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(54) Method and system for operating a steam generation facility

(57)  Anattemperation system (160) includes at least
one eductor (172) coupled in flow communication with at
least one water source (142/158) and at least one steam
source (102). The at least one eductor is configured to
channel steam (171) from the at least one steam source
to induce motive forces on water (170) channeled from

FIG. 2

the at least one water source. The attemperation system
also includes at least one attemperator (178) coupled in
flow communication with the at least one eductor. The at
least one attemperator is configured to receive water
(175) channeled from the at least one eductor and steam
(177) channeled from the at least one steam source.
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Description
BACKGROUND OF THE INVENTION

[0001] The embodiments described herein relate gen-
erally to steam generation facilities and, more particular-
ly, methods and systems for attemperating steam within
steam generation facilities.

[0002] At least some known steam generation facili-
ties, such as, combined cycle plants, include at least one
steam generator. At least some known steam generators
are heat recovery steam generators (HRSGs) that are
coupled in flow communication with a heat source, a wa-
ter source, and a plurality of steam turbine components,
such as high-pressure, intermediate-pressure, and low-
pressure turbines. In operation, the HRSG receives water
and heat and boils the water to generate high-tempera-
ture, high-pressure steam for use in driving the turbines,
which in turn drive devices, such as generators and
pumps. In the event of a steam turbine trip, at least of a
portion of steam residing in portions of the HRSG is chan-
neled to other portions ofthe HRSG or other components,
such as a steam condensing device. During such chan-
neling, steam may contact components that may not be
designed and/or fabricated for continuous exposure to
such high-temperature, high-pressure steam.

[0003] In at least some of these known steam gener-
ation facilities, the steam is attemperated to reduce the
effects of contact with the steam. For example, such at-
temperation is typically achieved with dedicated attem-
peration devices that are coupled in flow communication
with oversized, joint-usage, high- to intermediate-pres-
sure feedwater pumps. Such feedwater pumps provide
sufficient positive pressure to overcome steam pressures
to achieve the desired attemperation substantially
throughout a full range of operating conditions. However,
such oversizing typically includes increased capital and
operating costs.

[0004] Inotherknown steam generation facilities, such
attemperation may be achieved with low-pressure water
pumps. Generally, one in such facilities, low-pressure
water pump is operated continuously with a second low-
pressure water pump in a standby condition. Generally,
a single, low-pressure water pump creates sufficient
head pressure to overcome steam pressure for at least
partially achieving a desired attemperation. However, be-
cause of lower discharge pressures, often a plurality of
such low-pressure water pumps must be used to gener-
ate sufficient attemperating water flow to fully achieve
desired attemperation. Typically, as such, a period of
time is required to enable the second low-pressure water
pump to achieve sufficient pumping capacity after a tur-
bine trip to enable the desired attemperation to be
achieved. The addition of redundant low-pressure water
pumps increases capital costs associated with facility in-
stallations and increases the time delay before a desired
attemperation of the high-pressure, high-temperature
steam being channeled from the HRSG may be
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achieved. Moreover, continuous operation of the more
low-pressure water pumps increases operational costs,
such as auxiliary power usage and maintenance costs
associated with such equipment.

BRIEF DESCRIPTION OF THE INVENTION

[0005] This Brief Description is provided to introduce
a selection of concepts in a simplified form that are further
described below in the Detailed Description. This Brief
Description is not intended to identify key features or es-
sential features of the claimed subject matter, nor is it
intended to be used as an aid in determining the scope
of the claimed subject matter.

[0006] In one aspect, a method for operating a steam
generation facility is provided. The method includes in-
ducing a motive force on water by channeling steam into
at least one eductor to form a steam-driven cooling fluid
stream. The method also includes channeling the steam-
driven cooling fluid stream to at least one attemperator.
The method further includes channeling steam from at
least one steam source to the at least one attemperator.
The method also includes injecting the steam-driven
cooling fluid stream into the steam channeled through
the at least one attemperator to facilitate cooling the
steam channeled from the at least one steam source.
[0007] In another aspect, an attemperation system is
provided. The system includes at least one eductor cou-
pled in flow communication with atleast one water source
and at least one steam source. The at least one eductor
is configured to channel steam from the at least one
steam source to induce motive forces on water chan-
neled from the at least one water source. The system
also includes at least one attemperator coupled in flow
communication with the at least one eductor. The at least
one attemperator is configured to receive water chan-
neled for the at least one eductor and steam channeled
from the at least one steam source.

[0008] In another aspect, a steam generation facility
is provided. The facility includes at least one water source
and at least one steam source. The facility also includes
at least one eductor coupled in flow communication with
the at least one water source and the at least one steam
source. The at least one eductor is configured to channel
steam from the at least one steam source to induce mo-
tive forces on water channeled from the atleast one water
source. The facility also includes at least one attemper-
ator coupled in flow communication with the at least one
eductor. The at least one attemperator is configured to
receive water channeled for the at least one eductor and
steam channeled from the at least one steam source.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] There follows a detailed description of embod-

iments of the invention by way of example only with ref-
erence to the accompanying drawings, in which:
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Figure 1 is a schematic block diagram of an exem-
plary steam generation facility;

Figure 2 is a schematic block diagram of an exem-
plary attemperation system using an eductor that
may be used with the steam generation facility
shown in Figure 1; and

Figure 3 is a flow diagram illustrating an exemplary
method of operating the steam generation facility
shown in Figures 1 and 2.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Figure 1 is a schematic block diagram of an
exemplary steam generation facility 100. In the exempla-
ry embodiment, steam generation facility 100 includes at
least one steam generator, that is, a heat recovery steam
generator (HRSG) 102. HRSG 102 is coupled in flow
communication with a gas turbine exhaust manifold 104
and a residual heat exhaust stack 106. Also, in the ex-
emplary embodiment, HRSG 102 includes a plurality of
water-steam element bundles 108 and a plurality of wa-
ter-steam separation units 110. Bundles 108 and units
110 are coupled in flow communication in an orientation
that facilitates heating water (not shown) from subcooled
conditions to superheated steam conditions within bun-
dles 108, while separating water (not shown) from steam
(not shown) within separation units 110. Bundles 108 in-
clude at least one high-pressure (HP) superheater, that
is, a first HP superheater (HPSH-1) 111 that is coupled
in flow communication with a second HP superheater
(HPSH-2) 113. Bundles 108 also include at least one
intermediate-pressure (IP) superheater, that is, afirst IP,
or reheat superheater (RHSH-1) 115 coupled in flow
communication with a second IP, or reheat superheater
(RHSH-2) 117. Bundles 108 further include at least one
low-pressure (LP) superheater (LPSH) 131. Each super-
heater 111, 113, 115, 117, and 131 is described in more
detail below with respect to configuration and function-
ality within steam generation facility 100. Water and
steam are heated to superheated conditions via heat
transfer from hot gases 112 channeled from gas turbine
exhaust manifold 104 through HRSG 102. Stack 106 is
coupled in flow communication with HRSG 102 to enable
cooled exhaust gases 114 to be exhausted via stack 106.
[0011] Steam generation facility 100 also includes a
steam turbine system 120. In the exemplary embodi-
ment, system 120 includes a high-pressure (HP) steam
turbine 122 that is coupled to HRSG 102, or more spe-
cifically, HPSH-2 113, via at least one HP admission con-
trol valve 124. Also, in the exemplary embodiment, steam
turbine system 120 includes an intermediate-pressure
(IP) steam turbine 126 that is coupled to HRSG 102, or
more specifically, RHSH-2 117, via at least one IP ad-
mission control valve 128. Moreover, in the exemplary
embodiment, steam turbine system 120 includes a low-
pressure (LP) steam turbine 130 that is coupled in flow
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communication with IP steam turbine 126 and thatis cou-
pled to LPSH 131 within HRSG 102 via at least one LP
admission control valve 132.

[0012] In the exemplary embodiment steam genera-
tion facility 100 also includes a combined condensate-
feedwater system 140. In the exemplary embodiment,
system 140 includes any number of condensate booster
pumps, condensate pumps, feedwater booster pumps,
feedwater pumps, deaerating units, piping, valving, and
any other components known in the art (none shown)
that enables steam generation facility 100 to function as
described herein. Also, in the exemplary embodiment,
system 140 is coupled in flow communication with HRSG
102 and with a steam condensing unit 142.

[0013] Steam generation facility 100 also includes a
steam bypass system 150. In the exemplary embodi-
ment, steam bypass system 150 includes an HP bypass
pressure control valve (PCV) 152 that is coupled in flow
communication with HRSG 102, or more specifically,
HPSH-2 113. Also, in the exemplary embodiment, steam
bypass system 150 includes an IP bypass PCV 154 that
is coupled in flow communication with HRSG 102, or
more specifically, RHSH-2 117. Moreover, in the exem-
plary embodiment, steam bypass system 150 includes a
LP bypass PCV 156 that is coupled in flow communica-
tion with HRSG 102. Also, in the exemplary embodiment,
system bypass system 150 includes at least one con-
densate extraction pump (CEP) 158 that is coupled in
flow communication with steam condensing unit 142.
[0014] Steam bypass system 150 also includes an at-
temperation system 160. In the exemplary embodiment,
attemperation system 160 includes an HP portion 162
that is coupled in flow communication with HP PCV 152.
Also, in the exemplary embodiment, attemperation sys-
tem 160 includes an IP portion 164 that is coupled in flow
communication with IP PCV 154. Further, in the exem-
plary embodiment, attemperation system 160 includes
an LP portion 166 that is coupled in flow communication
with LP PCV 156. Each portion 162, 164, and 166 is
coupled in flow communication with CEP 158. Attemper-
ation system 160 and associated portions 162, 164, and
166 are described in more detail below.

[0015] In the exemplary embodiment, steam genera-
tion facility 100 is a combined cycle electric power gen-
eration facility. Alternatively, steam generation facility
100 may be any facility that enables attemperation sys-
tem 160 to function as described herein. Also, in the ex-
emplary embodiment, facility 100 includes at least one
steam generator, i.e., HRSG 102. Alternatively, facility
100 may include any type of steam generator that ena-
bles attemperation system 160 to function as described
herein.

[0016] During operation of steam generation facility
100, hot exhaust gases 112 are channeled from gas tur-
bine exhaust manifold 104 through HRSG 102. As gases
112 flow about water-steam element bundles 108, heat
is transferred from gases 112 to water and/or steam flow-
ing through bundles 108. As heat is transferred from gas-
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es 112, such gases 112 are cooled prior to being ex-
hausted via stack 106.

[0017] Also, during operation, subcooled water (not
shown) is channeled from steam condensing unit 142 to
HRSG 102 via combined condensate-feedwater system
140. Subcooled water receives heat transferred from
cooled exhaust gases 114 and the temperature of such
subcooled water is elevated. The water temperature in-
creases as it flows through successive water-steam el-
ementbundles 108, wherein the water is eventually heat-
ed to saturation conditions. As steam is formed within
the saturated water, the steam and water are separated
via separation units 110, wherein water is returned to
bundles 108 for subsequent heating and steam forma-
tion, while steam is channeled to subsequent bundles
108 to receive additional heat transfer to superheated
steam conditions. Specifically, steam that is at least par-
tially superheated is channeled to HPSH-1 111, prior to
being channeled to HPSH-2 113, to form high-pressure
(HP) superheated main steam (not shown). In the exem-
plary embodiment, such superheated HP main steam
has thermodynamic conditions including, but not limited
to, temperatures and pressures that enable operation of
steam generation facility 100 as described herein.
[0018] Superheated HP main steam is channeled to
HP admission control valve (ACV) 124 for admission to
HP steam turbine 122. Heat energy within the superheat-
ed HP main steam is transferred to rotational kinetic en-
ergy within HP steam turbine 122. Superheated interme-
diate pressure (IP) exhaust steam (not shown) is chan-
neled from HP steam turbine 122 to HRSG 102, or more
specifically, to RHSH-1 115, for subsequent reheating.
In the exemplary embodiment, such IP exhaust steam
has thermodynamic conditions including, but not limited
to, temperatures and pressures that enable operation of
steam generation facility 100 as described herein. IP ex-
haust steam is channeled to RHSH-1 115, prior to being
channeled to RHSH-2 117 to form intermediate-pressure
(IP) superheated reheat steam (not shown). In the ex-
emplary embodiment, such superheated IP reheat steam
has thermodynamic conditions including, but not limited
to, temperatures and pressures that enable operation of
steam generation facility 100 as described herein.
[0019] Superheated IP reheat steam is channeled to
IP admission control valve (ACV) 128 for admission to
IP steam turbine 126. Heat energy within the superheat-
ed IP reheat steam is transferred to rotational kinetic en-
ergy within IP steam turbine 126. Superheated low pres-
sure (LP) exhaust steam (not shown) is channeled from
IP steam turbine 126 to LP turbine 130. Moreover, su-
perheated LP steam from LPSH 131 is channeled to LP
steam turbine 130 via LP ACV 132. Heat energy within
the superheated LP steam is transferred to rotational ki-
netic energy within LP steam turbine 130. LP exhaust
steam (not shown) is channeled from LP steam turbine
130 to steam condensing unit 142 for recycling through
the thermodynamic cycle described herein. Operation of
bypass system 150 and embedded attemperation sys-
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tem 160 are described in more detail below.

[0020] Figure 2 is a schematic block diagram of an
exemplary attemperation system 160 using an eductor
172 that may be used with steam generation facility 100.
In the exemplary system 160 is embedded within steam
bypass system 150 and includes three individual por-
tions: an HP portion 162, an IP portion 164, and a LP
portion 166 (each shown in Figure 1).

[0021] In the exemplary embodiment, HP portion 162
includes atleast one high-pressure (HP) eductor 172 that
is coupled in flow communication with condensate ex-
traction pump (CEP) 158 via a first valve. In the exem-
plary embodiment, the first valve is a high-pressure (HP)
bypass temperature control valve (TCV) 174. Eductor
172 includes a converging-diverging nozzle 173 that en-
ables the use of at least a portion of HP superheated
main steam to induce a motive force on cooling water for
steam quenching as described in more detail below. HP
portion 162 also includes a second valve, i.e., a high-
pressure control valve (HPCV) 176, that couples HP
eductor 172 in flow communication with second high-
pressure superheater (HPSH-2) 113, and that facilitates
control of steam flow through HP portion 162. A third
valve, i.e., HP bypass PCV 152, works in combination
with HP eductor 172 and HPCV 176 to provide pressure
and temperature control within steam generation facility
100, while facilitating the reduction of unnecessary ex-
penditure of thermal storage within HRSG 102, and
thereby facilitating a subsequent near-term restart of tur-
bine system 120. HP portion 162 also includes at least
one HP attemperator 178 that is coupled in flow commu-
nication with HP bypass PCV 152, HP eductor 172, HP
steam turbine 122, and first reheat superheater (RHSH-
1) 115. In the exemplary embodiment, HP bypass PCV
152, HP bypass TCV 174, and HPCV 176 are automat-
ically-operable and are operably synchronized with each
other as described in more detail below.

[0022] During operation, in the exemplary embodi-
ment, only one CEP 158 is continuously in service and
is used for channeling subcooled condensate water 170
from steam condensing unit 142 at thermodynamic con-
ditions including, but not limited to, temperatures and
pressures that enable operation of steam generation fa-
cility 100 as described herein. Alternatively, all CEPs 158
are removed from service until HP portion 162 is placed
in service, at which time, at least one CEP 158 is placed
in service in operational synchronization with HP bypass
PCV 152, HP bypass TCV 174, and HPCV 176. There-
fore, attemperation system 160 facilitates reducing aux-
iliary power usage associated with steam generation fa-
cility 100 by reducing the amount of idle service associ-
ated CEPs 158. Furthermore, attemperation system 160
facilitates reducing capital costs of constructing steam
generation facility by reducing a need for redundant CE-
Ps 158 and by reducing excess feedwater pumping ca-
pacity.

[0023] Also, during operation, in the exemplary em-
bodiment, HP ACV 124 is opened to enable steam to
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flow (not shown) from HPSH-2 113 to HP steam turbine
122. Moreover, in operation, in the exemplary embodi-
ment, HP bypass PCV 152, HP bypass TCV 174, and
HPCV 176 are each closed. Therefore, at least initially,
there is substantially no steam flow and no water flow
through HP eductor 172 and/or HP attemperator 178.
Alternatively, HPCV 176 is at least partially opened to
enable a substantial continuous flow of HP steam and
condensate water through eductor 172 and attemperator
178, thereby facilitating a further reduction in auxiliary
power usage. Further, in operation, in the event of a
steam turbine system 120 trip wherein a substantially
instantaneous removal of steam turbine system 120 from
service occurs, including HP steam turbine 122, and the
rapid closing of HP ACV 124. As such, a buildup of su-
perheated steam pressure within HPSH-1 111 and
HPSH-2 113, as well as other portions of HRSG 102 cou-
pled in flow communication with HPSH-1 111 and HPSH-
2113 occurs. Moreover, an increasing pressure transient
occurs in conjunction with a substantial reduction in cool-
ing fluid flow through HRSG 102. During such operation,
the injection of hot exhaust gases 112 from gas turbine
exhaust manifold 104 may not be reduced, thereby facil-
itating an increasing temperature transientin HRSG 102.
As such, during operation, in the exemplary embodiment,
steam bypass system 150, including embedded attem-
peration system 160, is placed in service to facilitate re-
ducing the associated increasing pressure transient with-
in HRSG 102. Specifically, HP bypass PCV 152, HP by-
pass TCV 174, and HPCV 176 are moved from a closed
position to an at least partially open position.

[0024] More specifically, in operation, HP bypass TCV
174 opens enough to enable subcooled condensate wa-
ter 170 to be channeled from steam condensing unit 142
to eductor 172 at thermodynamic conditions including,
but not limited to, temperatures and pressures that ena-
ble operation of steam generation facility 100 as de-
scribed herein, via CEP 158. Also, HPCV 176 opens suf-
ficiently to enable a first portion of HP superheated main
steam 171 to be channeled from HPSH-2 113 toHP educ-
tor 172 at thermodynamic conditions including, but not
limited to, temperatures and pressures that enable op-
eration of steam generation facility 100 as described
herein. HP bypass PCV 152 and HPCV 176 modulate in
operational synchronization with each other to facilitate
maintaining HP bypass steam pressure and temperature
at values substantially similar to, or below, pressures and
temperatures within RHSH-1 115. Steam 171 channeled
into eductor 172 via HPCV 176 expands into eductor 172
to facilitate inducing a venturi effect therein, wherein a
velocity of steam 171 flow increases and a pressure drop
isinduced. The induced pressure drop "draws" water 170
flowing via HP bypass TCV 174 into eductor 172, and at
least a portion of kinetic energy of steam 171 is trans-
ferred to water 170, thus inducing a motive force on water
170. Steam 171 and water 170 mix within nozzle 173 to
form a steam-driven cooling fluid stream 175 thatis chan-
neled towards HP attemperator 178 at thermodynamic
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conditions including, but not limited to, temperatures and
pressures that enable operation of steam generation fa-
cility 100 as described herein, i.e., to facilitate cooling
superheated steam 171 channeled from HPSH-2 113.
[0025] Also, during operation, HP bypass PCV 152
shifts open sufficiently to permit channeling a second por-
tion of HP superheated main steam 177 from HPSH-2
113 to HP attemperator 178 at thermodynamic conditions
including, but not limited to, temperatures and pressures
that enable operation of steam generation facility 100 as
described herein. Attemperator 178 receives superheat-
ed steam 177 via HP bypass PCV 152 and steam-driven
cooling fluid stream 175 from HP eductor 172. Moreover,
superheated steam 177 is quenched by injecting steam-
driven cooling fluid stream 175 into superheated steam
177 to form a quenched steam 179 that is channeled
from HP attemperator 178 to RHSH-1 115, thus facilitat-
ing cooling of superheated steam 177 channeled from
HPSH-2 113. Quenched steam 179 is also channeled
through RHSH-1 115 and RHSH-2 117 towards IP por-
tion 164 of attemperation system 160, as described in
more detail below.

[0026] IP portion 164, in the exemplary embodiment,
includes at least one intermediate-pressure (IP) attem-
perator 188 that is coupled in flow communication with
condensate extraction pump (CEP) 158 via a first valve,
i.e., an intermediate-pressure (IP) bypass temperature
control valve (TCV) 184. IP attemperator 188 is also cou-
pled in flow communication with IP bypass PCV 154. IP
bypass PCV 154 facilitates controlling pressures and
temperatures within steam generation facility 100, while
reducing unnecessary expenditures of thermal storage
within HRSG 102, thereby facilitating a subsequent near-
term restart of turbine system 120. IP attemperator 188
is also coupled in flow communication with steam con-
densing unit 142. In the exemplary embodiment, IP by-
pass PCV 154 and IP bypass TCV 184 are each auto-
matically-operable and are operably synchronized with
each other as discussed in more detail below. Moreover,
in the exemplary embodiment, IP bypass PCV 154 and
IP bypass TCV 184 are each automatically-operable and
are operably synchronized with HP bypass PCV 152, HP
bypass TCV 174, and HPCV 176.

[0027] During operation, in the exemplary embodi-
ment, similar to the operation described above for HP
portion 162, only one CEP 158 is continuously in service
to channel subcooled condensate water from steam con-
densing unit 142 up to IP bypass TCV 184. Alternatively,
all CEPs 158 are removed from service until IP portion
164 is placed in service, wherein at least one CEP 158
is placed in service in operational synchronization with
IP bypass PCV 154 and IP bypass TCV 184.

[0028] Also, during operation, in the exemplary em-
bodiment, IP ACV 128 is opened to enable steam to flow
(not shown) from RHSH-2 117 to IP steam turbine 126.
Further, in operation, in the exemplary embodiment, IP
bypass PCV 154 and IP bypass TCV 184 are each
closed. Therefore, at least initially, there is substantially
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no steam flow and/or water flow through IP attemperator
188.

[0029] Further, in operation, in the event of a steam
turbine system 120 trip, substantially instantaneous re-
moval of steam turbine system 100 from service, includ-
ing IP steam turbine 126, the rapid closure of IP ACV
128. As such a buildup of superheated steam pressure
within RHSH-1 115 and RHSH-2 117, as well as other
portions of HRSG 102 coupled in flow communication
with RHSH-1 115 and RHSH-2 117 occurs. Moreover,
guenched steam 179 from HP portion 162 is also chan-
neled through RHSH-1 115 and RHSH-2 117. An in-
creasing pressure transient occurs in conjunction with a
substantial reduction in cooling fluid flow (not shown)
through HRSG 102. As such, injection of hot exhaust
gases 112 from gas turbine exhaust manifold 104 may
not be reduced, thereby facilitating an increasing tem-
perature transient in HRSG 102. In operation, in the ex-
emplary embodiment, steam bypass system 150, includ-
ing embedded attemperation system 160, is placed in
service to facilitate reducing the associated increasing
pressure transient within HRSG 102. Specifically, IP by-
pass PCV 154 and IP bypass TCV 184 are at least par-
tially opened.

[0030] More specifically, in operation, IP bypass TCV
184 is opened sufficiently to enable a portion of sub-
cooled condensate water 170, i.e., a cooling fluid stream
185 to flow from steam condensing unit 142 towards IP
attemperator 188 via CEP 158. Also, during operation,
IP bypass PCV 154 is opened to enable a portion of IP
superheated reheat steam 187 to be channeled from
RHSH-1 115 to IP attemperator 188. Attemperator 188
receives superheated steam 187 via IP bypass PCV 154
and cooling fluid stream 185 from IP bypass TCV 184.
Superheated steam 187 is quenched by injecting cooling
fluid stream 185 into superheated steam 187, thereby
forming a quenched steam 189 that is channeled from
IP attemperator 188 to steam condensing unit 142, and
thereby cooling superheated steam 187 channeled from
RHSH-2 117.

[0031] LP portion 166, in the exemplary embodiment,
includes atleast one low-pressure (LP) attemperator 198
that is coupled in flow communication with condensate
extraction pump (CEP) 158 via a first valve, i.e., a low-
pressure (LP) bypass temperature control valve (TCV)
194. LP attemperator 198 is also coupled in flow com-
munication with LP bypass PCV 156. LP bypass PCV
156 facilitates controlling pressures and temperatures
within steam generation facility 100, while reducing un-
necessary expenditures of thermal storage within HRSG
102, thereby facilitating a subsequent near-term restart
of turbine system 120. LP attemperator 198 is also cou-
pled in flow communication with steam condensing unit
142. In the exemplary embodiment, LP bypass PCV 156
and LP bypass TCV 194 are each automatically-operable
and are operably synchronized with each other as dis-
cussed further below. Moreover, in the exemplary em-
bodiment, LP bypass PCV 156 and LP bypass TCV 194
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are each automatically-operable and are operably syn-
chronized with HP bypass PCV 152, HP bypass TCV
174, and HPCV 176. Furthermore, in the exemplary em-
bodiment, LP bypass PCV 156 and LP bypass TCV 194
are each automatically-operable and are operably syn-
chronized with IP bypass PCV 154 and IP bypass TCV
184.

[0032] During operation, in the exemplary embodi-
ment, similar to the operation described above for IP por-
tion 164, only one CEP 158 is continuously in service to
channel subcooled condensate water 170 from steam
condensingunit 142to LP bypass TCV 194. Alternatively,
all CEPs 158 are removed from service until LP portion
166 is placed in service, wherein at least one CEP 158
is placed in service in operational synchronization with
LP bypass PCV 156 and LP bypass TCV 194.

[0033] Also, during operation, in the exemplary em-
bodiment, LP ACV 132 is opened to enable steam to flow
(not shown) from LPSH 131 to LP steam turbine 130.
Further, in operation, in the exemplary embodiment, LP
bypass PCV 156 and LP bypass TCV 194 are each
closed. Therefore, at least initially, there is substantially
no steam flow and/or water flow through LP attemperator
198.

[0034] Further, in operation, in the event of a steam
turbine system 120 trip, substantially instantaneous re-
moval of steam turbine system 100 from service, includ-
ing LP steam turbine 130, the rapid closure of LP ACV
132. As such a buildup of superheated steam pressure
within LPSH 131, as well as other portions of HRSG 102
coupled in flow communication with LPSH 131 occurs.
An increasing pressure transient occurs in conjunction
with a substantial reduction in cooling fluid flow through
HRSG 102. As such, injection of hot exhaust gases 112
from gas turbine exhaust manifold 104 may not be re-
duced, thereby facilitating an increasing temperature
transient in HRSG 102. In operation, in the exemplary
embodiment, steam bypass system 150, including em-
bedded attemperation system 160, is placed in service
to facilitate reducing the associated increasing pressure
transient within HRSG 102. Specifically, LP bypass PCV
156 and LP bypass TCV 194 are at least partially opened.
[0035] More specifically, in operation, LP bypass TCV
194 is opened sufficiently to enable subcooled conden-
sate water 170, i.e., a cooling fluid stream 195 to flow
from steam condensing unit 142 towards LP attempera-
tor 198 via CEP 158. Also, during operation, LP bypass
PCV 156 is opened to enable a portion of LP superheated
steam 197 to be channeled from LPSH 131 to LP attem-
perator 198. Attemperator 198 receives superheated
steam 197 via LP bypass PCV 156 and cooling fluid
stream 195 from LP bypass TCV 194. Superheated
steam 197 is quenched by injecting cooling fluid stream
195, thereby forming a quenched steam 199 that is chan-
neled from LP attemperator 198 to steam condensing
unit 142, and thereby cooling superheated steam 197
channeled from LPSH 131.

[0036] Figure 3 is a flow diagram illustrating an exem-
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plary method 200 of operating steam generation facility
100 (shown in Figures 1 and 2). In the exemplary em-
bodiment, a motive force is induced 202 on water 170
(shown in Figure 2) by channeling steam 171 (shown in
Figure 2) into at least one eductor 172 (shown in Figure
2), thereby forming steam-driven cooling fluid stream 175
(shown in Figure 2). In addition, steam-driven cooling
fluid stream 175 is channeled 204 into at least one at-
temperator 178 (shown in Figure 2). Moreover, steam
177 (shown in Figure 2) is channeled 206 from at least
one steam source, thatis, HPSH-2 113 (shownin Figures
1 and 2) to at least one attemperator 178. Method 200
also includes injecting 208 steam-driven cooling fluid
stream 175 into steam 177, channeled through at least
one attemperator 178, to facilitate cooling steam 177,
channeled from at least one steam source, such as,
HPSH-2 113.

[0037] Inthe exemplary embodiment, channeling 210
high-pressure (HP) superheated steam 171 from at least
one HP superheater, i.e., HPSH-2 113 to at least one
eductor 172. Method 200 also includes channeling 212
HP superheated steam 171 from HPSH-2 113 to attem-
perator 178 (shown in Figure 2) to facilitate cooling a
second portion 177 of HP steam (shown in Figure 2).
[0038] Water 170 is channeled 214 from at least one
condensate extraction pump 158 and/or at least one
steam condensing unit 142 to at least one eductor 172.
Method 200 also includes channeling 216 quenched
steam 179 to an IP superheater, i.e., RHSH-1 115 (both
shown in Figure 2) and/or channeling quenched steam
189 and/or 199 (both shown in Figure 2) to steam con-
densing unit 142.

[0039] Described herein are exemplary embodiments
of methods and systems that facilitate operating a steam
generation facility. Specifically, an attemperation system,
embedded within a steam bypass system, both as de-
scribed herein, facilitates controlling pressures and tem-
peratures within portions of the steam generation facility
in the event of significant transients within the facility.
Such pressure and temperature control reduces chan-
neling high-pressure, high-temperature steam through
components that may not be designed and/or fabricated
for continuous exposure to such high-temperature, high-
pressure steam. Also, the attemperation system as de-
scribed herein facilitates reducing a size of high-pressure
and/or intermediate pressure boiler feedwater pumps by
relying on lower-pressure condensate extraction pumps
to overcome steam pressures to achieve the desired at-
temperation substantially throughout a full range of op-
erating conditions. Moreover, the attemperation system
as described herein facilitates reducing auxiliary power
usage associated with the steam generation facility by
reducing idle service of low-pressure water pumps. Fur-
ther, the attemperation system as described herein facil-
itates reducing capital costs of constructing the steam
generation facility by reducing a need for redundant low-
pressure water pumps. Moreover, the attemperation sys-
tem as described herein facilitates reducing excess feed-
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water pumping capacity, thus reducing capital and oper-
ational costs. Also, the attemperation system as de-
scribed herein channels sufficient attemperating water
flow after a significant transient to enable the desired
attemperation of the high-pressure, high-temperature
steam being channeled from the HRSG to be achieved
with little to no time delay.

[0040] The methodsand systemsdescribed hereinare
not limited to the specific embodiments described herein.
For example, components of each system and/or steps
of each method may be used and/or practiced independ-
ently and separately from other components and/or steps
described herein. In addition, each component and/or
step may also be used and/or practiced with other as-
sembly packages and methods.

[0041] For completeness, various aspects of the in-
vention are now set out in the following numbered claus-
es:

For completeness, various aspects of the invention
are now set out in the following numbered clauses:

1. A method for operating a steam generation
facility, said method comprising:

inducing a motive force on water by chan-
neling steam into at least one eductor to
form a steam-driven cooling fluid stream;

channeling the steam-driven cooling fluid
stream to at least one attemperator;

channeling steam from at least one steam
source to the at least one attemperator; and

injecting the steam-driven cooling fluid
stream into the steam channeled through
the at least one attemperator to facilitate
cooling the steam channeled from the at
least one steam source.

2. Amethod in accordance with clause 1, where-
in inducing a motive force on water by chan-
neling steam comprises channeling a first por-
tion of superheated steam from at least one
high-pressure superheater.

3. Amethod in accordance with clause 2, where-
in injecting the steam-driven cooling fluid stream
into the steam channeled through the at least
one attemperator comprises channeling a sec-
ond portion of superheated steam from the at
least one high-pressure superheater.

4. A method in accordance with clause 3, where-
in injecting the steam-driven cooling fluid stream
into the steam channeled through the at least
one attemperator comprises channeling
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quenched steam to at least one intermediate-
pressure superheater.

5. Amethod in accordance with clause 4, where-
in channeling quenched steam to at least one
intermediate-pressure superheater comprises
channeling quenched steam to a steam con-
densing unit.

6. A method in accordance with clause 1, further
comprising inducing a motive force on water by
channeling water from at least one condensate
pump to the at least one eductor.

7. Amethod in accordance with clause 6, where-
in channeling water from at least one conden-
sate pump comprises channeling water from at
least one steam condensing unit.

8. An attemperation system comprising:

at least one eductor coupled in flow com-
munication with at least one water source
and

at least one steam source, said at least one
eductor configured to channel steam from
the at least one steam source to induce mo-
tive forces on water channeled from the at
least one water source; and

at least one attemperator coupled in flow
communication with said at least one educ-
tor, said at least one attemperator config-
ured to receive water channeled from said
at least one eductor and steam channeled
from the at least one steam source.

9. An attemperation system in accordance with
clause 8, wherein said at least one eductor is
coupled in flow communication with at least one
high-pressure superheater.

10. An attemperation system in accordance with
clause 8, wherein said at least one attemperator
is coupled in flow communication with at least
one high-pressure superheater.

11. An attemperation system in accordance with
clause 8 further comprising at least one of:

at least one first valve coupled in flow com-
munication between the at least one water
source and said at least one eductor;

at least one second valve coupled in flow
communication between the at least one
steam source and said at least one eductor;
and
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14

at least one third valve coupled in flow com-
munication between the at least one steam
source and said at least one attemperator.

12. An attemperation system in accordance with
clause 11, wherein each of said first valve, said
second valve, and said third valve are automat-
ically-operable and are operably synchronized
with each other.

13. An attemperation system in accordance with
clause 8 further comprising at least one of:

a high-pressure portion of said attempera-
tion system;

an intermediate-pressure portion of said at-
temperation system; and

a low-pressure portion of said attempera-
tion system.

14. A steam generation facility comprising:
at least one water source;
at least one steam source;

at least one eductor coupled in flow com-
munication with said at least one water
source and said at least one steam source,
said atleast one eductor configured to chan-
nel steam from said at least one steam
source to induce motive forces on water
channeled from said at least one water
source; and

at least one attemperator coupled in flow
communication with said at least one educ-
tor, said at least one attemperator config-
ured to receive water channeled from said
at least one eductor and steam channeled
from said at least one steam source.

15. A steam generation facility in accordance
with clause 14, wherein said at least one water
source comprises at least one of at least one
condensate extraction pump and a steam con-
densing unit.

16. A steam generation facility in accordance
with clause 14, wherein said at least one steam
source comprises a heat recovery steam gen-
erator (HRSG).

17. A steam generation facility in accordance
with clause 16, wherein said HRSG comprises
at least one of:
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at least one high-pressure superheater;

at least one intermediate-pressure super-
heater; and

at least one low-pressure superheater.

18. A steam generation facility in accordance
with clause 14 further comprising at least one of:

at least one first valve coupled in flow com-
munication between said at least one water
source and said at least one eductor;

at least one second valve coupled in flow
communication between said at least one
steam source and said at least one eductor;
and

at least one third valve coupled in flow com-
munication between said at least one steam
source and said at least one attemperator.

19. A steam generation facility in accordance
with clause 18, wherein each of said first valve,
said second valve, and said third valve are au-
tomatically-operable and are operably synchro-
nized with each other.

20. A steam generation facility in accordance
with clause 14 further comprising at least one of:

a high-pressure portion of said attempera-
tion system;

an intermediate-pressure portion of said at-
temperation system; and a low-pressure
portion of said attemperation system.

Claims

An attemperation system (160) comprising:

at least one eductor (172) coupled in flow com-
munication with at least one water source
(142/158) and at least one steam source (102),
said at least one eductor configured to channel
steam (171) from the at least one steam source
to induce motive forces on water (170) chan-
neled from the at least one water source; and
at least one attemperator (178) coupled in flow
communication with said at least one eductor,
said at least one attemperator configured to re-
ceive water (175) channeled from said at least
one eductor and steam (177) channeled from
the at least one steam source.

2. An attemperation system (160) in accordance with
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claim 1, wherein said at least one eductor (172) is
coupledinflow communication with at least one high-
pressure superheater (113).

An attemperation system (160) in accordance with
claim 1 or 2, wherein said at least one attemperator
(178) is coupled in flow communication with at least
one high-pressure superheater (113).

An attemperation system (160) in accordance with
any of the preceding claims, further comprising at
least one of:

atleast onefirst valve (174) coupled in flow com-
munication between the at least one water
source (142/158) and said at least one eductor
(172);

at least one second valve (176) coupled in flow
communication between the at least one steam
source (102) and said at least one eductor; and
at least one third valve (152) coupled in flow
communication between the at least one steam
source and said at least one attemperator (178).

An attemperation system (160) in accordance with
claim 4, wherein each of said first valve (174), said
second valve (176), and said third valve (152) are
automatically-operable and are operably synchro-
nized with each other.

An attemperation system (160) in accordance with
any of the preceding claims, 1 further comprising at
least one of:

a high-pressure portion (162) of said attemper-
ation system;

an intermediate-pressure portion (164) of said
attemperation system; and

a low-pressure portion (166) of said attempera-
tion system.

7. A steam generation facility (100) comprising:

at least one water source (142/158);

at least one steam source (102);

at least one eductor (172) coupled in flow com-
munication with said at least one water source
and said at least one steam source, said at least
one eductor configured to channel steam (171)
from said at least one steam source to induce
motive forces on water (170) channeled from
said at least one water source; and

at least one attemperator (178) coupled in flow
communication with said at least one eductor,
said at least one attemperator configured to re-
ceive water (175) channeled from said at least
one eductor and steam (177) channeled from
said at least one steam source.
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A steam generation facility (100) in accordance with
claim 7, wherein said at least one water source
(142/158) comprises at least one of at least one con-
densate extraction pump (158) and a steam con-
densing unit (142).

A steam generation facility (100) in accordance with
claim 7 or 8, wherein said at least one steam source
comprises a heat recovery steam generator (HRSG)
(102).

A steam generation facility in accordance with Claim
9, wherein said HRSG (102) comprises at least one
of:

at least one high-pressure superheater
(111/113);

at least one intermediate-pressure superheater
(115/117); and

at least one low-pressure superheater (131).

A method for operating a steam generation facility,
said method comprising:

inducing a motive force on water by channeling
steam into at least one eductor to form a steam-
driven cooling fluid stream;

channeling the steam-driven cooling fluid
stream to at least one attemperator;
channeling steam from at least one steam
source to the at least one attemperator; and
injecting the steam-driven cooling fluid stream
into the steam channeled through the at least
one attemperator to facilitate cooling the steam
channeled from the at least one steam source.

A method in accordance with claim 1, wherein induc-
ing a motive force on water by channeling steam
comprises channeling a first portion of superheated
steam from at least one high-pressure superheater.

A method in accordance with claim 2, wherein inject-
ing the steam-driven cooling fluid stream into the
steam channeled through the at least one attemper-
ator comprises channeling a second portion of su-
perheated steam from the at least one high-pressure
superheater.

A method in accordance with claim 3, wherein inject-
ing the steam-driven cooling fluid stream into the
steam channeled through the at least one attemper-
ator comprises channeling quenched steam to at
least one intermediate-pressure superheater.

A method in accordance with claim 4, wherein chan-
neling quenched steam to at least one intermediate-
pressure superheater comprises channeling
quenched steam to a steam condensing unit.
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FIG. 3 e

200

INDUCING A MOTIVE FORCE ON WATER BY CHANNELING STEAM
INTO AT LEAST ONE EDUCTOR, THEREBY FORMING A
STEAM-DRIVEN COOLING FLUID STREAM

202

!

CHANNELING THE STEAM-DRIVEN COOLING FLUID STREAM TO AT
LEAST ONE ATTEMPERATOR

204

Y

CHANNELING STEAM FROM AT LEAST ONE STEAM SOURCE TO AT
LEAST ONE ATTEMPERATOR

206

Y

INJECTING STEAM-DRIVEN COOLING FLUID STREAM INTO STEAM
CHANNELED THROUGH AT LEAST ONE ATTEMPERATOR, THEREBY

COOLING STEAM CHANNELED FROM AT LEAST ONE STEAM SOURCH

208

\

CHANNELING HP SUPERHEATED STEAM FROM HP SUPERHEATER
TO AT LEAST ONE EDUCTOR

210

!

CHANNELING HP SUPERHEATED STEAM FROM HP SUPERHEATER
TO AT LEAST ONE ATTEMPERATOR, THEREBY COOLING A
PORTION OF HP STEAM

212

!

CHANNELING WATER FROM AT LEAST ONE CONDENSATE
EXTRACTION PUMP AND/OR AT LEAST ONE STEAM CONDENSING
UNIT TO AT LEAST ONE EDUCTOR

!

CHANNELING QUENCHED STEAM TO AN IP SUPERHEATER AND/OR
TO A STEAM CONDENSING UNIT
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