SKI D ARCHI TECTURE FOR A PONER AUGMENTATI ON SYSTEM TECHNI CAL FI ELD 100011
The present disclosure relates to power augnentation of gas turbines. Mre
specifically, a fluid delivery skid with a pre-fill system adapted for a
power augnentation system supplies fluid to an injection apparatus for
saturating and cooling intake air as it enters a gas turbine to augnent
power of the gas turbine. BACKGROUND [0002] A power augnentation process
for a gas turbine in which the intake air is humdified, and thus cool ed,
is perfornmed to produce nore power for the gas turbine. Water is added to
the intake ﬁKIlféP&éﬂm%@EU&EdF@M PWE&EU@IENTMIQ&SVSE%S t ur bi ne.
The cool er, and thus denser, air augnents the power of the gas turbine. A

power augnentation system may i C rQller, a fluid delivery skid,
and an injection apparatus wt hffrrgwgﬁel‘ @prﬁ}lél?/ arrays. The controller

provid ds to the fluidd h%v ry skid. which supplies.fluid,o the
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of ten upedificatldl, afuidaetiver} skiblavith d1pre-flRdystesr adapted ifst af powiek asikicentaionRyaAdm to be
emtted fromthe spray arrays of the injection apparatus, with necessary
smal | duBRHss dluidifopn dtjectionipparatis | fer wtypting agueqoding tifakiaisfas 4t eers|a gisamet er
to m nj L IQQEmg e gas turbine as well as to nmaxim ze the
rate o?hgﬁégggg%ﬁ%%bg#%3| e gﬁgaggg'turbine i ntake. The high pressure from
the punp limts the punp's range of operation if only one spray array is
used. A single spray array typi cHAGKGROUBNBat er fl ow range of operation of
1.3 tinmes its mninmumflow However, a water flow range of 2-3 tines its

m ni nurfd602w i A poeerssmientdtion peacess foh gastnrhriesinuidctathe iftake alf fsyhuaididied,i ons
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on and off to allowdifferent flow ranges to cover the necessary flow range.
Each puawgments ithel power ofitheas turbine s pepaivea augmentationesystemenayninskude awontrallenf t he

flow at it ntrance, a art. of a recircul,ati on,process. Su a system
hoveyore THRAMES i 418 87 isedlon RS SHHE MuBAC S0RE Riaet™ Tihe RS
augnmentRévigds commiaaay asth¥alild Rivaddrid! @hicheuppligeflel tb bR ihjettich app@atuver y skid.
For exanple, a systemnay require as nmany as Six or nore punps. Moreover,

the myboeq! € RYIRD thaGRORIcE fhifh prséure TIRidASSR&ButiIBLY AL BREYE thd MBid delivery
recircul ation process, which is
skid to produce a spray, to be emitted from the spray arrays of the injection apparatus, with

necessary small diameter droplets. The droplets are required to be of a small diameter to
minimize potential damage to the gas turbine as well as to maximize the rate of evaporation
inside the gas turbine intake. The high pressure from the pump limits the pump’s range of
operation if only one spray array is used. A single spray array typically has a water flow range
of operation of 1.3 times its minimum flow. However, a water flow range of 2-3 times its
minimum flow is necessary to cover the temperature and humidity conditions needed for power
augmentation. To meet the water flow range of 2-3 times the spray array’s minimum flow, some
power augmentation systems employ multiple stages. Each stage includes one pump and is
independently turned on and off to allow different flow ranges to cover the necessary flow range.
Each pump is held at a constant speed and receives the unused amount of the flow at its entrance
as part of a recirculation process. Such a system, however, requires multiple pumps, which
increases the cost of the power augmentation system as well as adds to the size of the fluid
delivery skid. For example, a system may require as many as six or more pumps. Moreover, the

multiple pumps create difficulty in adding redundancy. The recirculation process, which is



1 necessary to nake use of the unused flow, requires recirculation valves
that nmay typically erode and prove to be unreliable. Thus, a systemis
needed to nore efficiently and effectively provide high pressure fluid for
power augnentation of a gas turbine. SUMVARY [0004] A fluid delivery skid
with a pre-fill system adapted for a power augnentation system includes one
or nore stages that have active and inactive states. Each of the stages
includes a first and second valve, with each val ve having an open and a

cl osed position. In an active state, fluid is received within the stage,

pr essumggessiry v make ysstof thesunueet! flewalequiresdeaiiiculetion yaues that ayitygically erodeei ved
and pressurized, the.first valve.is.in an open pasiti.on il e.the second
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i nactive state, at |least the second valve is in a closed position so at

| east a substantial portion of fluidsyMMalRyi scharged fromthe stage.

[ 0005] A power augnentation system for augnenting output power of a gas
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opening the pre-fill valve of the stage, filling the stage with fluid and
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for delivering fluid froma uid deliver kid.to an injection apparatus
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val ve ﬁ@fh havi ng open and cl osed _positions. Activating the giage i ncl udes,
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DESCR Iggéi%\ln.qi Jl%% c%%\é\!ty% the fluid delivery skid feeds each of the stages. A control unit
regulates the pump for activation or inactivation of the stages. A fluid source supplies fluid to
the stages. Activation includes opening the pre-fill valve of the stage, filling the stage with fluid
and pressurizing the fluid, closing the pre-fill valve, and opening the main valve to allow for the
discharge of the fluid, while inactivation requires the closing of the main valve. An injection

apparatus to distribute the discharged fluid is connected to the stages of the system.

[0006] A method for delivering fluid from a fluid delivery skid to an injection apparatus
includes activating a stage of the skid. A stage includes a first and second valve each having
open and closed positions. Activating the stage includes, with the first valve in an open position
and the second valve in a closed position, filling the stage with fluid and pressurizing the fluid of
the stage to a first desired level. The fluid is released with the first valve in a closed position and

the second valve in an open position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007])  FIG. 1 is a diagram illustrating details of an exemplary fluid delivery skid.



[0007] FIG 1 is a diagramillustrating details of an exenplary fluid
delivery skid. 2 [0008] FIG 2 is an diagramillustrating details of an
exenplary fluid delivery skid. [0009] FIG 3 is a diagramillustrating
details of an exenplary power augnentation system [0010] FIG 4 is a flow

chart illustrating an exenplary nethod for delivering fluid from an
exenplary fluid delivery skid to an injection apparatus. [0011l] FIG 5 is a
diagramillustrating details of an exenplary power augnentation system

utilized with a gas turbine. DETAILED DESCRI PTI ON [0012] The present

di scl 040008] r elEGed isan diagramiildustretingdatailssifian exemplanydhiid/ delyefyl skidd t o an

i njection apparatus. The injection apparatus provides the fluid to, for
exanpl ¢0009bol HEH6d3 iswdinghamyillusitatikg dethils affan@xeraplatyyrdsien @udgroentgimwesystem.
augnentation of the gas turbine. [0013] FIG 1 illustrates an exenplary
fluid qeotoyer yFIskdds a@lownthidit ilustrdting lan @y &b plaiylMbthod dor dedivpigyfloid fidmuadl. Wt h
reference to FIG 2, an additional exenplary fluid delivery skid 10 for

suppl yieﬂé]nﬁlhx'fifﬂjid 8elMRBWkid {oorgjigjlgct}a;,edp&gﬂd@ug. delivery skid 10 includes one or

nore stages 160 with each stage 160 aving active and inactive states. Each

SLage MRS H] 58k s in Maling Se PSS dehph) KBy dtheflonialib i 1!

system a“second val ve, s as a nain c

val ve 14P anﬂbeacl} rgai n val ve 120 has an open position and a cl osed
posi t i GHIZed Witha gastprbing e 140 and a mmin valve 120 of a stage 160 are
connected in parallel to a comon point to supply fluid from the fluid

delivery skid 10. [0015] |In prraYURIEDESERIPTIONI d IS received within a

stage 160, pressurized to a first desired |evel, and discharged. As fluid

is ngﬁM@F Wi eEJﬁ?dcﬁk?cﬂﬁrelfé@at@s”ﬁ) B L!{eii@&%skﬁ@{?orp&g)pygﬁ% flu o/ gll}] 140 is

in an open position and the main valve 120 is ih a close sition. |
cert ai nnjedivboatipahtss, The singkliopapparagns pfovides the ufluid rtey fereedanfploneonl spd ay
appar a

us.cennected to the fluid delivery ski O before the first desired
P iR AGRS 8 of g utlna ol pork ApEntadell FaBO BTSN Lount  of 11 ol
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open pQgpHIYiRE flurl. With reference to FIG. 2, an additional exemplary fluid delivery skid 10 for
supplying fluid is shown.

[0014] The fluid delivery skid 10 includes one or more stages 160 with each stage 160
having active and inactive states. Each stage 160 has a first valve, such as a pre-fill valve 140 of
the pre-fill system 100, and a second valve, such as a main valve 120. Each pre-fill valve 140
and each main valve 120 has an open position and a closed position. A pre-fill valve 140 and a
main valve 120 of a stage 160 are connected in parallel to a common point to supply fluid from

the fluid delivery skid 10.

[0015] In an active state, fluid is received within a stage 160, pressurized to a first desired
level, and discharged. As fluid is received within the stage 160 and pressurized, the pre-fill
valve 140 is in an open position and the main valve 120 is in a closed position. In certain
embodiments, a small portion of the fluid may leak from a spray apparatus connected to the fluid
delivery skid 10 before the first desired pressure is reached. The leaking may occur as soon as
an amount of fluid enters the stage 160. As fluid is discharged from the stage 160 , the pre-fill

valve 140 is in a closed position and the main valve 120 is in an open position.



[ 0016] Mbreover, in an active state, with the pre-fill valve 140 in a cl osed
position and the main valve 120 in an open position, additional fluid is
received within the stage 160, pressurized to a second desired |evel, and
di scharged. Simlar to the above, in certain enbodinents a portion of the
fluid may be discharged before the second desired pressure |evel is reached.
In an inactive state of the stage 160, at least the main valve 120 is in a
cl osed position, so that a substantial portion of the fluid is not
discharged fromthe stage 160, [00171 The pre-fill valves 140 may be fed by
a first0Héhp, Megovaeima #rtivalsiptes Withghenate-#lé valve d4yn a casedpesitiemgnd the t hough
in other,. ! t L . 14 0 se.
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i ndicated as variable frequency drive (VFD) punp unit 110 is connected by a

val ve Iportion pf thetftuid isotet disefiegedifann therstaged®.ng t he main val ves 120. The VFD
punp unit 110 operates to supply additional fluid and/or increase pressure
to the[0017] d iThetprefidltvadpes 126 Maytbe fed dycofivdt lesp, raad theemain . valke$ | 2@menby of
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addi t i @aabr mbtéiphmpAiriisgh pressure advant ageously produces fluid droplets
with a small dianeter. For exanple, the fluid droplet dianmeter may be |ess
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unit 130, is connected by a valve line 150 to each sfage 160 of the
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130 ma of € L e I u t ri L h Lpd to a
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140 in an oBen position and the main valve 120 )

the VFD pump unit 110 governs the pump speed and may be adjusted. The VFD pump unit 110

may be capable of pumping the additional fluid to a high pressure level. For example, the VFD

pump unit 110 may pressurize the additional fluid to levels of approximately 100 bar (1500 psi)

or higher. The VFD pump unit 110 may pressurize the additional fluid to a level that may be

based upon, for example, ambient weather conditions. Other factors may be taken into account

to determine the level at which to pressurize the additional fluid. A high pressure

advantageously produces fluid droplets with a small diameter. For example, the fluid droplet

diameter may be less than 40 microns.

[0019] An exemplary first pump, for example, pre-fill pump unit 130, is connected by a
valve line 150 to each stage 160 of the pre-fill system for feeding the pre-fill valves 140. The
pre-fill pump unit 130 may be, for example, a low-pressure pump that pressurizes the fluid to a
first desired level. For example, in an active state, the pre-fill pump unit 130 may pressurize

fluid to a first desired level with the pre-fill valve 140 in an open position and the main valve 120



4 in a closed position. After the first desired | evel has been reached, the
pre-fill valves 140 may be regulated to a closed position. [0020] In
operation, a fluid delivery skid, such as the exenplary fluid delivery skid
10 with pre-fill system 100, is provided with fluid froma fluid source.
Additionally, the fluid delivery skid 10 with pre-fill system 100 provi des
pressurized fluid at a desired flow rate. The pressurized fluid at the
desired flow rate may be discharged fromthe fluid delivery skid 10 and

supplied or injected to an injection aﬁpar atus or other apparatus or
st r uct dft @clppesrpositiopudtepthetfiig depipgdreved hgsseen peacheds thepue-dillvalyep 49 may bat put
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pressurized to, for exanple bar. Once the stage 160 is filled and
pressurrmammlvethﬁ) pre fFill val ve 140 is closed and the main valve 120
opened. Activation of a stage 160 further includes additional fluid being
recei ve{Ol)M]t hi Mg flew chbegs, theéhunthee 96 ubiZedoft n imjstion rappatatis riexd drebahg by,

for exa t he VF unit 110, and di sch ged, with the pre val ve
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reached. Additionally, a small anpunt of fluid may | eak fromthe pre-fill
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fluid and to pressurize the fluid of stage 160 to a first desired level by, for example, the pre-fill

pump unit 130. The fluid of the stage 160 may be pressurized to, for example, 6 bar. Once the

stage 160 is filled and pressurized, the pre-fill valve 140 is closed and the main valve 120

opened. Activation of a stage 160 further includes additional fluid being received within the

stage 160, pressurized to a second desired level by, for example, the VFD pump unit 110, and

discharged, with the pre-fill valve 140 in a closed position and the main valve 120 in an open

position. The fluid begins to be discharged before the second desired pressure level is reached.

Additionally, a small amount of fluid may leak from the pre-fill valve 140 and the main valve

120 prior to the opening of the valves 140 and 120 in certain embodiments. Thus, when a stage

160 is empty after not being utilized, the pre-fill pump unit 130 fills the stage 160 with fluid

from, for example, a fluid source and pressurizes the stage 160 to a first desired level prior to the

main valve 120 of the stage 160 being opened. An amount of air remaining in the stage 160 will

be quickly pressurized. This ensures that the flow of fluid from the fluid delivery skid 10

continues evenly when a stage 160 is activated or deactivated. Without the inclusion of a first
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mai n val ve 120 of the stage 160 bei ng opened. An anmount of air remaining in
the stage 160 will be quickly pressurized. This ensures that the flow of
fluid fromthe fluid delivery skid 10 continues evenly when a stage 160 is
activated or deactivated. Wthout the inclusion of a first 5 and second

val ve, such as a pre-fill valve 140 and a main valve 120, a stage 160, prior
to activation, is filled with air and thus has | ow resistance. An opening
of the main valve 120 results in fluid flowimediately being directed to
the stage 160 due to its low resistance. The redirection of fluid flowto

t he newhd sejpadedivepsuthvas ¥ @rebfil) valnes B8 aiba frhalh drafeol20f raostageh 860 tphier to mai n
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very quj | I | iV skid 1 ' -fill
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As val yves are much nore st effective than punps, apd as on-off val ves
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system 100. 1002 An accunul ator 170 may be connected to each stage 160 of
t he f| bamglyddsripte the fiiw df flod asthetpnessuraiimthe akidd§ chaes Yery quisklyrul at or 170
operates to assist in the rapid pressurization of a new y-activated stage
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activation of a stage 160, the accunulator 170 requires recharging. During
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fr;;‘ggzv g%’,' 8g[éghg¥¥5b?”ﬁ§?§sliﬁlt?§guc§a°§yi bk GRefl s 1am of the accumulator 170,
[0023]  An accumulator 170 may be connected to each stage 160 of the fluid delivery skid 10
at the main valves 120. The accumulator 170 operates to assist in the rapid pressurization of a
newly-activated stage 160 when fluid is released. Although the stage 160 is mostly filled with
fluid prior to the opening of the main valve 120, the accumulator 170 enhances the pressurization
process by further pressurizing the fluid and by pressurizing an amount of air remaining in the
stage 160. After activation of a stage 160, the accumulator 170 requires recharging. During
recharging, the accumulator 170 may divert fluid flow from the activated stages 160. A flow
meter 180, positioned downstream of the accumulator 170, may be connected to the fluid
delivery skid 10 at the main valves 120 and operates to detect the decrease in fluid flow as the
accumulator 170 is being recharged. Upon detection of the decrease in fluid flow, the flow meter
180 may increase the pump speed of the VFD pump unit 110 to compensate for the decrease.
The flow meter 180 returns the pump speed to a steady state speed after the recharging of the
accumulator 170. When opening a new stage 160 with larger area (i.e. the flow rate will

increase) the pressure required by the system 100 will drop and thus the accumulator will
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delivery skid 10 at the main valves 120 and operates to detect the decrease
in fluid flow as the accurulator 170 is being recharged. Upon detection of
the decrease in fluid flow, the flow neter 180 may increase the punp speed
of the VFD punp unit 110 to conpensate for the decrease. The flow neter 180
returns the punp speed to a steady state speed after the recharging of the
accunul ator 170. \When opening a new stage 160 with |larger area (i.e. the
flowrate will increase) the pressure required by the system 100 will drop
and thus the accunulator will 6 "unload" flow. This will cause theﬁgunp 110
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wh fluid from a source and delivering pressurized fluid at a specified flow rate to a recipient. The
pressurized fluid, which may be water or any other liquid, may be injected, for example, into an
intake air path of a gas turbine to saturate and cool the air as it enters the gas turbine, thus

augmenting the power output of the gas turbine.

[0026] The power augmentation system 200 includes a control unit 210 for providing control
signals to a fluid delivery skid, such as, for example, the exemplary fluid delivery skid 10 with
pre-fill system 100. The control unit 210 is connected, via signal feeds 215, to the VFD pump
unit 110 and the pre-fill pump unit 130 to control the operation of the units 110 and 130. In
particular, the control unit 210 operates to activate and inactivate the various stages 160 of the
fluid delivery skid 10 to provide or discharge fluid at a desired flow rate from the fluid delivery
skid 10. After activation of one or more stages 160, the fluid may be discharged at a new flow

rate, which can by changed throughout operation.

[0027] The control unit 210 may be controlled from a control room or from a panel, for

example. The control unit 210 may comprise manual controls as well as programmable controls



pre-fill system 100. The control unit 210 is connected, via signal feeds
215, to the VFD punp wunit 110 and the pre-fill punp unit 130 to control the
operation of the units 110 and 130. In particular, the control unit 210
operates to activate and inactivate the various stages 160 of the fluid
delivery skid 10 to provide or discharge fluid at a desired flow rate from
the fluid delivery skid 10. After activation of one or nore stages 160, the
fluid may be discharged at a new flow rate, which can by changed t hroughout
operation. 10027] The control unit 210 may be controlled froma control room
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exanpl e. The control unit 210 may regul ate the flow of water for its use in
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power augmentation is initiated, the control unit 210 may calculate a water injection level based
upon a calculated air flow. This air flow is then used to calculate a target relative humidity level
to define the amount of water to inject. The calculation is then cycled as water is scheduled to
allow a convergence of water injection rate to a stable flow. Additionally, the control unit 210
may monitor a flow scheduled in comparison to actual flow delivered. In an event the actual
pressure is above an expected level, a blocked nozzle warning may be provided to the operator.

In an event the actual pressure is lower than the pressure expected, a check for leaks warning

may be provided to the operator.

[0028] In operating to activate stages 160, the control unit 210 determines the flow rate at
which to deliver fluid from the fluid delivery skid 10. This determination may be based upon
one or more factors. For example, ambient weather conditions may dictate a need for a specific
flow rate. Alternative to determining the flow rate, the control unit 210 may be provided with a

specified flow rate from a control room or an operator, for example.



al l ow a convergence of water injection rate to a stable flow, Additionally,
the control unit 210 may nonitor a flow schedul ed in conparison to actua
flow delivered. In an event the actual pressure is above an expected | evel,
a bl ocked nozzl e warning nay be provided to the operator. |In an event the
actual pressure is |lower than the pressure expected, a check for | eaks
warning may be provided to the operator. 10028] In operating to activate
stages 160, the control unit 210 determnes the flowrate at which to

deliver fluid fromthe fluid delivery skid 10. This determ nation may be
based U§R orfdased upasy the datermingd flpwraigim mibich, tombveérﬂmd/\éamnb@ fleidriglivérpns may
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flowrate may require that three 60 be activated. If the determ ned
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al ter n%ewew hﬁyareglgﬂatséiaiéhe co ?BP'é%gﬁ? I‘i%h“:lbaﬁb"atﬁﬁuﬂﬁe prsdil] Bupp ERit

regul atjeg t@ﬁll&l‘i@st&éénltdo%ltﬂmhﬁd a%@l% piidurDe BHelstaiR 168 firf @R 16Vl Wit Ry Ni t

130 to fill the stage 160 wth fluid and to pressurize the stage to a first
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160 is closed by, for exanple, t he control unit 210 or a manual operation.
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rate.

[0031] The control unit 210 operates to inactive one or more stages 160 of the fluid delivery

skid 10 by closing at least the main valve 120 of the stages 160 to be inactivated. The control

unit 210 may receive a signal to initiate the inactivation from a control room or an operator, or

the control unit 210 may determine the need to inactivate a stage 160. The main valve 120 may

be closed by the control unit 210 or may be manually closed by an operator, for example.

[0032] An injection apparatus 225 is connected to the fluid delivery skid 10. For example,
feed lines 230 may connect the pre-fill system 100 and the main valves 120 to the injection
apparatus 225. An individual feed line 230 may be utilized so that each stage 160 of the fluid

delivery skid 10 is connected to the injection apparatus 225.

[0033] The injection apparatus 225 may include one or more spray arrays that deliver the
fluid at the determined flow rate as provided by the skid 10, which may be adjusted after
activation of one or more stages. Each spray array may comprise one or more nozzles. The one

or more nozzles of the injection apparatus 225 may inject a spray of atomized fluid, such as



skid 10 by closing at |east the main valve 120 of the stages 160 to be

i nactivated. The control unit 210 may receive a signal to initiate the

i nactivation froma control roomor an operator, or the control unit 210
may determ ne the need to inactivate a stage 160. The main valve 120 may be
closed by the control unit 210 or may be manually cl osed by an operator, for
exanpl e. 100321 An injection apparatus 225 is connected to the fluid
delivery skid 10. For exanple, feed lines 230 nay connect the pre-fil
system 100 and the main valves 120 to the injection apparatus 225. An

i ndi vi oNater of etgr ligwd, myvamaly seany of p igaetirkine inieitdust ghereyagereasing e mase 1 ui d

del | Vel dulcing SRORAIGEpb Red ik RoBGHE B AARVALHR 1¢4RnafA33L The

i njection apparatus 2 one or re spray-arra at deliver

he flui h i ned f | i ded by the skid 10 which
b act 48B3 4 BRe DU R 20 Sr TPl s Pl o Byt oty ™

conpri $&das torprowde upduted Snbiedhéondiidns SHat MRHyEaffe? périsimahcd bBa ighd REBihON
apparatus 225 may inject a spray of atom zed fluid, such as 9 water or
ot her bPiggiuged with theiowsr pugineniation system A8, fopexnde.i hheembpiget conditiensemgy

the. gad: nrebIRd BEE rerbhPd! @ ik Wl uit B0 o OF s hilple BIAP Achet R he 520
may be detormmeatiancbfitioe fidve rato it which tnddlivedibe fiual a agargetdével faanleldibsatwatiomovi de

updat ed, anbi ent condi tions .t hat .may affect performance of a gas.turbjne

bei ng. JBEAMRRhe TR o FORP T AORIEI SoloraATA0, TP AhBPasiome B en
condi t i@ SurBRY, iRGudiRADuE Gt Aftkitdde RO feRPerhfird, MBUnGiARY," @hd WK Fregs_ldge.tfﬂg af Of
exanple, play a factor in the determnation of the flowrate in which to
del i verembpdimeniyi edchatof demaergture, | lnpeidity gind i ait pressiire asatmomatoredn. Thahweeathebi ent

condi tions conpr.i Lronment al fact.ors that i nfl.uence the operation
of 't he WaeRERE| 2 CRI IO RGN B0 ORGSRy Bl B diciti ol A WEREGT
and ai measgingWeeice iMoo exemph@d emBodimeRadh oter hitsipahatenibodiniants, eHetweatte ai r
pressure are nonjtored. The weather nonitoring unit 240 (details not shown)

conpr i SKRitgrieg yni 248 Mak inbet 2 dra Ralbathermamatemng # yvet udfs thermemelei de i n

one ex r [ : Ve : r

o of et e e limen (3t Wehur® e it TR0 ey inirist AR

t her nopetssure mensuringaetiee. &l stél othen embaglirherds, femambitiitepressarteheeasuomettsrtheg uni t

240 may C rise a baranmejric ressure neasuring device. In stil.l other

rbod MEAOST TOORAS; WAL 40T COMEHSLEHEn e PORES  gBEem SPTRAREENT ohg uni ¢
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conditions. The weather information is processed by the control unit 210, where the control unit

210 may deliver to an operator key operational information such as allowable evaporation water

quantity, icing risk, etc.

[0035] In an embodiment, a computing system 250 is connected to the control unit 210 by a
signal feed 215. The computing system 250 tracks and reports performance data as obtained

from the control unit 210.

[0036]  Referring now to FIG. 4, a flow chart is shown of a method for delivering fluid from
a fluid delivery skid, such as the exemplary skid 10 with pre-fill system 100, to an injection

apparatus, such as the injection apparatus 225.

[0037] At 405 of the method, an activate or deactivate signal is received by the fluid delivery
skid 10 indicating the need to activate or inactivate a stage of the skid 10, such as an exemplary
stage 160. The signal may be, for example, generated by the control unit 210. Alternatively, the

signal may be specified by a control room or operator and provided to the control unit 210. The
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conponents well known to those in the art to nonitor and/or neasure anbient
weat her conditions. The weather information is processed by the control

unit 210, where the control unit 210 nmay deliver to an operator key
operational information such as all owabl e evaporation water quantity, icing
risk, etc. [0035] In an enbodinent, a conputing system 250 is connected to
the control unit 210 by a signal feed 215. The conputing system 250 tracks
and reports performance data as obtained fromthe control unit 210. [0036]
Referring nowto FIG 4, a flow chart is shown of a nethod for delivering
fluid Sigosh toaadtivaiedord élactieaty asitrge, 160 cayasignifie thex apgsl &0 ynasedsel of 0degiepse,
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and pr &9t hygthe pentebunit 810.uni t 210. The 10 signal to activate or
inactivate a stage 160 may signify the need to increase or decrease,
respect{0038] y, If thei sigral osvan actoratien sigoals applOy activatied of aesthgantdQris irofiatéd by d.

[0038] I|f .the signal, i n. 4 nact i ifAn signal t 440, a maip valve 120 of
st agareie § Rcbdant TGO e RER I e RGeneigo M amelupBerd o6 ey

be mangpérded belias@atrbyurdm i@per ator or may be closed by the control unit 210.
[0039] If the signal is an activation signal, at 410, activation of a stage

160 i s [go¥of i at4ds 1By theQRRRI180 iRfildewith hidval\Ee AdR i9prebfifized ROL(ILOGesirdie
pre-fill valve 140 may be manual |y opened or opened the control unit

210. [ 0040] AmreAfiispumhenigtldgenaygompstheifluided picssurize thedfleid do theefifst désited s
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cl osed. Thus, the staag 160, conErised of the pre-fill valve 140 and main
val ve Ppssurized tq aliogefor maip ¥alye 4 26 tosupply sha psgsspdzedifidd-nai n val ve 120 to
supply the pressurized fluid. 50041] At 425, the main valve 120 is opened.
The nmail®0Alhl veAt1423, theynaie vakyada0 isyopspedaethe main valve 120 may be manually opened

or opened by the control unit 210.

[0042] At 430, a VFD pump unit 110 supplies additional fluid to the stage 160 and
pressurizes the additional fluid to a second desired level. The pressure may be a high level, for
example 100 bar, as indicated and controlled by the control unit 210. At 435, as the additional
fluid is being supplied and pressurized, the fluid is discharged to be injected to an apparatus,

such as the exemplary injection apparatus 225.

[0043]  Following activation or inactivation of a stage 160, the method returns to receiving an
activation/inactivation signal to respectively activate or inactivate a stage 160 to meet a required

fluid flow rate.

[0044]  Referring now to FIG. 5, a diagram illustrating details of an exemplary fluid delivery
skid and an exemplary power augmentation system utilized with a gas turbine is shown. The
exemplary fluid delivery skid 10, pre-fill system 100, and power augmentation system 200,
described above with relation to Figures 1-4, may be utilized with a gas turbine to augment the

output power of the gas turbine. A typical gas turbine may comprise a turbine inlet duct, a
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or opened by the control unit 210. [0042] At 430, a VFD punp unit 110
supplies additional fluid to the stage 160 and pressurizes the additional
fluid to a second desired | evel. The pressure may be a high level, for
exanpl e 100 bar, as indicated and controlled by the control unit 210. At
435, as the additional fluid is being supplied and pressurized, the fluid
is discharged to be injected to an apparatus, such as the exenplary
injection apparatus 225. [0043] Follow ng activation or inactivation of a
stage 160, the nethod returns to receiving an activation/inactivation

si gnal cembuséarpand a campresser havingatdeast aag eampressonbladergA fdd souscar2ed may bequi r ed
fluid flowrate. [0044] Referring nowto FIG 5, a diagramillustrating
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augnentation systemutilized with a gas turbine is shown. The exenplary
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pr ovi ded by the exagn*gl ary fluid delivery skid 10 may but are not

| i mi t ednpubinte thegas 4ubing @gd; thepaag turbing icampeneots ase é@ﬁrwdttﬁ p@aapfzstr@tapv%ofdb@n i ng,
conmpr e%fa?err IJIUE'&‘PJn 1%98.1; sg'gl?at UMe G0 TRNS B lsf&lpﬂﬁm %c%&%b&g @%lﬁaﬁéﬁféffﬁg (g\é\g’he gas

over-satura power “augnent

t ur bi neurbine éﬂgﬁlegﬁﬂeilgh’ bi mse@mp@y]emhsleﬁr oveattér l@dilﬁi@lsphraicgas" @@bine Cloadns of
the water 4nject|on Ievel SO t(gat the air mass oW | S vmthln t he

accept 8Bnands; 4Nt b 1S H&P fEoBER! Rt 2} e %ﬁavm@atgond%fsﬁdwl diops Edtiend | vy,
anbi enhrégﬁﬁ h&dn 1epdidi tions and gas turbine |oad denmands can be input into
t he cont unlt 210 for determnation of a fluid flow rate and

oo
PSSV oDy oy i O RPAE LSS TGP 40f 050
t he ai rfaggingt spsera whes¢ waterfis spragedop thet ir( intey as tahist of fme droplets (fog) that
evaporates. A compressor inter-cooling system, the point of use indicated by “B” in FIG. 5, is a
“wet compression” system for spraying water into a high density air stream at a compressor
inter-stage. A steam system, the point of use indicated by “C” in FIG. 5, is a system for spraying

water into the combustor.

[0047] In an exemplary evaporative cooling system (“A”), high pressure water is fed from
the fluid delivery skid 10 to an injection apparatus, such as the injection apparatus 225 which
may include as a nozzle holder, which is installed inside the duct and far upstream of the
compressor inlet face. The nozzle holder may comprises a tube having multiple nozzles which
atomize water into a spray of fine droplets, for example, typically ranging from about 10 to about
20 microns, and more typically ranging from about 10 to about 15 microns. The droplets are the
result of atomization, for example, typically at about 80 to about 140 bar pressure as provided by
the VFD pump unit 110. The droplets are carried/suspended with the air stream and evaporate
prior to entering the compressor as there is sufficiently long residence time for the air to travel
from the nozzle tip to the compressor inlet. The evaporation exchanges water’s latent heat for air
sensible heat so that the air temperature is lowered by the evaporation. A lower air temperature

corresponds to a higher density of the air, and therefore, a higher mass flow that results in a
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evaporates. A conpressor inter-cooling system the point of use indicated by
"B" in FIG 5, is a "wet conpression” systemfor spraying water into a high
density air streamat a conpressor inter-stage. A steamsystem the point
of use indicated by "C' in FIG 5, is a systemfor spraying water into the
conmbustor. [0047] In an exenplary evaporative cooling system ("A"), high
pressure water is fed from the fluid delivery skid 10 to an injection
apparatus, such as the injection apparatus 225 which nmay include as a
nozzl e holder, which is installed inside the duct and far upstream of the
conpr edigher hafleputpufe e Thetiequirgd 2vaterhBew aatenigyseic byrphe ¥ED qumpbmithhlA. nghe
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exarpl & ASDBE ShpIflE migh ERa B Rkin e IBhAY 18 Chi ShPhEhNG 2

t ypi cal6lM8y7angd Kppko ahusaiates tan Ideinplagh evdpoabiveric661ingssystEhe efhibling @hs tuabige t he
result of atoniéaéion, for eﬁsgple, tgpically at about 80 to about 140 bar
pr essuPBETAEONSAphigh danpeyatuten and ASinqarpRsatt Py refarenceheesiningf ofitctyr e
carried/suspended with the air streamand evaporate prior to entering the
conpr ed0M8] as Amexanplaryseonipresseinintey-cpeling sysiemaeBCkista Wet cempressionasystemy
travel Z| | | h '
exonangseh ST AN RR e b hia? R SRRkl i pDERREE Alr@ine

t enper @bmpressisn mawler thebretentien einap forahe air. thAvughvee corapresdoe ripén dhicurange of
correspands t hi.gher. density of the air, and therefore, .a higher SS
Fowt RAleoug- DUrine s e NheAap e FHRROTE o LSS Pl SEPPUm SgE. how v at e
i's set Oyokdife YEdeRURRIrBA by dOrapt @ mpeMaRO fiRtda¥e r&s@Bht HdnP BRI BhipRidsibS

cl osed by closing the main valves 120. United States tent No. 6,718,771
t o Kophkewrk.| When p atags | Ghhisgxefifedand presspuizedtbyyfor examhple,ghs pretfd hpunminit b, gas

turbine a er[att i@ras at hi gg\.ten;perat ures.a gti S i.ncotr. orated b rhefe ence
her ei n %A Y@VEN r BEYS A1 A%}] PIRRUE & féﬁ'% cOrfiBrBEEIR RRA qscgl&ﬁ i Bg"€yst em
("B") iigje@ionippSanp s Siich fiu§tifdlude aTHant b hble, ke thei VFID handpoiri pfo. snal |
dropl ets evaporates inside the anPr essor during the conpression work. The
r et ent {156 at lepst ongRroazieds istalled i inifet Walehingr b smpressor gas peh feahgozales may

m l ! : S%%gﬁk@fqed%”i jQ(Q \*/#ﬁsintﬂe?@eetn%oq{i% EhfRe GV %Bﬁrogng SoZ7e 3t0 Izléél the W.cat f-he
initial droplet size. e evaporative process Is driven by the raplof

t enper aiitoraespraycofeasal depletd, iforgexampne, t Feaging frone aboan 0 oablout Yhaticranstaage 160
Is pre-filled .an ressurjzed by, for_exanple, the pre-fill pu njt 130,
e PELFRIEY i3 oM, age ,°¥ahalthh09% o 0Faeas ofhs $mp Jrendetaizes it
appar atfgnizatishn %?e?erm at! §HoGE 8D D fo%ggna@ War PERsWE] GithdiBN JthG! dftebiatpal €ast

one nozzle, fromthe VFD punp unit

pressure may also be utilized. The small droplets will evaporate before exiting the compressor.
United States Patent No. 6,644,935 to Ingistov describes an exemplary nozzle assembly for inter-
stage compressor water injection, which is incorporated herein by reference in its entirety. The
evaporation cools the air and thereby increases the air density, which increases mass flow and
results in a higher power output. Additionally, the cooling of the compressor results in a lower
compressor exit temperature, which means that cooler air is delivered to the combustor. This
cooler air to the combustor means that more fuel can be fired while maintaining a constant firing
temperature thereby providing an increase in the power output. The required water flow rate is
set by the VFD pump unit 110. To shut down the wet compression, one or more main valves
120 are closed. Alternatively, nozzles for wet compression can be installed upstream of the
compressor inlet. The principal operation will be the same as for the inter-stage mounted nozzles

as per the description above.

[0049] An exemplary combustor cooling system (“C”) includes an injection apparatus, such

as the injection apparatus 225 which may include at least one nozzle, for injecting droplets of
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The at | east one nozzle is installed to inject water into the conpressor gas
path (e.g., nozzles may be installed to inject water in between two di sks).
The at | east one nozzle atom zes the water into a spray of snmall droplets,
for exanple, ranging fromabout 10 to about 50 microns, and preferably in

t he range of about 10 to about 30 microns. The small droplet sizes result
from atom zation, preferably at about 80 to about 140 bar pressure,

al t hough ot her suitable bar pressure nay also be utilized. The small
droplets will evaporate before exiting the conpressor. United States Patent

g t .
No. 6, Bater gie theocompyistor.oFhejsater’s datent hgateis enghiangsd fopAame sersiderbeay, thereby nt er -
st age ro+LDi Lon I .S 5l i1y rence
o1t s SRR e YRS (LRbRELI T Ml e O NFRE PR IE Sl of e e
ai r depsistuye waler mhthe aclessasrsnovaks aftdrove siapd 160 ésfillddsandrpressimizgt e The avledst

output. Additionally, the cpoling of the conpressor results in a |ower
conpr eeg%rméia RPN A S SPER OB eiroBR Rl ROBRER (o ¢ he
combustRE frofitdut FPR Houlsd miQods) %&ﬁ@@&%i@%ﬂe}nﬁ%% rdnB&br BRYLE 16 wShbouasy be

fired while nmaintaining a constant firing nperature thereby providing an

i ncr eagdcrons. t Abesgodveplesutepult frohatomizing pieebontitl 89 t6 labontr 2{i0ebarspressuatie. bis t he

VFD pu Lt 110, T hut..down t he t .conpressio Qne_or _nore i p val ves
120 br b be adesiionsf alpRbYe Mk o Blelinap ioriane A pieBE PsRued B Rh S ol | o
upst r eafifdd dshfay OdRIrEE SThe fllthebvapbhitesihé MatcP@d foRimestéin. OThoVtkdm Repdnis same
as for the inter-stage nounted nozzles _as per the description above. [0049]
An exetipeghthe Bibinethys coptibuting to/ihe aesy iew and providingsa power suementing ehisefar at us,
such e.d nj.egli t i .nc . zzl e,
or i nfadieing Hechirhe eoARRARE' Kuamecetlt fibhelRY LOCbY Mo e Rl 072 ¢
heat | somesxamhdiniggdemperatura firise nird lfee] peatidest ddditiayl powgrpowemai Mhe tdymirtd ane' s

tenperature. A main valv 0 opens dal]o t he feedi ng of  high ressure
vat er f*@tetr%Wdﬁte|l%%¥ym@%§ﬁm,un&rﬁ§r Torsaut &géﬁ%‘m'iwsﬂ cpfling, dgandin

pressuhged20 TheIRbd.! @aited RMEs PaRA! Ro2BOTH 866 td @neﬂ‘gtiseﬁn ieQ&rR;gl@ of PoR¥r The
spray conprises droplets typically ranging in size Tfromabout 10 to about

50 m cregmentatiod afisele byyipjectind inta thetchmbpsiomyandos indomerat¢d hereingdhyougferd®e in
nicronsf Jpe§e droplets result fromatom zing at about 100 to about 200 bar
pressuf @ MAEY shoul d be understood, alternative size droplets and/or

atom zi t other pressures also he wutilized, as. be desired. The

f1 ame 498308 achlRue Sitits o gerl Briien Pheve AEEAREUBRY bon I BIBR<E ne.

t ur bi N jIItstidhOAHdr dxBrblifiéhtioR, # eukBRESodd! BV¢haRdoir@hSi kil & HRWRT thagerent i ng

effect.
specific embodiments shown and described may be substituted for a wide variety of alternative

and/or equivalent implementations without departing from the scope of the present invention.
This disclosure is intended to cover any adaptations or variations of the embodiments discussec

herein.
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Further, as the flame tenperature is suppressed, nore fuel can be fired
while maintaining a constant firing tenperature. Firing nore fuel provides
addi ti onal power output. The required water flowrate is set by the VFD
punp unit 110. To shut down the conbustor cooling, the main valve 120 is
closed. United States Patent No. 3,976,661 to Cheng is an exanpl e of power
augnentation effects by injecting into the conbustor and is incorporated
herein by reference in its entirety. [00501 Although specific enbodinments
have been shown and described herein for purposes of illustration and
exenplification, it is understood OGLARMSe of ordinary skill in the art that
the specific enbodi nents shown and descri bed may be substituted for a w de
vari et Wlokt isalldimediat i ve and/ or equi val ent inpl enentati ons without departing
fromthe scope of the present invention. This disclosure is intended to

cover anyA dapdeditérgR3kidaidaptad fortaipoier AfgnidnautiobptniRBpridingcussed  herein. 14
CLAIMS What is C|lgl med: 1. A f|pl?l d delivery skid adg%t edgfor a power

augnent at i on %ﬁ%emorecgag&wlﬂgaa@@ean@inameesta%sa%ﬁ chévéibe @8gdsve and
i nactive states, with each he stages conprising at least first and

second val ves Comptlhlng latleast figst andh second valvesywith g fersicand sheondvglvepeashand cl osed
posi tions; \Ahqlragf o an 2Cte' veSlFt ate, fluid is received within the stage,
pressuri zed td an]glopgq ded 988 &1, and di scharged , wherein as the first

valve is in an, en OSI ion and the | v osed position,
fluidis recei® s Bty Byl lawaelﬁ?&gwa%eeﬁage e e T TsE s e
first valve 'Siebﬁ’edﬂe@él%@dhé@ﬁ&‘g&d ORpha&id ab BR MAGARE iy @l anpeR pbditiGH landAREN
position, fluidis dlscharged and wherein in an inactive sFate at | east

the second valseeondsvalve isingd desed positipn.iftuid isseseived within the stage and predsstizedt i al

ki of ol ai mind WReAEhs A RELTROER i BRP] BRIy o el 0B VHEIR { e

second val ve I(ﬁ)eﬁ@ﬁklm,ﬂumgamdh@gﬁ&?ancﬁ The fl ui d delivery skid of claimi1,
conprising a plurality of stages, wherein each of the

wherein in an inactive state, at least the second valve is in a closed position, so that at

least a substantial portion of fluid is not discharged from the stage.

2. The fluid delivery skid of claim I, wherein the first valve is fed by a first pump and the

second valve is fed by a second pump.

3. The fluid delivery skid of claim I, comprising a plurality of stages, wherein each of the

plurality of stages is fed by a pump, wherein the same pump feeds each stage.

4. The fluid delivery skid of claim 3, wherein the pump comprises a first pump and a second
pump, the first pump for feeding the first valve of each of the plurality of stages, and the

second pump for feeding the second valve of each of the plurality of stages.

5. The fluid delivery skid of claim I, wherein fluid received within the stage is provided to the

stage from a fluid source.

6. The fluid delivery skid of claim 1, wherein fluid discharged from the stage is delivered to an

injection apparatus.

7. The fluid delivery skid of claim 1, wherein in an active state, additional fluid is received
within the stage, pressurized to a second desired level, and discharged, wherein as additional
fluid is received within the stage, pressurized to the second desired level, and discharged, the

first valve is in a closed position and the second valve is in an open position.
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plurality of stages is fed by a punp, wherein the sane punp feeds each
stage. 4. The fluid delivery skid of claim3, wherein the punp conprises a
first punp and a second punp, the first punp for feeding the first val ve of
each of the plurality of stages, and the second punp for feeding the second
val ve of each of the plurality of stages. 5. The fluid delivery skid of
claim1, wherein fluid received within the stage is provided to the stage
froma fluid source. 6. The fluid delivery skid of claim1l1l, wherein fluid

di scharged fromthe stage is delivered to an injection apparatus. 7. The
fluid 8elThedhyd dddiveryoskidofailaiml’, whiessirethe séqond desietl ilevel stbased, upaddimbieonal f 1 ui d
is received, within the stage, pressurized to a second desired |evel, and

di scharge‘?ﬂ‘?aﬂ‘ﬁhé?rléj:‘tf'f’nés additional fluid is received within the stage,

pressurized o the second. desiyed | evel, and discharged, the first valve is
ina cPoéﬁw Mﬂgquw sjﬁfﬁofiﬁ@mge@gﬁtmawcme fiaie qten Buld ipsdeasebAn 15 8. The
fluid deljoughMaKhfthef pl‘é!;s%kiﬂés%he ﬂ@i@raﬁ{il_ Ere%ﬁﬁizéseﬁ%%lﬂgéf e{in-@n{aﬁMlﬁé inithe Pased

upon anbi ent weather conditions. 9 e flurd delivery skid of " claim?7,

wherei n istagan active state when fluid is released, an accunul ator further
pressurizes the fluid and pressurizes an anount of air remaining in the

st age. 10.0TheThed @¢liviery sid ofudain & kvhetredd a spead at Whichvteradditionalfhiwed at whi ch t he
additional fluid.is ressurized is increased. 11. The fluid delivery skid
of cl ai mPf®ss &% Jeg SeEihe first valve is in an open position and the

second valve_ is in a closed position, and fluid is received wthin the stage
and pr é&stheifuddideliyeryssid of cdaipuhtvhsrein asthey firss value jsdm ap RpaRLRfsitioR@nd Bkond

valve. 1 ' Y iS5Kia8d Bl Gk Aol rel .?-]?r?zg'elv state
when at %g%%{aq,tawg%s%c%ﬁ!égevzngg ’ias ?lnldgL gc?gé%‘”%@itﬁ% %ﬁ%&éﬁ rsbrrréi:als pg’ratei on of
fluid is smedleaduntefdugdhistlbaked thretghathelf@pndedond val ve. 13. A power
augnent ati on system conprising a fluid delivery skid conprising one or nore
st ages 1bdbterfthididélivesy skidlofi digint i, wehesdiinem, inactivé ftaaienat Icafiehsdcagisvalve

i Si I f ith the fi
ngggsggg f,pa%%kﬁe Z)%élﬁlggrsaaﬁwt a?&oggégfgbl\é? {s:i%?f’gd }Iﬁr(t)ughtthee ﬁrslt armsdt/orasggondsvgl(i/g.nd

13. A power augmentation system, comprising
a fluid delivery skid comprising one or more stages having active and inactive states,

with each of the stages comprising at least first and second valves, with the first and

second valves each having open and closed positions;
a pump connected to the fluid delivery skid that feeds each of the stages;

a control unit connected to the pump that regulates the pump and connected to the

fluid delivery skid to regulate the first and second valves;
a fluid source that supplies fluid to the one or more stages;

wherein in an active state, fluid is received within the stage, pressurized to a first
desired level, and discharged , wherein as the first valve is in an open position and the
second valve is in a closed position, fluid is received within the stage and pressurized,
and wherein as the first valve is in a closed position and the second valve is in an

open position, fluid is discharged; and

wherein in an inactive state, at least the second valve is in a closed position, so that at

least a substantial portion of fluid is not discharged from the stage.
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a punp connected to the fluid delivery skid that feeds each of the stages; a
control unit connected to the punp that regul ates the punp and connected to
the fluid delivery skid to regulate the first and second valves; a fluid
source that supplies fluid to the one or nore stages; wherein in an active
state, fluid is received within the stage, pressurized to a first desired

| evel , and di scharged , wherein as the first valve is in an open position
and the second valve is in a closed position, fluid is received within the
stage and pressurized, ~and wherein as the first valve is in a closed

posi t i dA- Hiecbomse augspentatiop gy stemiof claim 43, furhes gompsing am injgation @ppasatys hathar ged:;

and wherejn.i | I .state, at |east the second valve is in a closed
position,kg%hgﬁ%%hggﬁ&%ggggﬁa substantial portion of fluid is not discharged

fromt tage. 16 14 The power. au ntati.on systemof. clajpml13. further
conpr | Senareten Al S APERE SRR TY WL E e e oo b BLeee A "T5
The powerseastginminipa tHedftstsyudieitedifg tHedirstvaBe ofbhif thel fleraftyngf segep andhs a
first punp and a second punp, the first punp feeding the first val ve of
each of t¥seonsl pymy fegding theseeqnd valvg of eadheof theelyralityfssgeseedi ng t he second

val ve of each of the plurality of stages. 16. The power augnentation system
of cl ailf Tig; paxtes pegmenitatioarsystemiof elagn 4 8.cvheselnliin arogesive Statgi edditional Beidiiv ed
within the stage..,.pr.essurized t.o second desi.red, | evel .. and discharged,
wherei n Ascas R BIEE FESub Ao aRERnE dffRIS SRy BlignPly, BEEITSIG,

t he seconglididrmil fadd isréedivedanithin thesstdga) redurizddao thersstondalevieed I8vdlnd Cl osed
position and the second valve is in an open position. 17, The power

augnent at digshaeged thedfiest valvaisin agloseheesition and ghesgeandvatis s Hean open ppsitiothunp and
a second punp, the first punp pressurizing the fluid to the first desired

| evel , ldnBhe praves aegmentatipnsystemes slaim 2 iyharein theqrimn eomenrises aufiest panp prd second

desired | @uld publly YRR pRUGHBAL e il AL A Lsiel AR, 1 meRELAH"D L Ne

second desire upon “anbi ent” we condi tions.
power augpmip piessariziny stiecaddiifonal fhiidtolfBe séoond besired tevpl. i Si ng an accunul at or
connected to each of the one or nore stages, wherein in an active state

when fl18i thd fowee be@hétiatidnRsteF dIHith a6 OWhdréih tHeesecqidaRrsidd Red if higed bpond and
an anount of air remaining in the stage.
ambient weather conditions.

19. The power augmentation system of claim 13, further comprising an accumulator connected
to each of the one or more stages, wherein in an active state when fluid is released, the

accumulator further pressurizes the fluid and an amount of air remaining in the stage.

20. The power augmentation system of claim 19, further comprising a flow meter to increase a

speed at which the pump operates.
21. The power augmentation system of claim 13, wherein the control unit regulates the pump by:
determining a flow rate at which to discharge fluid,;
determining stages to activate to achieve the determined flow rate;

regulating the pump to achieve an active state for the determined stages by (i)
opening the pre-fill valves; (ii) regulating operation of the pump to fill the stages with
fluid and pressurize the fluid of the stages to the first desired level; (iii) closing the
pre-fill valves; (iv) opening the main valves of the stages; and (v) regulating the
operation of the pump to provide additional fluid to the stages and to pressurize the

additional fluid of the stages to a second desired level.
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20. The power augnentation systemof claim19, further conprising a flow
nmeter to increase a speed at which the punp operates. 21. The power
augnent ati on system of claim 13, wherein the control unit regul ates the punp
by: determining a flowrate at which to discharge fluid; determ ning stages
to activate to achieve the determned flow rate; regulating the punp to
achieve an active state for the determ ned stages by (i) opening the
pre-fill valves; (ii) regulating operation of the punp to fill the stages
with fluid and pressurize the fluid of the stages to the first desired

| evel ; 22i The)pomiensugmentdtion spstem fof tlainy 2| wehereiy detprnuipimgitigyflow eaterai whiglatoves of

t he stages ul atin Jon of the punp to provide

addi ti ondf leflslewudé fs)bats P&P&B‘é’?" i\waat{l% CBP@@‘S{‘JSH ze the additional fluid of

t he st to a second desired leve The power augnent ation system
of cl ai gfﬁ'f pWéP‘éﬁ"?‘F"&éP@FWﬂPH&‘FH’e]%’ Bﬂﬁ?sﬁ?@pﬂ? #hich to release fluid is
based upon anbi ent. weat her, condi ti ons, power augnentati on system of

claim 13, fur thegathes maniteripguniseoppagetio %?ﬂnfre} s"mg whsrein ths pysatergnit o ¢ he
control wunit, Wﬁﬁd@&é}ﬁ AeD&ndidht to RE e Sni™PI ent weat her condi tions
to the control unlt e

power augnentation system of claim 13, further

comr | Sife GO TRIMUIIHALETAPONNETL SAR iiBagREL ol uni L, whereln the

conmputing s repor per or man ta. 25. The povver
augnent ati on syst em.of c ri ses ressure
pup-un: agddia; il El?temsﬁﬁ%@ b fonwf@umﬁ it Icgwp*IHTgﬁ%ygfe Frutd
roma flui cky/ &idyre etforradhck dat@ct i on appar at us, e net ho

conprising: activating at |east one stage of the fluid delivery skid having

one or 28DTIR RS 8SgmdiRation Gysterhiof 8laph 43 | iRedih MR p%hﬁ)t&%lpri%st DloRRGBssafe t he
stages conprising at |least first and second valves, with the first and

second vapupepsuratad atmgh-ngyswenurandmcl osed positions, wherein activating
conprises: with the first valve in an open position and the second val ve in
a cl osé@d. pasithdddir injecting fluid from a fluid delivery skid to an injection apparatus, the method

comprising:

activating at least one stage of the fluid delivery skid having one or more stages
having active and inactive states, with each of the stages comprising at least first and
second valves, with the first and second valves each having open and closed

positions, wherein activating comprises:

with the first valve in an open position and the second valve in a closed position,

filling the stage with fluid and pressurizing the fluid to a first desired level;

with the first valve in a closed position and the second valve in an open position,

discharging the fluid.
27. The method of claim 26, further comprising:

receiving an indication from a control unit to activate one or more stages.
28. The method of claim 26, further comprising:

receiving an indication from a control unit to deactivate one or more stages.
29. The method of claim 28, further comprising:

inactivating the indicated stages by closing at least the second valve so that at least a

substantial portion of the fluid is not discharged from the stage.
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filling the stage with fluid and pressurizing the fluid to a first desired

l evel; with the first valve in a closed position and the second valve in an
open position, discharging the fluid. 27. The nethod of claim 26, further
conprising: receiving an indication froma control unit to activate one or
nore stages. 28. The nethod of claim 26, further conprising: receiving an
indication froma control unit to deactivate one or nore stages. 29. The
met hod of claim 28, further conprising: inactivating the indicated stages by
closing at |east the second valve so that at |least a substantial portion of
t he f| @0.drtiesnetload QﬂCQimaaﬁgwerbhmttthmgsrt kegst.ond 8tagof th 8uitstehiveryskidcl ai m 26,
wherein vating at one, st.age, of th flui,d delivery skid further
conpr i sezfCrt rfﬂmpﬁ%esprgﬁ'le\fgftvvéﬂvedn clf’ls%ds%% 853?9%&@59{@ V§ 18aL8RA val ve in
an open feiioh, Mlng fHelstagd Svithh@disfoAdl FIuid Ardd ;a@éawl@g;ﬁ% alldivibAhl ANEY Wraessuri zi ng
the additional flurd to a second desired |evel 1. The nethod of claim 30,
wher ei n tSeeongdfigsiraddeedl fluid is pressurized to a |level higher than the

first desired level of the fluid. 32. The nmethod of claim 26, wherein

pr essuBil ZThegnethaed ¢flaldint 30p wherein the adibiionad fuiday pessuongt tosdsvel pighpti thap the

ighl eve a; bressure at %heeﬂufié.r st desired level indicated by a control unit.

32. The method of claim 26, wherein pressurizing the fluid to a first desired level comprises

pumping to achieve a pressure at the first desired level indicated by a control unit.
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