WD 2006/ 031362 PCT/ US2005/ 029287 METHOD OF EXTRACTI NG ETHANE FROM

LI QUEFI ED NATURAL GAS CROSS REFERENCE TO RELATED APPLI CATIONS [0001] This
appl i cat iwo 20écai3nm2t he benefit of U S. Provisional Applipcatisessoos609, 629,
filed 14 Septenber, 2004. BACKGROUND Field of Invention [0002] Enbodi nents
of the invention generally relate to systens and net hods of processing
hydr ocar bons. More specifically, enbodinents of the invention relate to
recovery of natural gas liquids and a pressurized nethane-rich sal es gas
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demand within a range Wnere p| peline transportation of the natural gas is
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recovery of natural gas liquids and a pressurized methane-rich sales gas from

liquefied natural gas.
Description of Related Art

[0003] Natural gas is commonly recovered in remote areas where natural gas
production exceeds demand within a range where pipeline transportation of the
natural gas is feasible. Thus, converting the vapor natural gas stream into a liquefied
natural gas (LNG) stream makes it economical to transport the natural gas in special
LNG tankers to appropriate LNG handling and storage terminals where there is
increased market demand. The LNG can then be revaporized and used as a gaseous

fuel for transmission through natural gas pipelines to consumers.

[0004] The LNG consists primarily of saturated hydrocarbon components such as
methane, ethane, propane, butane, etc. Additionally, the LNG may contain trace
quantities of nitrogen, carbon dioxide, and hydrogen sulfide. Separation of the LNG
provides a pipeline quality gaseous fraction of primarily methane that conforms to
pipeline specifications and a less volatile liquid hydrocarbon fraction known as
natural gas liquids (NGL). The NGL include ethane, propane, butane, and minor
amounts of other heavy hydrocarbons. Depending on market conditions it may be

desirable to recover the NGL because its components may have a higher value as



| i quid products, where they are used as petrocheni cal feedstocks, conpared
to their value as fuel gas. [0005] Various techniques currently exist for
separ at i lyoth@/a3etskane fromthe NG during processi ng ®CTiUs005MER287
Information relating to the recovery of natural gas l|iquids and/or LNG
revapori zation can be found in: Yang, C.C et al., "Cost effective design
reduces C2 and C3 at LNG receiving termpals,” Ol and Gas Journal, WMay
26, 2003, pp. 50-53; US 2005/0155381 Al; US 2003/158458 Al; GB 1 150 798;

FR 2 804 751. A;, US.2002/.029585; GB 1 008 394 A US 46, 029; and S. Huang,
et al., " sé}qﬁﬁwﬂ%cqwhe R e Sd@&%ﬁﬁegﬁ%n, "
Hydr ocar bon vaftie@s @ssiighg, vol . 83, July 2004, pp. 57-62. [0006] There

exi sts, however, a need for systens and nmethods of processing LNG that

i ncrease efficiency when separating NGL from a nethane-rich gas stream
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The partially vaporized LNG passes to a fractionation colum where a
liquid stredR 28 7EhadUki 2002412988% (@B 1H08384 &; AEt hdhe029;cndBapoang et eam

are wit hdrawn. . Jhe, w t hdra t hane- r,i V. r, St ream passes through the
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and a nethane-rich gas portion. punp pressurizes the nmethane-rich liquid

portion prior to vaporization and delivery to a pipeline. The pethane-rich
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exists a further need for systems and methods of processing LNG that enable selective
diverting of the LNG to a flow path that vaporizes both methane and ethane plus
within the LNG.

SUMMARY

[0007] Embodiments of the invention generally relate to methods and systems for
recovery of natural gas liquids (NGL) and a pressurized methane-rich sales gas from
liquefied natural gas (LNG). In certain embodiments, LNG passes through a heat
exchanger, thereby heating and vaporizing at least a portion of the LNG. The
partially vaporized LNG passes to a fractionation column where a liquid stream
enriched with ethane plus and a methane-rich vapor stream are withdrawn. The
withdrawn methane-rich vapor stream passes through the heat exchanger to condense
the vapor and produce a two phase stream, which is separated in a separator into at
least a methane-rich liquid portion and a methane-rich gas portion. A pump
pressurizes the methane-rich liquid portion prior to vaporization and delivery to a
pipeline. The methane-rich gas portion may be compressed and combined with the

vaporized methane-rich liquid portion or used as plant site fuel.



3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] Aspects of specific enbodi nents
of the inventions are shown in the following drawing: [0009] Figure 1 is a
fl ow di agverm@fosasepr ocessi ng system for |iquefied naturacTgs2005/0BE$AI LED
DESCRI PTI ON I ntroduction and Definitions [0010] A detailed description wll
now be provided. Each of the appended clains defines a separate invention,
whi ch for infringenent purposes is recogpized as including equivalents to
the various elenents or limtations specified in the clainms. Depending on

the context, all refere I Jvent i n some cases
refer to certain specif&gﬁiiﬁigS§§igi¢§w§hp i g@ﬁ%ﬁVﬁ@ it wll be
recogni zed that references to the "invention" will refer to subject matter
recited in qomspr nAggectsBfispedifit em@odiateatsidfYhesinbentivhs bieesholvaiiivehe Each of
the inventions will now be described in greater detail bel ow, including
speci fic entedoWEsdEWINET si ons and exanpl es, but the inventions are not
limted to these enbodi nents, versions or exanples, which are included to
enabl e a pergRA) havifgror & a5 d?a@dnh of ptcdBssietsybemTBK Rq@T s Rurdl s,

i nventi ons, mhen the information in this patent s combined with avail abl e
|nfornat|on and technol ogy. Vhrlous terns as used herein are defined bel ow.
To the extent a termused in & : FECRHEFION I bel ow, it shoul d be

gi ven the broadest definition persons in the pertinent art have given that
termas refl printed publications or issued patents.

[ 0011] The ggﬁhﬁﬂﬁh&%gexg%gﬁﬂgwg broadl y neans any devi ce capabl e of
transferring heat from one rredl a to another nedia, including particularly
any structyeepo] e. gA,ded:h:"eLt'dcclesocrmln'mnmm nowfb&rpreddd:d) Eeshaf hieadppendeidahagmss .

Thus, the hg@% exchanger na aéﬁj and frame, shell-and-tube, spiral,
hai r pi n, INeSot ¥Py mi%"e‘%t h%f B & HP%SB’CBPP‘HBR}S"’BW&POQWQ Bn known

heat exchangaiugife efeaAbhi to e heal clgRYal BRGRtafihsAphingeth b ulaum Pl at e
fin type. WO 2006 1362 PCT/ US2005/ 02928

Depending on the context, all references below to the “invention” may in some cases

refer to certain specific embodiments only. In other cases it will be recognized that
references to the “invention” will refer to subject matter recited in one or more, but
not necessarily all, of the claims. Each of the inventions will now be described in
greater detail below, including specific embodiments, versions and examples, but the
inventions are not limited to these embodiments, versions or examples, which are
included to enable a person having ordinary skill in the art to make and use the
inventions, when the information in this patent is combined with available
information and technology. Various terms as used herein are defined below. To the
extent a term used in a claim is not defined below, it should be given the broadest
definition persons in the pertinent art have given that term as reflected in one or more

printed publications or issued patents.

[0011] The term “heat exchanger” broadly means any device capable of
transferring heat from one media to another media, including particularly any
structure, e.g., device commonly referred to as a heat exchanger. Thus, the heat
exchanger may be a plate-and-frame, shell-and-tube, spiral, hairpin, core, core-and-
kettle, double-pipe or any other type on known heat exchanger. Preferably, the heat

exchanger is a brazed aluminum plate fin type.



4 [0012] The term "fractionation systenf neans any structure that has one
or nore distillation colums, e.g., a heated colum containing trays
and/ or r awmdamai31363t ruct ured packing to provi de cont act poetuse@s/obs2qui ds
falling downward and vapors rising upward. The fractionati on system may

i nclude one or nore colums for recovering NG, which may be processed in
one or nore additional fractionation codums to separate the NG into
separate products including ethane, propane and butane plus fractions.
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is between about 87% and 92%, and typical C, concentration in LNG is between

about 4% and 12%.

[0014] The term “methane-rich” refers broadly to any vapor or liquid stream, e.g.,
after fractionation from which ethane plus amounts have been recovered. Thus, a
methane-rich stream has a higher concentration of C; than the concentration of C, in
LNG. Preferably, the concentration increase of C; is from removal of at least 95% of

the ethane in the LNG and removal of substantially all of the propane plus.

[0015] The terms “natural gas liquids” (NGL) and “ethane plus” (Cy:) refer
broadly to hydrocarbons having two or more carbons such as ethane, propane, butane
and possibly small quantities of pentanes or higher hydrocarbons. Preferably, NGL

have a methane concentration of 0.5 mol percent or less.

[0016] The term “plant site fuel” refers to fuel required to run and operate a plant
that may include a system for processing LNG such as described herein. For
example, the amount of plant site fuel may amount to approximately 1% of a delivery

gas produced by the system.
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[0017] In certain enbodinents, a nethod of processing |iquefied natural gas
(LNG i ncWodes/Ba®si ng LNG t hrough a heat exchanger to pcoaisd@sheased LNG
fractionating the heated LNG into a nethane-rich vapor stream and a natural
gas liquids (NG.) stream passing the nethane-rich vapor stream through
the heat exchanger to transfer heat frofnthe nethane-rich vapor streamto
t he LNG passing through the heat exchanger and to provide a two-phase
streamthatrﬂncl.ules g rre.hggﬁ)- rdi.ch tI i quid phase and a net hane-rich vapor
phase, separating ?he ?%c-léﬁ 0P minto at |east a nmethane-rich liquid
portion and a nethane-rich gas portion, increasing the pressure of the

met hane-ri cljodi7pui dlrpesrtairoembadifpeny,) daethod enpi@utssingdigudfiedhataanyand
recovering the senq]i(l) t liquid streamtq provjde a sal e_ngas for delivery to
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an inlet in fluid communication with a_liquid recovered in the vapor-I|iquid

separator, SHAE¥M A0 EsoveLRg the sendoyt bawd steemm oarrpwide wiselss g5 fondelsterpo t he

punp and a %ipﬁﬁéﬂn@e for delivery of sales gas. [0019] In other

enbodi ments, ‘a  met hod of processing |iquefied natural gas (LNG includes

(a) providing LNG containing natural gas liquids (N&), (b) increasing the
[0018] In other embodiments, a system for processing liquefied natural gas (LNG)

includes a heat exchanger, an LNG inlet line in fluid communication with an LNG
source and the heat exchanger, configured such that LNG is capable of passing
through the LNG inlet line and the heat exchanger, a fractionation system in fluid
communication with the heat exchanger, the fractionation system having a first outlet
for a methane-rich vapor stream and a second outlet for a natural gas liquids (NGL)
stream, a vapor-liquid separator, a condensation line fluidly connecting the first outlet
of the fractionation system to the vapor-liquid separator, the condensation line passing
though the heat exchanger, configured such that heat from the methane-rich vapor
stream is transferred to any LNG passing through the heat exchanger, a pump having
an inlet in fluid communication with a liquid recovered in the vapor-liquid separator,
and a vaporizer in fluid communication with an outlet of the pump and a pipeline for

delivery of sales gas.

[0019] In other embodiments, a method of processing liquefied natural gas (LNG)
includes (a) providing LNG containing natural gas liquids (NGL), (b) increasing the
pressure of the LNG to a first pressure to provide pressurized LNG, (c) passing the
pressurized LNG through a heat exchanger to heat the LNG and provide heated LNG,

(d) passing the heated LNG to a separation system that produces a methane-rich vapor



pressure of the LNGto a first pressure to provide pressurized LNG (c)
passing the pressurized LNG through a heat exchanger to heat the LNG and
provi de heatea/isie2 (d) passing the heated LNG to a sepamratseans/ozoest em t hat
produces a net hane-rich vapor WO 2006/ 031362 PCT/ US2005/ 029287 6 stream
and an NG stream (e) passing the nmethane-rich vapor stream produced by

t he separation systemthrough the heat egchanger, to provide a two-phase
streamthat includes a liquid phase and a vapor phase, (f) separating the

t wo- phase streaminto | east a li.quid portion and a gas portiaqn, (Q)

i ncreasi ng tSﬁgargﬁgggﬁ@%Fﬁ%% (P} RpS5inS Bﬁﬂﬁ‘?t%‘?’fleﬁﬂ%’d‘(?@%“ n’tﬁ@d\’@g%é(ne- rich
vapor streanypapatafien biHaH droh e tHReRht ex8XAI8N U8 ProlvRied HRCHG: PiRaSHMAE Whi ch
is higher than the first pressure to provide a " pressurized |iquid portion

and (h) vapdnéludesq liguid phase and porpirghasst (f) bepamtiog$he iveeephas sigeandingoet i on

wi t hout further r.enqval..of an ethane plys conponent to pr e hi gh-
pressure, né?ar?é?ﬁéﬁgllﬁcpﬁﬁboélsa}n%ﬁe%aé rﬂog%olnowél%crﬁ%g%gﬁﬁgﬁf%mgﬁggvﬁqﬁqﬁ%t he Draw ng
[ 0020] Fi gurrtion prodisdet dlyabe aRttRKemRh @ath s@8an @hssiip tBrdiighlilediseaand syst ens

for processing LNG The solid lines in Figure 1 connecting the, various
conponent s c¥ehrnger lRyadeeend pressuLs Whighds highey thansthe firs grossise & prouide a
conposition - 4l Y W Hal] e . i such as
fl anges andspgaﬁg%%dg%gldn%%&@%g&%@g]g%é% %&%es% %g?@fgg%(f:g%tsérg%ﬁlgéﬁfo be part
of the syst diguidgaatios tvithaat fiueyiedremavaliof ah dthane plugasmpoend td prodpdeaslegh-
conposition as the case nmay be. Arrows denote direction of flow of the
respective sﬁr?sé‘érr"nt&‘GR‘:é'ﬁc BAts denote alternative or additional strearms.

[ 0021] An LNG processing system 100 i ncludes an LNG supply 101, a primary

heat exchangsdscdig@ion 3f Enffddimeals SHawatih 4AY DgWing2Nd an out put separ at or
144. The LNG supply 101 feeds into an LNG tank 102 where a boil-off vapor

stream 104 from the LNG tank 102 is conpressed by a feed conpressor 106
and an LNG I[PeQ] d s¥Figuemi illushates arprameple NEpReainarg mathodspad susiers fos

1T aher et HoR5tink ENGECHud GRS TR, b PRl i Holbhs oo R0 T 13L&
si ngl e phaselehdehytiauitoh srearss, ke floidizg L NGl NGLI dogipositiaecontained

within a conduit, e.g., a pipe. Structures such as flanges and valves are not shown, but

are nonetheless considered to be part of the system. Each stream may be a liquid, or

gas, or a two-phase composition as the case may be. Arrows denote direction of flow

of the respective stream. Broken lines denote alternative or additional streams.

[0021] An LNG processing system 100 includes an LNG supply 101, a primary
heat exchanger 122, a fractionation column 128, and an output separator 144. The
LNG supply 101 feeds into an LNG tank 102 where a boil-off vapor stream 104 from
the LNG tank 102 is compressed by a feed compressor 106 and an LNG liquid stream
108 from the LNG tank 102 is increased in pressure by a preliminary feed pump 110
prior to mixing in a feed mixer 111 where the compressed boiloff vapor is condensed
in order to provide a single phase LNG liquid feed stream 112. The LNG liquid feed
stream 112 passes to a main feed pump 114 to increase the pressure of the LNG liquid
feed stream 112 to a desired operating pressure that depends on a variety of factors,
e.g., the operating parameters of the fractionation column 128 and the desired
composition of the NGL to be recovered. Output from the pump 114 creates a
pressurized feed stream 116. Preferably, the operating pressure of the pressurized

feed stream 116 is between approximately 500 and 600 psia. Alternatively, the



stream 112 passes to a main feed punp 114 to increase the pressure of the
LNG liquid feed stream 112 to a desired operating pressure that depends on
a vari et ywohwodeasises, e.g., the operating paraneters ofctrhms2dosaci28Dnat i on
colum 128 and the desired conposition of the NG to be recovered. Qutput
fromthe punp 114 creates a pressurized feed stream 116. Preferably, the
operating pressure of the pressurized fged stream 116 is between

approxi mately 500 and 600 psia. Alternatively, the WO 2006/ 031362

PCT/ US2005/ 029287 7 operatin ssure ran W 200 or
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such that the LNG supply 101 feeds |nto t he heat exchanger 122 without
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ext er nal ref ractl 11'6n e pressurized
feed str eamnia]yﬁbef sepaatetihe pmwdaaer geﬂlaeatreaermh&ﬂgeljroizms amaeemat fedlupf@ssuri zed
feed stream 116 i s heate q Eartlally or wholly vaporized. The
pressur i zed heHCHOPRRAMFIYBi1eSpr ef erabl y at a tenperature of about -250 F
before it enters the primary heat exchanger 122. Feed stream 116 passes

through t he gyofrar YThé‘géEsu??ZE@ ARE8Mrea? 216 FRADHelpritRYy BbfQxB@Mged IPROUgGh an
ext er nal heat supply g., an optional feed vaporizer, which provides

further heatwhege thierpressyrgedifees sireamchidris hepdosland fatiallyras wholly vapeuzedal heat

supply 124 I’OVId enper at tion r|or t o he LNG
tream (o a SRS LRRP e PRRY A Riieipls s -bfRaany £haibd

t enper at ur e it &adrs e RIS SkchHpEO XL ¥ireak? @16 padoel thad\igﬁrﬂﬁalbrﬁm@iyy Can
range froma low of -160 F, or -150 F, or -140 F, to_a high _of -110 F, or

-100 F, or hegicexchanpge [ 2 MianHamiay @lso passdheough an pgternal hoad seapnip |l g4.£.¢., an
fractionatigf 5&188{1%@21 tgeﬂzer Mlcﬁﬁuicggaéstf&%er%%mrggﬁlg @ghﬁhu% aa{)adtége‘aﬂ o a

part of the fractionatron colum sone e
fractionatid&ﬂ&msﬂemkmﬁh&hdﬁm&ﬁhyﬂQéemngepamamnpmamﬂﬁnpmMHndepnmﬂparat|on

of Lhe_heat ot Lot SLISATLAZE, 1L & s, Phece, LBl Lo, 8 ¢ TPL et v o
125 at a temperature that is preferably approximately -120° F, but alternatively can
range from a low of -160° F, or -150° F, or -140° F, to a high of -110° F, or -100° F,
or -90° F. The demethanizer separator 126 is preferably a fractionation column, and
may be omitted, combined with or an integral part of the fractionation column 128 in
some embodiments, e.g., to form a fractionation system. The demethanizer separator
126 provides separation of the heated feed stream 125 into a gas phase that forms a
methane-rich vapor stream 136 and a liquid phase that forms a fractionation column
feed stream 127. The fractionation column feed stream 127 enters the fractionation
column 128 and fractionates into a methane-rich overhead stream 134 and an NGL
stream 132. A reboiler 130 for the fractionation column 128 adds heat to facilitate
distillation operations and increase removal of methane from the NGL. The reboiler
130 may add heat by one or more submerged combustion vaporizers or a stand alone

heating system.

[0023] The methane-rich overhead stream 134 from the fractionation column 128
mixes with the methane-rich vapor stream 136 in vapor mixer 138 to provide a
combined methane-rich vapor stream 140. The vapor stream 140 passes through the

primary heat exchanger 122 where the vapor stream 140 exchanges heat with the feed



feed stream 127. The fractionation colum feed stream 127 enters the
fractionation colum 128 and fractionates into a nethane-rich overhead
stream 13%oane/BmedGL. stream 132. A reboiler 130 for tireTiUSa@Gi009281 i ON
colum 128 adds heat to facilitate distillation operations and increase
removal of methane fromthe NG.. The reboiler 130 nay add heat by one or
nor e submerged conbustion vaporizers or @ stand alone heating system

[ 0023] The net hane-rich overhead stream 134 fromthe fractionati on colum

128 m xes with t hang-rich vapor stream 136 in vapof,.m 138 to
orovi de o S it MeeRasger el Yl & i pomiRb RbuE R st a0
passes through vwiieh isRréfeRibYy di%&émgé&ﬁﬂﬂ%w 1AImWeBS 250N bY¥RROK: chlefsaBen 140
exchanges heat with the feed WO 2006/ 03136?}23 PCT/ US2005/ 029287 8 stream

116, t her ebycalfexebariggn|bpt may klsgibagny Aesiieblertemperatira s-poreging fonot highe LNG
SUPDLY | 10T PSR B e DI 18RI AE At RIS LA 8, 0h s ARRLANLBL 17?0
er ea e a e

before it en S the exchanger, but nay al'so esira

t enper at ur e ,vaporGstreathaldiif gotf doriPréssé phior tobeing Passed tiabugl?®e phintagy Redt ow of
-275 F. In at |east _one advantageous_ feature, the vapor stream 140 is not

conpressed FrRFNZED! Heingdesde sipasneiGiisRCY Mdthp sysiemn J Ondsed endbs rgaise 122 i n

order to in 1.Cd: i : - 10 k; t hat
gas. compr eoar ARy oEb PGB hulr hR R T e B H P THROBERAE o oing
t he vapor stthewapot dideqn il 60 ptiar to enokdemsing ghd vepov sipm $40 mahe pdfaryrhephe

rimary heat exch er 122 requires nore ener t han .t he ener onsuned
by the syer EHVIES LPGRATGS I8 Spey tapiBe CHEsey Cutshoan by des Salert Loy
condenses i RhtHR ixhﬁ%hreeﬁcﬁ'ﬁé‘%or stlebdn BAWpAAAIL carﬁa];enslegﬁ{th%emgﬁdng&% as a

two- phase stream 14Z. Preferably, at |east 5% of the vapor stream 140
condenses i 23 aad ekiguihd hicat exhlangent22asatiangehasd siteammitZe Prpteedbdy, ablegstat

| east 90% of,t he.yapor strea 40 condenses;. i At 9 Lauid in the heat
exchanger 15570 SHE Bty S aRd Qs Po R AR iyl e bl Urlse PRI o

condenses  ippéferadly atQedsd90% of e ot stexehpigRhdddds inky & liqhid ih fe kendi ti ons
of service appear to allow nost of the va or to be condensed, it wll
normal |y be cgekangenl 22; end mesiretssbdy atrleast §2/4) ofkgyvapor strane bhsandewes e. g. |

the compressgy, a:Ii?qa.xi(‘f] LY %%ﬁ%xpﬂngw 129N ifAfie conditions of service appear to

allow most of the vapor to be condensed, it will normally be desirable to leave some
residual vapor. The compressor, €.g., the compressor 158 discussed below, should be
sized to handle the transients, which may generate vapor during non-steady state
operation. The two-phase stream 142 is separated into a methane-rich liquid stream
146 and a methane-rich output gas stream 148 in an output separator 144, e.g., a two
phase flash drum. Thus, the majority of the vapor stream 140 forms the methane-rich
liquid stream 146 which can easily be pumped to sendout pressure by a sendout pump
150 without requiring costly and inefficient compressing. Likewise, only a minor
portion of the vapor stream 140 forms the output gas stream 148 that requires
boosting to sendout pressure by a sendout compressor 158. After pumping the liquid
stream 146 to sendout pressure and boosting the output gas stream 148 to sendout
pressure, sendout vaporizer 152 and heater 160, which may both be open rack water
vaporizers or submerged combustion vaporizers, provide a heated output gas stream
161 and a vaporized and heated output gas stream 153, respectively. Therefore, the
heated output gas stream 161 and the vaporized and heated output gas stream 153 may

combine in an output mixer 154 for delivery of a methane-rich delivery gas stream



sized to handle the transients, which may generate vapor during non-steady
state operation. The two-phase stream 142 is separated into a nethane-rich
i quid stweameé/B42and a nmet hane-rich out put gas streampt48S2evsam28ut put
separator 144, e.g., a two phase flash drum Thus, the majority of the
vapor stream 140 forns the nmethane-rich |iquid stream 146 which can easily
be punped to sendout pressure by a sendogt punp 150 without requiring
costly and inefficient conpressing. Likew se, only a mnor portion of the

vapor stream_140 far t he out put s stream 148 that requires oosting to
sendout pr egl]éé R eg?%%'nﬂlgﬁﬁ P]@eﬂﬁ&f%@é@ﬁsm.gam lggﬁlﬁfﬁ%ﬂﬂﬁé‘l‘ﬁ‘ﬁé aBPYEf‘ui d
stream 146 tgpogemylout pressure and boosting the output gas stream 148 to
sendout pressure, sendout vaporizer 152 and heater 160, which may both be

open rack water vaporizers or subnmerged conbustion va&orizers, provi de a
heat ed out pui€024hs six@parficulgdy aderntagoeisdspecadhasstanedpedurthet prablegas stream

| .~ o X : h
vapori sod ant ke SAARR T ek MEprdf e A B n BT RLAGRC IR

vapori zed an out'put "gas str 3 an ‘out put m xer

154 for del INGL Yecdkhe® medd)anst ifinohaltlef thy BGL Bastratted aom/ibe 2006 5ihpl362
PCT/ US2005/ 029287 9 156 to market_ (e.g., .a.gas pipeline that transports
gas at hi gh {91 @sierfavapgegatn %fﬁb%NgmeplpfsliOéa such@g dagcribgd abaysy Howevel | y

advant ageousy 4REE] mobRoPBHE A TG NERYIENOR (GRIudhtl dihloRgudet ween an

"NGL recovery node” GL rej ection NGL ‘r ecovery node,
nmost if not fedctions) i Yepoh@kd fs deliverp ot mdrket yma tivertedmath 3P I(see bidkenpri or to
vapori zation, described above. However, in

oGy b disehort e sgeps i PP L, E e Bei iy oY e Freer oA roatdfe. bl us

fractions) igeaReb iuazee:glNGosmig@l 1})\{ gﬁ Mrcveptorfeadhegen@m?r&ismer tredh&ahdat 300 (see

broken lines). The punps 1 , 150 can be used to provide the

necessary i movsassichris rghodles L3® vaporizers 124G gl heaten 160 prayideesufficenteach

sendout pressure. Further, heat r ces as reboiler. 130, vaporizers
Toa. 152" and edie P sray P Rdns BR PR dn Sy S BBt e VRBEY | e The
LNG supply %ﬁéssﬁ@zeﬂﬂﬂdﬁél bubpsP e, atl vy Boafigveshal agditiphAssudiizathye t he punps
110, 114, 150. Valves and additional conduits may be

utilized to bypass components (e.g., the demethanizer separator 126 and the

fractionation column 128) not used during the NGL rejection mode and to arrange the

pumps ahead of the heat sources during the NGL rejection mode.

[0025] Figure 1 further illustrates numerous options, as indicated by dashed lines
and combinations thereof. For example, external reflux for the fractionation column
128 may be provided from various sources other than the reflux stream 118, and the
pressurized feed stream 116 may provide refrigeration potential from the LNG supply
101 to additional heat exchangers that may be used in the system 100 after the
primary heat exchanger 122. In one or more alternatives, at least a portion of the
methane-rich output gas stream 148 can be diverted to a plant site fuel stream 200 that

may be heated and used to run and operate the system 100 and accompanying plant.

[0026] In an additional aspect or alternative, the methane-rich liquid stream 146
may be separated to provide a lean reflux stream 400 that may be increased in
pressure by a pump 402 prior to entering the fractionation column 128 as a lean
external reflux stream 404. In order to further improve the effectiveness of the lean
external reflux stream 404 in removing heavier hydrocarbons from the overhead of

the fractionation column 128, the lean external reflux stream 404 may be chilled by a



utilized to bypass conponents (e.g., the denethani zer separator 126 and the
fractionation colum 128) not used during the NG rejection node and to
arrange twe 20@upx2ahead of the heat sources during thePNEUSe@s®e928DN Node.
[0025] Figure 1 further illustrates nunmerous options, as indicated by
dashed lines and conbinations thereof. For exanple, external reflux for
the fractionation colum 128 may be prow ded from vari ous sources ot her
than the reflux stream 118, and the pressurized feed stream 116 may

provide refrigeration.potential fromithe LNG I 01 .to,addi ti ongl heat
exchangers trﬁg X%eﬁc&gﬁ%eé n?trf&’?WB) @%i" ofﬁﬁlstﬁgﬁ)e@% ef‘#é“%??%%’eﬁ@é{&
exchanger 12gqinktth® PRsQkize® FRdateShNab] HES furfhler hpRst R sHSE 10 iy t he

met hane-ri ch out put” gas stream 148 can be diverted to a plant site fuel

stream 200 tihelude aegndgasen &89 aufluidomsenication (hegafawasty 210 itk syst em 100
e SCCOTpanN| o RSl 1y AL T SASHALSE PRI

met hane-ri ch ol qurds e separa refl ux

stream 400 tdfatredtficatién soecioeased frattioftieos sulugnby28a Hraktiondigh fofedr t o
entering the fractjonation colum 128 as a | ean external r(gfl ux Stream
404. |In or dérverhgad beat grchanges Giestly Reindireebt Witk isquesspriggefepd sifpamekiter nal

e 217 ol e g kA et g e o

the fractionation c ux stream4 may be
chill ed by &0MEb2106 6ra0Bd:REaN PATIISPAS0 S/He 2887l rdiliixes pravidehmaicudacatitityger

(not shown) that acts.to coql the |ean external r x_stream 404 agai nst
the pressur ié@ﬁmgg@iggkgiﬁgﬂgrgopﬁ&gnFﬁlﬁ{lfhépmé%@ﬁ[ ; S‘{Hﬁ’iy ﬁ@s?@m 100 may
include a Cqﬁ@l@mrg]théggrcbﬂta ¢ HF NGE AR LR ARe fn8tlfne-rikh @VeRatdstRld) W th a
condenser heat exchanger 502. The condenser 500 may be a separate or

integral park34.of a rectification section of the fractionation colum 128.
Fractionation tower overhead heat exchanges directly or .indirectly with

r on t oy eat | i
order to pr UL a SoboREarParrh bRaLIRR G, BPRL RIENRRATL R T

col um 128. nbpdeléxtiey ditdetly b haxkes apiighy prtesupa ithd syustear 1004 inky includeqih N@bovi ng
hi gher hydraocarbons than ethane fromthe supply 101 and, _increasing the

he LNG
percent age drahgachangsh0@Qytor gt iherGhstrayn d 3¢ petng Vs pressyriged fegdstream

116 so that there is minimal flash once the NGL stream 132 reduces to atmospheric
pressure for storage in an ethane tank 602 or delivery in an output NGL stream 604 at
atmospheric pressure. A flash gas stream 606 from the ethane tank 602 may be
compressed by an ethane compressor 608 and fed to the bottom of the fractionation
column 128 in order to increase NGL recovery via NGL stream 132, avoid flaring of

the flash gas stream 606, and reduce the duty of the reboiler 130.

[0028] Described below are examples of aspects of the processes described
herein, using (but not limited to) the reference characters in Figure 1 when possible
for clarity. A method of processing LNG includes passing pressurized LNG 116
through a heat exchanger 122 to provide heated LNG 125, fractionating the heated
LNG 125 into a methane-rich vapor stream 134 and an NGL stream 132, passing the
vapor stream 134 through the heat exchanger 122 to provide a two-phase stream 142
that includes a liquid phase and a vapor phase, separating the two-phase stream 142
into at least a liquid portion 146 and a gas portion 148, increasing the pressure of the
liquid portion 146 to provide a sendout liquid stream, and recovering the sendout
liquid stream for vaporization and delivery to market 153. Another method of

vaporizing LNG includes providing a vaporization system 100 having an NGL



134. [0027] In another enbodi mrent where at |east a portion of the NG
stream 132 is not delivered directly to market at high pressure, the

syst em 1080mags/i3mskude an NG heat exchanger 600 to chipclr/usb@sNed2sst r eam
132 against the pressurized feed stream 116 so that there is mninmal flash
once the NG stream 132 reduces to atnospheric pressure for storage in an
et hane tank 602 or delivery in an output]]NGL stream 604 at atnospheric
pressure. A flash gas stream 606 fromthe ethane tank 602 may be

conpressed by an et han r 0 and fed to boig t f the
fractionati S%COVS%'I Iﬂﬁ& %5@99 gl?@é?epﬁf? NG BpihaDg f’f%‘.@%}ﬁ?@q@ﬁa{ CRELOTSt r eam
132, avoi d frh@delang saiﬁtchlhgﬂqe‘\ta%aﬂzagm sy5teRAMOGREvecaNke fe@BHEE ahdfejsbiby of the
reboi | er 130. [0028] Describ bel ow are exanpl es of aspects of the

processes d b@bﬁfﬁlﬁéhfémﬁdesuﬁﬂﬁg comronmwmpsilaPt Hd 190 andyeeat gquseesnce
characters 'Q4FtﬂP % @hen possible for clarity. A nmethod of processing
LNG i ncl udes passr ng ‘pressurized LNG 116 through a heat exchanger 122 to
provi de heated LNG 125, fractionating the heated LNG 125 into a

met hane-ri ch vapor stream 134 and a2$2§§gﬁigsan1132, passi ng the vapor
stream 134 t hrough the heat exchang provi de a two-phase stream 142
that includes a liquid phase and a vapor phase, separating the two-phase
stream 142 Hxamdplall | east a liquid portion 146 and a gas portion 148,

i ncreasing the pressure of the liquid portion 146 to provi de a sendout
liquid strea and recovering the Se ndout Uld st ean1for vaporization
and del  ver 0028 rar Ad RS iCRahaR tetsoR ae T apBtd Sty cotae AR MiBos

providing aya Eés%,@hémuﬁ%mqmem@l 1.n1§headatd\ls;%re &Q@@A&% 362
PCT/ US2005/ 02928 11 recovery node Tor substanti al abﬁara i ng net hane

from NGL anctommelxmlly @Yaebbiemnoceﬁsade@nmgrmmcnljectH Yr(avealablodrony st em
100 between,the r er nd r des utilize
Sommon poeh oSt B b e RS EhERt) llapERa T AR A4 15 BBEES Bt es

Exanpl e 1  commercially available process simulation programs can be used to develop the data,

including HYSIM™, PROII™, and ASPEN PLUS™, The data assumed the

pressurized feed stream 116 had a typical LNG composition as shown in Table 1. The

data presented in Table 1 can be varied in numerous ways in view of the teachings
herein, and is included to provide a better understanding of the system shown in solid
line in Figure 1. That system results in recovery of 95.7% (41290 BPD) of ethane
from LNG while delivering 1027 MMSCFD of methane-rich gas for delivery at 35° F
and 1215 psia.



[ 0029] A hypot hetical nmass and energy balance is carried out in connection
with the process shown in solid line in Figure 1. The data were generated
using a womwvcimkl y avail abl e process sinul ati on prograemusadosaeb2iySYSTM
(avail able from Hyprotech Ltd. of Cal gary, Canada). However, it is
contenpl ated that other commercially avail able process sinulation prograns
can be used to develop the data, including HYSIMIM PROITM and ASPEN
PLUSTM The data assunmed the pressurized feed stream 116 had a typical LNG
conposition as shown in Table 1. The data presented in Table 1 can be

varied in nyaprous ways in v -he teachings erein,and is included
to provide a petder zunder gt andi ng ofoth%sysienéhown insolid line in
Figure 1. That sy8 énBrafI soi n fecgvely c§ 95«{’%(41%90 BPD) of ethane
from LNG whi | g %F‘i ge?i%g* BIZ MMSCED of2 méghahgl ’8|cB |§as|Fjor delivery at
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Example 2
[0030] Table 2 shows a part of another simulation, which provides a comparison of the

NGL recovery mode (using the embodiment shown in solid line in Figure 1) with an NGL
rejection mode, wherein the system 100 is switched to vaporize all of the LNG supply 101.
As seen, the NGL recovery mode requires an additional power requirement of approximately
5320 HP compared to the NGL rejection mode. Further, the water vaporization load for the
NGL recovery mode decreases by approximately 9% compared to the NGL rejection mode.
Thus, the utilities required to provide either cooling water or seawater for vaporization is

sufficient to handle the NGL recovery mode.

Table 2

I NGL Recovery Mode | NGL Rejection Mode
Horsepower (HP)
Main Feed Pump 114 3320 7990
Sendout Pump 150 6510
Sendout Compressor 158 2780 0
Total Power 12610 7290
MBTU/Hr
Reboiler 130 236
Heater 160 17 618
Vaporizer 152 340
Total MBTU/Hr 593 618
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2006/ 031362 PCT/ US2005/ 029287 13 Exanple 2 [0030] Table 2 shows a part of
anot her sinul ation, which provides a conparison of the NG. recovery node
(using the enbodi nent shown in solid line in Figure 1) with an NG

rej ection node, wherein the system 100 LZ? switched to vaporize all of the
LNG supply 101. As seen, the NG recovery node requires an additional
power q1¥| rerrent of approximately 5320 HP conpared to the NG rejection
node. ¥aple he wat er vapori zation |l oad for the NG. recovery node
decreases by approxi mately 9% conpared to the NG rejection node. Thus,
the util | re or
vapor i Zat e i & B L e R e P PO G Nt
Recovery am&‘mm_armpetreamHMQnmesbpower (HP) Main Feed Punp 114 3320
7290 Sendout Punp 150 6510

Table 3
Stream | C1 min (mole %) | Ci max (mole %) | Cox min (mole %) | Cox max (mole %)
112 80 85 2 5
85 90 6 10
90 95 10 15
134 97 98 0 0.5
98 99 0.5 1
99 100 1 1.5
140 97 98 0 0.5
98 99 0.5 1
99 100 1 1.5
146 97 98 0 0.5
98 99 0.5 1
99 100 1 1.5
153 97 98 0 0.5
98 99 0.5 1
99 100 1 1.5




Sendout Conpressor 158 2780 0O Total Power 12610 7290 MBT U Hr Reboil er
130 236 Heater 160 17 618 Vaporizer 152 340 Total MBTU H 593 618 WO
2006/ 031380 206103U82005/ 029287 14 Exanple 3 [0031] TablreTArseodswsi2sat es
exanples of different alternative concentration ranges of C1 and C2+ in
various streans shown in Figure 1. Table 3 Stream Cl mn (nmole %9 Cl nmax
(nole %9 C+ mn (nole %9 C2+ max (nmole 1% 112 80 85 2 5 85 90 6 10 90
95 10 15 134 97 98 0 0.5 98 99 0.5 1 99 100 1 1.5 140 97 98 0 0.5 98 99
0.51 99 100 1 1.5 146 97 98 0 0.5 98 99 0.5 1 99 100 1 1.5 153 97 98 0
0.5 9899 0.51 99 100 1 1.5 CLAIMS:

What is claimed is:
1. A method of processing liquefied natural gas (LNG), comprising:

passing LNG through a heat exchanger to provide heated LNG;

fractionating the heated LNG into a methane-rich vapor stream and a natural
gas liquids (NGL) stream,;

passing the methane-rich vapor stream through the heat exchanger to transfer
heat from the methane-rich vapor stream to the LNG passing through the heat
exchanger and to provide a two-phase stream that includes a methane-rich liquid
phase and a methane-rich vapor phase;

separating the two-phase stream into at least a methane-rich liquid portion and
a methane-rich gas portion;

increasing the pressure of the methane-rich liquid portion to provide a sendout
liquid stream; and

recovering the sendout liquid stream to provide a sales gas for delivery to a

pipeline.

2. The method of claim 1, further comprising diverting the LNG at a
predetermined time to a diverted flow path that bypasses the fractionating to provide

sales gas that includes methane and ethane plus for delivery to the pipeline.

3. The method of claim 1, wherein the methane concentration of the sales gas is
substantially the same as the methane concentration of the methane-rich liquid

portion.

4, The method of claim 1, wherein fractionating the heated LNG occurs in a
fractionating tower, which produces the methane-rich vapor stream at a tower output
pressure, and wherein the pressure of the methane-rich vapor stream entering the heat

exchanger is substantially the same pressure as the tower output pressure.



WO 2006/ 031362 PCT/ US2005/ 029287 15 CLAIMS: Wiat is claimed is: 1. A

nmet hod of processing |iquefied natural gas (LNG, conprising: passing LNG
t hrough awbeats/Bxsmhanger to provi de heated LNG fracti egcatise@siobesheat ed
LNG i nto a net hane-rich vapor streamand a natural gas l|iquids (NQ)
stream passing the nmethane-rich vapor streamthrough the heat exchanger to
transfer heat fromthe nethane-rich vapgr streamto the LNG passing

t hrough t he heat exchanger and to provide a two- phase stream t hat includes

a net hane-rich liqui met hane-r i hase arating the
t wo- phase stsf eam’i tg‘?&?é‘g g ‘?aﬁlé HERassHet emeﬁﬁi?‘ taPBfnStrﬁﬁ‘g‘

net hane-ric hm@agh BRMehOdkchhrlet 8airNEibERRAN ﬁﬁw@ nfbfreatsﬁx% tAepReEe bf tﬁé’l
liquid portion to provide a sendout |liquid stream and recovering the

sendout ||qun@hamerre<&1rﬁa@©r§ir@m de a sales gas for delivery to a pipeline.

2. The nethod of claim11, further conprising diverting the LNG at a
predetermned tine to a diverted flow path that bypasses the fractionating
to provide 6$a| esThgasethbdds ¢lnigl udRshembhpaisingitredshanbe prassurt of thddINGery to
the pipeline. 3. The nethod qf claim1, wherein the nethane concentration
of the sal esbeﬁj)éépf‘%mg%%%fhr%gwhf hest €%6h8N8EL- t he net hane concentration of
the nmethane-rich liquid portion. 4. The nethod of claim1, wherein
fractionating the heated LNG occurs in a fractionating tower, which
produces t hd.net Harensthehotdpiar 1 sfurtbaroatpriaingower out put pressure, and

wherein the pressure of the nmethane-rich vapor.stre ntering t heat
exchanger is subdPEHiS aa‘Fqn@erWSé ?’aﬁ@f’%‘fa@%meéma%om ﬁé‘mﬁé?“iown%ﬁ? Eﬁpes sure.
WO 2006/ 03lqﬁl%id3 Grth MR T OB RPNk increased to a first pressure, wherein the mixing
provides an LNG feed stream; and
increasing the pressure of the LNG feed stream to a second pressure to provide

the LNG for passing through the heat exchanger.

8. The method of claim 1, wherein the methane-rich liquid phase constitutes at

least 85 weight percent of the two-phase stream.

9. The method of claim 1, wherein the methane-rich liquid phase constitutes at

least 95 weight percent of the two-phase stream.

10.  The method of claim 1, wherein passing the methane-rich vapor stream
through the heat exchanger occurs without increasing the pressure of the methane-rich
vapor stream, and wherein the methane-rich liquid phase occupies at least 85 weight

percent of the two-phase stream.

11.  The method of claim 1, wherein the sendout liquid stream is at a pressure of at

least 1000 psia.

12.  The method of claim 1, wherein delivery of sales gas to a pipeline includes

transporting methane-rich gas at a pressure of at least 800 psia via the pipeline.



16 5. The nmethod of claim 1, wherein passing the nethane-rich vapor stream
t hrough the heat exchanger occurs substantially w thout increasing the
pressur e WO 206531382t hane-ri ch vapor stream 6. The net hedTafS2@isacorsi,
further conprising increasing the pressure of the LNG before passing the
LNG t hrough the heat exchanger. 7. The nethod of claim1, further
conprising: mxing a conpressed boil -of fyavapor streamfroman LNG tank with
an LNG liquid streamfromthe LNG tank increased to a first pressure,

wherein the i xi rovi des .an. LNG f.eed streany. .and ingreasi t he
pressure of 1?he %@“ﬁ%@%‘i %ﬁﬁ@%’t eéelgglleoﬁﬁtiﬁ?egé%ygqrS&B%W%g“e the LNG
for passing sthiodyBiuitl REedif dhctEneehan@Bine Bncdii@tibRbhadestt 98 hdlépércenther ei n
the nethane-rich |iquid phase constitutes at |east 85 wei ght percent of

t he two-phase stream 9. The nmethod of claim 1, wherein the methane-rich

st roam 10, Hno muEngra il n eV 0L A8kaah o b E R Poh vapor

stream t hr eugdenttaohefdt lexchimedy pepestir S Wi t hout i ncreasing the pressure
of the methane-rich vapor stream and wherein the nmethane-rich liquid
phase occupies at |east 85 weight percent of the two-phase stream 11. The

met hod of cl@&i m X i £l Gk oB ssure of at
| east 1000 g ia. ]Tff : ﬁdér;rlfeétlﬁgldf’??gg%aﬁogp%?fn%h%glgﬁl%@é!eelalsﬁsearﬂf/o fg éasal es gas
to a pipel i meetharehinbegns poriomsparglamigitertchane-ri ch gas at a pressure of at

| east 800 psia via the pipeline. WO 2006/ 031362 PCT/ US2005/ 029287 17 13.
The nmethod of claim1l, wherein the nethane-rich vapor stream and the

sendout | i quied StTIRIWIBAESS d1disn gﬂﬁh&%&p@@ﬁ%%bgtﬁgtﬁap%s@& of #asdst 98 ol e
percent. 14. The nethod of claim1l1l, wherein the NG siream has an ethane
pl us part of the methane-rich gas portion for delivery to the pipeline.

17.  The method of claim 1, further comprising heat exchanging the NGL stream
with the heated LNG to chill the NGL stream.

18.  The method of claim 1, further comprising:

heat exchanging the NGL stream with the heated LNG to provide a chilled
NGL stream; and

flashing the chilled NGL stream to substantially atmospheric pressure.

19.  The method of claim 1, further comprising:

heat exchanging the NGL stream with the heated LNG to provide a chilled
NGL stream;

flashing the chilled NGL stream to substantially atmospheric pressure to
provide a flashed NGL stream; and

passing the flashed NGL stream to storage.

20.  The method of claim 1, further comprising splitting a portion of the LNG into
a reflux stream that bypasses the heat exchanger and provides a reflux for

fractionating the heated LNG.



concentration of at |east 98 nole percent. 15. The nmethod of claiml,
further conprising utilizing at |east part of the nethane-rich gas portion
as a pl anwo=mden3izeel . 16. The met hod of claim 1, furthercrarspoossearg?
boosting the pressure of at |east part of the nethane-rich gas portion for
delivery to the pipeline. 17. The nethod of claim11, further conprising
heat exchanging the NG. stream wth thggheated LNGto chill the NG
stream 18. The nethod of claim 1, further conprising: heat exchanging the

NGL streamwith e heat NG ovide .a chil.l.ed N fre an

lashi ng theloni PSSR Gt SuthaSorbndng Ry aob e i A8l 1o
The net hod oifjuldl Fridd intd & EdfRRTstre MRt PrRddeshie@flue ksittrRgbigingiRe Ndtedst r eam
with the heated LNG to provide a chilled NG. stream flashing the chilled
NGL stream £&NGubstantial |y atnospheric pressure to provide a flashed NG
stream and passing the flashed NGL streamto storage. 20. The nethod of
claim1, further conprising splitting a portion of the LNGinto a reflux
st ream t hat 2bypasesndthal bitdiineX Chahgeomprgingr ovi des a reflux for
fractionating the heated LN WO 2006/.031362 PCI/ US2005/.029287 18 21. The
met hod of cl ai m $Plitiggamert of Shppethppgyrich liswid pagion 1pterd re8rX seavediifane- ri ch

liquid portion inanR, iRlbifk Sf [RPthe REAYS € 18l s rElx for
fractionating the heate G. . ~IThe nethod of claim1, frurtxher
conpri si ng: feptiondtingghahqatedtLNEG. t he met hane-rich liquid portion into a

reflux stream and chilling the reflux stream agai nst the heated LNG to
provide a reflux for fractionating the heated LNG

23. A method of processing liquefied natural gas (LNG), comprising:

(a) providing LNG containing natural gas liquids (NGL);

(b) increasing the pressure of the LNG to a first pressure to provide
pressurized LNG;

(c) passing the pressurized LNG through a heat exchanger to heat the LNG
and provide heated LNG;

(d) passing the heated LNG to a fractionation system that produces a methane-
rich vapor stream and an NGL stream,;

(e) passing the methane-rich vapor stream produced by the separation system
through the heat exchanger, to provide a two-phase stream that includes a liquid phase
and a vapor phase;

(f) separating the two-phase stream into at least a liquid portion and a gas
portion;

(g) increasing the pressure of the liquid portion to a second pressure which is
higher than the first pressure to provide a pressurized liquid portion; and

(h) vaporizing at least a portion of the pressurized liquid portion without
further removal of an ethane plus component to produce a high-pressure, methane-

rich gas.

24,  The process of claim 23, further comprising providing at least part of a
refrigeration duty for the fractionation system by withdrawing a fraction of the LNG

before being heated and passing the withdrawn fraction to the fractionation system.



23. A nethod of processing |iquefied natural gas (LNG, conprising: (a)
provi di ng LNG contai ning natural gas liquids (N&); (b) increasing the
pressure WO 200003LNG to a first pressure to provide pregsuiszedobdd®y (c)
passi ng the pressurized LNG through a heat exchanger to heat the LNG and
provi de heated LNG (d) passing the heated LNG to a fractionation system
t hat produces a nethane- rich vapor strd®m and an NGL stream (e) passing
t he net hane-rich vapor stream produced by the separation system through

t he heat exchanger, to proyvide a two-phase .stream.t.hat Jincludes a liquid
phase and QVapﬁlfheﬁ)ﬁ%%eg? O{‘flﬁums@paﬂ‘m%e?ﬁgjmpﬂgng%qvb‘&fﬁgét fff“ﬁé’ﬁ%’?ﬁto at | east
a |iquid poréfrigeradodl datydds theFRictib@ition (Psteth b RBSMS 8 164:e a RoRBBWTEHOT t he
liquid portion to a second pressure which is  higher than the first

pressure t o mstkapedichavappesttaam predudeddyithe Bastiangton systery i) hephpephrogeng at
| east a por tlan,0f NA§, DEES %{)J(gllnéeoqéllxé r%'ﬂag%eflﬂgﬁ L3 Wb HR g faysﬁlléé‘ﬁrlea[s noval
of an ethane pl us conponent to produce a hi gh-pressure, metiane: ric gas.
24. The proagsstiaf ofthacoolad strdant tohthe fraciiqmation Bgtgmi.ovi di ng at | east part of
a refrigeration duty for the fractionation systemby w thdrawi ng a
fraction of the LNG before being heated and passing the withdrawn fraction

to the fractionatiygnsyst 6, HO-PA0MARLA0RRETANSEANS R824 orhO 25 The

process of claim?23, conprising pfoviding at |east part o
ref ri ger at i oefrigetagioh dotyt foe tHerfeectipmatimnispstem oyt withdsgwingssiiravgiontof thed NGa

portion of th t hane-ri ch vapor, stream produce t he fr.actionation
systemin hg’ﬁg’reégglﬂg%geéﬂﬁl plas?ﬁg t@ﬂ@tgﬁaggff@&ﬁo%gbﬁ%#ﬁc%?mlnﬂ]é S}'fsg?niluane- rich
vapor streanhd paifaa3éd3fa pbrtloBd$ the AetRfeldi@vapor slR@nt pRdBELIytBéM t 0 t he
fractionation system 26. The process of claim 23, further conprising
provi di ng atfracBeratiopsystemfindeat exchange with the LNG to effect cooling of the methane-

rich vapor stream and passing at least a portion of the cooled stream to the

fractionation system

27.  The process of claim 23, wherein the NGL stream has ethane as a predominant

component.

28.  The process of claim 23, wherein the pressure of LNG of step (a) is at or near

atmospheric pressure.

29.  The process of claim 23, wherein the first pressure ranges from 400 psia to

600 psia.

30.  The process of claim 23, wherein the second pressure ranges from 1000 psia to

1300 psia.

31. A system for processing liquefied natural gas (LNG), comprising:

a heat exchanger;

an LNG inlet line in fluid communication with an LNG source and the heat
exchanger, configured such that LNG is capable of passing through the LNG inlet line

and the heat exchanger;



refrigeration duty for the fractionation systemby wi thdrawing a fraction
of the LNG before being heated and passing the wthdrawn fraction to the
fracti onavDanosgogsieem and passing at | east a portion of pCnasceshane? rich
vapor stream produced by the fractionation systemin heat exchange with
the LNG to effect cooling of the nethane- rich vapor stream and passing at
| east a portion of the cooled streamtoophe fractionation system27. The
process of claim 23, wherein the NG stream has et hane as a predom nant
conponent. 28. The%ag{.oc ss of cl.aiyn 23, wherein t’gﬁggressurg of G of step
(a) is at or neaf "SR FEM R oMy catignaw deat grehyesrfhos,

wher ei n t he fitfiglatiBh 89steth HatRB At Jude? P A nRthahelieh RO ffdam andd  The
process of claim23, wherein the second pressure ranges from 1000 psia to
1300 psia. Sacondoyiletions haura) gacbedn@ Gl gierined natural gas (LNG,
conprising: a h r:..an LNGinlet line in fluid communication
with an LNG sourg%ﬁﬁ%ﬁ&ﬁggﬁ@ﬁt&’exchanger, configured such that LNGis
capabl e of passi agohddreiidh lmeflhille doAh&ting itefirsaogtlet bethednictiexaidanger ; WO
2006/ 031362 PCT/ US2005/ 029287 20 a fractionation systemin fluid

conmuni cat i 8¥stAR i thei@ppshguid sengiee the eordensation Hingpassing thaipbikshswbvi ng a
first outle e j I ilet for a
nat ur al gasgf‘lﬁgggﬁéb% E s{drc ggnr%\{ﬂ%&\%%%{rh??{%% Izcehpga?g{)%{?%aﬁgﬁtscondensati on
l'i ne fl uidl yransfemedto any LNE fabsisg thoatghdhe dat thehahgact i onati on systemto

t he vapor-1iquid separator, t'hf ﬁgﬁdﬁnsati on |.ine passin thougﬁ?.t e heat
exchanger, confi GRUEW RaY8E hiafet Ftpid copmumpatinr D Rliquid FeoXpd st eam i s

transferredyh@ramnid NgaPASShAG through the heat exchanger;

a vaporizer in fluid communication with an outlet of the pump and a pipeline

-

for delivery of sales gas.

32.  The system of claim 31, wherein the condensation line connects the first outlet
of the fractionation system to the heat exchanger without providing an increase in

pressure to the methane-rich vapor stream.

33. The system of claim 31, further comprising an NGL heat exchanger in fluid
communication with the second outlet of the fractionation system for chilling the
NGL against the LNG while the LNG passes through the heat exchanger.

34.  The system of claim 31, further comprising a condenser for the fractionation
system that provides reflux thereto, wherein the condenser provides heat exchange

against the LNG while the LNG passes through the condensor.

35.  The system of claim 31, wherein the vapor-liquid separator further includes a

vapor outlet in fluid communication with the pipeline.

36.  The system of claim 31, wherein the vapor-liquid separator further includes a

vapor outlet in fluid communication with the pipeline and a plant site fuel line.



a punp having an inlet in fluid communication with a liquid recovered in
the vapor-liquid separator; and a vaporizer in fluid conmunication with an
out | et ofwoheoguamgw2and a pipeline for delivery of sal epcgas200382928he
system of claim 31, wherein the condensation |ine connects the first outlet
of the fractionation systemto the heat exchanger w thout providing an
increase in pressure to the nethane-riclhy vapor stream 33. The system of
claim 31, further conprising an NG heat exchanger in fluid connunication

with the secgnd tlet of the f ac i ona em f or . ch|II|n

Agai nst t ho NG VIS ERe o TSR sk cOmarg B ik The
syst em of C|1ﬁpdfh13ﬂuldfdb&ﬁlﬁﬁlﬁlcﬁmﬂt§& PErtidn ©P FHEERRRT recOVertdR the agidraiyaid on
systemthat provides reflux thereto, wherein the condenser provides heat
exchange agéPaairt he LNG while the LNG passes through the condensor. 35.
The system of claim 31, wherein the vapor-liquid separator further includes
a vapor outlet in fluid communication with the pipeline. 36. The system of

claim 31, wsgrei IMThehgstempsticldimpii, dzhﬁﬁﬁlﬁfhatfﬁbuénutﬂoheystélﬁcz:bu@mesaa reflapor
outlet in fluid comunication with the pipeline and a.plant site fuel line.
WO 2006/ 0313’6@1@@%71@%@9%@2@W1ﬂmm§710n? dedyNodpiebing| ai m 31, wherein
the fractionation systemconprises a reflux input in fluid conmunication
with a portion of the liquid recovered in the vapor-liquid separator. 38.
The system of claim 31, wherein the fractionation system conprises a reflux
input in fluid comunication wwth a portion of the LNGinlet |ine.



