MULTI - CATALYST | NJECTI ON SYSTEM BACKGROUND OF THE | NVENTION Fiel d of the

| nvention (0001) Enbodi nents of the invention generally relate to fluid
catalyst injection systens for fluid catal yst cracking units. Background of
the Related Art [0002 Fluid catalyst cracking units (FCCU are commonly used
in petroleum refining to break |Iong chain hydrocarbons present in crude oil
and to adjust the product mx recovered gt the distiller. A nmain catalyst
is generally introduced into the FCCU by a catal yst injection system which
periodically meters out catalyst for injection over a predefined period of
time. Such injection systens are available fromliIntercat, Inc., located in
Sea Grt, New Jersey. O a f ' | &% ' systens are
described in United Stat Mubiié&ﬁﬁgsggm;@%tﬁ%egﬁgmry 14, 1995,
which is incorporated by reference in Its entirety. (oooai In addition to
the mai n catal yst o inject other <catalysts into
the FCCU to furthBe"?d:k m@%??ﬁﬁﬁgvlewﬂ%mprocess For exanple, sone

catal yst are for rfielgkofdhednvemtiono| certain types of enissions, such as the
amount of sul fur -qpd @ﬂnbb@a&%téi@ﬂﬂwal.m@ﬂoﬁgaﬁ&ﬁmﬁﬁeméawutd ¢zﬂa!§(§tf1hj@@t'idh

em ssions. O her cat alysts may be fornul ated to influence the product m x
recovered in the SYBeMS foefluid catalysk arapkiag upilk al yst may be fornul ated to
produce nore diesel fuel relative to gasoline or to increase the anount of
liquid petroleum gas produced, anopng , Ot hers. As these injection systens are
typi cal | y suppor ttz2ckgiouna gy the.Related AR At i on and har d pi pe connected to the
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m x not achi evabl e usin e catalyst .injection systens current coupl e
To the FOQU. The ot Troctety)” bk b eetehi Pt watenr Stuss peigdiaiandier P gn
the injection of catydtifemialection avyrsh pretlefingtbperibd of time. Such injection systems

are available from Intercat, Inc., located in Sea Girt, New Jersey. - Other

examples of conventional injection systems are described in United States
Patent No. 5,389,236, issued February 14, 1995, which is incorporated by
reference in its entirety. .

[0003] In addition to the main catalyst, it is often beneficial to inject other
catalysts into the FCCU to further influence the refining process. For example,
some catalyst are formulated to control certain types of emissions, such as the
amount of sulfur- and nitrogen-containing compounds present in refinery
emissions. Other catalysts may be formulated to influence the product mix
recovered in the distiller. For examplé. catalyst may be formulated to produce
more diesel fuel relative to gasoline or to increase the amount of liquid
petroleum gas produced, among others. As these injection systems are
typically supported on a separate foundation and hard pipe connected to the
FCCU, the flexibility of the refiner to rapidly add an additional catalyst injection
system is very limited.

[0004}] For example, the time required to plan and install a new catalyst
injection system may prevent the refiner from taking advantage of market
conditions favorable to a certain product mix not achievable using the catalyst
injection systems currently coupled to the FCCU., The difficulty in providing
quick process adjustment through the injection of additionat catalyst in a new



catal yst injection systemal so hanpers the ability of the refiner to quickly
adjust refinery em ssions due to changes in regulations, differences in the
chem cal nake-up of crude oil or process equi pnent failure. Furthernore, as
catalyst injection systens are expensive to install, it is undesirable to
have unused catalyst injection systens stationed online as a precaution
agai nst any unantici pated need for process control. [0005] Therefore, there
is a need for a catalyst injection system which enhances process
flexibility of fluid catalyst cracking units, SUVMARY OF THE | NVENTI

[0006] The i nventGaiatyst dnjection systepnalse 3@@%*@%@%9{ f\flag gefiner Ip Qigkly adjust
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however, that thenhppessdatcelsdisikindity of fluidicitalpdteraking dnjtei cal enbodi ment s of
this invention and are therefore not to be considered limting of its
scope, for the invention may admt to. other equally effective enbodi nents.
[0008] Figure 1 iSUMMARYOFTHE IINVENTION c di agram of one enbodi nent of a
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the above recited features, advantages and

objects of the present invention are attained and can be understood in detail, a

more particular description of the invention, briefly summarized above, may be

had by reference to the embodiments thereof which are illustrated in the

appended drawings. It is o be noted, however, that the appended drawings

illustrate only typical embodiments of this invention and are therefore not to be
{ considered limiting of its scope, for the invention may admit to. other equally

effective embodiments.

[0008) Figure 1 is a simplified schematic diagram of one embodiment of a fluid

catalytic cracking system having a multi-catalyst injection system according to

the present invention;

[0009} Figure 2 is a cross-sectional view of the injection system of Figure 1

taken along line A-A;

[00t0] Figure 3 is a sectional, isometric view of one embodiment of a control

valve for use with the multi-catalyst injection system of Figures 1 and 2;

[oo11)] Figure 4 depicts a sectional view of another embodiment of a multi-

catalyst injection system according to the present invention;



[0012) Figure 5 depicts a sectional view of another enbodinment of a nulti-
catal yst injection system having an adj ustabl e separator according to the
present invention; [0013] Figure 6 depicts one enbodi nent of a separator

hi nge; (0014) Figure 7 depicts one enbodi nent of a separator |ocking
mechani sm  (0015) Figure 8 depicts one enbodi nent of a separator seal
[0016) Figures 9-11 are graphs illustratisng pressure variation in injection
systens havi ng nmechani cal and el ectronic pressure regul ation; [0017] Figure

12 is a schemat | (ioothaglflgﬂﬁe o%gﬁ’:g:.méeégc'tig lwé%%? n@e?%ﬁdﬂ'imem Fnuiind
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i dentical refererdce nuneral s have been used, where possible, to designate
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conbi nati ons thereof ﬂ lity of the injection system 106 to handl e

nmore t han one cat'H'PfM@ and| ows the refiner to reduce the nunber of

i nj ections systengepeathiRds & é‘r@.ﬂlﬁé@éﬂd MiagrafeoPh one thkﬁﬂm@ht”&f&ﬁ pﬂ-’fssure
catal ysts, and provides a cost ? Eﬂ?ctlve rrﬁg s for excess, cat a%ty
§ V.,
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figures.

DETAILED DESCRIPTION

[0020] Figure 1 is a simplified schematic diagram of one embodiment of a fluid
catalytic cracking (FCC) system 100 having one or more multi-catalyst injection
systems 106 according to the present invention. The injection system 106
generally includes a container suitable for storing at least two catalysts and a
dispense system for independently dispensing catalyst from the vessel 110. It
is contemplated that the dispense system may dispense more than one catalyst
from the vessel 110 simultaneously, sequentially or combinations thereof. The
ability of the injection system 106 to handle more than one catalyst allows the
refiner to reduce the number of injections systems required to control the use of
a given number of catalysts, and provides a cost effective means for having
excess catalyst dispensing capability available for unplanned addition of
different (e.g., new) catalyst to the refining process.

[0021] The FCC system 100 includes a fluid catalytic cracking (FCC) unit 180
coupled to a distiller (not shown), and to one or more catalyst injection systems
106. One injection system 106 is shown in Figure 1. A control module 104 is



coupled to the injection system 106 for controlling the operations of the
system 106. [0022) The FCC unit 190 is adapted to heat crude oil received
froman oil feed stock source (not shown) and convert the oil vapor into
one or nore different petroleum products including |iquefied petrol eum gas
(LPG and gasoline. In one enbodinent, the FCC unit 190 generally includes
a regenerator and a cracking chanber arrgnged in a conventional manner. One
exanpl e of an exenplary FCC unit is described in United States Patent

Application Seri adotugkré»d to Y fHiobR 3ystbin frb AMRYormblingGAS opslatieRs bBthBeystlh

I ncorporated by re ence inits entirety. [00231 The catal yst injection
system 106 is coulfled by a delivery line 115 to the FCC unit 190 to supply
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Jer sey, anong ot HEReY%our ces. (0024j In the enbodi nent depicted in Figure 1,
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contenpl ated that, a unbe catal yst,, injection te [ singl e
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the invention are described in United States Patent No. 5,389,238, issued
February 14, 1995, and in United States Patent No. 6,358,401, issued March
19, 2002, both of which are hereby incorporated by reference in their entireties.
Other catalyst injection systems that may be adapted to benefit from the
invention are available from Intercat, inc., of Sea Girt, New Jersey, among other
sources.

N ' [0024) In the embodiment depicted in Figure 1, a singie catalyst injection
system 106 is shown. However, it is conlemplated that any number of catalyst
injection systems, or a single system for selectively injecting catalyst from a
plurality of catalyst sources, may be utilized.

[0025] Referring simultaneously to Figure 1 and to Figure 2, which is a cross-
sectional view of the storage vessel 110 illustrated in Figure 1 along line A-A,
the storage vessel 110 is typically a metal or other suitable container having
two or more compartments 103a and 103b (hereinafter collectively referred to
as “compartments 103") for individually storing a catalyst. In one embodiment,
the compartments 103 share a common pressure plenum 105 positioned at the
upper end of the vessel 110. Although it is intended that different cataiysts will



upper end of the vessel 110. Although it is intended that different
catalysts will 5 be stored in each conpartnent 103, it is contenplated that
two or nore of the conpartnents 103 may store the sanme catal yst. [00261 The
storage vessel 110 includes two or nore fill ports 114a or 114b

(hereinafter collectively referred to as "fill ports 114"), two and nore

di scharge ports 116a and 116b (hereinafter collectively referred to as

"di schar ge ports 116"). Each conpartnment 103 is associated with an

associ ated pair n%&%d ﬂ'e%Eﬁ%B f)aﬁﬁ‘l@mf 144, iP9chftembiated fitht tWo bb Rloké Bf thae

filling, storage a I schar he catalysts stored in a respective
conpartnment 103 comMpaEMeats mmstc&mesames%%lvﬁe port 116 is coupled at

the bottomof th u‘é@]ssﬁtﬁ %t%@aéeovést},%l dﬂémms BXSéemort Bl pbRs ONga astbpdbnent

the vessel 110 | sui t for use in elevated pressures. [00271 |n one
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101. The separ at cH’ort Ofls gaS avP URESE AnrRirahter E&Feﬁ:%l)@frefbﬂéd & eueldischdide ports
separating the discharge ports 116. The separator 8‘1 extends vertically

within the interildf’of ?ﬁ'é W@?@émeﬂd%ﬁ@%‘é‘ﬁ%@‘éﬂﬂ 30 psEecialRg PP ?hc‘?al ly

wi thin the interdighaffe Mtﬁfﬂ/ﬁé&@h1élﬂ4atadsd|§teqaelmhuﬁgl ét@rabbeanﬂldiﬁzhaﬁjd of of
t he vessel 110 to seéarate t

e conpartnents 103 hF enbodl éjoﬁnl cted
in Figure 1, thehe&p@istoFtordes %Eﬁs%%t"ér?ﬁ'"ﬁ’aﬁﬁ\eﬁ é‘i’@ %‘et‘f?és?l q
vessel 110, such didtpbr et;fi@'tﬁh@w&hdkﬂ)&i aﬁth‘éflibQoﬁﬂonﬁmﬁselaﬂet@me)ﬁlspém t op
of the separator 101 en the c artrrents h(;fﬂ @ ? SO conh%é( | at ed
that the separ at g¥Stemp? 4 mﬁ‘%@&@'ﬁ@o R R VERSE Fc?“ftﬂ ey G & gssel
110, and may i ncl Q@;u?es plurality of holes (not shown) forned through the
separator 101 near the fi

communi cat e wit h [2%&h '8 °'?q18m%88'm?éi‘ﬁtﬁﬁtrﬁ%§’%lflﬁ%vgnksog%frel %é?g%@tegdyoatl %R
i |l ustrated, the gepspataior 101, Thpaepaaortlod iscouplge to wesbatton] bDthentesséMo
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conpartments 103, wnﬁﬁn tMeI intebior ofltheisessel €tD.f The Separster thhextbndsovesticatiyiddttinnent
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equal vol unes. | rtoesepam tlerbodpantments t108. slepthe abodinddnt iepicted in Figure 1,
the separator does not extend completely to the top of the vessel 110, such that
the plenum 105 is free to communicate across the top of the separator 101
between the compariments 103. it is also contemplated that the separator 110
may extend from the bottom to the top of the vessel 110, and may include a
plurality of holes (not shown) formed through the separator 101 near the fill
ports 114 to allow the plenum 105 to communicate with each of the
compartments 103.
[0o28} In the embodiment illustrated, the separator 101 separates the storage
vessel 110 into two separate compartments 103a and 103b, but those skilled in
the ért will appreciate that the storage vessel 110 may be separated into any
number of compartments 103, as will be illustrated further herein. In one
embodiment, the separator 101 has a substantially planar shape that is
positioned to separate the storage vessel 110 into compartments 103 having
substantially equal volumes. In another embodiment, the separator 101 has a
“dog-leg” shape that separates the storage vessel 110 into compariments 103
having unequal volumes (indicated by dashed line 101’). In yet another
embodiment, the separator 101 has a substantially straight shape, but is



"dog-1eg" shape that separates the storage vessel 110 into conpartnents 103
havi ng unequal volunes (indicated by dashed line 101'). In yet another
enbodi nent, the separator 101 has a substantially strai ght shape, but is 6
positioned slightly off-center within the storage vessel 110 to divide the
storage vessel 110 into conpartnents 103 havi ng unequal vol unes (as

I ndi cated by dashed line 101"). Configurgng the conpartnents 103 with
unequal volune is particularly suitable for use with two-part catalysts

th t t dif t
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nmet eri ng device 1%5@53%%0?9@9%@@? 103 of the storage vessel 100. The
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that an armpunt of ekl ke vesselad féoalstb ingiedase @t \ieast pneepressirgaport K80 in
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time need, for exanple, I n response to flag froma process sensor. [O 2,)
The metering devi deolated plepymgp|ase tlﬁ'@!z%rﬁjfﬁquiﬁtedwr&q’%fs‘?f P"ﬁjsé‘éfﬁeﬁpf'fsrw t?ec s
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The netering device 112 ma e a shut-off valve, a rotary valve, a mass flow
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monitored.

[0031] The dispense system 140 comprises metering devices 112a, 112b
(hereinafter collectively referred to as “metering devices 1127), each coupled to
a respective discharge port 116. 1In other words, the dispense system 140
comprises one metering device 112 for each compartment 103 of the storage
vessel 100. The metering devices 112 are typically coupled to the control
module 104 so that an amount of catalyst delivered to the delivery line 115 may
be monitored or metered based on a production plan or in response to a real
time need, for example, in response to flag from a process sensor.

f0032] The metering device 112 controls the amount of catalyst injected from
its associated compartment 103 in the storage vessel 110 to the FCC unit 190.
The metering device 112 may be a shut-off valve, a rotary valve, a mass flow
controller, a shot pot, a flow sensor, a positive displacement pump or other
devices suitable for regulaling the amount of catalyst dispensed from the
storage vessel 110 for delivery to the delivery line 115. The metering device
112 may determine the amount of catalyst by weight, volume, timed dispense
or by other manners. Depending on the catalyst requirements of the system
100, the metering device 112 is typically configured to provide about 5 to about



devices suitable for regulating the anount of catalyst dispensed fromthe
st.orage vessel 110 for delivery to the delivery line 115. The netering
device 112 nay determ ne the amount of catal yst by weight, volune, tined

di spense or by other manners. Depending on the catal yst requirenents of the
system 100, the netering device 112 is typically configured to provide
about 5 to about 7 4000 pounds per day of additive-type catalysts (process
control catalyst) or may be configured to provide about 1 to about 20 tons
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ports 144") of £ [8034E oMbe Gntrel valves 132 arg eoupladpdbe delivenslingot 15 batwaen thee
delivery Iine 108ﬂuu%561'&@'m éﬁcpmet pecf (ﬁolﬂlftﬁtﬁx%ﬁ%e c?ir\?rBl dilves PIowRy or

conpressor. Third ports_1l46a her ei naft er | ectively referred to as
"third ports 146"ghoyn tnhEIQUEfbhtasOq:o d, Bsseres %nthec@%iprreaﬁ"rtww phetGoHobf

the delivery |ineghle ﬁ@ﬂid@gaﬁé?natfv@@ BECeblinked in H@r%ﬂe!aﬁétwééﬁ%é fluigscRR@N

position, the control valves I'ow catal yst to flow fromthe storage
vessel 110 t owar d532 #nd thgiRGE H%‘F?QQMG where fluid provided fromthe fluid

source 134, novi ngoedsf OThé BEntidt VaREs RGP bené:éﬂy inenyaé dsfirstfort 1422198 thal 4@
entrains and car rclzo?.v?)letdhtg aC%sgelagtlve c}lshc%ou port 116 of the storage vessel 110. Second
ports 144a, 144b (hereinafter collectively referred to as “second ports 144"} of
the control valves 132 are coupled to the portion of the delivery line 108
extending from the fluid source 134, such as a blower or compressor. Third
ports 146a, 146b (hereinafter collectively referred to as “third ports 146") of the
contro! valves 132 are coupled to a portion of the delivery line 115 leading to
! the FCCU 190. When actuated to an open position, the control valves 132
allow catalyst to flow from the storage vessel 110 towards the third port 146,
where fluid provided from the fiuid source 134, moving from the second port
144 towards the third port 146, entrains and carries the catalyst through the
delivery line 115 to the FCCU 190. In one embodiment, the fluid source 134
provides air at about 80 psi (about 5.6 kg/cm?).
[0036] Figure 3 is a sectional, isometric view of one embodiment of a control
valve 132. The control valve 132 includes a valve body 302 and an actuator
304. The valve body 302 includes a first flange 306 having the first port 142
formed therethrough. The first flange 306 also includes a plurality of mounting
holes 308 to facilitate coupling the valve body 302 to a discharge port 116 of



delivery line 115 to the FCCU 190. In one enbodinent, the fluid source 134
provides air at about 80 psi (about 5.6 kg/cnR). [00361 Figure 3 is a
sectional, isometric view of one enbodi nent of a control valve 132. The
control valve 132 includes a valve body 302 and an actuator 304. The val ve
body 302 includes a first flange 306 having the first port 142 forned
theret hrough. The first flange 306 also igcludes a plurality of nounting
hol es 308 to facilitate coupling the valve body 302 to a discharge port 116
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hear ene has a
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316, which is typhﬁ@idrfyetgﬂ so rret allic. As the shear disk 322 is disposed on
t he downstream si de of ressure

316, any _.ba genger
the FCCU 190 w || %@y oH@ncPﬂtéoqv‘éﬂl‘(/ee%géﬁ OF[%‘@% diﬁgéﬁéitpgtor
assenbly 324 coupl@ﬂiedinheysimﬂnig dlsmleaBain 302 tisteradig tacedssrthe 364t 31t Thersheaﬂ s
t he open and cl ose e of the cont alve 132. The ct
324 includes a shé??k §g Wal& P%shé’s atpﬁ? Jﬂﬂap’ﬁeu‘]r?gusseﬁ%n% rgéce "%? % arm
328 of the actuat cergam mnbi.rgdvézéau 316, svhidhed typically asad metalidieAs dheasheds 26k
di sposed on the o th u S n f
actuat or assenbl yu‘??4 $ SR q.fﬁﬁegﬂ g‘ gjo gfr%ﬁntﬁégsﬁfa%é% d%gﬁys?ﬁg i Y he
cavity 312 of the Haohpiesgurgfeneratgd im B8 FGOU 4 Ad svilf natnnadvertestyoogerathe vaBe and

engages the shear {H k 322. A recess 334 fornmed in a | ower surface of the

shear dISk 322 recelves the pin 332 and prevents the pin 332 and shear disk
[0038] An actuator assembly 324 couples the shear disk 322 to the actuator

304 that controls the open and closed state of the control valve 132. The
actuator assembly 324 includes a shaft 326 that extends through the housing
310. A first arm 328 of the actuator assembly 324 is coupled to an end of the
shaft 326 disposed on the outside of the housing 310. A second arm 330 of the
actuator assembly 324 is coupled to an end of the shaft 326 disposed in the
cavity 312 of the housing 310. A pin 332 extends from the second arm 330 and
engages the shear disk 322. A recess 334 formed in a lower surface of the
shear disk 322 receives the pin 332 and prevents the pin 332 and shear disk
322 from becoming disengaged as the pin 332 selectively urges the shear disk
322 laterally over or clear of the orifice 318.

[0039] An annular bushing 336 residing in the recess 334 circumscribes the
end of the pin 332, The bushing 336 is retained by the pin 332 and can move
axially along the pin 332. A diameter of the bushing 336 is generally less than
a diameter of the recess 334 to that the shear disk 322 may rotate eccentrically
round the bushing 336 and the pin 332 as the shear disk 322 is moved laterally.
[0040] A biasing member 338 (e.g., a spring) is disposed around the pin 332
between the second arm 330 and the bushing 336. The member 338 biases



322 from becom ng di sengaged as the pin 332 selectively urges the shear disk
322 laterally over or clear of the orifice 318. [00391 An annul ar bushi ng
336 residing in the recess 334 circunscribes the end of the pin 332. The
bushing 336 is retained by the pin 332 and can nove axially along the pin
332. A dianeter of the bushing 336 is generally less than a dianmeter of the
recess 334 to that the shear disk 322 may rotate eccentrically round the
bushi ng 336 and the pin 332 as the shear "disk 322 is noved | aterally.

0040] A biasing nenber 338 (e.g., a sprin I s di sposed around th in, 332
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system of the prepenentsriihectiatyst fromygradving thet seatiby sufaddszaf the lsbearcdisi 822
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interfaced with e con 0 regu pressure w thin plenum
105 of the st oragenfigestion df1Giverpgenatien subsiantialy rextensissthenscroige diéhof dhe y

ressurizes the P o - : .spuar e
Pheh: Cabout 095 966 32, \BRERG £32 h B0 inRofih SR oPtheDBRet hyad
modul e 198 i nt er fiay lamajiveleutiizeotier soordgalvessel 110 to about atnmospheric
pressure to accoppp4arRrdBcd'Badl ROFiGHe ¥ eSsBssutd LoMirdiysRhith ¥8 Is interfaced

with the control module 104 to regulate pressure within plenum 105 of the
storage vessel 110. The pressure control system 198 generally pressurizes the
storage vessel 110 to about 5 to about 80 pounds per square inch (about 0.35
to about 5.6 kg/cm®) during dispensing operations. The module 198
intermittently vents the storage vessel 110 to about atmospheric pressure to
accommodate recharging the vessel 110 with catalyst.

[6043] The pressure control -system 198 is generally coupled to a pump or
other pressure source, and includes regulators and/or other pressure and/or
flow control devices suitable for regulating the pressure within the plenum 105.
The pressure control system 198 is generally controls pressure within the
plenum by controlling the flow of gas through one or more ports disposed in the
vessel 110. In one embodiment, an inlet port 196 and an outiet port 194 are
formed in the vessel 110 through which flows of gas into and out of the vesse|
110 are regulated by the pressure control system 198. In embodiments where
plenums 105A, 1058 are fluidly isolated, separate inlet ports 192, 196 and
outlet ports 190, 194 separately couple each plenum to the pressure control



[0043) The pressure control system 198 is generally coupled to a punp or

ot her pressure source, and includes regul ators and/or other pressure and/or
fl ow control devices suitable for regulating the pressure within the plenum
105. The pressure control system 198 is generally controls pressure within
the plenumby controlling the flow of gas through one or nore ports

di sposed in the vessel 110. In one enbogjnment, an inlet port 196 and an
outlet port 194 are fornmed in the vessel 110 through which flows of gas

|nto and out of t{}etemﬁﬁ@' suct} 1t 3h of QIUIARNGIhb Yol BIEALRSTHEE £BB! ) pBySt em

198. I n enbodi nen ere | enuns 105A, 105B are fluidly isolated, separate
i nlet ports 192, lrltmeadﬂ'l“ymﬁiﬂ"lfeﬂedports 190, 194 separately couple each
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180, 194, 196 anqcatpl %%11% FOPdRde FhaisBimnltife GesHel ABOS Mt Ris Rits
i ncludes a control circuit havi ngn o 1 ﬁressure control val ve 1330, a vent
Uiy

control val ve 131(#0af%4.219%6andap! Asmitter 1320. An inlet of the

pressure control mhl\/erﬁe?%eedsﬁrece@rmcﬂcgy%@na19laﬁcrmrg&:mhcmnahﬂu@glta air
supply 1332, while an outlet of the essure ?Hﬁ 1330 i s coupl ed
to the inlet portPredirgreontie! vavge33% a Yash ‘E‘H@O Va¥&e| h @ppressure

pressurized when ttdm@mitte? SiB20€ R@rﬁlétoéf thalpresslins toritol opRBEd30 idrolpledto af the
vent control valve 1310 is

110, while an out9astSYHC] frC @Eta Bﬁﬁfﬁﬁrs%gwslt’%%?)%”? ?"o‘b‘ét%ft to%)héﬂ H%/?ggﬁglr e
to allow the pleryomtrdO%aled 185 iy esggiéd 1d thd iddovtetatedf tizevesisbietovaiov thent r ol
(e e, P e YA BLinkaohebh 52 oo iDL B o, TEBRRLe
vessel 110 to prmmm of tiha st cintrobvaivey/ t 810 dusiupted tatthe sphietr @rot94 of the
contam nation of vters]gel\llqby%hile an outlet of the vent control valve 1310 is open to atmosphere
to allow the plenum 105 of the vessel 110 to be vented when the vent control
valve 1310 is opened. Typically, a filter or other duct control mechanism (not
shown) is interposed between the vent control valve 1310 and the vessel 110 to
prevent exhaust of catalytic dust to atmosphere or contamination of the valve
1310. It is contemplated that systems with multiple fluidly isolated plenums
may be respectively controlled through by a single pressure control system 198
having dedicated control circuits of pressure control valves, vent control valves
and pressure transmitters similar to that shown in Figure 13 for each plenum.
[o046] The actuation state of the pressure and vent control valves 1330, 1310
are controlled by signals provided by the control module 104. The signals may
be electric, fluid, pneumatic or other form of communication. In the
embodiment depicted in Figure 13, a pair of pilot valves 1302 are utilized to
provide pneumatic signais that determines the actuation state (i.e., the opening
and closing) of the valves 1310, 1330. Air to the pilot valves 1302 may be

provided from an instrument air supply 1304. Air from the instrument air supply



1310. It is contenplated that systens with multiple fluidly isolated plenuns
nmay be respectively controlled through by a single pressure control system
198 having dedicated control circuits of pressure control valves, vent
control valves and pressure transmtters simlar to that showmn in Figure 13
for each plenum 100461 The actuation state of the pressure and vent
control valves 1330, 1310 are controlled by signals provided by the control
nodul e 104. The signals nay be electric, fluid, pneumatic or other form of
conmmuni cation. In_ the eng,dinent dePicted in Fi air of

St

) > [?ure 13 .ag ,ﬁilot
val ves 1302 are ul3d4is ered and Maintaingshak a vsPTgRsHe stilahle iuractyatig &g he
actuation state (valws 1330e1®Eening and cl osing) of the valves 1310, 1330.
Air to the pilot valves, 1302 may be rovi.ded framan , instrunent air I
1304, it Form t HIRTHoT g Risss R serSqr BRprier 1oz e pauhied T p Arespecpar P
Erai nt ai nﬁd at a |sfwher esssel @ 18ufot ahbsitoring taetmassiunglvtzigm thel plersuind 388, arid310.
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t hat additi onal essur ransm.iters, .such res e_transn | ed
to- the port. 178 amen, 78 BEd ety ipldicll BnBnS o eTael QL Rabrh e T v
1320 typically higpically bseye rangerfraimoatioud Otto aboatid 0A PGigpsTHee sdriser Fansmitter
transmtter 1320 neral v has. I, on, Af Qut, .0. ' nd,i,n_oqne
enbodi nent, has a1%e§e&%ﬁ?'¥’ohﬁ%oaf '%Sélﬁ ﬁ%r Hfhngt Q‘r?o%lf a&%igﬁg?%ﬁg?gﬁ“?ﬂt‘tr&ﬁlae
sensor transm tt eesolptiorawhibeitbt ¢hdn abowirod.dnpaint Oné ravitableesahgoa traesmitter is

Chanhassen, M nne t . ' t he
i njection system %%Eg?lg f%gﬁég%?rﬂ-%’gggab gésddg'%ﬂg%? "i%ﬁhﬁ%&gy H‘lg@ﬁ g%@%’t t hat
are delivered by P8l i iheconton modsdectR4 is@eupiad to thednjdetidnusystent i Oftoladtrol n
one enbodi nent, t t j ; . af | L.Ces
112 so that an an@gr{%@gféng?ﬁra ystﬁéﬁﬁglﬁgdﬁ?g%#gbﬁgﬁ irb&etﬁgt"ﬁ%ér@gfl?g\é%y be
moni t ored or net etdintade deliveapiine ttnt inodne ambodiment the serirgguodule 1A ised

States Patent Appédugghibterih@]‘fﬁétéﬁndg@%viéb%( 39%5tA an hivloBAkt %ﬁl@%@g%re@%‘)z,

which is incorporated by reference herein in its entiret ( n one
enmbodi ment, the ithpedaliveny Y3sstldm mey bepinosiereryor metargds GRe stablgopsaatrol

sensors 124 for phouiigid\GestriBBY il Onked SRRICPABAt ASSiRhidSelid N2 TBISBY 696,
filed November 26, 2002, which is incorporated by reference herein in its
entirety,

[0049] In one embodiment, the injection system 106 optionally includes one or
more sensors 124 for providing a metric suitable for resolving the amount of
catalyst passing through the metering devices 112 during each injection of
catalyst. The sensors 124 may be configured to detect the levels (i.e., volume)
of catalysts in the compartments 103 of the storage vessel 110, the weights of
catalysts in the compartments 103 of the storage vessel 110, the rates of
catalysts mavement through the storage vessel 110, discharge ports 116,
metering devices 112 and/or catalyst delivery line 115 or the like.

[0050; In the embodiment depicted in Figure 1, the sensor 124 is a plurality of
load celis 126 adapted to provide a metric indicative of the weight of catalyst in
the compartments 103 of the storage vessel 110. The load cells 126 are
respectively coupled to a plurality of legs 136 that supports the storage vessel
110 above a surface 120, such as a concrete pad. Each of the legs 136 has
one load cell 126 coupled thereto. The control module 104 receives the
outputs of the load cells 126. From sequential data samples obtained from the



catal yst passing through the nmetering devices 112 during each injection of
catal yst. The sensors 124 may be configured to detect the levels (i.e
volune) of catalysts in the conpartnents 103 of the storage vessel 110, the
wei ghts of catalysts in the conpartnents 103 of the storage vessel 110, the
rates of catalysts novenent through the storage vessel 110, discharge ports
116, nmetering devices 112 and/or catalyst, delivery line 115 or the Iike.
[00501 In the enbodinent depicted in Figure 1, the sensor 124 is a plurality

of load cells 126 adapt pr tric indicative of t ht . of
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112. Byll]J.S i ng I:I hgg:smmadrmﬂ;tljﬁhmweag] ngtmmum gmddmbnauyt ahe st uamot:hbog 5
dependi ng. on whi CiRORTAshess 68 i B8 BT S b PR il Pl Rl B odBRa &

of each catal yst thhtvanaionslirsihersaaurs ef vatalystdibpenses i eacteindividuaé ghot may
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production cycle fay b ore varratrons in

cat al yst di spensetiil,rfoeaxdampladchargirg thehepenntipe df dhe copledi swlved T3 tobgtiow

adj usting the del| | for exanpl e,
changi ng the openanpfén()érge%ts{#gé\& ?ﬁg?éﬁﬂ‘é é\@é%‘%% ﬂ'?d/‘hﬁg:vsec%rgg (or less)
catal yst to pass b@i elfhe opgrationdof theoFEResysEmy 1090is [niiatead whies tbpetmﬂmbn of

the FOC system 10foisiel fid baleAfindloRr tREGRNIRY oachiotiet HedlBhesdrbls, 1 O!

exanpl e based on a pre-set Injection sc ul e manual activati on, of
a conputer nodel manual@chyation eepuriracoroputert mpéel rumwpwnvzemperﬂhonmtheon

provi ded by sensoee efr{g}eor?‘mma O pRAMGIS] ERAN. 1l arlint EcAYLERLEAR {0

function at optina anpunt of cat a

return the syst enlNS““@lﬁ}'ﬁmw tQ/\ﬁU!"ﬁﬁ'CH‘ %l %"E@éﬁﬁﬁ'@ﬂ@p(ﬁﬂeg@ "\’/W‘Pld]’!i\nf catalyst
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utilized to maintain the system em ssions at an acceptable l'evel or to
derive a For example; catalyst additions in response to a sensed output metric may be
utilized to maintain the system emissions at an acceptable level or to derive a
desired product mix from the feed stock oil.
[0052] Based on the control module’s determination, at least one particular
catalyst suited to address a particular system need (e.g., emissions reduction)
may be dispensed from the multi-catalyst injection system 106 and released
into the delivery line 115. In one embodiment, several catalysts are dispensed
simultaneously from a single injection system 106 and released into the delivery
line 115. Thus, the number of total storage vessels 110 for containing catalysts
may be reduced, and the FCC system 100 may be adapted to operate more
efficiently with minimal system modifications.
[e0os31 Figure 4 depicts a sectional view of another embodiment of a muilti-
catalyst injection system 400. The multi-catalyst injection system 400 is similar
to the system 106 depicted in Figures 1 and 2 and comprises a storage vessel
401, a separator 402 and a plurality of compartments 404. In the embodiment
illustrated, the storage vessel 401 is separated into three compartments 404a,

404b and 404c (hereinafter collectively referred to as “compartments 404") by



desired product mx fromthe feed stock oil. [0052] Based on the control
nmodul e' s determ nation, at |east one particular catalyst suited to address
a particular systemneed (e.g., em ssions reduction) nay be dispensed from
the nulti-catalyst injection system 106 and released into the delivery line
115. In one enbodi nent, several catalysts are dispensed sinultaneously from
a single injection system 106 and rel easeg, into the delivery [line 115.

Thus, the nunber of total storage vessels 110 for containing catalysts nmay
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catal ysts that reqM‘P pe is particularly suitable for use wi o-part catalysts that require
separate injection at different volumes, and in systems where greater quantity
of one catalyst is used relative another, but the tota! volume of catalyst used
make it desirable to share a common injection system. Moreover, one of the
compartments 404 may be kept empty to provide an on-line emergency
injection system ready for loading catalyst for satisfying unplanned changes in
processing requirements, thereby enabling the refiner to quickly take advantage
of market conditions or regulatory issues, such as emissions. '
[o054) Figure 5 depicts a sectional view of another embodiment of a multi-
catalyst injection system 500. The multi-catalyst injection system 500 is similar
{o the system 400 depicted in Figure 4 and comprises a storage vessel 501, an
adjustable separator 502 and one or more compartments 504. In the
embodiment illusirated, a storage vessel 501 is separated into three
compartments 504a, 504b and 504c (hereinafter collectively referred to as
“compariments 504") by the adjustable separator 502. Each of the three
compartments 504 is further associated with dischar&;e port 508a, 508b or 508¢
(hereinafter collectively referred to as “discharge ports 508"} and fill ports (not
shown).
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[0057) The movable flanges 506 are fixed in orientation by a locking
mechanism 640. In one embodiment, one locking mechanism 640 is coupled to .
each edge 642 of the flanges 508 adjacent the sidewall of the vessel 501. The
locking mechanism 640 is generally adapted to releasably engage the sidewall
of the vessel 501 in a manner that prevents rotation of the flange 506.
Alternatively, the focking mechanism 640 may be disposed in ancther location
within the vessel 501, and configured to secure the relative position of the
flanges 506. For example, a locking mechanism may be configured to bind the
hinge 510 or be in the form of a brace (not shown) disposed between two or
more of the flanges.
[oos8] Figure 7 depicts one embodiment of the locking mechanism 640 that
may be utilized to fix the orientation of the flanges 502 within the vessel 501. In
the embodiment depicted in Figure 7, the locking mechanism 640 includes a
screw 702 threaded through a block 701 affixed to the flange 506a. The block
501 may be coupled to the flange 506a by welding, screwing, riveting, bonding'
and the like. As the screw 702 is rotated to extend through the block 701, the



engages a hole 612 forned in the bottomof the vessel 501. The brace 610
and hole 612 retain the rod 608 in an orientation that allows the flanges
506, retained by the elenents 602, 604, to freely rotate around the rod
608. I ow] The novable flanges 506 are fixed in orientation by a | ocking
mechani sm 640. I n one enbodi nent, one | ocking nechanism 640 is coupled to
each edge 642 of the flanges 506 adjacent_.the sidewall of the vessel 501.
The | ocking nmechanism 640 is generally adapted to rel easably engage the

sidewal | of the vessel 501 in.a nanner at pre s_rotation of_t l.ange
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mounting flange 804. The mounting flange 804 is coupled to the flange 506a in
a position that allows a second edge 806 of the seal 650 to extend beyond the
edge 642 of the flange 506 to engage the walls of the vessel 501. The second
edge 806 of the seal 650 is generally configured to allow the flange 506 to
move relative the vessel 501 while substantially preventing catalyst from
passing bgfween compartments through the gap defined between the edge 642
of the flange 506 and the vessel 501. In the embodiment depicted in Figure 8,
the seal 650 is a brush having its first edge 802 crimped or otherwise fixed in
the mounting flange 804. The mounting flange 804 is riveted or otherwise
secured to the flange 506. Although not shown in Figure 8, it is contemplated
that the seal 650 extends substantially along the entire edge of the flange 506
disposed adjacent the walls and bottom of the vessel 501.
foo61] It is also contemplated that the seal 560 may be disposed between an

- upper edge 652 of the flanges 506 and the top of the vessel 501 in
embodiments where the brace 610 forms the sealing of the vessel. The seal
650 disposed between the upper edge 652 and the bottom 654 of the sealing of



Exanpl es of suitable seals 520 include gaskets and brushes. The seal 650
may be di sposed on one or both sides of the flanges 506. [nbt Referring
additionally to the partial sectional view of Figure 8, the seal 650 is
generally includes a sealing. elenent 810 coupled at a first edge 802 to a
nounting flange 804. The nounting flange 804 is coupled to,the flange 506a
in a position that allows a second edge 6 of the seal 650 to extend
beyond the edge 642 of the flange 506 to engage the walls of the vessel

501. The second ed e 806 t seal 650 is rall.y confi
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the system 100. As e sensor transmt 1320 as depicted in Fiqure 13
pllot regulator valve 1202, a control valve 1204 and a pressure indicator 1206.
The pilot regulator valve 1202 is manually set to a predefined pressure. When
the pressure at a sensing port 1208 of the pilot regulator valve 1202, which is in
communication with a plenum 1205 of a vessel 1200, the pilot regulator valve
1202 opens to provide pressure to an actuator of the control valve 1204. The
control valve 1204, upon being actuated by the pilot regulator vaive 1202,
provides gas from a plant air supply 1210 to increase the pressure of the
plenum 1205. The pressure indicator 1206 is generally coupled in
communication with the sensing port 1208 and plenum 1205 to facilitate
manually setting the pilot regulator valve 1202 such that a predefined pressure
in maintained in the plenum 1205 by the controiled intermittent opening of the
control valve 1204,
[oo65) Although the convenlional pressure control system 1205 may be utilized
with any of the injection system embodiments described above, the pressure
control system 198 provides benefits that in many instances, are worth the
additional cost of implementation. For example, as the control module 104,

using real time information from the control system 198, monitors both vessel



provides real tine pressure information to the control nodule 104, the
pressure wthin the vessel 110 may be nore accurately nonitored as conpared
to conventional pressure control systens. foos4l For conparison, a
conventional pressure control system 1250 is depicted in Figure 12. The
pressure control system 1250 generally includes a pilot regulator valve
1202, a control valve 1204 and a pressure,jndicator 1206. The pil ot

regul ator valve 1202 is nanually set to a predefined pressure. Wien the
pressure at a sensing port 1208 of the pilot requl ator valve 1202, which is
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110 were open.
without reliance of mechanic systems such as those described in Figure 12,

precise regulation of pressure within the vessel 110 is facilitated., This allows
for more accurate calculation of vessel weight, and ultimately, move accurate
control of the amount of catalyst injected into the FCC unit 190, thereby
providing more robust process control.

[o0871 Figures 9-11 depict the effect of pressure variations on the weight
reading of an addition system having mechanical pressure contro! system such
as shown in Figure 12 verses an electronic pressure control system such as
pressure control system 198, Figure 9 depicts a graph 900 illustrating plots
910, 912 of pressure contro! of addition systems respectively having electronic
and mechanical pressure control. Plot 912 was taken from an injection system
equipped with the system 1200 while plot 910 was taken from an injection
system using the control system 198. The y-axis 902 depicts pressure within
the vessel while the x-axis 904 depicts time. The pressure fluctuations seen on
the plots 910, 912 were taken over a one-hour period. Pressure increases in
both plots are typically due to the pressure controller increasing the pressure
within the vessel. With the pressure control system 198 in use as shown in



Beneficially, the control nodule 104 prevents such occurrences by | ocking
out or suspending pressure regulation by the valves 1310, 1330 of pressure
control system 198 during catalyst fill and di spense operations.

Conversely, injections of catalyst to the FCC unit 190 or recharging of the
vessel 110 with catalyst nmay be del ayed during pressure regul ati on by
pressure control system 198 until both vg ves 1310, 1330 are closed. 100661
Moreover; as the pressure within the vessel 110 is control electronically

wi t hout reliance of mechanic sgstens
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plot 912 is due to cyclin regul at or as the conventional system
wor ks to constant ﬂW@%‘iﬁ“r t§| e‘t%""ﬁf%ﬂ’@@ﬂf@“t \VhﬁY%?mérha"N@ @y&p@dcqn@amerﬁ nce
the anmount of gasaWhbhinitiohepiBh@neim affects the weight cal cul ation, and

ultimately, the anmount of catal yst discharged, the
{ooes} Figure 10 depicts a graph 1000 lllustratmg the relation of pressure

within a vessel, as shown by plot 1020, and a plot 1030 of the vessel weight.
The graph 1000 has pressure on y-axis 1002, weight on y-axis 1006, and time
on the x-axis 1004. As depicted in Figure 10, the plots 1020, 1030 have been
obtained during a period where no catalyst has been discharged, and as such,
the plot 1030 should be steady, e.g., horizontal. However, as the pressure plot
1020 exhibits variation due to fluctuation in the reading from the conventional
pressure sensor and control system (e.g., the control system 1250), the
| variation in the sensed pressure, and accordingly, the weight of the gas within
the plenum of the vessel is caused to fluctuate. The fluctuation causes the
controller to erroneously calculate the weight of catalyst within the vessel, as
indicated by the fluctuation of the plot 1030. As some types of process control
require catalyst additions to be within one pound accuracy, addition control
using this {ype of pressure sensor is undesirable.
[oo69] Figure 11 depicts a graph 1100 having a plot 1120 of vessel pressure
and a plot 1130 of calculated vessel weight utilizing an electronic pressure
control system 198. The y-axes 1102, 1106, respectively, are pressure and



effect of pressure variations within the vessel may undesirably lead to

m scal cul ati ons of catal yst discharged, particularly when different types of
catal yst having different weights are present in the conpartnents. Thus,
control, accuracy and precision of the pressure reading is inportant for

obt ai ni ng robust process control. Plot 910 is illustrated of the inproved
pressure control and/or sensing of pressufe control system 198 over
conventional systens (such as the system 1250) El i m nati on of the pressure
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vessel i sI causled ccmtrfoll axastelaIS@f tﬁ'éﬂypbldmcnl.tlmtdl amveadyelstagwsl)cfmtllm pmcess
erroneously cal cu

i nd|t calt ed by the ﬁfﬁgﬁgﬁ? ogdo?k?(ﬁg f‘?hf %8@?? kﬂé E’é’ﬁ‘rﬁgt";g‘%ﬁ%t ogsr%gggessis

con_ I’Q reqU| re S aadl t1 ons (0] e w I n one poun accur acy,

B gur e 11" dept ot 51O IhbSih BHREnCIn BiER S rBs & f 3o ol fb AL in D 197
pl gt 1130 of pcal ctﬁ'@t%éﬂglﬂé@éeéwcv@ﬂ@ﬁ%g 'éﬁﬁt‘?m%l Agterage vesssl &nn@omﬁtﬁh@ts

G gnt. whil ot herxPoyet HSIs. &ifanid 1 aIshERE rCLY mdfbd cBERSE T nand 19
while no cat al ys$er@ralplyyesimuitanggusly &vgrroéae%mﬁs @atheAgvmpncﬁ"ew the stafeds| ot

1120, the out put yddsgmd e eaja&%urt% ESABA iR  voRAhdd %F'c%fdi;)’staa%cﬁﬂmﬁj‘&?d to
the plot 1020 of Figure 10, illustrates the increased precision of pressure

regul ation af f or dERFNIEP BrRsestr Reedsnt Apregyes: dmpreyed RIESSUret pRMtioA| RIGYideed

wei ght of cat al ysiciabéd Rcciiragy 6P &afllysbagdiibhs Whichl camplimdHianiatimprovesiend 0

pressure variati Ogerfca}%arsmgee gf tRX F%C? unit. Process flexibility, therefore, is greatly enhanced.
{0071} While foregoing is directed to the preferred embodiment of the present
invention, other and further embodiments of the invention may be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.



1130. Thus, the use of electronic pressure transmtters and el ectronic
pressure control systens of the type described above advant ageously
facilitate process control in systens where accuracy w thin one pound of
catal yst dispense is required. 10070) Thus, the present invention
represents a significant advancenent in the field of fluid catalytic
cracki ng systens. A storage vessel for prgcess catalysts is provided that

i s capabl e of digﬂeﬂéjng two or nore catalysts, either separately or

si mul t aneousl y. mbodi nent's of -the invention allow the storage vessel to be

adj usted to contayn VARGl IR syskimborfprisaggor ding to  changi ng

T

process needs. Moreover, inproved pressure control provides increased
accuracy of catalyst addidcatahdicmddnddspeitentarily inproves the

performance of the F dé'&'![&st iffeelds veddePXbibd tty ,thé TRIE katabtici Gagkimauhiy
enhanced. [00711 Wiile toregoing is directed to the preferred enbodi nent of

the present i nvéavings plyralitgof gaalyst§ie19es cCRambRIFnent s of the invention may
be devised wi thout departing fromthe basic scope thereof, and the scope
thereof is determ ned by the clajns tfhat follow. 20 Cdains 1,A fluid
catal ytic cracki ng- sySheRystemmef claimd. furthef cOMRNs: sl ytic cracking unit; and
a catal yst injection yegpalatéosRimst te a bettdrh wfdhe aleabyit and @xankinggtouan t

having a plurality of catalyst storage chanbers. 2. The systemof claiml
further conprisi r%e!"aﬂmb%'ﬂ%ﬂ t%@p@gmﬂgﬁ?s‘po a bottom of the vessel and

extending to an elevation short of a top of the vessel. 3. The system of

claim2, wherein the geparator cor;ﬁri ses: t nore flanges extending
felgim: 2.

radi al |y outward from' e E¥H#B9 \grgerelp\é\g%géq%t%?orpﬂ@  anges forming a

dog-leg orientation. fvo dhmokyRirkfEsxtendiigniatiialiyvbamard frohrea somatont joint, at
conprises: two or nore fH ﬁn%es ext endi n%orgdi al.ly outward froma comon
joint, at |east 'e3%bMs okthe Nengas eenipg ARCIRPROFBIRE t he conmon joint. 5.
The systemof claim1, wherein the at |east two of the compartnents have
different vOlUMES, = 11 system of claim 2, wherein the separator comprises:

two or more flanges extending radially outward from a common joint, at

least two of the flanges rotatable around the common joint.

5. The system of claim 1, wherein the at least two of the compartments
have different volumes.

6. The system of claim 1, wherein the at least two compartments are

substantially equal in volume.

7. The system of claim 1 further comprising:
a plurality of catalyst fill ports disposed through a top of the vessel; and
a plenum is positioned within the vessel proximate the fill ports and
fluidly coupled to the compartments.

8. The system of claim 1 further comprising:

a pressurizing system coupled to the vessel adapted to control the
pressure within the vessel in a range of about 5 to about 80 pounds per square
inch (about 0.35 to about 5.6 kg/cm?). -

9. The system of claim .8, wherein the pressurizing system further
comprises:
an electronic pressure transmitter for determining pressure within the

plenum.

~



6. The systemof claim1l, wherein the at |east two conpartnents are
substantially equal in volune. 7. The systemof claim| further conprising:
a plurality of catalyst fill ports disposed through a top of the vessel; and
a plenumis positioned within the vessel proximate the fill ports and
fluidly coupled to the conpartnents. 81. The systemof claim1l further
conprising: a pressurizing systemcoupled to the vessel adapted to control
the pressure within the vessel in a range of about 5 to about 80 pounds per
square inch (about 0.35 to about 5.6 kg/cnR). 9. The system of claim:8,
wherein the prgssurfzi upt ssure
transmtter foﬁdett@m%%%zﬁe@séuﬁé%&i hrpﬁ%é&%ﬁ‘cﬁ gss‘:drgiéﬁ%g&@hgéfystem
of claim9, wheredolution®f et leest bpsic pressure transmitter has a resol ution of
at least 1 psi. 11. The systemof claim9 further conprising: a controller
coupled to the pressure transmtter, and a first val ve having an actuation
state sel ect ed'by tThe systam of ¢laim |9nfumheem§mgo a nmetric of pressure proved
to the controller hy &ﬁ%n&#&ﬁ@i&a%&gﬁ rb2sure B5 %ﬁgp%gf claiml further
conprising: a resp ective net evh ce coup ) t0 each conpartnent. - 13.
The systemof clairma frstuvalv&amawgpan gichigtion %@pmeiﬁmd dyuileccontelioredn a

bottomand a t ') hr ough the
separ at or proxf‘l"Ig 'f'settﬁga '}tﬁggﬁ?ff pr@ﬁ%greaggs i Hq&mﬁgéﬁbfm %ﬁ}%ﬁ?:ﬁﬂi}eg m1,
wherein at | east one of the conpartnents has an adjustable vol une.

12. The system of claim 1 furthes comprising:
a respective metering device coupled te each compartment.

13.- The system of claim 1 further comprising:

a separator coupled between a bottom and a top of the vessel; and

at least one hole extending through the separator proximate the top of
the vessel.

14. The system of claim 1, wherein at least one of the compartments has
an adjustable volume.



