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The term “baseload LNG plant” as used herein is intended to mean a facility that
continuously produces liquefied natural gas via refrigeration from at least one of the
many cooling process cycles known in the art. The facility may be a land-based site, a
fioating production, storage, and offloading (FPSO) facility to recover natural gas from
the sea/ocean floor, or a gravity-based system (GBS)1 a FPSO site that is anchored to
the sea floor in a particular location,
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of refrigeraﬁon circuit overpressure, the refrigerant, after passing through the pressure
30 relief valve, is collected in a vessel rather than being vented to the atmosphere.

US-A-5,319,945 (Bartlelt) discloses a process where, in the event of
overpressure, refrigerant is diverted from the refrigeration loop to a holding vessel. The
volume of the holding vessel must be large enough to reduce the overpressure before a

35 relief vent set pressure is reached.
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In a first aspect, the prasent invention provides a gas compression apparatus
comprising:
a gas compressor having a gas inlet and a gas outlet;
a driver driving the gas compressor, said driver slowing down when the power
30 requirement of the gas compressor exceeds the maximum power of the driver and
having a low speed trip;
a recycle pressure relief device in fluld communication with the gas outlet to

receive a stream of a compressed gas and opening when the discharge pressure from
the gas outlet reaches a designated pressure and
35 conduit means in fluld communication between the gas inlet and the recycle
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The driver can be a gas turbine and at least a portion of the compressed gas is a
refrigerant. Preferably, the driver is a single-shaft gas turbine and the compressoris a
35 refrigerant compressor. Suitably, the recycle pressure relief device is a vaive.




-5 A second enbodi nent of the apparatus is simlar to
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In a sixth embodiment, an apparatus for regulating a single-shaft gas turbine
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35 the gas outlet of the refrigerant compressor, sach recycle pressure relief valve adapted



35 the gas outlet of the refrigerant conpressor, each
recycle pressure relief valve adapted 24 Novenber 2006
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plairal i ty mfoust Me®sd emb@ﬂﬁeﬂtfdr@égufaﬁﬁg R a2t &Mﬁ@ar dridRglat least
a gas out&lgt for each sta The

o ovi iy Epeb S EPind By eileseRr B s e
i n flandd gﬁ@mﬂmlfqraﬁﬂostagﬁ tThe eedied ekidesprbvéding ateast one recycle

Ir :;33’ fﬂrgssﬂfeeéffé# B@wcer iR hui@Eorﬂrrﬁée{:ggago@Ma%ﬂ \g/;lﬁﬂoﬁtﬁﬁ He\rEcy@le pressure
U o oA Beviiariien by Rofd Risagee shearnprs combasseel RSl ving

p¥Ses slischarge pesssuab fromltiecgdsautidthA desigratedarepsurerieestabilished for the
at | %ﬁsﬁl @E gregﬁﬂg Lﬁt Feaéﬁ%ng Wduﬁ %g)révﬂier:l IirH?u‘H:i comar?]ugica%ion with af least

comuni ca
| eastong 9p®inet.aRd 8t leasia pﬁft‘OF @H@? atd?%t anersuaam of the gempressed gas is

conprensaitteddhé ot lodst orieSdthddiEbni iAo tdafciddclidfeiofite WL the discharge

C o nd HJV&SSLJ&Q’E%C"IQ? the %8¥ érla?ehdr é:\%s't ﬁlfe, \gr?e\féb& ?V\QFT‘ %% §&s inlet receives
\mer @bkﬁaﬁmﬂaf the @b@FSt@rﬁ?@fﬂgagf the  ptdeast enselrears 0209 gempressed gas.

| eastyn B@ﬁﬁor@ivltft &geraﬁeﬂhﬁéezibgamﬁﬁfst it @Breﬂirroemt fHe dn@é?fﬁ a single-
one s am .o Wi t

ot he PL TR IRTAFRERTSresr i Ko foepB PRRRRIRL ¢ he

driver is a single- shaft gas turbine and the

CONpr €SSO fihf néth%&fehbgﬁ&@ms Qrﬂﬂ"ﬁ? the i%rth Refrbl Bﬁlb&ﬁ&m Gnd

enmbodi nent 1s siml artﬁ urth t hod embodi nent
#Ad siudaz piavidiad gvesseLin fAigd Som@ueaion K e et ane Condutand the
conmgas it am:ntrammhtutgm least d metioh obthe atiesnt a ipbrtiorof thdstream of the

gas L:QJn?Fes?e'& ak FrBA % étﬁ%@&n@tcohcﬁﬂ th y&RGit 1 on of the

| east a portion of the streamof the conpressed
gas fromthe at | east one conduit to the vessel. A

si xt h et AgRthandiRel dmtiidinent i am@dtﬁuadorfréguiatsﬁ@u bmgliersaafagas turbine
P“?\érﬁ?afahgglaaf’%éoiﬁpggsggr hrﬁvglg é’ fn%gan% J %afs g{f rt ¢ ﬂaes inlet

gas pplcgally being in fluid communication with at least one vessel. The method Includes
providing at least one recycle pressure relief valve in fluid communication with the gas
outlet of the refrigerant compressor, each recycle pressure relief valve adapted to
receive a separate stream of a compressed gas having a discharge pressure from the

35 gas outiet of the refrigerant compressar. A designated pressure is established for the




optionally being in fluid communication with at | east

one vessel. The nethod includes providing at |east

one recycle pressure relief valve In fluid

communi cation with the gas outlet of the refr| er ant
conpressor, each recycle pressure relief val vé4 Rigxpmbgr 2006
to receive a separate stream of, a conpressed gas

havi ng a dlscharge pressure fromthe 35 gas outlet of

et al T AHBAPRRTE A S by B bR eas i€ RRpfutelon win e

pr es 93 @led aod eptiohally siith thecat teestdne vesssl. Ht Bastaigubrtion of thaistieam of
commygd fcf?r‘gré’s@e&"béﬁs {rs‘r?smltga"a% 1h9 |c§r§duﬁ‘ ﬂ'grn %tr'eﬁf&%l dré(ﬁ;sWetrQIief valve

t he at t oné vessel
st r edffedihe disshargp RiseuLe eeacfgeaéhq %es'EF%{?f%?FP%StUéﬁj wherepy,ibe gas inlet,
cgndung oﬁtroamytdaeh v@@MCJeeei'FHs%&%élit@ pbmbn f they athaseh of WLddmpressed

the dis ssure reac
or 5 98 LA EAB R 2 5 955 Fofot S i eevlR e ety vhen
vessdie, dlmereevessme rdaeh\ssttheadqwnated)nressfur& he stream of
the conpressed gas transmtted to the at | east one
conduit fromthe recycle pressure relief valve whe
the di scharff EE%&HEIPT'%%V%Vd%‘%’ﬁ&FaT*é%DRAW'NGS
poessure. BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE
DRAW NGS t

rﬂe%l?é%g i % hgg@n&er d C@ay%?é{ah@% c!n nght%é/fer%ce to the

exanpl e on
dr amﬁmgmpequ@r@%@ma of ppasentlypraterred #B‘@G‘iﬁweﬁﬁ Qf ’bﬁ 'WPF@S'OH In the
mvea,tam@s In the dravv| ngs: Figure 1 is a schematic

fl di il
br esent - HEM i Gty dierr G Uaethe e dFertsy e present

d% agingentiph;| ustrati ng anot her embodi ment of the
present igypob rsoawschangw fﬁ:w%:ég?anﬁtl&irﬁﬁ'@ ahbhBSdrhtdintiit 8¢ the

simulation result of bogdown of a single-stage gas
tuer’ﬁ%e“tQH%P“Q@' Figure 4 I's graph illustrating the

di schar geFigures s&ur grafh ibwstratinganghmdstion resdit of bugdewn dflacsirighedstage
di sc .event in a systemusing the present

] nveﬁ%{tg’ﬁ'.f‘grﬁAl LED DESCRI PTION OF THE | NVENTION 25
Bhbodi merfigires isigiephifustaling therfisshargepresuirafrem a gomgpressor during a

appaiadkds disttfhrdggdveatdn b Systdrh iSRS preSatt meerdion.ef r i ger ant
conpressor used in the production of LNG t o consune
all the available power of a single-shaft gas

turbi nes (SSGT) BSETHILER QESCRIHEN Qi HiR INVENINSsor
during a bl ocked discharge event. The goal is to bog

950 wn the %%%;drim%pug of the present invention relate to an apparatus and method to
purposely cause a refrigerant compressor used in the production of LNG fo consume all
the available power of a single-shaft gas turbines (SSGT) driving the refrigerant
compressor during a blocked discharge event. The goal is to bog down the SSGT and
trip it off on a low speed warning before the mechanical design pressure (flare relief

30 setting) is reached.

The primary benefit of the invention is reduced capital costs for the LNG plant.
For example, the diameter and length of the cryogenic piping used in the flare system of
the LNG plant may be reduced, and the height of the flare stack may be shortened. In



trip It off on a | ow speed warning before the

nmechani cal design pressure (flare relief 30 setting)

is reached. The primary benefit of the invention is
reduced capital costs for the LNG plant. For_exanpl e,

the diameter and | ength of the cryogenic pipi fhNgeemyper 2006
inthe flare systemof the L @El ant may be reduced,

and the height of the flare sta may be shortened. In

24 Novenber 2006 -9 addltlon t he anount of gas

f | ar addiipgyths @mMouef pE 83F, afﬁﬁ’é‘ﬁ%’kﬁﬁ reduged, ihemjw%aiiﬂaweonam and
envi epvvaRmémhl beagmd.i ts. Si ngl e-shaft gas turbines

(SSGT) (e.g., GE Frane 7EA) are being used to drive 5
refrigerant conpressors in existing basel oad LNG

pl ant s anRingle-ehafledas durjoen(SEET b(@-of G Frime GEA) 97k daing used fo drive
g@ ar Fb%g%Fa‘n?&dn?pr@Jsoﬁsr?f?ex%%ﬁa—bés%lotaa (2 Vel |ptan§|aﬂ%re%ﬁ4§ dohsidered for

down 1 n bet ween

I nba
e B PR cASEABHSHS P11aS SHBT R 1SS BNRH bogs down n
r equteﬁsﬁd\sbh 4 pewep iMistmoe betheeling d@ﬂﬁbl@‘ﬁov&r 5864 uhiBand the power

U St o B polock 77 BRI U <L RIS YRR 1 2 MSlhve

s to
deI i fm!tian@ e\mt cWhentse maphing begins t bog c@ars th@: ﬂmtvreprmsgode!ivering

£ %‘@onﬂﬂ%nsdlrﬁé theldas t@b.ﬁmauwﬁommm shad kis o-ﬁhib{essamé $haf. Thus,
cO us

bl
| ead8%% %9"1"8%1&"&5 b %"é‘ﬁlaé’&ea‘ﬂ H‘\ﬁeqas *”’Qﬂ%l %ﬁ% e@%tﬁqe‘*s d&Neidl powes,
pr opagldhesvenhpropadates uglishetgas furbiee rips gelowrspéasw speed.
In view of this bogdown characteristic, thé recycle
relief systemof the present 15 invention can

el i mi nat én Yewphbbisdgadawmsharastaistig, tiemayclgdslie systram of the present
ont uﬁf&nhdamn@mmratetdwmked tariprédsondidchargs g e comtmiling avent that

’ heac{(; dmg a{lty %lZE?Ehg rflgllsa h%géer drglﬁg{u?a‘fé%sqﬂué}g&i {1 p%aﬁih 'T‘?’us l often

often
i n tesémgled ge Fhed?a’qfﬁ@ rRifigeranhilow fﬁ'ie(m@h B!Flte%ﬂf the @axrmum

go ”ﬂﬁ@/ﬁ@tﬁﬁt &ﬂﬂ@c&ﬁ&éﬁ&ﬁhﬂe s@.ﬂéﬂéﬂ poinl Fh@)gess bypass/recycle stream
ypass/r

Che s e maig PR A P ghoretsstis Mot KRahTloR boBprsgsion
Z0 rraid. dhe Ehetiop peassurn apd wesaflow rata dambestaised untit thetcompressor is

be rabsfcy MY ie stidiewaiPsBRILESSOr is operating near the

stonewal |~ point. A first enbodi nent of the invention
is illustrated in F| gure 1. In each stage, a fixed
recycl e PArfiest embedimefitef the reentien (Hiisiratéd BFguRO R, In3RA) stage, a

whi Gl SR ¥JPeeplrl6§§&i3J %?etﬁ%%\&ﬁﬁsvﬁ%zd L lé.@ ?-f mEth‘e located at the

conpresso downst re
% t eﬂ‘sé‘BQfB%Pf the gmPressar ( % 38ﬂb’é§°‘@&¢5?’3§§‘86 aﬁ%{&t’%éwﬁ
to 206 031116) @m:aL- cﬁrﬂ;ﬁl’bss@ﬂ gskm(dﬁ&pﬂé}aesucﬂdmdrum (108, 208, 308). In

P O ol e Bl Bol R 6 AU AR B L, and

ref
i s tcpmn@nsadtrefdgcrenttm@ar@mtﬁeé frethe QWI@Balévpﬂem grvm. 86 fecvcle PSV

I eCYak & IdWaV set point than the relief PSV (110, 210, 310) which is open during a blocked
30 discharge event.

Embodiments of the present invention may utilize one or more stages, although
it is illustrated in embodiments having three stages in Figures 1 and 2. Also, some of
the elements in the embodiments shown in Figures 1 and 2 are optional, including the

35 aftercooler (106, 206, 306), the suction drum (108, 208, 308), the relief PSV (110, 210,



has a | ower set point than the relief PSV (110, 210,

310) which is open during a blocked 30 discharge

event. Enbodi ments of the present invention may

utilize one or nore stages, although it is

illustrated in enbodi ments having three staged4 Ngvember 2008
Figures 1 and 2. Al'so, sonme of the elenents in the

enbodi ments shown in Figures 1 and 2 are optional,

i ncl ud 206., 306 t he

suct o108 s Datf BELARG B oubokaflers FRte Biaadurs il vaves (122,222,

210, 242NpUigHtsct FrOe&Mplel in @eYpridtian Whepgindhere isme subiion drum, the

secongedtie PRI ESHIOS, '

(122 f%zfe @ggé) 08, DAoL Hebt lothe HRL Yo compressar

vari a{ n2% in there I's no suction drum the

reéycle PSV (102, 203, 302) pipes material directly

back to thg, inl : or 04,.2Q04, 304

S Buri ng. st et B TRETORL hasd fo kot gt repuon tre

of refPTRIBFAN10fHIdLHM) inneasesolis eansning rOrs pA@4, WBeHHhe power

| nCr eag@Bad ByNHS refrifBfatbA BnFYsBrsRRVRYSs th\é”é%éhabi&?oggé’@rme gas

required by the r Lrllféergctg}on conﬁressors exceeds the ~ .

avai | e 306 ABTions nelhat Mgladlstea e (20h ahaup it gas turbine wil begin

héd g_eto hwg_tdowfl.sﬂwm yaler BS\NE 02,1202, .’ﬂ)la))i_'i\_m}ach $the i 8i2ed so that the gas

t ur bi ;

(105, Ot Solgs BE S blog 61 B0 8 MRors A8 SEEFRLES RS norm system

t ur bi H1d2:308<31@biRmeached-t Thisyliminatassie aged deisizasthe flarersiyetem in

set presBIe B 4 blogked réfﬂi@fa&ntt Bogressor efvbﬂtZ ;Thé tekycld blgi/ i 8ach stage

reac . | [ 0 are

yat cnalsbUoiie B b Bnd % o8 Vot (14 1d 1ol

ci/)"trpr essor event. The recycle PSV in each stage can

al so servehae Pasdedbwhy tb BRveBtd delighated YRALURS fof thk%ischarge

214, 314). 15 .There are v%%al %\%ﬁ to arrjve at a .

s gk 3 Puel Hededih ATATHE 20h BRiorens icehmpressad gas s

whi cHranbmitted to/thé pasHBet of t@omipeEdsor §012) 201)804). &odexample, during a

conpr : r ,

cpym RSOt iAo Syall AERIAL RSy hdy boBpdIR lafubthe BimdrdSsar snters

b 184EFe AL bR Reipholspiga; the pyptem wil Rayesa eetlainprpssye thasdsfynction of

j ]chst sasertihvariatiespwhisis wﬂl_be:ﬁtﬁere‘ﬁt BRvey LNS.plaht. THitkep Vdritbles are the

of s riail re that .

's 5 pliPrestd Bty dhies, KBS dft e B Athmatiey,

di f f dheReydevabipanay henqpendat @ preppuse kel deasmobesslateawith the surge

t hfe pemﬂwuﬁ?éﬁdh_iprfﬁ%bi qmtlmwyﬂnteﬁéé&éﬂﬂt ) elfé(ﬁé Bl tHe Fé‘.ﬂﬁsbllréﬁﬁbs off on

e nstraints. ernative e . rgcycle_yal ve

2, ik SRR bERI Seiectad oBloRFoniifaint 5 et b A el sohraint may

wi t h berfer examgle, thablhe magmumipsessunegttaisebiuring esvantcatrot exceed

needegdytd tRARE Ridr RRbhdni8l a3 brsUrd eTH dedtelsbfe§ tonstraint or
constraints will differ on a case-by-case basis. For example, in the Example discussed
below, there is a safety constraint that the final circuit pressure must be less than 95%

30  of the flare relief pressure, as shown in Figure 4.

Existing anti-surge valves may not be suitable for relief recycie applications
because the anti-surge valves are sized specifically to handle flow rates necessary to
keep the compressor away from the surge limit (low flow). Similarly, the anti-surge




25 | ow speed before a selected safety constraint Is
reached. Such a safety constraint may be, for

exanpl e, that the nmaxi mum pressure attained during the
event cannot exceed 92% of the flare relief

nmechani cal design pressure. The sel ected saf e24 November 2006
constraint or constraints will differ on a

case- by-case basis. For exanpl €!'in the Exanple

di scussed below, there is a safety constraint that

t he FWAllere preclien Wppd od@pe theisampisescr egtof suram 206 opt r@gessarily to
of t bey thk afaehinebdf, pressure, as shown in Figure 4.

Exi sting anti-surge val ves may not be suitable for

relief recycle applications because the anti-surge

val ves arle ashd#idn spibe fifst @athddimdnt ebandtyelsfASW(102At208, 302) can be

nece / r f surge ..
it igF%dW% RGeS S SRR A T o <Biedncion as
Nov efAsErecyge &SV shawr inihe bt astbodiment. of t en tuned to keep
the conpressor out of surge, and not necessarily to
bog the chine down. In a variation of the firs
enbod e SPEEREAnL i BeATobs oBlsded i BBprect anpows o
r epl sedeslofipiardielxecyclatpoasatre celief valvas (12, 22@322p(PSValCVeor a

. . h
A oncs il Bran) orii TRl R O e FRET TR Shfneor aies may
t he BerRiRESH iR PPENSt setpersentagesef the maximyeavailablesgasiterine pawer (e.g.,
?irz i desigo alpejraatioeht seemy@intgps Gfﬁﬁééﬂaﬁe fefdfipRissuval {'r’@"a‘exam le, the

r ination ther

a1t PRl Blekdrt Fone ol mefopth oG RA< IAbinS Reaohe i &1
val Vel powss: the serend rasyekpersure rsiial vajer maneregerhenthe gas
t‘shle mmbmaand/ @m't% @h’ilﬁcirﬂﬁ péwgr!cana%dgﬁwu%t i cylgclﬁz pﬂessureﬁ'_@@{ Ualve may
val ue) a r at, set perce S e relie
or 5580 BRE1-8p o8 itedBiirRg 054 B pun piver FhBolerases recyoe
r el ipedssvralrelisf valves afiavnansxbm degree giflexibility land safety &rérmere b8t during
of ) iy .
val e %m?%"ﬂﬁ*ﬁ%%%ﬁfgég@%%éﬁf?ﬁ%%#'ﬁ%*%éé@#é@%%@@é off on
maxiHFReFS RePre thetere FRiehVAIVP 8P$NScycl e pressure rel i ef
20al ve may open when the gas turbine reaches 95% of
maxi mum : . re . .
ror i of v ekl ¥ ehblferd bPRE (b, Cofing BeiBRH oy pstateg
saf &aSh fesyciaiag faingraase fuid density. THis incwarasdha mags fisvdate through
di s eleadoppresbrethgeby édnstiring avdithble powite adrd@ickgown and

trip off on |ow speed before the flare relief valve

opens. 20 In yet another enbodi nent of the invention,

2800l i ng Ehepresentingantion alsq canlbedbenaficiabwhen arldl/plar I4 funaing at

t 0 tWtfdoRms & aftidekst EpipPadsyr disthar§e bRAE SRR %t b6 prBd&ton levels,

flowrate.through the co rff.sfsgr, therebsy consumni n%

av a%edwegtlcwdw&rlggﬁslaéesaﬁpwéq{nggp_le situation, such as, for example, a'shell relief
scenario that occurs when the outlet of the main LNG heat exchanger is blocked.

30 The present invention also may be used with a multistage compressor. For a
n-stage compressor housed within a single casing (e.g., propane compressor In a
C3MR liquefaction cycle), the recycle pressure relief valve downstream of the
compressor can pipe discharge gas back to any of the suction drums, individually or in
combination. Itis preferable to recycle the discharge gas to the first stage suction drum




25 The present invention also can be beneficial when a
LNG plant Is running at turndown. If a bl ocked

conpressor di scharge event occurs at |ower production

| evels, the invention will trigger a | ess severe

relief situation, such as, for exanple, a sheP# Nogpmber 2006

scenario that occurs when the quflet of the main LNG

heat exchanger is bl ocked. 30 The present invention

al so I Sk : '
o ot S B TRG W PuB e SVASERTBEREGE, ey Gonsuming
(e. gnorepPWpane conpressor In a C3MR |liquefaction

cycle), the recycle pressure relief val ve downstream

of the npr es can pe di rge ack to an

of the 526 PERSG AL RA AR e ety oSSl aeargho when
158 iise poatiig@watst is Ictsoturtbe:ymbahetdawpdrfeahahgtm CFdR tiquetdetion cyce.
first stage suction drum 24 Novenber 2006 -12 so that
the gas nust travel through the entire n-stage
conpressor, thereby consunm n§XAMBER power. The present

I nvention al so nay reduce the severity of the relief
scenari o when qol | vvater s |l ost .t he, .

o1 opane dBetamen{ e enfith FpRer oty lPS Lsdustated
EXANBLEsiaticaribwtichent-swde ahve 1ilhainto aparats Thedollawied process
accqt‘gy R0 Figure 1 is illustrated 10 for a
situation I n which anti-surge val ve 114fallfsto .
oper at e. (R&tPEFORRA Jos: agegf thedisgharge of qompregpor 104 s
t i msimulfled005 hours, a bl ockage of the di scharge of

conpr ess gir}'p AHe L '—% 0{%3 ﬁbﬂr@t Eﬁjlareg{o} 164 s 8t GhdlR i enri)erg&éé RF%ycle

hour s, resso surge
15 FSY mzipelpfeﬁ‘ﬁ’ camr%mﬁﬂeéélgwb@w wmwrwad
suction ¢§)uitirk&8.0.008) hévirs trédmmg ré?nd%@eﬁﬂnﬁ&ﬁﬁl&lowmg back to the

Kl o A5 Ao SRRl L B BTR T o Bl
c onavaikblepowevof thergastwbine Thetdas turbinenbdgirs|te sipweng) dgwn.

t h e g az 4;4, p\pg,,nsg omg% H&iEs wdgﬁ Flﬁbﬂb@ﬂa'a&%sti@ sﬁécm\ee fohQped trip

8 %on
0o nciretnd ¥ %@@HPFWWWT% ek flibing fﬂpsg’a Fheeh fefappne flare
t he relietpresduredia resichet and thes tpliaf PSY B0 deest not peeron | ow
speed before the flare relief pressure is reached,

and thus relief PSV 110 does not open. ure 3, %
i s a sinfiggeidonhickisq ﬁ'm@?“%mm%ﬂ"“ﬂ’@ G ARRNS theypower
DOV\@bnsuﬁﬁa By BBApraysofDTAraRE 204 Surihd theaimbilatiod, theipowey of the gas

{1 Qn i ap 9\'0 f
2§p 2!"58‘8? a{nﬂ 86 gé? df &\%s ﬁ]‘rbuﬁg1 %\sgsaﬁwn gﬁ: n&'.@é 5’ uqbesp,og gs off very
speezpidly when allfthe mlgble power of the gas turbine has been consurned The data
ends at the point the gas turbine reaches its low speed trlp, prompting a shutdown of the
gas turbine to begin. In order to achieve this result, the dedicated recycle PSV must be

sized properly.
30
Figure 4 shows the discharge pressure of compressor 104 during a blocked
discharge event. Without using the present invention, the pressure would have
continued to rise at 0.0045 hours toward the relief pressure to flare set at a pressure
represented by the dashed line in Figure 4, thereby requiring PSV 110 to be opened. In
35 this scenario, the flare system would have to be sized to handie the total compressor




rapi dly when all the avail abl e power of the gas

turbi ne has been consuned. The data ends at the point

the gas turbine reaches its | ow speed trip, pronpting

a shutdown of the gas turbine to begin. In or to
achieve this result, the dedicated recycle PS §@“W§2006
sized properly. 30 Figure 4 showsi-t he di scharge

pressure of conpressor 104 during a bl ocked discharge

event disdNakdeonsiy, Llfsir@ghé ﬁ@seﬁfiﬁﬁéﬁfﬁn h&W&AE, Iit%oshbla to force the
pressyre

P over St et Bruf bl MR Tolebpasdia Smeis BradEpuPsv 110
repr _esan&msﬂ Fgurené siobsus fechrédsore initiallfHigpsraad then dbereadey as the recycle
tr ﬁgu' f’S‘U 9o%) @6 éﬂé@i Erﬁzl tB@ RBENEsbe bﬁldﬁeggb%V%Qﬁ%?g-lot%ver as the

are sy St Rave 10
t o? al PresWR @Q'é,'lsiﬁ ipthe Wé&@%ﬂwz@@wm andgthel pacHEirgaeddhesits low
USI NQsgebe sEtmpwithout thy RNEFIPSY, 110 QPENRY to fldrk sisterh@$31 bl €
to force the shutdown of the gas turbine before the
relief pressure to flare is reached and PSV 110 is
opened. FiAdthoughdllustnadedartdrespibed Bareia with réferamde\to certatrsspecific
and {RRbdRRS #R%HPesf .ﬁ@@@%&ﬁ/&k&aé@}{o&m@n&?; 1PBEMRE to the

and t pressure does

Hi e \Astalls gaovwn, Rathes, vadausmeodif eﬁ@m 3y baymagiin die details within the
bogdasstposniasgeot dqm%rﬁa‘s tﬁeldea?Qgg/ vﬁ?gtg&féparﬁrﬁg f’rdPNVthe scope and
spee out the relie opening to
fIar%pggéﬁgﬁgf¥@&pAlthough illustrated and descri bed
herein with reference to certain specific

enbodi nents, the present invention is neverthel ess not
intended to be limted to the 10 details shown.

Rat her, various nodifications may be nade in the

details within the scope and range of equival ents of

the clains and wi thout departing fromthe scope and
spirit of the invention. 24 Novenber 2006 -14 CLAIMS

1. A gas conpression apparatus conprising: a gas
conpressor (104; 204; 304) having a gas inlet and a

gas outlet and 5 a driver driving the gas conpressor,
said driver slow ng 'down when the power requirenent

of ‘the gas conpressor exceeds the maxi num power of the
driver and having a | ow speed trip, characterized in
that the apparatus conpri ses:




a recycle pressure relief device (102; 202; 302; 122;

222; 322) in fluid 10 communi cation with the gas

outlet to receive a streamof a conpressed gas and

openi ng when the di scharge pressure fromthe ga

outl et reaches a designated pressure and Congtﬁpvember2006
means in fluid conmunication betyeen the gas inlet and

the recycle pressure relief deV|ce to supply to the

gas inlet conpressed gas fromd §ecyc|e 15 pressure
relief device when the dlschargeﬁﬁressure reaches the

desi gnated pressure, thereby increasing the mass fl ow

rate throygh tﬁh@as%%l‘é%%pp%@usr&% Qﬁqmng the driver.

2. An apparatus as clainmed in erein the

driver is? aasg%?gmf%ﬁﬁﬁ" (e 2645 &%H@W%ﬁgaﬁa@%anq &0a§ outlet and
r af ri ger amtirveodiMngtROgas c’b&p&ssdkrbaam:&éradldﬁﬁnga&vﬂ viHeReith pawer

t ur Sre%'u%rﬁent ﬁé éJ‘ Q’l{}ﬁesg&] Sk eds Sl 1 60%%3 %\]e dﬁY,'eé and

s as ¢
pr ec BaNingR ewap tl'lli?vherel n the 25 recycl e pressure

relief deéh'aﬁaf@tethzﬁedan vk 18 apéarat&@co?«ﬁbﬁaé@t us as C' a' med
in any one o e rece wher ei n

condu t  rRERE IRl 4o el 4 Bea 222 2 e
¢® mMmuoThroarication witft the gheowabloirsuedt a sBeand of Acorgpessed tasand
as Cbﬁ’énﬂﬁ%'eﬁ‘ tl‘%rﬁ?'scﬂé}g giesg d@ réth %eg% Bet I'e%l:ﬁ'g% a éelé{ghﬁgﬁ

COI’TprI SI ng at east I onal recyc
rel i BPSHRAWe (122; 222; 322) in flui d communi cati on
with t he @aduitondangn fiusd croaﬁmniceuoaurbemdn tHeQ%e linisttahe & redycle

br oo SaPRFFRRT doyi T QR RPAR RO ot 1o d LA TR B8 rocycie
thesi prasauerelisf devien whentie dipchaesieprasaure caaabes the designeted pressure,
i N ihblelly REBHAMRY ha et ndeianafiougPtht B&n&@éof mcﬂﬁgl.)%‘tﬁlg the driver.

sai d addltlonal recycle pressure relief device(
supply to the gas 24 Novenber 2006 -15 inlet
conpresséd gasnapparatuhas daloied indllaitn 1¢ wberein éhgxdrivasisirgas turbine

ol gl e UlfRlstly WHSddhG oShREA3 0° pressure reaches

t he respective designated pressure, thereby increasing

e nmass flowrate through the conpressor. 5 7. An
appar at u$ as Anh appaegtus a5 calivedineClaih 2f Wikergin ¢readliverds a single-shaft
cl ai rein the recycle pressure relief device(s)
ope mhen ‘he driver reaches a respective designated
percent age of the maxi num power of the driver. 8. An

appar at ug, as An apgaesiud 4% ddiiedin @nPbnel i thelPrévediny R@Ims, wherein the
g al rec:yc:Wn pres%ure relief device is a valve.

5. An apparatus as claimed in any one of the preceding claims, wherein
said conduit means comprises a vesse! in fluid communication with the gas infet.

30 6. An apparatus as claimed in any one of the preceding claims, further
comprising at least one additional recycle pressure relief device (122; 222; 322) in fluid
communication with the gas outlet to receive an additional stream of the compressed
gas and opening when the discharge pressure from the gas outlet reaches a respective

designated pressure and wherein the conduit means is in fluid communication between
35 the gasinlet and said additional recycie pressure relief device(s) to supply to the gas




10 the conpressor Is a nulti-stage gas conpressor

having a gas inlet for each stage and a gas outl et

for each stage; there is a respective said recycl e
pressure relief device in fluid communi cation_ wt

each gas outlet; and the conduit neans is in g40|roaember2006
comruni cati on betvveen at | east one of the gas 15

inlets and the respective recycle 197 essure relief

devices. 9. An apparatus as clained in CaimS8§,
wher ei gt ﬁ@“%?ﬁ?g 9ps frem e qdeigonaliesycid predsdre relief device(s) when the

conmu ndceafargb’prmhw&@ébheélﬁﬁ r&ipSctive edignafd prdiSure, thereby increasing the

respecfiyeprec ressure relief device recelving
conpreé‘s Wargye?tbr(?f‘l&{ﬁscg'ﬂ?fﬁssgfage. 20 10. An

apparatus as clainmed in Caim8, wherein the conduit

nmeags provigdes Aﬁmgf(ajéjrat‘ﬁg Qeatd 29 F@{ar\’lﬁ%?reé&ﬁm‘g%ﬁms, whersin the

Inlet of an inter ate age and
the rSpEaRrowureele F’é“‘iﬁ(%%%n whandhe driveryeedhee a respective designated

r ecei VpengenegeRr B8 sestingatpdwep Bl thdi@iveat er  stage(s). 25

11. An apparatus as clained In any one of the

preceding clainms, further conprising at |east one

relief predsureARaprarsiusiasdlamed in ahy oneof dranpreceiding tclathms whersin:
wifoh the gas coﬁiﬂ:?és@&riﬁ Qmﬁfs?dg\é%aé‘ﬁbn‘?ﬂgésw I%Qﬁ’lg H%EE ﬁl?emfcyr each

of the co ressed gas and opening to vent
gas V\ﬁeﬁ?e d agag oyt é’é HNsEgBr e fromthe gas outl et
reaches a thesdi Ig naéapdct&@ spitl estytle presfrey @lidflevied R HGkcBmatunication

whi ch yable a&eg% fetPipsure relief devices receiving

corrpresse roi'n said outlet open. 12. An apparatus
as cl ai medt ﬁow reRaes in fuyidogsmrainiagtionpetwesniag leasitvoe of the gas

the  aosisland thePeupective FRY IS fressipdliididei®aNs to | ncrease
the fluid density of the recycled 35 conpressed gas.

24 Novenber 2006 -16 13. A basel oad LNG pl ant
conpri si ng8an dgprppatatis asslaimedi imSin 8 whereirothe carfduit rfeens provides

rece
Al by e B 0 e Sk e i

havi nae\gcedgge N EnpseRgedeg© e $ta96- o' dr i ver

skéwi ng down when the power requirenent of the gas

ﬁ g\r}.ip L es Z 0 Ir 1O 0\?\, Xg %dagp&gfﬂs TR Y ydiPEMRT 8, Vnelelhtind EA4ER mBLG provides
gund communication between the gas Inlet of an intermediate stage and at least some of

the respective recycle pressure relief device receiving compressed gas from the later
stage(s). '
25
11.  An apparaius as claimed in any one of the preceding claims, further
comprising at least one relief pressure safety device in fluid communication with the gas
outlet to receive an additlonal stream of the compressed gas and opening to vent
compressed gas when the discharge pressure from the gas outlet reaches a designated
30 pressure above the pressure at which all recycle pressura relief devices receiving
compressed gas frorn said outlet open.

12.  An apparatus as claimed in any one of the preceding claims, wherein the
conduit means comprises cooling means to increase the fluid density of the recycled
35 compressed gas.




characterized in that, when the discharge pressure of
conpressed gas fromthe 10 gas outlet reaches a

desi gnated pressure, at |least a portion of the

conpressed gas is recycled to the gas inlet thereby

i ncreasing the mass flow rate through the conp$&e¥gnber 2006
15. A nethod as clained in Caim1l4, wherein

addi ti onal portions of the corfﬂﬁ'essed gas are

recycled to the gas inlet as the discharge pressure
reaches one or 15 nore respective higher designated
pressur est3. 16 A vasaBadiouG aﬁn@o&bf@g dnbpBhratudlad laimed in any one of
V\herﬁ'lerbre%gé@indﬁiggct i ve designate pressure is

determ'ne rfom a~desi gnat ed percentage of the nmaxi mum
power of the driver. 20 17. A method of limting

fgare | oadi ng j ; ' .
SVent in a bade ohaHRetchiy iR BRI 3k oShaRM s 204 300
conpPa¥9sy9ap et and g gas %E} s#id drivegslawing dewn whest the peves

gas mytitedientdfthedgadicompresstrexdeBds thd MagemGRWBF &8O driver and

sai d [ i down when t he power requirenent
of t?]ag'rna\aégg%gr?%wgibgor exceeds the maxi num power 25 of

the dri veharagierizedin that, whérdthe dipchadietpréspyre ofemapressed gasirom the
10 thabutethiinddelighalda beSsPE, @8R4t 8 paftiof BFTRE ESMGHss383as is
fromthﬁgﬁogﬁs out LFE&' rgaches a designated pressure

| owe P Rgap el bigreay eregsing e mpas fovwgpte thigugh ihg compressor.
| east a portion of the conpressed gas is recycled to

th LRl et i , j . .at e
L ongh (he. oo maiof B il Sain o, WpEroaBoraP BefidHy o e
A nEPRBEESsad gas Areaveaycled tethgigas infet asdhe disshargegiessuiteaches one or

1501 trhawd BespéctildRighdr ABRIgRAsRleda®s.are recycled to the
gas inlet as the discharge pressure reaches one or

nore respective higher designated pressures | ower than
t he presd@ir e Aameihnt eb claimeddn Glain 150wiereip saig Tespdctive designated

NoV grdasiire ZHerminkd frd@-a dé_sﬁﬁit&@&_réb‘hta?é 81 tAE Fhakdhufd FAWet of the
18, wherein said respective designated pressure is
det &¥fimed from a desi ghat ed percentage of the nmaxi mum

200wer of the driver. 5 20. A gas conpression system
conprisi g A Abth8d 8f il fiare loading during a blocked compressor discharge
event in a baseload LNG plant comprising a gas compressor (104; 204; 304) having a
_gas inlet and a gas outlet and a driver driving the gas compressor, said driver slowing
down when the power requirement of the gas compressor exceeds the maximum power
25  of the driver and having a low speed trip,
characterized in that, when the discharge pressure of compressed gas from the
gas outlet reaches a designated pressure lower than the pressure at which flare-off
occurs, at least a portion of the compressed gas is recycled to the gas inlet thereby
increasing the mass flow rate through the compressor and slowing the driver.
30
18. A method as claimed in Claim 17, wherein additional portions of the
compressed gas are recycled to the gas inlet as the discharge pressure reaches one or
more respective higher designated pressures lower than the pressure at which flare-off
ocCurs.
35




(b) a refrigerant conpressor driven by the driver and
having an Inlet and an outlet; (c) a relief pressure
safety valve having an inlet in flow comrunrcation

with 10 the outlet of the refrigerant conpre , a
outl et and a set point; and (d) a recycle preéig{oéemgerm%
safety valve having an inlet in,flow comunication

with the outlet of the refrigerant conpressor, an

outl et inid.| ow GORGHHRIcRREY ' ~inlet of the

ref rigaant CRIMLESSAr, 4.an grpg‘éfgﬁ% &Eeﬁ%"t' HEEPecive dgtinated
than the set pol Rt of 3 9r89n3ted pesgentags efdha maxinems pwer of the
val vé™§¥- (c). 15 21. The gas conpressi on system as
claimed in Caim20 further conprising: (e) an

adgdi ti on co riven by the driver and having
an inl et aighd gﬁg_ﬁgoﬁ%’l?ees%?” W@F"eﬁ}éﬁ’p?w: inlet is adapted
to recei V@ ga® 9eBm t he outlet of the refrigerant

conpr essdp), 28refifghraat @ blesdor BE8S : :

havi pgle@an inlet in fl owbcormuni cgw‘gﬂ&v%ﬁ?ﬁ*a%ﬁée%gﬂlﬁaé’? an
of the agcgiti onal conpressor, an outlet and a set

poi nt: aht (¢ Chef PeEsIg wiasr valve imdngsanfimetyn fiost commAvAIBE with
dR i e eutiel of tel refrigeramtmamyirasadr Toutizhia khgoRuLALt Of the
addi tiona) caméRR t._i.n fl.ow.communi cation
Wit mi;h%aii%, gt ’Eff %ﬁﬁ’é”’g%é?ﬂ’%‘%&“%%F'\é@% W Cogynigation
set point that T 5 10RECOPREASY.17E oyllet inflew pemmdnication wihBhe
r el i '@t ohine sdigeeanteometeyson.aind @ setfpoinf that ididwer TR BBt point of the
conpeletpedsugsatelVa@sorghai med in A aim20 or Aaim2l
fgurther conprising an addition recycle pressure

safety \ézal ve_having an inlet in flow conmunication

wi th t he®lout I"B§ 935fCOMprassiaafsysier pariaimedimsiabs 20 furtheBomprising:
ou¥ let i) f| emadDioon narpméssatdriosh Bhithd trivdlnk Rvely aﬂFnIJt D& an
I el lolt WhErein GRATREGS nt IS, .1 OWer
t hag, J;gs\ﬁﬁret poi nt %bf%tfe%gr}?cg fggg ff)c;r%gigg 8?‘%p%iﬁeé?f99%z%{1tve
of ?é&, érein the driver is a gas turbine having a
Faxi mumPownet relisiireEseirnsafdrevatvedndbeaniniesstowecomaitation with
val thﬁ outfet Qf?l)e aidsmoradmtpeadsdr.@nfm@é% af £t phifk, 4ds tur bi ne
reaches [ of its nmaximum power, _an
e Oy D0 My o ol R i
Is & aﬁ?% ©1% g BETiaRRCAMPrRESOR 3N glist ip fievheamenunizativh @dth the
s ecHtPf feraddiitnalpempressiot, andaxdt Foind tRA1SSGwet (hah the SetPoRAS S
26 hanalief pressufahipRRIVSBRET 24 Novenber 2006 18 first
percentage of its maxi num power.

22.  The gas compressor system as claimed in Claim 20 or Claim 21 further
comprising an addition recycle pressure safety valve having an inlet in flaw
communication with the outlet of the refrigerant compressor, an outlet in flow

30  communication with the infet of the refrigerant compressor, and a set point that is lower
than the set point of the relief pressure safety valve of (c), wherein the driver is a gas
turbine having a maximum power, wherein the recycle pressure safety valve of (d) is
adapted to open when the gas turbine reaches a first percentage of its maximum power,
and wherein the additional recycle pressure safety valve is adapted to open when the

35  gas turbine reachas a second percentage of its maximum power that is greater than the
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23 P nethod of operating a refrigerant conpressor

driven by a single-shaft gas turbine conprising: 5

(a) providing a conpression systemincluding: (1) a
refrigerant conpressor and a single shaft gas

adapted to drive the refrigerant conpressor, %V%mﬁerm%
the refrigerant conpressor has ag.inlet and a

di scharge line leading. to a conpressor outlet; (2) a

rel i effirgipessntage o8 i @bymomabowr.having an inlet in flow

10 conmuni cation with the discharge |ine of the
refrigerant_conpressor, an outlet and a set point;

and (3) a fécy ‘@etb?cb%eﬁ@mgaﬁ@mrammmraswu:m@nana single-shaft
i nl et demtfbicacompagimgini cation with the d| scharge line

of ghe refpjger; gn.out | in flow

corr?mnl cat H%n Ldun?%@&ﬁ.%?s onsys ?rﬁéml? '?grl ger ant

conpressor, andla sdeigeamcomprassor and|asingle shait gah aurbitehadapted to
set  paiin thefefiigaentcebebsonmasrIATS: reRGEArt c&@dry@m hat Bo infet and a

P ook [ e e REBRFBIUmBl Pl ©) caUS NG Hhe

recycle pr essur sa en and al | owi ng

conpressed gas@o 12 Gl PEsrrsafol vatve favingiae inlesinfioger ant

cofpr esmouncatibrewitighe disebarga triervd tht etrigetaht cothg sk, sAfouldiend a set

refri genagid conpr essor consuning alt avail abl e power

of the gas 20 %al)lr bi n Iand causing the gas turbine to
r(-zc*cygl {)g

sl ow down; and BERY' T ‘ﬁ’g’ef‘ﬂl‘f"té?i FRdrigtén flaw p
on | o\‘RP"gl’plé'wthH %mmmggﬁmv of the refrigerant compressor, an outlet in flow

_ communication with the- inlet-of the refrigerant-compressor, and a set point that is lower
15 thatthe set point of the relief pressure safety valve;

(b) blocking the compressor outlet;

(c) causing the recycle pressure safety valve to open and allowing
compressed gas to flow to the inlet of the refrigerant compressor, thereby increasing the
throughput of the retrigerant compressor, consuming.all avartable power of the gas

20  turbine, and causing the gas turbine to siow down; and
(d) causing the gas turbine to frip on low speed.
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