SEAL LEAKAGE GAS RECOVERY SYSTEM FIELD OF THE INVENTION [0001]The invention relates
to a recovery system for dry gas seals and more particularly, to assist in recovering sealed leakage
gas from a mechanical seal assembly used for sealing a rotating shaft of rotating equipment such as
compressors. BACKGROUND OF THE INVENTION [0002]Rotating equipment such as compressors
include a motor-driven shaft thERdriVesr& AsiatabhscRBLOVEIR Suh 28EM impeller for pumping a fluid
such as a gas or other type of processed fluid. Such mechanical seals typically include opposed pairs
of relatively rotatable seal rings which are supported in a seal housing and are mounted in surrounding
relation to the equipment shatft. One%%%]‘ﬁné)ger%ﬁilﬁs%mgﬁp%hile the other seal ring is fixedly
mounted 000hg shaft Shasitavetatd drereiv vaersintibe seakurgseare relatively rotatalie wnd have

opposed mter;aecallli% s%al O[a%(ce)sr\évh|ctgwrdceiflgg:laasreial|ng region that prevent or C%eq:tly minimizes the

Ieakage%?%rocess Huid across the sealing reglony [QO%%]l\ﬁggﬁfnﬁcé%egﬁs can be r|590vided in various
combinagtnssacldgingdvabiagnd eeetn B@siyRRdions. Fedry gasIaBEHahictt $8alsdf this type, a

buffer flyid canhe provisiesoutboardof the sealdings; aed additigpally-a sealsupply gas can be

supplied to the region adjacent the seal faces. During shaft rotation, a thin fluid film forms between the
seal facgﬂg%gﬁgr&resthe seal faces and provide dry gas, non-contacting operation of the mechanical
seal. BACKGROUND OF THE INVENTION

[0002] Rotating equipment such as compressors include a
motor-driven shaft that drives a rotatable component such as
an impeller for pumping a fluid such as a gas or other type of
processed fluid. Such mechanical seals typically include
opposed pairs of relatively rotatable seal rings which are
supported in a seal housing and are mounted in surrounding
relation to the equipment shaft. One seal ring remains
stationary while the other seal ring is fixedly mounted on the
shaft so as to rotate therein wherein the seal rings are
relatively rotatable and have opposed interfacing seal faces
which define a sealing region that prevent or greatly

minimizes the leakage of process fluid across the sealing

region.
[0003] Mechanical seals can be provided in various
combinations including double and tandem configurations. 1In

dry gas mechanical seals of this type, a buffer fluid can be
provided outboard of the seal rings, and additionally a seal
supply gas can be supplied to the region adjacent the seal
faces. During shaft rotation, a thin fluid film forms between
the seal faces to separate the seal faces and provide dry gas,
non-contacting operation of the mechanical seal.

[0004] In various mechanical seal configurations, the
separation of the seal faces may allow for a process fluid
located adjacent the seal rings to leak past the seal
interface. However, discharge of such process fluid into the
atmosphere is highly undesirable, and therefore, the invention

relates to a recovery system for recovering any leakage across



[0004]In various mechanical seal configurations, the separation of the seal faces may allow for a
process fluid located adjacent the seal rings to leak past the seal interface. However, discharge of
such process fluid into the atmosphere is highly undesirable, and thereforeﬁ the invention relates to a

recovery S§steffibr Feddvaring ahy aklde REFOLE the %%ﬁllrir%g%at%ﬁ‘ﬁ@re v Breventsedl fedkage

from leaking t9the ambiet-envisemmeant, [0005]In particular, the invention relates to a leakage
recoverﬁéstem which collects any seal leakage gas from one or more dry gas seals in a recovery

system, [#88kizes sikhR@afibaRAGE, anbttuthY fiatskalieaRage f°thk CofptESdor $Fstem at a
point in the erapressoissysiermMherein the seal leakage £an beiused-asa sURPlY gas prayided

adjacent the inboard process side of the mechanical seal rings or alternatively, provided to the suction
side of e cbpiptessor. [0066]ERdrobiécts ah puHiuses oY tHeSfvemiohS aRd vafations thereof, will

be apparentuponreading the follpwing specification. gad inspecting the accampapyipg drayings.
BRIEF DESCRIPTION OF DRAWINGS
system at a point in the compressor system wherein the seal
leakage can be used as a supply gas provided adjacent the
inboard process side of the mechanical seal rings or
alternatively, provided to the suction side of the compressor.
[0006] Other objects and purposes of the invention, and

variations thereof, will be apparent upon reading the

following specification and inspecting the accompanying

drawings.
BRIEF DESCRIPTION OF DRAWINGS
[0007] Figure 1 is a diagram of a compressor system.
[0008] Figure 2-2B is a first diagram of the control panel

for the compressor system.

[0009] Figure 3 is an additional diagram of the control
panel of Figure 2.

[0010] Figure 4-4A is a first diagram of a compressor
recovery system for the compressor system.

[0011] Figure 5 is a second diagram of the recovery system
of Figure 4.

[0012] Figure 6 is a legend showing the symbols used in the
foregoing diagrams.

[0013] Certain terminology will be used in the following
description for convenience and reference only, and will not be
limiting. For example, the words "upwardly", "downwardly",
"rightwardly" and "leftwardly" will refer to directions in the
drawings to which reference is made. The words "inwardly" and
"outwardly" will refer to directions toward and away from,
respectively, the geometric center of the arrangement and

designated parts thereof. Said terminology will include



[0007]Figure 1 is a diagram of a compressor system. [0008]Figure 2-23 is a first diagram of the control
panel for the compressor system. [0009]Figure 3 is an additional diagram of the control panel of Figure
2. [0010]Figure 4-4A is a first diagram of a compressor recovery system for the compressor system.
[0011]Figure 5 is a second diagram of the recovery system of Figure 4. [0012]Figure 6 is a legend
showing#hedynigois u§edinlthe mentioned, derivatives thereof, and words

of similar import.

DETAILED DESCRIPTION
[0014] Referring to Figure 1, a compressor system 10 is
illustrated which is configured for connection to a dry gas
seal control panel 12 illustrated in Figures 2 and 3, and a
dry gas seal leakage recovery system 14 illustrated in Figures
4 and 5. While the diagrams of Figures 1-5 illustrate in
detail the sensors, valves and piping of such systems, the
invention relates more generally to the interconnection of
these components for recovering dry gas seal leakage and re-
injecting same into the compressor system 10. Figure 6 is
included as a legend for the various symbols used in the
diagrams of Figures 1-5.
[0015] Referring to Figure 1, the compressor system 10 is
illustrated as an exemplary embodiment for use with the
recovery system 14, although it will be understood that the
recovery system 14 is suitable for use with other compressor
and pumping systems and with a variety of mechanical seals and
mechanical seal configurations.
[0016] The compressor system 10 comprises a compressor 16
having a process fluid chamber 17 through which extends a
rotatable drive shaft 18 having a drive end 19 that is driven
by a motor, and a non-drive end 20. The shaft 18 mounts
thereon impellers 21 which rotate in unison with shaft 18 to
pressurize and displace the process fluid such as a process
gas that is received in the process fluid chamber 17 through a
compressor inlet and discharged therefrom through a compressor
outlet. The construction of the compressor 16 is generally
conventional such that specific illustration of the inlet and
outlet is not required. It will be understood that the
recovery system 14 is not limited or restricted to use with
compressors and is readily adaptable to a variety of equipment

having mechanical seals therein.



foregoing diagrams. [0013]Certain terminology will be used in the following description for convenience

and reference only, and will not be limiting. For example, the words "upwardly”, "downwardly",
"rightwardly" and "leftwardly" will refer to directions in the drawings to which reference is made. The
words "inwardly" and "outwardly" will refer to directions toward and away from, respectively, the
geometri®Odrtér of theheerangemest sod designated farts thereafoSaiditeeminaldgyusiiliaclude dords

specifically mentianed. deivaliyes Jewwoh,andwaigs of similarimpod, RETALER DESCRIPTION

{0014}Referring to Figure I, a compressor system 10 is illustrated which is configured for connection to
a dry galeat Bontfol leRel1 2 MidRirafedisn FHigurds Rand 3 farftes A dsaded $edkage recovery

system %4 JlusbratesksinFgunes and 51While the diagsams of Eigeres tbalusteate dxdetail the

sensors, yalyes,and pinind of such ysteme. the inyention elales more generally o ey, -
interconnection of these componentsfor recovering dry gas seal leakage and remjecting same into the
compregsyd syStem 10. Figure 6 is included as a legend for the various symbols used in the diagrams

of Figurgp d18 {0015]Bgferrag io.bigkie Lpthe compressarsysten 194s {iystraledips-an-gxemplary
embodiment for use with the recovery system 14, although it will be understood that the recovery

system P£ 7 sditablE (e iitPEthér EOABRESof Bnd Pufpiid Sy5tEmE e WitS 4 RBMAgty of
mechangas sealsandaiechanical iseahdarifigaratiopsly gas will be supplied as

described further hereinafter. Between each respective pair
of seals 24 and 25, a buffer fluid chamber 29 is defined that
is formed in inboard and outboard sections which are separated
by a divider wall but are still in communication with each
other by a flow-restricting labyrinth 31.

[0019] It is noted that the buffer fluid chamber 29 further
includes an inlet 32A through which a buffer fluid is injected
or supplied as will be described further below. The inboard
section of the buffer fluid chamber 29 includes an outlet port
30 to allow for egress or discharge of dry gas seal leakage
which may leak into such chamber section.

[0020] On the outboard end of the housing 23, a separation
seal supply inlet 32B is provided which also supplies an inert
gas to the shaft surface to further separate the outboard
seals 25 from atmosphere. An outboard chamber 33 is defined
at this end which includes an outlet 34.

[0021] The compressor unit 16 is connected to various gas
supply lines and discharge lines as will be described further.
[0022] As to the gas supply, the illustrated embodiment
preferably is provided with a buffer fluid defined by a
nitrogen gas, although it will be understood that other
fluids, preferably gases, may be provided. 1In particular, the
buffer fluid gas is first provided through separation seal
supply lines 36 and 37 which respectively connect to the
inlets 32B at the drive end (DE) and non-drive end (NDE).
These lines 36 and 37 supply the nitrogen gas at the outboard

end of the compressor unit 16.



[0016]The compressor system 10 comprises a compressor 16 having a process fluid chamber 17
through which extends a rotatable drive shaft 18 having a drive end 19 that is driven by a motor, and a
non-drive end 20. The shaft 18 mounts thereon impellers 21 which rotate in unison with shaft 18 to
pressurize and displace the process fluid such as a process gas that is received in the process fluid
chambef 00 2t%bugh artonpressortinket and isphargedsthetefton shrougp Rieginpressor outlet. The

tructi i tiopal that specific;illustration of the inlet
construcign of dhe, gamptessot 46,3 generally conventionalughhal spagficilystcation ofdhe inlet.

and outlet is not required. It wi stood that the recovery system'1

to use With condtesSetBRxhY id t&sthly Htlapteble b &varestof equiptterthalMiy heehshical seals
therein. Q0% ¢]d he zomprassardpityl 6 usther eemgeses;a hovsingr?3 wherein therappiasite drive and
non-drive ends of the housing 23 each mount therein a pajr of mechanjcal seal assemblies 24 and 25.
In particilaF ThesE n(:zegch%?r]\ilc% seals 9[nalnsol f? ie%pg&i\%)? ‘éier;tilrﬁréJ Flllb%%?d SR BOoard seals 24 and
25. [0018Jemirrinpeaidi proce s floidEide bEthermechenical seall2d arsedl lsapply chanides 26 is

defined haying Asunpieas inlet 37 thraugiywhicha supply 9as, willoe sypplieghas; described further

hereinafter. Between each respective pair of seals 24 and 25, a buffer fluid chamber 29 is defined that
is formed 57 fibbafd BRd Dutdtrd SEctiEWREN 376 SRR e by ASviderSwAR Bdtarastill in
communidationtliglr eécivothes bywaghowiestaatingslabgonth 31. [0019]lt is noted that the buffer fluid

hamb her ing| [ t h whj ffer fluid is injected [ illb
oscribabl MAkbr below 106 AbOAEICRIGN 8 1 Buflr Tictchambur 20 meldes A Galat por 20

to allow £t dressierdisbRarye st &fy gds sedNéakagtrwhichdagy Rk ispadukl chaiibRE Section.

from the buffer fluid in the illustrated embodiment, since it
is fed with process fluid collected from the compressor unit
16 or its associated piping, for example, from the discharge
side of the compressor or even at an intermediate location in
the compressor system. This pressurized supply gas preferably
is provided at a pressure which is slightly higher than the
process fluid pressure generated in the process fluid chamber
17. Due to the inherent operation of the inboard mechanical
seals 24 which results in slight separation of the seal faces,
the supply gas provided through the supply lines 40 and 41 and
the respective inlets 27 may leak past the inboard mechanical
seals 24 into the inboard chamber section of the buffer fluid
chamber 29. Any such dry gas seal leakage, however, is able
to exit therefrom through the outlet ports 30 for subsequent
collection by the recovery system 14 described below.

[0025] It is understood that the compressor unit 16 in the
illustrated embodiment is a tandem-L mechanical seal
configuration and that other seal configurations may be
provided for use with the recovery system 14 of the invention.
[0026] In the illustrated compressor unit 16, the buffer
fluid may flow to the outlet 30, wherein a substantial portion
of the buffer fluid that is provided to the buffer fluid
chamber 29 is able to flow to this outlet 30. Additionally,
leakage may occur through the mechanical seals 24, which

leakage may be process fluid itself or the supply gas as



[0020]On the outboard end of the housing 23, a separation seal supply inlet 32B is provided which
also supplies an inert gas to the shaft surface to further separate the outboard seals 25 from
atmosphere. An outboard chamber 33 is defined at this end which includes an outlet 34. [0021]The
compressor unit 16 is connected to various gas supply lines and discharge lines as will be described
further. [0022jAth thegasgupphe thadip$tyatedremsbadimentipreierablyss pranded with @azuffer fluid
defined itrag ~alt h it wvill t other fluj refe es, may be
provide .%r%%ﬁ?cu?%?%éeg%uﬁ%u%& \ggsé)g fLi%rrasactj g%%%%é@%gu%%%%%%%aﬁo% s%:l}%ug gp y lines 36 and
37 which f&§peciiVel§ $ORnBEAB RS inldtd BP B acthe \WhReé ©ndyDE) lindTunidiiVel&id INDE). These
lines 36ngE-supply the nitregengas 94 the edtheard.end obihe comprepsaramitiko. [0023]Further,
the nitrogen gas alsq.is su pg d as an interstage.seal sypply which flows through supply lines 38 and
39. The %p‘?ﬁﬂfﬁ&%g}% ; Lé%)ringéjttc% %ﬁlegbg#eer flliid infets 3 a‘{qnigiilug%?y L(1=,‘<:er;¥)trogen gas to the
barrier fluicbcleanbérl 29 dvhivh fuigistableas flowAfsors dleén outboardidlsarnbegsettibas kavagh the

intermedliaig lgbyripthg 31do the inhgard ghamber 5eigns 29. £5suUeh samnbarsiet Auiddeaching this
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ports 30 flows downstream through the discharge lines 43 and
44, which lines may also be configured for venting to
emergency flare.
[0027] Additionally, the outlets 34 may contain an inert
separation seal gas therein and are not contaminated, such
that the outlets 34 can be connected to discharge lines 46 and
47 and vented to atmosphere.
[0028] As to Figure 2, Figure 2 illustrates the piping
system for supplying the barrier fluid gas, i.e. nitrogen gas,
to the supply lines 36, 37, 38 and 39. This gas is provided
from a source 50 wherein the gas is piped through various
monitoring and control components including a filter 51.
[0029] Further, the supply gas is provided to the supply
lines 40 and 41 through the supply gas system 52, which system
includes a dry gas seal filter 54. This filter 54 removes
debris and/or moisture from the gas being supplied thereto.
The supply gas is provided through inlet line 55 which
receives compressor gas from the compressor unit 16.
Additionally, a second inlet line 56 is provided upstream ot
the filter 54, which inlet line 56 receives recovered gas from
the recovery system 14 described below for re-injection into
the compressor system.
[0030] Referring to Figure 3, the non-drive end leakage
exits the compressor unit 16 and flows through the discharge
line 43, while the drive end leakage flows through the line
44. The collected leakage flows through the lines 43 and 44
and is then provided to the control panel 12. As this leakage

flows through control panel lines 58 and 59 seen in Figure 3,



[0024]Also, a supply gas is fed to the supply gas chambers 26 through the inlets 27. This supply gas
preferably differs from the buffer fluid in the illustrated embodiment, since it is fed with process fluid
collected from the compressor unit 16 or its associated piping, for example, from the discharge side of
the compressor or even at an intermediate location in the compressor system. This pressurized supply
gas preferattty isiprogided aiadréssura vihich issstighthy higthen thad therproeecesseftiid pressore
generated,in the pragess fyd enamber 1{1Rus {0, he nhigrep] gperatiog of (e iboard mechanica
seals 24 which results i sﬁa t separation of the seal faces, the Supply gas provided through the

supply lih893dland 41 s idrespefthvalinfetd 27 iBpleak pasewe ihbosd mécldiical Beals 24 into

the inboakshehamberisectien obthe-bufferfluid shambed Anyssuchaty oas seatleakage, however,
is able to e§itt erﬁfr m dég%oulgh the outlet gforts 30 Icog supsequent collection by the recovery system
14 descfited elgwé%o It e aiTdersthod ¥hat e conthréSP Mt IBRIAE iilttrated embodiment is

a tandemddmechanitallssak ggrfiguratien afd tiatwtheriseabcarfigueatibnisanépbe provided for use
with the Lecovery, systemcldh af the Javention,, [A026)in the Hustrated GoMRIessar Wil {16, g buffer

fluid may flow to the outlet 30, wherein a substantial portion of the buffer fluid that is provided to the
buffer filid cRAMDEF 28%s 8BS tONISW tothisSIAfkt 36NAddiIFSHRRS REREGe mAFS&ES tHidfigh the
mechanicatssals 24 swhichrleakageapay berprocessofl e dselbosthe supplyygas asgirevided through

the supRly, Ings 40 8d 40 As Such. e gas elinatheguahthe.ouien 3 rlggl caniains g ertain
level of such process uia and supp?y gas’in combination with buffer lid. Tn'somé seal con igurations,

a substanddiscrEioa bf iraffdid exitingthie BafleRBRWHME SN ISEcEss fild br3leply gas. As such,

the discharged deakagertanagtbe direethpweridad to atmosphere since such would be a contaminant.
Therefor e leakage fluid exjting through the ports_30 flows downpstream through the discharge lines
o et iy e o ehtng ;

43 and 4 & e%SEﬁgLﬁga dT%Jr]‘fliﬁ Yo ek gncﬁleffa?g.e[ﬁ 2‘?]§/Asd%ﬁ{%nally, the

h lines r%ay alsg’
outlets 344may eohtairean eery separaton seallgadabereirf and are notoontarhinated; such that the

outlets 34.cam; he corneciad te,dischaygs lines gk andk44-and verledlo AMegPReieat ed

downstream therefrom. Between the receiver 65 and 66, a pair
of compressor units 68 and 69 are provided to pump and
pressurize the leakage collected in the receiver or
accumulator 65 and pass such fluid to the receiver or
accumulator 66.

[0033] More particularly, the leakage lines 58-63 connect
to respective leakage inlet lines 71-76 which pass through
respective control valves 77. The valves 77 are preferably
set at 200 kPag wherein the seal leakage then flows downstream
from such valves 77 to the collection accumulator or receiver
65. The receiver 65 is sized to have a suitable volume
capacity depending upon the number of leakage lines and flow
rate being received therein. Further, this 50-gallon receiver
includes an emergency flare system 79 connected thereto as
well as a liquid drain system 80.

[0034] The pressure in the receiver 65 is monitored by a
pressure sensor 82, while the safety vent 79 is controlled by
connection 83 which in turn connects to a PLC 84 that allows
for programmable control of the recovery system 14. The PLC
84 can monitor the pressure sensor 82 and affect an emergency

release if necessary.



[0028]As to Figure 2, Figure 2 illustrates the piping system for supplying the barrier fluid gas, i.e.
nitrogen gas, to the supply lines 36, 37, 38 and 39. This gas is provided from a source 50 wherein the
gas is piped through various monitoring and control components including a filter 51. [0029]Further,
the supply gas is provided to the supply lines 40 and 41 through the supply gas system 52, which
system ipolpdss a drymas seabitlierdd dhischiltardbdiremaves vebes and/of snaistetie from the gas
being supplied thereto. The supply gas is provided through in% t line hich, receives compressor
gas frorﬁg) tﬁ%egor%gre%ggrh uri 16§).h,%d(§:|ﬁgl aﬁl(?/,sg%lécgﬁldl ?n?et ?ﬁe is?:)\érlévigg& %%s#gér?lsof the filter
54, whichdsiet heB6 keceive s tBYerRgasiromithe pacdiery SEtémold gasttibed below for

re-injectiop{rtetheLonmresst systen400301Refersing fo Figure ScHseen-diive gnd tepkage exits
the compressor unit 16 and flows through the discharge line 43, while the drive end Iegrlﬁf%qc(ajflows

through TSNS EE T8 cORcteiehkigd floWs Hdugh T A3 BRE 22 Hnf 8 thén Brdlided to
the contrtab panebt2.éAs s leakage flows tleropghk sentralzzahef linesi58 and bOrseehom Figure 3,

such lines 58 apd 59,0, 4o are senfigucedlfor.cppnection 18 the.ecpyery ystemdfltrajed in

Figures 4 and 5. [0031]Turning to Figure 4, these leakage lines 58 and
respective pressure sensor 91 which connects to the PLC 84 and

allows monitoring for suitable pressurization of the leakage
fluid.

[0036] With these components, the dry gas seal leakage 1is
piped through the lines 58-63 and 71-76 so as to have a
controlled setback pressure that can vary from 0.5 to 3 bar
pressure depending upon the application. The flow of the seal
leakage gases are collected in the accumulator tank 65 wherein
the receiver pressure at sensor 82 is fed to the local mounted
PLC 84 that will be used to govern the on/off control of the
compressors 85 that are used to re-pressurize the recovered
dry seal leakage gas to a pressure up to 250 bar depending
upon application.

[0037] The compressors 85 are standard industry electric
motor-driven compressors used for low-flow/high pressure ratio
applications. The compression system also includes the
coolers 90 that maintain discharge temperatures to meet
specific application requirements and are sized per system
design. The discharge from the compressors 85 is then
collected in the receiver 66 that also acts as a pulsation
dampener and also drains off any liquids formed in the gas
through the liquid collection line 92 that flows to the drain
80 mentioned above.

[0038] Preferably, the compressors 85 are operated as
lead/lag compressors wherein typically, only one compressor is
required to be operated for most operational pressures and
fluid flows. The on/off operation of the compressors 85 is
controlled by the PLC 84, although the PLC logic may be

modified as desired. Typically, a lead compressor 85 will be



form two inlet sources for the recovery system 14. It is noted that the recovery system 14 also may
connect to additional leakage lines 60-63 which correspond to four additional seals, for example,
provided on the drive end (DE) or non-drive end (NDE) of additional compressors. Hence, the recovery
system 14 may connect to one to six dry gas seals through one to six leakage lines 58-63, although
any numiper:of telditiondl leakade liresimay bsdcoonenodated by stitimblessizing obtheigystem

compongpts- (ARZIBe(eying maie pagioplaryfoyl1e (AGOVERCSYRLSTY dde Sy (eCOVRLy Systerm

includes a first accumulator or receiver 65 and a second accumulator orreceiver 66 locate
downstreaRPReFSHFIMMBetweentHE Re ESIVErET 8¢ 66, a NaiFBR edMpras3of MR 68 M 69 are

provided to pumIpANsEPressuize-hie lgakagaemliectedra the keasives or agewnuladerdba-arsh pass

such quiOd tott g r%%%Yerw%r.%%umulatgr gG. [gOé%]MColrg rﬂacr)t'kcuéaor@/htréeoleakae%% IciDrfes g%—63 connect
to respecﬁve eakage inle lines 71-78 Which pgss ﬁwoug respective controf VaNVEs 77° The valves 77

are preféfralil geteats2000eP st wihardid thetseal ldakage therrfliews dormstréarnfeom such valves 77

to the celigglion aseumulaior giseeslyer fe- ke iecsiver 83 is-sized &3 have asuitgbleaalme
capacity depending upon the number of leakage lines and flow rate being received therein. Further,

this 5o-daﬁ|o?11r‘é%éﬁ}égﬁw%mdeg% &Ry fard §i e oPdsiRefedfErdis A W&l as a liquid
drain systenvy 801 [0 34liEhespresstire indle necetvenhbdas saonit®iedvby Agressiie isensardd?, while

the safety,vent ;s cantplled by conaedton 33,which T yn.CONDBSIS B AL 84 that allows for

programmable contr the recovery system 14. The PLC 84 can monitor the pressure sensor 82 and
affect arf @RiEr§EAc Rt AR 1P héddRaAnA S[0B3S AN et HRIRSFRToliRd iR tHeereteReP85 then is

piped toraach. of the COMPIesSaf sis HSsANEk6% vhieh unils each-eeaArissa Compre3sor®s, motor
86, control ane{ 87£o%rolled b ;fhe I]?LC 84. inlet 88 which recebives fluid .fﬁ) th%recei.ver 65, outlet
00 at.mm IE V1 '#

89 which'c |s?c‘?1%rges pressurlzeu fiuid 6 a%%%?e]f%ﬁ,s\?vﬁgré?r? the Sreggﬁ)rlzede Lid 1Y turA flows into the

downstreafm reeRE? 66°ThisTeeeilersh rohriesIerespediveqiressurersensorl @y which connects to

the PLC-8phd sllews monitoringfopsuitahie pressurizajiongi the leakage fididessors .
[0039] Figure 4 includes a listing of the on/off logic for
the compressors based upon the pressure sensed at pressure
sensors 82 and 91. 1In this regard, the first compressor 85
could be turned on when the pressure at sensor 82 exceeds 1800
kPag and i1f the pressure exceeds 1900 kPag, the other lag
compressor 85 could then be turned on. Further, the lag and
lead compressors may be turned off depending upon the
compressor shut-off logic wherein, for example, the lead
compressor may be turned off when the pressure at sensor 82
drops below 500 kPag. Further, all operation of the
compressors 85 may be shut off in an emergency situation
should the sensor 91 detect a pressure which is 1000 kPag
greater than the regulated downstream injection pressure
described below.
[0040] Referring to Figure 5, the pressurized accumulator
66 has an outlet 96 that discharges to a discharge line 97
that passes through a control valve 98. The control valve 98
is set at 6000 kPag in the particular application illustrated
and connects to a pressure sensor 99 that monitors the
regulated injection pressure. Hence, emergency shut-off may

occur when the pressure at receiver sensor 91 exceeds the



[0036]With these components, the dry gas seal leakage is piped through the lines 58-63 and 71-76 so
as to have a controlled setback pressure that can vary from 0.5 to 3 bar pressure depending upon the
application. The flow of the seal leakage gases are collected in the accumulator tank 65 wherein the
receiver pressure at sensor 82 is fed to the local mounted PLC 84 that will be used to govern the on/off
control gitke sompressoss 85 dmatHrekuged 10 Pe-pPessusize senrecovbred dysegéleakage gas to a

pressure,up4q.2p0 ey dependipg Hpofapplication; J0Q3/1TAs compressers.8s are siapdagg industry

electric motor-driven compressors used for low-flow/high pressure ratio applications. The compression
system &1%8 Hf&udes the coolers 90 that maintain discharge temperatures to meet specific application

requirenT@us BNd aresizeshRarsystey designuhhe disgharge frapdbe campeesspI® &5 fHihen
collected in the receivg& 66 thattalso acts as.algglsation damgener and also drains off any liquids
n

formed ienr%ﬁé%%gcfﬁrouglaﬂrtﬁeﬂqui%rc%ﬁggtlrolnz ine §5 ik flows 30 e rain 80 Mmentioned above.
[0038]Preféraibiyi ¢te compressors 85 are operated as lead/lag compressors wherein typically, only

one conmyye43qr is reqlﬂre[qotgl@n%qeg@ ok MQsh eperationakRressiy @%@ﬂgrﬂuiﬂa@o‘/ﬁ-oﬂbe on{qff
operation of the compressors 85 is controlled by the PLC 84, although the PLC logic may be modified
as desircGTPNABaIy! 51164d RompbPEssBP¥B Wik BR™oSEra R PRFif tHEPE s & HilE of Sdch

compresgot @ ifdhecempressor i natfabtete handiedhe teigkageg floon tieeclafjconi@gessor may in turn
be operatpd,Npmaly ahe compiessOt B2 upuld be apsigied Aliougb el gy begh upset

condition of the seal which requires operation of both compressors 85. It may even be desirable to

alternat® 5PEEARA dPRhé BEMpressbrdes iterétly thede &P BPEYSTOR ofthé okfpressor is alternated.
For examgtes jlead crairessof MaayLIegile servieing Whgseiarihe sacord eompiessoeds wipuld then

be made the lead . compressor and the former, compressor could be servi ed]f n ﬁ}g&pt ined as a lag
compregts%er for a E)gg%d gf%r\ﬁ%. Rf%,ol,f?v%ln%grtrl%Fes%sgrS%S Are i astkr)a?tea u ?tvc\?;l e u?q%erstood that
multiple £othgré8Sord ¢raynba peovidstwhBEeis PAE ONRIPESsbE i faad cdiupre’gonaidane or

more lag, gemprassors aretheapravided as lagl anddagz sompressers: [AR3IFiguke 4 includes a
listing of the on/off Io§ic for the compressors based_upon the pressure sensed at pressure sensors 82

and 91. H #hi§ FegarG b st ORTIels 88 dduld bl tGfred SHRHER tHe prsdbie-at&ensor 82
exceedsl18@0 kBaglandhf the pressure @xopedsc €900 kad,the Hilerdag bdmpressor 85 could then

be turneghqn, Furiher.the lag-and '%%%Bf@?éﬂrstfﬂéw@it‘*&'i'i‘?dfgf—%%eé@{’l@oﬂp%thﬂle
ay be turned off when the

compressor shut-off Io%lr%wherein, for example, the lead compressor m
pressurdaPs&Rsbre® drops BRIGHHE6G RPag T FGrtR& 8 8er2tioh df e EQRpT8BRESS Afay be
shut off iman eiergeneyusjtuation shouldtibersensarc9l detect a pressure which is 1000 kPag greater

thanthef&&ﬂﬁqeddo%@%%e%@g@gﬁm¥gpgégggﬂg§mgg%dg@%%&nuous operation and
may be readily installed on existing compressor systems with a
minimal amount of reconfiguration of the compressor unit 16 or
the control panel 12. The lead and lag compressors 85 can be
intermittently operated as needed and also can be readily
serviced while the system remains online due to the ability to
operate the system based solely upon one compressor 85 while
the second compressor 85 is taken down for service.
[0045] The seal leakage recovery system 14 is made part of
the dry seal control system and is capable of re-injecting all
greenhouse gas emissions or leakage from the dry gas seals
during normal operation. Servicing and maintenance of the
compressors 85 can be done by isolating a compressor 85 and
continuing operation of the system while the first compressor
is serviced. Further, low point drains can be made manual or

auto depending upon system needs.
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[0040]Referring to Figure 5, the pressurized accumulator 66 has an outlet 96 that discharges to a
discharge line 97 that passes through a control valve 98. The control valve 98 is set at 6000 kPag in
the particular application illustrated and connects to a pressure sensor 99 that monitors the regulated
injection pressure. Hence, emergency shut-off may occur when the pressure at receiver sensor 91
exceeds[he4 piessura\at sensgpi 99 patAG0-kRag opseme viker emegeney pressarecdidferential
iioh woHLREYeN ST BRe Of e Buslens [POdAIAN emetency HeOL I E0Q s pibed n 1o
allow for emergenty flare of pressurized gases lin an emergencyy situation. [004 len non-emergency
situatioray #RP FfcotiohgasiflolPmrairgreitier ot twh abwhnatféarhidischa®de pipes 101 or 102 which

connectfgdhe aforemsntioned pipingigannectien SeFigtie @) or akkernatively; ta acompressor

connection 103 provided on %he suction side of the compressor unit 16. %OQ&?AHence, th% output of the

system E&?Bg% ?l?l%ﬁél&b)? parts, le within 'the scope o presen
invention.
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the control valve or regulator 98 so as to be at 10 BARG to 250 BARG depending upon the system
application. During normal operation, the leakage gas is then re-injected upstream of the dry seal
control system supply filters through re-injection line 56 which is located upstream of the filter 54.
Alternatively or in combination therewith, re-injection of the gas can be to the suction or discharge
sides of textompressaiuail 16through re-injection line 102. [0044]This system is designed for
continuous operation and may be readily installed on existing compressor systems with a minimal
amount of reconfiguration of the compressor unit 16 or the control panel 12. The lead and lag
compressors 85 can He iRfAmitsiyiRrdraAsTice ded HrRalée Eak DETBSiN Serviced while the
system remaiag enlinedua to thesahilityrie opatate e systemihagedsolehhupen wae tegpressor 85
while the s%%oendsc 8“935858?11 ki)s ti;:lkeg dggvtnaf r%(iré/ics . iLOfO45<];1Tn%E seal(l)eakggg recovery system
14 is made par? of the dlry seafcontrol system Sndis capable of re-lnje%{fng Ea)tf?green]ﬁouse gas
emissioEponieakage fronsthectrg s sedlstduringssorchad bperation £ Sendbing and eridtenance of

the comegéﬁgﬁ%@ can be qonsysisolaiing @ compssssRy 8and gentinuing qperalign of the system
while the first compressor is serviced. Further, low point drains can be made manual or auto

dependifif APBR syt Rdeds L pokeTaitbugA hatediar prtdfred SFBBINYert 6t ti&invention

have beepmiisciaseudin detail for illustrative purposes, it will be recognized that variations or
modification_s Ogt'}?oqié‘ilﬂéeﬁil g_p%r(jltlés, ingluding the rearrangement, 8f Rarfs ligpwithin the scope of
the present invention. Ahat is claimed is:

therethrough and having opposite inboard and outboard ends

wherein said inboard end is in fluid communication with said

process fluid chamber, said housing having seals along said

shaft and comprising at least first, second and third chambers

disposed along said shaft wherein said third chamber is

disposed intermediately between said first and second

chambers;

said first chamber receiving a seal supply fluid into
said first chamber and receiving fluid leakage of said process
fluid along said shaft such that said seal supply fluid
includes any said fluid leakage therein, said seal supply
fluid being flowable along said shaft from said first chamber
to said third chamber;

said second chamber receiving a buffer fluid therein
which flows into said second chamber and is flowable along
said shaft to said third chamber which mixes with said seal
supply fluid within said third chamber to define a leakage
recovery fluid;

a flow distribution system which supplies said seal
supply fluid to said first chamber, said buffer fluid to said
second chamber and receives said leakage recovery fluid from
said third chamber, said flow distribution system including a
pressurizing device pressurizing said leakage recovery fluid
to thereby define said seal supply fluid which flows from said
pressurizing device to said first chamber as said seal supply

fluid, said seal supply fluid at least comprising said buffer

12



1.A seal leakage recovery system for recovering leakage from at least one unit of rotating equipment
having a process fluid chamber, a rotatable shaft and an operator connected to said shaft within said
process fluid chamber for operating on a process fluid disposed in said process fluid chamber during
rotation of said shaft, said recovery system comprising: a housing having a central bore receiving

said shaft therethzeughand baviegieppesie dahkoardand outbeargkends)wheneiy saiddnboard end is in
fluid communication with said process fluid chamber, said housing having seals along said shaft and
comprising‘atieb8tirdt, Fe2hE and third chambers disposed along said shaft wherein said third
chamber is disposed intermediately between said first and second chambers; said first chamber
receiving a sealsupplyrfiidd ite said-firss gbamber and receiving dluid leakage ofisaitkqracess fluid
along said shaft such that said seal sur??:)ly fluid includes an% said fluid leakage therein, said seal

supply fliid beiry fiowabié aldhy Said shaftfrom said first eiamber to said third chamber;  said

second chamber receiving a buffer fluid therein which flows into said second chamber and is flowable
along said shaftxo said'third chamber whisk sixes withe saidiseal supplg flaidnwithjn saic thirdnchamber
to define a leakage recoyery fluid; . . a flow distribution system which supplies said seal supply fluid
to said first ér%am%feor%aldl gl% elr%llutlé 0 said %égénndcc%né%%lblesreasnd Tec %l'vlg]gas%ll Péal?a%e Sr'i;f}(:gc'!)%very fluid
from said-thirdchastbher, said dlohedistribation sysStepuirectuding atpressurizing devieé pressurizing said
leakage igpovery fluid.fg herely defing said seal.supply flid whid figws Jrom SAid prassuieing
device to said first chamber as said seal sup§|y luid, said seal supply fluid at least comprising said
buffer flui¢andany of saidipiocess fitidrieakage edlfected fronrsaiitkird ehamber sea, The
recovery %E?@&(E—q%gglg to Claim 1, wherein said pressurizing device is a compressor. 3. The
recovery system according to Claim 2, wherein said flow distribution system comprises a plurality of
said compressors in a lead-lag configuration wherein at least one of said compressors is operable to
pressurize said feakagétécoves fiifid Yor FetBFFIO saRCisEeRambet as saitiseal suppl§ faid

said flow distribution system comprises an accumulator which
receives said leakage recovery fluid and supplies said leakage

recovery fluid to said compressor.

5. The recovery system according to Claim 4, wherein
said accumulator receives said leakage recovery fluid from a
plurality of said rotating equipment units and said
pressurizing device supplies a plurality of said rotating

equipment units with said seal supply fluid.

6. The recovery system according to Claim 4, wherein
said accumulator receives said leakage recovery fluid from a
plurality of said rotating equipment units and said compressor
supplies a plurality of said rotating equipment units with

said seal supply fluid.

7. The recovery system according to Claim 1, wherein

said buffer fluid is an inert gas.

8. The recovery system according to Claim 1, wherein
said first chamber 1is disposed on an inboard side of said

third chamber adjacent said process fluid chamber, and said

13



4. The recovery system according to Claim 3, wherein said flow distribution system comprises an
accumulator which receives said leakage recovery fluid and supplies said leakage recovery fluid to
said compressor. 5. The recovery system according to Claim 4, wherein said accumulator
receives said leakage recovery fluid from a plurality of said rotating equipment units and said
pressurizimgadevicehsupplies aspldiadipoafeshid rotatingeagiipaedt gnidewih saihiseal supply fluid.

6. The r%ﬁ%\fﬁ&é system according to Claim 4, wherein said accumulator receives said leakage
recovery fluid from a plurality of said rotating equipment units and said compressor supplies a plurality
of said rotating equipment units with said seal supply fluid. 7. The recovery system according to

Claim 1, wherein saidinéfer duishis 29 iBeH g8 accBrHgtpcoyey19Ysien acqaming to Claim 1,
wherein said first chamber i ispozed on an inhoard side of said third chamber adjacent said process

S
fluid chaPitiet, SR 24 %%I@SI § Eh&RBerd didpusdldn i oaddard sids of R4 thitd Ehamber.
9. The retevery systeregecordingrio Claind8,iwheneirnpdaid detond shambeithasad irboard end and

an outbogyd.end, wherein g,separation fluidds, sypplied,fo seid; authgardqnd, wherein parigns of said
separation fluid can flow into said second chamber and outwardly to an environment. 10. The
recovery SYBAh SCIRRRG 16 CHaiftE NAREE $8d #BWAISHIBGHIBIE &stem comprises fluid treatment
units which includes filters for processing said leakage recovery fluid prior to supply Lo said first
chamber as sa&doseallsﬁgply fluid, 11. The recover¥§¥stemcgc%ofdilnlg tQ Cl%iﬁ 1, wherein said

r

. . . t . .
housing defines a fourt chaﬁq%%\r’%@f)oggg on an outboard side of said second ¢ grlrf]%ép wherein said

fourth cli@hBer reedivés Hnyisaid baflersiid SBwrrRMEReH$ said Shaldrdm safnsstondchimber to
said fouith chamber wheseinsaid bulierdfiid in-said faurthychambenis yrated teanexderor of said
IECOWH%E%%Snbrior to supply to said first chamber as said seal

supply fluid.

11. The recovery system according to Claim 1, wherein
said housing defines a fourth chamber disposed on an outboard
side of said second chamber wherein said fourth chamber
receives any saild buffer fluid flowing along said shaft from
said second chamber to said fourth chamber wherein said buffer
fluid in said fourth chamber is vented to an exterior of said

recovery system.

12. The recovery system according to Claim 1, wherein
said seal supply gas 1is pressurized to a supply pressure that
1s greater than a process fluid pressure of said process fluid

"within said process fluid chamber.

13. A method for recovering seal leakage from at least
one unit of rotating equipment having a process fluid chamber,
a shaft extending into said process fluid chamber, and an
operator connected to said shaft within said process fluid
chamber for operating on a process fluid disposed in said
process fluid chamber during rotation of said shaft, the

method comprising the steps of:
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12. The recovery system according to Claim 1, wherein said seal supply gas is pressurized to a supply
pressure that is greater than a process fluid pressure of said process fluid within said process fluid
chamber. 13. A method for recovering seal leakage fromat least one unit of rotating equipment
having a process fluid chamber, a shaft extending into said process fluid chamber, and an operator
connected to spucbshaft wighia ssdichprabesk uiel chawabes for eperatng oomoprosessyflaid disposed in
said proggs 11l shambey during felationof said,shall themelfiod copariging the steps of.

providing a seal leakage recovery system comprising a hous?ng ﬁavmg a central bore receiving said

shaft théReidbgh ARehaviiy Sspose ifbRea Bhel cutbead@nesdvissteresaid iftidfd end is in fluid
commugisatiei with said prasess dluichehambern said housingGRARkSIRG &k least firss.ssegond and
third charpggrs %is%qseiddalog sgid shaft wherein said third chamber is dispcised inteEmediater
betweeR Said Tirst and s6conifchariberd Bhd iS R8Farated tHERHSHEY rd5pediiva irdtand ¢econd

shaft seats;ondsapplyiny arseat sapply fliidiinte ssiddirst lchaon ber i shid fiest thahdee feceiving fluid
leakage.ofisaid pracgss fluifalong saigishadissuch thalspidisedl sppplyfyid includesany said seal

leakage therein, said seal supply fluid being flowable along said shaft from said first chamber to said

third chdrhbaF 2n<ugpsmh BUAGIRAG I8 SatsctBRa thkRbet TGRS fYo said second
chamber asdds flowableialeng saidl shafidodcsaiththird chaaier which mixes with said seal supply fluid
within said thir e efine.a ecqvery, fluid; recqvering. said,leakage recovery fluid
from said thirdgc‘li}uI’SE:JE&([};r}[1 icgh %ﬁg tﬁsroﬁghfg flow iétrl%uﬁgn g?sltgm%rugs%regs}éaﬁl%ﬁg said leakage

recovery #ufdl retsvérealTroiR SRidTRRE Ehantbek Which thereRadefines Suids@Aseppl fluid and flows

from saighpregsurizing device te saigdisstehambelras said sealesyppiBpd.said seal supply fluid at

least com I liln séaigllrpuffg[al gléidsandla yofksaid prqcess fluid leakage. 14. Th‘imePPdl gccording
to Claim §, whereir §3id pressurl%ang SVice 1’5 Eor%ﬁreelsg()r, the e?l%‘d1 incltifesthe s ep of

operatifgesaid td pressotize saidngakagalresoudry fllidfor setueh s said seasbpply floid to said first
chambe&fziq third chamber;

supplying a buffer fluid into said second chamber which
flows into said second chamber and is flowable along said
shaft to said third chamber which mixes with said seal supply
fluid within said third chamber to define a leakage recovery
fluid;

recovering said leakage recovery fluid from said third
chamber which flows through a flow distribution system;

pressurizing said leakage recovery fluid recovered from
said third chamber which thereby defines said seal supply
fluid and flows from said pressurizing device to said first
chamber as said seal supply fluid, said seal supply fluid at
least comprising said buffer fluid and any of said process

fluid leakage.

14. The method according to Claim 13, wherein said
pressurizing device is a compressor, the method includes the
step of operating said to pressurize said leakage recovery
fluid for return as said seal supply fluid to said first

chamber.
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15. The method according to Claim 13, wherein said seal supply gas is pressurized to a supply
pressure that is greater than a process fluid pressure of said process fluid within said process fluid
chamber. 16. The method according to Claim 13, comprising the steps of receiving said leakage
recovery fluid in an accumulator prior to said pressurizing device and supplying said leakage recovery
fluid from said aécumlatorite shiddpressuriziigignit.o C1BAM he3nethiodaccordiag ¢o Eéain 16,

wherein g@{%ﬁ% ulator receives said l@cge reco Xguid f Q @Iu@iﬁof. ai%lg%tgg o}
equipment it%cf;{é% satﬁ p?essu%%ng un?fsuppﬁes a%%{]_r Iit@%% srgi‘é%:rotating eqlu%p ent ur%ts with
said seafBapply fRiPces 818l Twednerpadtesrdidg FRCRIMIBCHherdihsai first BAdmber is
disposed @nanpinbearksige @f gaigihing shamber adjacent said process fluid chamber, and said
second chamber is disposed on an outboard side of said third chamber.
16. The method according to Claim 13, comprising the

steps of receiving said leakage recovery fluid in an

accumulator prior to said pressurizing device and supplying

said leakage recovery fluid from said accumulator to said

pressurizing unit.

17. The method according to Claim 16, wherein said
accumulator receives said leakage recovery fluid from a
plurality of said rotating equipment units and said
pressurizing unit supplies a plurality of said rotating

equipment units with said seal supply fluid.

18. The method according to Claim 13, wherein said first
chamber is disposed on an inboard side of said third chamber
adjacent said process fluid chamber, and said second chamber

is disposed on an outboard side of said third chamber.
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