, and discussed 1n
a paper by Cort1 et al., "Athabasca Minecable Oi1l Sands: The RTR/Gulf Extraction Process
Theoretical Model of Bitumen Detachment," The 4th UNITAR/UNDP International
Conference on Heavy Crude and Tar Sands Proceedings, vol. 5, Edmonton, AB, Aug. 7-12,
1988, pp. 41-44, 71. The process, which 1s also described 1n U.S. Pat. No. 4,946,597, uses
vigorous mechanical agitation of o1l sands with water and caustic alkali to disrupt the
oranules and form a slurry, after which the slurry 1s passed to a separation tank for the
flotation of the bitumen, from which the bitumen 1s skimmed. The process may be operated

at ambient temperatures, with a conditioning agent being added to the slurry. Earlier methods
_4 -
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used temperatures of 85 °C. and above together with vigorous mechanical agitation and are
highly energy inefficient. Chemical adjuvants, particularly alkalis, have been utilized to

assist these processes.

3316} A “combined cycle power plant” or “CCPP” (also referred to herein as a
“combined cycle plant”) includes a gas turbine, a steam turbine, a generator, and a heat
recovery steam generator (HRSG), and uses both stecam and gas turbines to generate power.
The gas turbine operates 1n an open or semi-closed Brayton cycle, and the steam turbine
operates 1n a Rankine cycle. Combined cycle power plants utilize heat from the gas turbine
exhaust to boil water in the HRSG to generate steam. The steam generated 18 utilized to
power the stecam turbine. After powering the steam turbine, the steam may be condensed and
the resulting water returned to the HRSG. The gas turbine and the steam turbine can be
utilized to separately power independent generators, or in the alternative, the steam turbine
can be combined with the gas turbine to jointly drive a single generator via a common drive
shaft. These combined cycle gas/steam power plants generally have higher energy
conversion efficiency than Rankine-cycle or stcam-only power plants. Currently, simple-
cycle plant efficiency can exceed 44% while combined cycle plant efficiency can exceed
60%. The higher combined cycle efficiencies result from synergistic utilization of a

combination of the gas turbine with the steam turbine.

{OGE7 ] A “‘compressor” 1s a machine that increases the pressure of a gas by the
application of work (i.e., compression). Accordingly, a low pressure gas (e.g., at about 35
kPa) may be compressed into a high-pressure gas (e.g., at about 6,895 kPa) for transmission

through a pipeline, injection into a well, or other processes.

HIHEY: As used herein, “condensate” includes liquid water formed by the condensation of
stcam. Steam may also entrain liquid water, 1n the form of water droplets. This entrained
water may also be termed condensate, as 1t may arise from condensation of the steam,
although the entrained water droplets may also originate from the incomplete conversion of

liquid water to steam 1n a boiler.

Y. “Cyclic Steam Stimulation" of “CSS” (also known as the "huff-and-putf" process)
refers to a hot in-situ mining process 1n which a well 1s put through cycles of steam 1njection,
heat soak, and pumped o1l production. Specifically, CSS involves the cyclic introduction of
high-temperature (e.g., about 300 °C — 400 °C) steam 1nto a reservoir through a horizontal
well for prolonged periods of time (e.g., weeks to months). This may allow the steam to heat

the mineralized formation and to fluidify the oils. The oils can then be recovered at the
_5
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surface. The production and, therefore, the recovery of the oils may take place through

another horizontal well situated at a higher depth.

653201 A “dehydration device™ 1s a device for removing water, 1n gaseous or liquid form,
from a gas mixture. “Dewatered” describes broadly any reduction of water content.
Typically, a dewatered hydrocarbon-containing material can have a majority of the water
content substantially removed, e.g., less than about 5% by volume water or less than about
1% depending on the particular material and starting water content. Water contents much

less than 1% may be desirable for certain gas streams.

{38211 A “development” 1s a project for the recovery of hydrocarbons using integrated
surface facilities and long term planning. The development can be directed to a single

hydrocarbon reservoir, although multiple proximate reservoirs may be included.

(83221 “Enriched” as applied to any stream withdrawn from a process means that the
withdrawn stream contains a concentration of a particular component that 1s higher than the

concentration of that component in the feed stream to the process.

LHirR) As used heremn, "exemplary" means “serving as an example, 1nstance, or

2

1llustration.” Any embodiment described herein as “exemplary” 1s not to be construed as

preferred or advantageous over other embodiments.

HIIZY: A “facility” 1s a representation of a tangible piece of physical equipment through
which hydrocarbon fluids are either produced from a reservoir or injected into a reservoir. In
1ts broadest sense, the term facility 1s applied to any equipment that may be present along the
flow path between a reservoir and its delivery outlets, which are the locations at which
hydrocarbon fluids either enter the reservoir (injected fluids) or leave the reservoir (produced
fluids). Facilities may include production wells, mnjection wells, well tubulars, wellhead
cequipment, gathering lines, manifolds, pumps, compressors, separators, surface flow lines,
and delivery outlets. As used herein, a facility may also include a gas treatment unit, such as
an acid gas separation unit, a cryogenic separation system, or a dehydration unit. In some
instances, the term “surface facility” 1s used to distinguish those facilities other than wells. A
“facility network™ 1s the complete collection of facilities that are present in the system, which
would include all wells and the surface facilities between the wellheads and the delivery

outlets.

LY The term "gas" 1s used interchangeably with "vapor," and means a substance or

mixture of substances in the gascous state as distinguished from the liquid or solid state.

_6 -
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Likewise, the term "liquid" means a substance or mixture of substances 1n the liquid state as

distinguished from the gas or solid state.

(4343261 A "heat recovery steam generator” or “HRSG™ 18 a heat exchanger or boiler that
recovers heat from a hot gas stream. It produces steam that can be used 1n a process or used
to drive a steam turbine. A common application for an HRSG 1s 1n a combined-cycle power
plant, where hot exhaust from a gas turbine 18 fed to the HRSG to generate steam which in
turn drives a steam turbine. As described herein, the HRSG may be used to provide steam to

an enhanced o1l recovery process, such as CSS or SAGD.

143427 | "Heavy o1l" includes oils which are classified by the American Petroleum Institute
(API) as heavy oils or extra heavy oils. In general, a heavy o1l has an API gravity between
22.3° (density of 920 kg/m° or 0.920 g/cm’) and 10.0° (density of 1,000 kg/m’ or 1 g/cm’).
An extra heavy oil, 1n general, has an API gravity of less than 10.0° (density greater than
1,000 kg/m’ or greater than 1 g/cm’). For example, a source of heavy oil includes oil sand or
bituminous sand, which 1s a combination of clay, sand, water, and bitumen. The thermal
recovery of heavy oils 1s based on the viscosity decrease of fluids with increasing temperature
or solvent concentration. Once the viscosity 18 reduced, the mobilization of fluids by steam,
hot water flooding, or gravity 1s possible. The reduced viscosity makes the drainage quicker

and therefore directly contributes to the recovery rate.

(B8 2K] A "hydrocarbon" 1s an organic compound that primarily includes the clements
hydrogen and carbon, although nitrogen, sulfur, oxygen, metals, or any number of other
clements may be present in small amounts. As used herein, hydrocarbons generally refer to
organic materials that are harvested from hydrocarbon containing sub-surface rock layers,

termed reservoirs. For example, natural gas, oil, and coal are hydrocarbons.

{129 “Hydrocarbon production” or “production” refers to any activity associated with
extracting hydrocarbons from a well or other opening. Hydrocarbon production normally
refers to any activity conducted 1n or on the well after the well 18 completed. Accordingly,
hydrocarbon production or extraction includes not only primary hydrocarbon extraction but
also secondary and tertiary production techniques, such as injection of gas or liquid for
increasing drive pressure, mobilizing the hydrocarbon or treating by, for example, chemicals
or hydraulic fracturing the well bore to promote increased flow, well servicing, well logging,

and other well and wellbore treatments.

HUIRIH: The term "natural gas" refers to a gas obtained from a crude o1l well (associated

_7 -
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oas), from a subterrancan gas-bearing formation (non-associated gas), or from a coal bed.
The composition and pressure of natural gas can vary significantly. A typical natural gas
strecam contains methane (CHy4) as a significant component. Raw natural gas may also
contain cthane (CyHg), higher molecular weight hydrocarbons, acid gases (such as carbon
dioxide, hydrogen sulfide, carbonyl sulfide, carbon disulfide, and mercaptans), and

contaminants such as water, nitrogen, 1ron sulfide, wax, and crude o1l.

HURYY “Pressure” 1s the force exerted per unit area by the gas on the walls of the volume.

Pressure can be shown as kilopascals (kPa).

SR As used herein, a “Rankine cycle power plant” includes a vapor generator, a
turbine, a condenser, and a recirculation pump. For example when the vapor 1s steam, a
“Rankine cycle power plant” includes a steam generator, a steam turbine, a steam condenser,
and a boiler feed water pump. The steam 18 used to generate electricity by driving a generator
from the steam turbine. The reduced pressure steam 1s then condensed in the steam

condenser. The resulting water 1s recirculated to the steam generator to complete the loop.

LHIERY “Reservoir formations”™ or “reservoirs” are typically pay zones including
sandstone, limestone, chalk, coal, and some types of shale. Pay zones can vary in thickness
from less than one foot (0.3048 meters) to hundreds of feet (hundreds of meters). The

permeability of the reservoir formation provides the potential for production.

HiREY “Sequestration” refers to the storing of a gas or fluid that 1s a by-product of a
process rather than discharging the fluid to the atmosphere or open environment. For
example, as described herein, carbon dioxide gas formed from the burning or steam

reforming of hydrocarbons may be sequestered in underground formations, such as coal beds.

LHIERY “Steam Assisted Gravity Drainage” or “SAGD™ 1s a thermal recovery process in
which steam 1s injected into a first well to lower a viscosity of a heavy o1l, and fluids are
recovered from a second well. Both wells are usually horizontal 1n the formation, and the
first well lies above the second well. Accordingly, the reduced viscosity heavy o1l flows
down to the second well under the force of gravity, although pressure differential may

provide some driving force in various applications.

L3360 The term “steam-flooding” 1s synonymous with the term “steam injection.” Both
terms describe a technique by which steam 1s injected into an underground formation to cause

increased flow of viscous hydrocarbons.

R As used herein, a “steam generator” may include any number of devices used to

SR
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generate steam for a process facility, either directly or as part of another process. Steam
generators may include, for example, heat recovery steam generators (HRSG), and once
through steam generators (OTSG), among others. The steam may be generated at a number
of quality levels. Steam quality 1s measured by the mass fraction of a cold water stream that
1s converted into a vapor. For example, an 80 % quality steam has around 80 wt. % of the
feed water converted to vapor. The steam 1s generated as wet steam that contains both steam
vapor and associated condensate (or water). The wet stcam may be passed through a
separator to generate a dry steam, i.e., without entrained condensate. As a result of the

separation, the separator also generates a liquid condensate stream.

HiREY As used herein, a “steam system” includes one or more steam generators running
in parallel from a common feed water source and feeding steam to a common outlet. The
stcam system may include any number or types of steam generators in parallel. Often, the

parallel steam generators of the steam system generate steam at a similar quality level.

RS “Substantial” when used 1n reference to a quantity or amount of a material, or a
specific characteristic thereof, refers to an amount that 1s sufficient to provide an etfect that
the material or characteristic was intended to provide. The exact degree of deviation

allowable may 1n some cases depend on the specific context.

(340 As used herein, “thermal recovery processes” include any type of hydrocarbon
recovery process that uses a heat source to enhance the recovery, for example, by lowering
the viscosity of a hydrocarbon. These processes may be based on heated water, wet steam, or
dry steam, alone, or m any combinations. Further, any of these components may be
combined with solvents to enhance the recovery. Such processes may include subsurface
processes, such as cyclic steam stimulation (CSS), steam flooding, and SAGD, among others,
and processes that use surface processing for the recovery, such as sub-surface mining and

surface mining.

B “Well” or “wellbore” refers to a hole i the subsurface made by drilling or
insertion of a conduit 1into the subsurface. The terms are interchangeable when referring to an
opening in the formation. A well may have a substantially circular cross section, or other
cross-sectional shapes. Wells may be cased, cased and cemented, or open-hole well, and may
be any type, including, but not limited to a producing well, an 1njection well, an experimental
well, and an exploratory well, or the like. A well may be vertical, horizontal, or any angle
between vertical and horizontal (a deviated well), for example a vertical well may include a

non-vertical component.
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Overview

{43432 ] Embodiments described herein extend combined cycle plant technologies to
produce steam for purposes other than generating additional shaft power on a shaft of a gas
turbine system 1n a combined cycle plant. For example, in various embodiments, a HRSG of
the combined cycle plant produces wet steam, i.¢., steam with a quality equal to or less than
1, for use 1n a hydrocarbon thermal recovery process, such as a CSS process or a SAGD
process. The hydrocarbons recovered by such processes are typically viscous hydrocarbons,
including heavy oil, tar, or bitumen. The HRSG may also produce dry steam for generation
of additional shaft power depending on the wet stcam and power demands 1n the different
phases of a hydrocarbon recovery process. For example, the HRSG may be designed to
convert 50% of the available exhaust heat to dry steam to provide added power production
for a nearby heavy o1l upgrading, pumping or compression facilities and convert the
remaining exhaust heat to produce wet steam for a thermal recovery process. Furthermore,
the HRSG design may be flexible to control the steam flow from the dry steam system, for
example by controlling the pressure of the steam drum and/or steam coils, to affect the heat
transfer balance between the dry and wet steam systems. For example, by raising the dry
steam pressure in the drum and steam coils, less dry steam 1s boiled off due to the higher
boiling temperature thus leaving more exhaust heat in the HRSG to produce additional wet

Stecam.

33431 The HRSG cools the exhaust stream from the gas turbine engine 1n the combined
cycle power plant, which causes water formed 1n the combustion to condense out. Further
cooling of the stream, for example 1n an exhaust gas recirculation system, can remove more
water from the exhaust gas. The condensed water, or condensate, can be purified and used as
a source of water for the steam production. As many hydrocarbon production processes are
located 1n arecas with limited water resources, this can provide an additional source of water

for the processes.

180344 A number of techniques have been developed for producing heavy o1l from
subsurface formations using thermal recovery operations. Thermal recovery operations are
used around the world to recover liquid hydrocarbons from both sandstone and carbonate
reservolrs. These operations include the conventional suite of steam based in-situ thermal
recovery techniques, such as CSS, steam-flooding, and SAGD, as well as surface mining and

their associated thermal based surface extraction techniques.

HUERY SAGD techniques are based on a contmuous injection of steam through a first
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well to lower the viscosity of heavy oi1ls and a continuous production of the heavy o1l from a
lower-lying second well. In SAGD, two horizontal wells are completed into the reservorr.
The two wells are first drilled vertically to different depths within the reservoir. Thereafter,
using directional drilling technology, the two wells are extended 1n the horizontal direction
that result 1n two horizontal wells, vertically spaced from, but otherwise vertically aligned
with each other. Ideally, the production well 18 located above the base of the reservoir but as
close as practical to the bottom of the reservoir, and the 1mnjection well 1s located vertically 10

to 30 feet (3 to 10 meters) above the horizontal well used for production.

[$4346] The upper horizontal well 1s utilized as an 1njection well and 1s supplied with
stcam from the surface. The steam rises from the injection well, permeating the reservoir to
form a vapor chamber that grows over time towards the top of the reservoir, thercby
increasing the temperature within the reservoir. The steam, and i1ts condensate, raise the
temperature of the reservoir and consequently reduce the viscosity of the heavy o1l 1n the
reservolr. The heavy o1l and condensed steam will then drain downward through the
reservolr under the action of gravity and may flow into the lower production well, whereby
these liquids can be pumped to the surface. At the surface of the well, the condensed steam
and heavy o1l are separated, and the heavy o1l may be diluted with appropriate light
hydrocarbons for transport by pipeline.

{347 ] As a result of the unique wellbore configuration in SAGD, any condensate
injected into the reservoir with the steam will fall directly to the underlying production well
due to the ifluence of gravity, and thercby not contribute to the recovery of the
hydrocarbons. For this reason, in SAGD projects such as those operating in the Athabasca
region of Alberta, the current convention 1s to separate the condensate and only 1nject the
stcam phase 1nto the mjection wells used 1n the recovery process. The steam phase after the

condensate has been removed 1s commonly referred to as dry steam.

34K In various embodiments, the HRSG of the combined cycle plant includes two
stcam generation systems, cach being fed a different quality of water and producing a
correspondingly different quality of steam. For example, a first stream of steam of low
quality can be produced for use 1n hydrocarbon recovery process, while a second stream of
high quality steam can be produced for use in generating additional shaft power 1 a gas
turbine system. The first and second streams of steam can be produced simultancously or, 1n
some 1nstances, only one stream can be produced. The amount of steam produced 1n each

strecam can depend on demand levels for hydrocarbon recovery and/or power generation. In
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addition, the condensed water produced as a byproduct of combustion 1n the combined cycle
plant and/or the blowdown water produced by the steam turbine of the combined cycle plant

can be used as feed water for producing low quality steam rather than stmply being discarded.

Using Exhaust Heat from Combined Cycle Plant for Enhanced Qil Recovery

3349 Fig. 1 1s a schematic of a development 100 1llustrating the use of thermal recovery
systems with a steam producing cogeneration facility. The thermal recovery systems that are
illustrated 1include both a surface mining 102 and extraction recovery process, and a
subsurface thermal recovery process 104, such as cyclic steam stimulation (CSS) or steam
assisted gravity drainage (SAGD). The subsurface thermal recovery process 104 allows for
recovery of hydrocarbons from a reservoir 106 that 1s too deep for surface mining. It will be
clear that the techniques described herein are not limited to this combination, or these specific
techniques, as any number of techniques or combinations of techniques may be used in
embodiments described herein. For example, the SAGD 104 recovery process can instead be

a cyclic steam stimulation (CSS) recovery process or other thermal recovery process.

LS The surtace mining 102 may be used to reach a portion of the reservoir 106 that 1s
closer to the surface, while the underground 104 recovery may be used to access
hydrocarbons 1n a portion of the reservoir 106 that 1s at a greater depth. If, however, the
reservolr does not have any portion that 1s easily accessible by surface mining, the surface

mining 102 recovery process may be omitted.

FHECEY: In the development 100, a cogeneration facility 108 1s used to generate power and
stcam 110, which can be provided to a surface separation facility 112 and an injection facility
114. The stecam 110 may include wet steam only or both wet steam and dry stream, for

example, carried 1n different pipes from the steam generation facility 108.

EHHRYS: The surface mining 102 uses heavy equipment 116 to remove hydrocarbon
containing materials 118, such as o1l sands, from the reservoir 106. The hydrocarbon
containing materials are offloaded at the separation facility 112, where a thermal process,
such as a Clark hot water extraction (CHWE) process, among others, may be used to separate
a hydrocarbon stream 120 from a tailings stream 122. The tailings stream 122 may be sent to
a tailings pond 124, or may be injected into a sub-surface formation for disposal. A water
stream 126 may be recycled to the steam generation facility 108. The extraction process may

utilize wet steam from the cogeneration facility 108.

[iH353] The subsurface thermal recovery process 104 injects the stcam 110 into the
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reservolr through injection wells 128 to produce hydrocarbons. The 1njection raises the
temperature of a portion 130 of the reservoir 106 to lower the viscosity of the hydrocarbons
131, allowing the hydrocarbons 131 to flow to collection wells 132. Although, for the sake
of clarity, the injection wells 128 and collection wells 132 are shown as originating from
different locations 1in Fig. 1, these wells 128 and 132 may be drilled from the same surface
pads to enable easier tracking between the wells 128 and 132. Morcover, 1f the subsurtace
thermal recovery process 104 1s CSS, a single well may be used for both steam injection and
collection of hydrocarbons and stcam condensate. The resulting streams 134 from the
reservolr 106 may include the hydrocarbons 131 and the condensate from the steam 110. The
strecams 134 can be processed at a surface facility 136 to remove at least some of the water.
A CSS process may use lower quality steam, e.g., greater than about 70 %, while a SAGD
process may utilize higher quality steam, e.g., greater than about 90 %, or dry stecam from a

stecam generator at the cogeneration facility 108.

RS The hydrocarbon stream 138 and water stream 140 from the subsurface thermal
recovery process 104 may be sent to a transportation facility 142, which may provide further
separation and purification of the incoming streams 120, 138, and 140, prior to sending the
marketable hydrocarbons 106 on to further processing facilities. The resulting process water

144 can be returned to a steam generator at the cogeneration facility 108 for recycling.

EHERRY: The schematic of Fig. 1 1s not intended to indicate that the development 100 1s to
include all the components shown 1 Fig. 1. Further, the development 100 may include any
number of additional components not shown 1n Fig. 1, depending on the details of the

specific implementation.

|56 Fig. 2 1s a simplified block diagram of another development 200 illustrating a
detailed view of a cogeneration facility 202 of the development 200. The cogeneration
facility 202 may correspond to the cogeneration facility 108 of Fig. 1. The cogeneration
facility 202 includes a gas turbine system 204, which may be characterized as a power-
producing semi-closed Brayton cycle. In various embodiments, the gas turbine system 204
includes a combustion chamber (not shown) for combusting a fuel 206 mixed with a
compressed oxidant 208. The fuel 206 may include any suitable hydrocarbon gas or liquid,
such as natural gas, methane, ethane, naphtha, butane, propane, syngas, diesel, kerosene,
aviation fuel, coal derived fuel, bio-fuel, oxygenated hydrocarbon feedstock, or any
combinations thereof. The oxidant 208 may mclude any suitable gas containing oxygen, such

as air, oxygen-rich air, oxygen-depleted air, pure oxygen, or any combinations thereof.
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434357 | In addition to a combustion chamber, the gas turbine system 204 includes a main
compressor and an expander (not shown). The combustion chamber of the gas turbine
system 204 produces an exhaust gas 210, which can be sent to any variety of apparatuses
and/or facilities 1n an exhaust gas recirculation (EGR) system back to the gas turbine system
204. As the exhaust gas 210 expands through the expander of the gas turbine system 204, it
generates mechanical power to drive the main compressor of the gas turbine system 204 and
an clectrical generator 212, for example, through a shaft 214. Other systems may also be

driven by the mechanical power, such as pumps, compressors, and/or other facilities.

HIERHY In some 1mplementations (not shown in Fig. 2), the EGR system may include a
compressor. As opposed to a conventional fan or blower system, the compressor can
compress and increase the overall density of the exhaust gas, thereby directing a pressurized
or compressed recycle exhaust gas 216 into the main compressor of the gas turbine system
204. The compressed recycle exhaust gas 216 can be used to help facilitate a stoichiometric
or substantially stoichiometric combustion of the oxidant 208 and fuel 206 by moderating the

temperature of the combustion products.

RO The EGR system of the cogeneration facility 202 includes a heat recovery steam
generator (HRSG) 218, or similar device. The HRSG 218 delivers a first stream of steam 220
to a steam turbine 222. In various embodiments, the combination of the HRSG 218 and the
stecam turbine 222 are part of a power-producing closed Rankine cycle. The gaseous exhaust
stream 210 1s introduced to the HRSG 218 and 1s used to generate the first stream of stcam
220 and a recycled exhaust gas 216. The HRSG 218 may optionally include a catalytic
system to reduce residual oxygen, carbon monoxide, hydrogen, unburned hydrocarbons, or

other products of incomplete combustion 1n the exhaust gas 210.

RHEHLLY In some embodiments, the first stream of steam 220 1s sent to the steam turbine
222, as shown, to gencrate additional mechanical power. The additional mechanical power
can be used to power a separate generator. Alternatively, the steam turbine 222 can be
coupled, for example, through a gear box, to the shaft 214 of the gas turbine system 204 to
supplement the mechanical energy generated by the gas turbine system 204. In some
embodiments, the first stream of steam 220 1s dry steam (i.e., high quality steam), which,
relative to wet steam, reduces the likelihood of scaling and associated damage on the nside

of the steam turbine 222.

(61 | The HRSG 218 also delivers a second stream of steam 224 to a thermal recovery

system 226 to facilitate recovery of viscous hydrocarbons from a reservoir or from material
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removed from a reservoir. The thermal recovery system 226 may immplement a SAGD
process, a steam-flooding process, a CSS process, a CHWE process, or the like. In some
embodiments, the second stream of steam 224 i1s wet steam (i.e., low quality steam), as
shown. However, as will be explained 1n more detail below with reference to Fig. 4, the
second stream of stecam may instead be dry stream. The cogeneration facility 202 1s not
limited to delivering the second stream of steam 224 to a thermal recovery system 226. In
addition or alternatively, the cogeneration facility 202 may deliver the second stream of
stcam 224, or a third stream of steam, to a system that uses the stream of steam 1n a utility

heating process, a process heating process, and/or a steam stripping process.

{67 The block diagram of Fig. 2 1s not intended to indicate that the development 200
1s to include all the components shown 1n Fig. 2. Further, the development 200 may include
any number of additional components not shown 1n Fig. 2, depending on the details of the
specific implementation. For example, the development 200 may include any number of

additional valves, gear boxes, sensors, control systems, condensers, or the like.

HIHRY: Fig. 3 1s a simplified block diagram of another development 300 illustrating a
detailed view of a cogeneration facility 302 of the development 300. Certain elements in Fig.
3 have the same function as corresponding eclements in Fig. 2 and, accordingly, are
referenced with the same reference number as in Fig. 2. For example, the cogeneration
facility 302 of the development 300 includes the gas turbine system 204. The gas turbine
system 204 can include a combustion chamber for combusting the fuel 206 mixed with the
compressed oxidant 208. The combustion chamber of the gas turbine system 204 produces
exhaust gas 210, which can be sent to any variety of apparatuses and/or facilities 1n an
exhaust gas recirculation (EGR) system 304 back to the gas turbine system 204. As the
exhaust gas 210 expands through an expander of the gas turbine system 204, 1t generates
mechanical power to drive the main compressor of the gas turbine system 204 and the

clectrical generator 212 through the shaft 214.

30364 ] The EGR system 304 1s fluidly coupled to the HRSG 218 to transport and process
the partially cooled gas turbine exhaust gas 216 back to the gas turbine system 204. The
EGR system 304 may include various components (not shown), an exhaust gas cooler such as
a direct contact cooler or shell and tube heat exchanger or air-fin heat exchanger to reduce the
temperature of the exhaust gas to about 4-66 degrees Celsius (°C), a water spray to remove
dust or debris from the exhaust gas, and/or an 1nertial separator to remove water droplets and

mist from the cooled recycle exhaust gas 1n line 216. The EGR system 304 may also include
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a blower, fan, or compressor to increase the pressure of the recycle exhaust gas by about 1-21
kPa. The blower, fan, or compressor can compress and increase the overall density of the
recycle exhaust gas, thereby directing a pressurized or compressed recycle exhaust gas 1n line
216 1nto the main compressor of the gas turbine system 204. The pressurized recycle exhaust
gas can be used to help facilitate a stoichiometric or substantially stoichiometric combustion

of the oxidant 208 and fuel 206 by moderating the temperature of the combustion products.

MY The HRSG 218 of the cogeneration facility 302 generates and delivers the first
stream of stecam 220 to the steam turbine 222 to generate additional mechanical power. The
additional mechanical power can be used to power a separate electrical generator.
Alternatively, the steam turbine 222 can be coupled, for example, through a gear box, to the
shaft 214 of the gas turbine system 204 to supplement the mechanical energy generated by
the gas turbine system 204. Other systems may be driven by the mechanical power, such as

pumps, compressors, and/or other facilities.

Y The HRSG 222 also generates and delivers the second stream of steam on line 224
to a thermal recovery system 226 to facilitate recovery of viscous hydrocarbons from a
reservolr. The thermal recovery system 226 may implement a SAGD process, a steam-

flooding process, a CSS process, a CHWE process, or the like.

By In some embodiments, the first stream of steam 220 1s high quality steam, and the
second stream of steam 224 1s low quality steam. In addition or alternatively, the
cogeneration facility 302 may deliver the second stream of stecam 224, or a third stream of
stecam, to a system that uses the stream of steam 1n a utility heating process, a process heating

process, and/or a steam stripping process.

HIGH] A water return system 306 provides at least a portion 308 of the feed water used 1n
the HRSG 218. The water return system 306 receives water 310 produced from the thermal
recovery system 226. The water 310 produced by the thermal recovery system 226 may first
be separated from other well fluids before being sent to the water return system 306. The
water return system 306 may process received water by filtration, stripping, pH control

and/or other means so that 1t 18 suitable for use as feed water to the HRSG 218.

G Another source of water to the water return system 306 1s water produced by the
combustion of fuel and oxidant within the gas turbine system 204. At least some water 1n the
recycle exhaust gas 216 1s condensed as the recycle exhaust gas 1s cooled. This condensed

water 312 may be transported to the water return system 306 for processing and used to
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make-up an imbalance between the flow rates of the steam 224 and the produced water 310.
In some cases, the condensed water 312 may exceed the amount used for make-up, and some
water may be exported or stored as indicated by an arrow 314. In other cases, the condensed
water 312 may be inadequate and additional water from storage or external supplies may be
received to make-up the stream of steam to the thermal recovery system 226 as indicated by

the arrow 314.

i The water return system 306 may also include a water purification system for
preparing the portion 308 of water used as the make-up water to the HRSG 218. The water
purification system can use any number of systems known 1n the art to filter the water, adjust
the pH of the water, removed dissolved gases, remove dissolved oxygen, or remove dissolved
solids. Such techniques can include, for example, hot lime softening which may lower the
concentration of contaminates by forcing their precipitation. Any number of other techniques
may also be used alone or in various combinations, including filtration, steam stripping,
evaporative purification (distillation), membrane purification, chemical purification, 1on
exchange, and the like. For example, the condensed water 312 from the exhaust gas
recirculation system 304 and HRSG 218 will generally be at a low pH, e.g., about 4 pH unaits,
as a result of dissolved CO; 1n the exhaust. The low pH may cause damage to the HRSG 218
as the steam 1s formed. To decrease this problem, a steam stripper may be used to remove the
dissolved CO, and shift the pH to a higher level. Steam stripping may also be used, alone, or
1n combinations with oxygen scavengers, to remove oxygen from the portion 308 of the feed
water used 1n the HRSG 218 to lower the amount of oxygen 1njected by the thermal recovery
process 226. Further, chemicals, such as sodium sulfate, sodium carbonate, or others, can be

added to increase the pH to between about 7 to about 9 pH unuts.

(434371 ] Water 310 produced from the thermal recovery process 226 may have suspended
or dissolved solids, or both, from the formation. Suspended solids may be removed by
passing the water 310 through a filtration system, for example, including fiber or ceramic
filter cartridges, among others. Dissolved solids can be removed by reverse osmosis, among
other known techniques. In an embodiment, the dissolved solids are not removed, but
allowed to pass through a low quality steam generator. Generation of low quality steam, e.g.,

70 % to 90 % steam, 18 less likely to cause fouling of a steam generator from dissolved solids.

Hiiyyy Generally, since the wet CSS steam 1s not superheated and generally has a steam
quality 1n the range of 70 to 100%, the requirements for the CSS feed water quality are not as

stringent as those for the feed water that 1s returned to or used as make-up to the steam
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turbine generation system.

FHHERY The HRSG 218 may include two steam generation systems, a first one for the
stream of steam 220 for the steam turbine 222, and a second one for the stream of steam 224
for the thermal recovery system 226. The first stcam generation system can use high quality
boiler feed water to produce high pressure, highly superheated steam for the steam turbine
222 while, 1n some embodiments, the thermal recovery system 226 provides wet steam and,
therefore, requires lower quality boiler feed water that 1s consistent with re-use of water
produced from the hydrocarbon reservoir with less extensive water treatment than would be
required for the steam turbine 222. Accordingly, the water return system 306 may process
and produce water of a first quality as feed water for the first steam gencration system of the

HRSG 218 and water of a second quality as feed water for the second steam generation

system of the HRSG 218.

(3374} In addition, the steam turbine 222 generally requires less steam blow down and
therefore less water makeup, while certain thermal recovery systems, such as a CSS system,
cttectively have a large continuous blow down (i.e., wet steam 18 generally produced) and
require more water make-up to replace water that 1s not recovered from the hydrocarbon
reservolr. Therefore, the HRSG 218 may receive the stcam blowdown 316 from the steam
turbine 222 and use the steam blowdown 316 as make-up feed water for the thermal recovery
system 226. Using the steam blowdown 316 as make-up feed water 1s a better alternative to
the conventional practice of disposal, which 1s wasteful and which can have harmful effects

on the environment.

TS The gas turbine system 204 may be adapted to extract a purge stream 318 from the
recycle exhaust gas 216. Morecover, the EGR system 304 may be adapted to extract a part of
the recycle exhaust gas 222 as a product gas or alternate purge stream 320 prior to delivery of
the recycle exhaust gas 216 back to the gas turbine system 204. The purge stream 318 from
the gas turbine system 204 and/or the alternate purge stream 320 from the EGR system 304
arc fluidly coupled to a gas separation system 322. The gas separation system 322 may
optionally include a catalytic system similar in purpose to the system described 1in the HRSG
218 to further remove products of incomplete combustion remaining in the purge stream 318

and/or alternate purge stream 320.

LY The gas separation system 322 may receive the purge stream 318 and/or alternate
purge stream 320 and may employ any suitable gas separation technology to separate CO,

from an 1nert gas in the extraction strecam 318 and 320. Suitable gas separation technologies
_ 1R -



10

15

20

25

30

CA 02900702 2015-08-07

WO 2014/137647 PCT/US2014/018088

include, but are not limited to, solvent extraction using amines, hot potassium carbonate, or
other solvents, molecular sieve separation, and solid sorbent separation. The products of the
gas separation system 322 are a CO, rich stream 324 and a CO, lean strecam 326. In some
embodiments, the CO; lean stream 326 mainly consists of inert gases, such as nitrogen.
These separated streams may be used separately, in conjunction with each other, or in
conjunction with other production well fluids (e.g., natural gas), to enhance a hydrocarbon
thermal recovery process carried out in the reservoir 106 or another proximate hydrocarbon
reservolr. Proximate reservoirs may be those local to the viscous hydrocarbon reservoir 106

or those within an economic transport distance by pipeline or other transport methods.

it For example, the CO; rich stream 324 may be fed to a reservoir miscible flood
process 328 for combined 1njection with steam, e.g., the stream of steam 1n line 224, into a
reservoir. Injection of CO, with steam stimulation may increase recovery of viscous
hydrocarbons relative to steam stimulation alone. Alternatively, the CO; rich stream 324 can
be used for sales, used 1n another processes requiring CO,, and/or further compressed and
injected 1nto a terrestrial reservoir for sequestration or another purpose. The CO; lean stream
326 may be fed to a reservoir pressure maintenance system 330 for maintenance of pressure

levels 1n the reservoir 106 or another proximate hydrocarbon reservorr.

FOGTR] The gas separation system 322 may separate anywhere from zero to 100% of the
CO, from the purge extraction or alternate purge extraction streams. The separation
percentage may be established by the separation technology employed or by the quantity of
CO, or 1mert gas required 1n a specific application. In some applications, only 1nert gases may
be required, and no CO, separation technology may be employed within the gas separation
system 322. Further, the gas separation system 322 may operate at a low pressure similar to
that of the alternate purge stream 320 and may include compressors to increase the pressure
of the CO, rich stream 324 and/or the CO, lean stream 326. Alternatively, the gas separation
system 322 may operate at a high pressure similar to that of the purge stream 318 to reduce
the size of the CO, separation equipment and include additional compression as required for
the product streams. The gas separation system 322 may also operate at higher pressures than
either purge stream 318 or 320 by compressing the purge stream 318 or 320 to reduce the size
of the CO, separation equipment and reduce or eliminate the need for additional compression
of the product streams 324 and 326. Some CO, separation processes, such as hot potassium
carbonate (Hot Pot), are only economical at higher pressures and, therefore, low pressure

extraction without compression would not be feasible for these processes. In addition, either
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purge strecam 318 or 320 may be injected into a subterrancan reservorr, after any required
compression and treating, for enhanced hydrocarbon recovery, pressure maintenance, carbon
sequestration or similar methods without separation into CO; rich and CO, lean streams by a
gas separation system 322. Stream 318, 320, 324 or 326 may require further processing prior
to 1njection 1nto a reservoir, such as dehydration or removal of contaminants by filtration,

catalytic conversion or similar processes.

A In some embodiments, the cogeneration facility 302 includes a control system or
systems (not shown) adapted to control the flow rate at which fuel 206 and oxidant 208 are
fed to the combustion chamber of the gas turbine system 204 to cause a near stoichiometric
ratio of fuel and oxidant such that the equivalence ratio of the combustion 1s maintained 1n
the range of 0.8 to 1.2, 0.9 to 1.1, 0.95 to 1.05, or preferably 0.99 to 1.02, while also
achieving desired shaft power, temperature, pressure, flow or similar objectives. The control
system or systems may also control the flow rate of the purge strecams 318 and/or 320 to
maintain a flow or pressure or similar balance within the gas turbine system 204, the heat

recovery steam generator 218, and the EGR system 304.

R The block diagram of Fig. 3 1s not intended to indicate that the development 300
1s to include all the components shown 1n Fig. 3. Further, the development 300 may include
any number of additional components not shown 1n Fig. 3, depending on the details of the
specific implementation. For example, the development 300 may include any number of

additional valves, gear boxes, sensors, control systems, condensers, or the like.

LY Fig. 4 1s a simplified block diagram of a portion 400 of the development 300
1llustrating an exemplary HRSG 218. Like numbered 1tems are as described with respect to
previous figures. In the portion 400 shown, the HRSG 218 produces a stream of high quality
stecam 1n line 220, for use by the steam turbine 222, and a stream of low quality steam 1n line
224, for use by the thermal recovery system 226. Correspondingly, the water return system
306 processes water to produce two streams of feed water. The first feed water stream 402 1s
of a low quality relative to the second feed water stream 404. Two steam generators 406 and
408 1n the HRSG 218 receive the respective feed water streams and generate the two streams
of steam 1n lines 224 and 220, respectively. The steam generator 406 also receives the steam

blowdown 316 from the steam turbine 228 as another source of feed water.

{38821 A controller (not shown) controls an amount of steam generated by each steam
oenerator 406 and 408. For example, 1f a power demand 1s greater than a demand for

hydrocarbon recovery, the controller opens and closes appropriate valves to direct a majority
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of the heat from the exhaust gas 1n line 216 to the steam generator 408, which generates
stcam for the stecam turbine 222. Conversely, 1f the exhaust heat 18 of greater economical use
1in recovering hydrocarbons, a majority of the heat 1s directed to the steam generator 406,
which generates steam for the thermal recovery system 226. Alternately, similar outcomes
may be achieved by controlling the steam drum pressure for steam stream 220 (preferred) or
the steam drum pressure for steam stream 224 1n a single HRSG without the need to control
the exhaust flow among the HRSGs. By increasing the pressure in a steam drum, the
temperature at which the steam boils 18 increased and less heat 18 transferred 1n the associated
stcam coils and less steam 18 produced 1n that coil. Consequently, more heat remains 1n the
exhaust flow to produce more steam 1n the other steam coil. Thus by controlling the steam
flow from the stcam drums and affecting the pressure in each stream drum, the amount of

steam produced 1n the dry vs. the wet steam systems may be controlled.

FERY Fig. 5 1s a simplified block diagram of a portion 500 of the development 300
1llustrating another exemplary configuration of the HRSG 218. Like numbered 1tems are as
described with respect to previous figures. As 1n the portion 400 shown in Fig. 4, in the
portion 500 shown 1n Fig. 5, the HRSG 218 produces a stream of high quality steam 220, for
use by the steam turbine 222, and a stream of low quality steam 224, for use by the thermal
recovery system 226. However, 1n this example, the water return system 306 processes water
to produce a single stream of high quality feed water 308. The two steam generators 406 and
408 1n the HRSG 218 receive the feed water stream 308 and generate the two streams of
stcam 224 and 220, respectively. To improve the quality of the stream of steam 1n line 220, a
separator 502 in the HRSG 218 receives steam from the high quality steam generator 408 and
separates a vapor phase or dry steam from a liquid phase or condensate. The dry steam

leaves the separator 502 via line 220 for use by the steam turbine 222.

HiREY: At least a portion of the condensate from the separator 502 can be recycled to an
inlet of the low quality steam generator 406. Typically, less than 100 % of the condensate
will be recycled, as any dissolved salts 1in the condensate will be concentrated over time and
can foul the boiler tubes 1n the steam generator 406. Therefore, when recycling the
condensate, at least a portion 1s continuously purged to a disposal (not shown) and replaced

by clean boiler feed water from the water return system 306.

HiRY A controller (not shown) can control various elements of the HRSG 224 including
a set of valves 504. The valves 504 can be used to control the flow of steam and condensate

to and from the separator 502 to vary the amounts of steam flowing through each of lines 220
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and 224 and the amount of condensate flowing as feed water to the low quality steam

generator 406.

HURTY Although the embodiments of the HRSG 218 shown 1n Figs. 4 and 5§ implement
two steam generators, other numbers of steam generators can be used, and additional streams
of steam can be produced. For example, a single steam generator may be used with a single
separator to generate a single stream of high quality steam. If low quality steam 1s desired in
such a configuration, a valve can be selectively opened or shut to bypass the separator.
Furthermore, more than two steam generators can be used in the HRSG 218. Example
embodiments of an HRSG 218 having multiple steam generators are described, for example,
in International Patent Application No. WO/2012-1701 14 entitled, “Methods and Systems for
Providing Steam,” published on December 13, 2012, and incorporated herein by reference in
its entirety. Moreover, the controller of the HRSG 218 can control the HRSG 218 to produce
high quality stecam i1n both steam strecams 220 and 224 if, for example, a particular

hydrocarbon thermal recovery process calls for the use of high quality steam.

Methods for Using Exhaust Heat from Combined Cycle Plant for Enhanced Qil Recovery

1434387 | Fig. 6 1s a process flow diagram of a method 600 for using exhaust heat in a
combined cycle plant. The method begins at block 602, at which exhaust heat from a gas
turbine system in a combined cycle plant 1s used to produce steam. At block 604, at least a
first portion of the produced steam 1s used in a hydrocarbon thermal recovery process. At
block 606, at least a second portion of the produced steam 1s used to drive a steam turbine in

the combined cycle plant.

RN ] At block 608, at least a third portion of the steam 1s used 1n another process such
as a utility heating process, a process heating process, and/or a steam stripping process.
Water produced as a byproduct of gas combustion 1n the gas turbine system 1s used as make-
up feed water for production of the at least a first portion of the steam at block 610.
Moreover, blowdown from the steam turbine 18 used as make-up feed water for production of

the at least a first portion of the steam at block 612.

RS The process flow diagram of Fig. 6 1s not intended to indicate that all the blocks
of the method 600 shown 1n Fig. 6 are to be included 1n every case. Further, any number of
additional blocks not shown 1n Fig. 6 may be included in the method 600, depending on the

details of the specific implementation.

b Fig. 7 1s a process flow diagram of another method 700 for using exhaust heat 1n a
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combined cycle plant. At block 702, high quality steam 1s produced using exhaust heat from
a gas turbine system in a combined cycle plant. At block 704, low quality steam 1s also
produced using the exhaust heat. An amount of the high quality steam produced relative to

an amount of the low quality steam produced 1s adjusted at block 706.

FHUVEE: At block 708, a stecam turbine 1s driven using the high quality steam and, at block
710, the low quality steam 1s used 1n a thermal recovery system (e.g., by injecting the low
quality steam 1nto a reservoir to thermally recover viscous hydrocarbons in the reservorir), a
Clark hot water extraction system, a utility heating system, a process heating system, and/or a
stcam stripping system. At block 712, blowdown from the steam turbine 1s used as make-up
feed water for the production of the low quality steam. Water produced as a byproduct of gas
combustion 1n the gas turbine system 1s used as make-up feed water for the production of the

low quality steam at block 714.

FHH: The process flow diagram of Fig. 7 1s not intended to indicate that all the blocks
of the method 700 shown i1n Fig. 7 are to be included in every case. Further, any number of
additional blocks not shown 1n Fig. 7 may be included in the method 700, depending on the

details of the specific implementation.
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CLAIMS:

1. A method for generating steam for hydrocarbon production using a combined cycle
power plant, including:

substantially stoichiometrically combusting a compressed oxidant and a fuel in a
combustion chamber in a gas turbine system in the combined cycle power plant, thereby
generating an exhaust stream containing combustion products;

producing steam using heat from the exhaust stream;

condensing a water stream from the combustion products in the exhaust stream; and

using the water stream as a make-up water for production of the steam.

2. The method of claim 1, including:

chilling the exhaust stream to condense a second water stream;

combining the water stream and the second water stream to form a combined water
stream; and

using the combined stream as the make-up water.

3. The method of claims 1 or 2, including using at least a portion of the steam to drive a

steam turbine.

4, The method of claim 3, wherein the steam turbine produces additional shaft power on

a shaft of the gas turbine system.

. The method of claims 3 or 4, wherein the steam turbine produces blowdown, and
wherein the method includes using the blowdown as make-up water for production of the

steam.

6. The method of any one of claims 3-35, including injecting at least a portion of the

stcam into a hydrocarbon reservoir in a thermal recovery process for hydrocarbons.
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7. The method of claim 6, wherein the thermal recovery process i1s a cyclic steam

stimulation process.

8. The method of claims 6 or 7, wherein the thermal recovery process is a steam assisted

gravity drainage process.

9. The method of claims 6, 7, or 8, wherein the thermal recovery process 1s a Clark hot

water extraction process.

10.  The method of any one of claims 3-5, wherein the steam turbine produces a blowdown
stream, and wherein the method includes using the blowdown stream as make-up feed water

for production of the steam used in a thermal recovery process.

11.  The method of any one of claims 1-10, including using at least a portion of the steam
in a utility heating process, a process heating process, or a steam stripping process, or any

combinations thereof.

12.  The method of any one of claims 1-11, including recirculating the exhaust stream to

the combustion chamber as a diluent for combustion.

13.  The method of claim 12, including extracting a portion of the diluent to offset the

amount of fuel and oxidant added.

14.  The method of claim 13, including separating the extracted portion of diluent into a

carbon dioxide rich stream and a carbon dioxide lean stream.

15.  The method of claim 14, including injecting the carbon dioxide rich stream 1nto a

hydrocarbon reservoir for enhanced o1l recovery.
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16.  The method of claims 14 or 15, including injecting the carbon dioxide rich stream into

a subterranean formation for carbon sequestration.

17.  The method of claims 14, 135, or 16, including 1njecting the carbon dioxide lean stream

into a hydrocarbon reservoir for pressure maintenance.

18.  The method of any one of claims 1-17, including treating the water stream prior to

using the water stream as the make-up water.

19.  The method of claim 18, including adjusting the pH of the water stream to between

about 7 and about 9 pH units.

20.  The method of claims 18 or 19, including steam stripping the water stream to remove

dissolved gases.

21.  The method of claims 18, 19, or 20, including treating the water stream with an

oXygen scavenger.

22.  The method of any one of claims 3-21, including generating a high quality steam and a

low quality steam.

23. The method of claim 22, including using the high quality steam to drive the steam

turbine.

24.  The method of claim 22 or 23, comprising:

obtaining reproduced water from a hydrocarbon thermal recovery system;
treating the reproduced water; and

using the reproduced water to produce the high quality steam or the low quality steam,

or both.
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25. The method of claims 22, 23, or 24, including using the low quality steam 1n a thermal

IrcCovery proccess.

26. A method for using exhaust from a combined cycle plant in hydrocarbon production,
including:

substantially stoichiometrically combusting a fuel and an oxidant in a gas turbine
system 1n the combined cycle plant to produce an exhaust stream;

producing steam using exhaust heat from the exhaust stream;

condensing a water stream from the exhaust stream;

using the water stream as a make-up stream for the steam production;

driving a steam turbine with at least a portion of the steam; and

injecting at least another portion of the steam into a hydrocarbon reservoir for a

thermal recovery process.

27.  The method of claim 26, wherein the portion of steam driving the steam turbine is

adjusted based at least in part on a level of output power demanded from the combined cycle

plant.

28.  The method of claim 27, wherein the thermal recovery process is cyclic steam
stimulation.

29.  The method of claim 28, wherein the thermal recovery process is steam assisted

gravity drainage.

30.  The method of any one of claims 27-29, including driving the steam turbine with the
steam.
31.  The method of claim 30, wherein the steam turbine produces additional shaft power on

a shaft of the gas turbine system.
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32.  The method of claim 31, including:
producing a blowdown stream from the steam turbine; and

providing the blowdown stream as make-up feed water for the production of the

steam.

33.  The method of any one of claims 26-32, including using the steam in a Clark hot water
extraction system, a utility heating system, a process heating system, or a steam stripping

system, or any combinations thereof.

34. A system for generating power and thermally recovering hydrocarbons from a
reservolr, including:

a gas turbine system configured to produce a hot exhaust stream as a byproduct of
substantially stoichiometric combustion of a compressed oxidant and a fuel in a combustion
chamber;

a heat recovery steam generator (HRSG) configured to produce a steam stream using
the hot exhaust stream, wherein the HRSG produces a condensate stream from the
combustion products in the hot exhaust stream; and

a feed system configured to use the condensate stream as at least part of a make-up

water provided to the HRSG to generate the steam stream.

35.  The system of claim 34, including a steam turbine configured to use at least a portion

of the steam stream to generate mechanical power.

36. The system of claims 34 or 395, including an electrical generator driven by mechanical
power.
37.  The system of claim 35, wherein the steam turbine produces additional shaft power on

a shaft of the gas turbine system.
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38.  The system of any one of claims 34-37, including a hydrocarbon production system

configured to use a portion of the steam stream to thermally recover hydrocarbons from a

reServolr,

39.  The system of claim 38, including a cyclic steam stimulation system.

40. The system of claims 38 or 39, including a steam assisted gravity drainage system.

41. The system of claims 38, 39, or 40, including a Clark hot water extraction system.

42.  The system of claim 34, including a water purification system for the condensate
stream.

43.  The system of claim 42, including a steam stripper configured to decre<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>