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processing hydrocarbons. More specifically, embodiments of the invention relate to

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.

{oc04] 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 o
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



| iquid products, where they are used as petrocheni cal feedstocks, conpared
to their .value as fuel gas. 10005] Various techniques currently exist for

separating {keobBihaae fromthe NG during processing of PS@RJS 020287
Information relating to the recovery of natural gas |iquids and/or LNG

revapori zation can be found in: Yang, CC et al., "Cost effective design
reduces C2 and C3 at LNG receiving termnals,” Ol and Gas Journal, WMy 26,
2003, pp. 50-53; US 2005/0155381 Al; US 2003/158458 Al; (B 1 150 798; FR 2
804 751 A, US 2002/029585; GB 1 008 394 A, US 3,446,029, and S. Huang, et

al ., "Select tlkmidgroduimvibere ey arsrnshbahprirothemichlGerlsiems fdomparegrio their

Hydr ocar bon Pri)L%es%ié %F vol . 83, July 2004, pp. 57-62. [0006] There exists,
however, a need 1dr {j &nms and net hods of processing LNG that increase
efficiency when separating NGL froma nethane-rich gas stream There exists

a further needofos] SyVegeE tacthiqit besentBlext ﬁﬁ%@ﬁ&ﬂﬁné—ﬂi@rﬁdﬂﬂﬁlem@
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separated in separator .i.n | ea met hane-rich liquid portion and a
met hane-ri ch Ja%“por&iv8 .834“836%04@?\35%@% zes the methane-rich liquid
portion prior to vaporization and delivery to a pipeline. The nmethane-rich
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liquid portion or used as plant site fuel. WD 2006/031362 PCT/ US200S/ 029287
3 that increase efficiency when separating NGL from a methane-rich gas stream. There

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.



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 | is a

fl ow di agr cessing systemfor |iquefied natural 5 LED
DER) prr e SlosBaBELCe0S] NG By o e ons [0010] A det ail e deszgor!;aggt'rzi%n will
now be provided. Each of the appended clains defines a separate invention,
whi ch for infringenent purposes is recognkzed as including equivalents to
the various elenents or limtations specified in the clainms. Depending on
the context, all references belowto the "invention" nmay in sone cases
refer to certain specifi cBRIBEQESGEREPHIOY OF THE PRAWINGS it wi || be
recogni zed that references to the "invention" wll refer to subject matter

recited in on nor sar i j Each of the
inventions w ﬁp&;ow &gp%ée?’géﬁpgg%c?%%Sgﬁkge%fﬁéwfﬁ%%%wgoﬁgﬁ ahcﬁ ng

speci fi ¢ enbofdilloeigsdrawitigsi ons and exanpl es, but the inventions are not
limted to these enbodi nents, versions or exanples, which are included to
enabl e a person havi ordinary skill in the art to make.an se the

Chvanti ona. | vREHT ¢ he FEIRD! ot T CHaETR L PSRN SRR HO TACRRRR) 824 ab o
information and technol ogy. Various terns as used herein are defined bel ow.

To the extent a termused in apEpPAIMED DESCREFTRINDEl ow, it should be
given the broadest definition persons tn the pertinent art have given that

termas reflected in one or nore printed publications or issued patents.
[0011] The t elntrodustion apd Defpitionsbr oadl y neans any device capabl e of
transferring heat fromone nedia to another nedia, including particularly

any structur . 9., A s r . Thus,
(e heat - exchyer A gHleadiei IR iy oBh e H0yiey "Bk HOR s AN
hai r pi n, cor edefined ® separhte ke bihtion, wiivhifbeinfligenent purposts ierecégtpedas known heat

exchanger. Preferably, the heat exchanger is _a brazed gl.umnump|ate fin
type. WO 2006Pel8dimgsapizaiensio s epoppsemants gplisttatipns SPesics e It | on

system’ meanspafqamlodthe'Eéntd:A Al BATeRBELAbWIB R “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.



distillation colums, e.g., a heated colum containing trays and/or random
or structured packing to provide contact between liquids falling dowward

and vapors wig Rbdlesiygnard. The fractionation system may i @'ﬁlrﬂﬂ‘foo%fﬁz@f mor e
mor e

colums for recovering NG, which may be processed in one or

additional fractionation colums to separate the NG into separate products
incI udi ng et hane, propane and butane plus,fractions. [0013] The term
“liquefied natural gas" (LNG neans natural gas froma crude oil well
(associ ated gas) or froma gas well (non-associated gas) that is in liquid
form e.g., H&@ﬁZihndeH@@m‘&m@h@r@ﬁhﬁnwmm’a@em@ﬁuotuw thatrhas ahe ormere] NG

cont ai ns net ha 1) a .0ng With nor onents such
as et hane (CZ)‘P%}H‘%: |08ﬁ]g}n hgirg é‘%a&% é‘“@%}ﬂ{ﬂ%rﬂ'ﬂﬁﬁfl Ogﬁgﬁorgrss? car bon

di oxi de, hydr ggaptused pdclig tapebvidy dom@etsemE@rh@mrmnmg dovminad arfd vapors
concentration in LNG (prior to_renoval of ethane i s between about 87% and

92% and typi chingPwHAcdie factientipmsysim may Beludsame oapwie calymaniPr12%
[0014] The t el TRHDNE, Miihh miaf bE piocBLsRRTH ohel B} oY aXARBa1 Hachioib ST T eam

e.g., after fPact! 0 rom ane plus anoun ave

recovered. Thusluntns toBtpaate-thd Idmahroaamxﬁta@rcmubtsgﬁtﬂﬁdmgemeﬂé,rpmpamaﬁ c
than the concentration of C in LNG Preferably, the concentration increase
of G is frombuéans\phes Bactions| east 95% of the ethane in the LNG and renoval
of substantially all of the propane plus. [0015] The terns "natural gas

i qui ds” (NGLyogiagl e&ﬂewllﬁaeﬁéd%&algﬁé’e@%dg;{ﬂ@&l%a{‘ga%@ssSI bgagoftavi ng

two or nore car s such as et'’hane, propa ane y sna
quantities of wahfaasvestal gds) ghitombaygis mﬁl(ﬂunn&sod?atetﬂ gasyibhag is iﬁ(ﬂqmdlﬁmn a
nmet'hane concentrati on of ercent,. or 0 e term nt

S te fuel T oS RpgiEPTS SURR oo A GaPtTHC et 1o RE<atleths LY A rpRieh metg

i nclude a SYST(QFS 4500 mﬁj’o%@xﬁﬁéﬂlﬂt HDGE SiE iR c‘éﬁﬁﬁh&rﬁ@ﬁh&ﬁ%%&ﬂlne?@ﬂ an&xarml e,

t he amount of nt site fuel nay anount to approxi mat eSﬁ/ a delivery
gas produced mygheméyé@sarbnnsmdmmwmmwc@w diszide Shsizegeg pulfile, and

nitrogen. For example, typical C; concentration in LNG (prior to removal of ethane)
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 Cy 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” (C,) 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.

[o016] 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.



Description of Specific Enbodi ments [00171 In certain enbodinents, a nethod
of .processing liquefied natural gas (LNG includes passing LNG through a

heat exchangenosdosipssavi de heated LNG fractionating the pegissodNasinto a
met hane-rich vapor streamand a natural gas liquids (NG) stream passing

the net hane-rich vapor streamthrough the heat exchanger to transfer heat
fromthe nethane-rich vapor streamto the 4.NG passing through the heat
exchanger and to provide a two-phase streamthat includes a nethane-rich
| i quid phase and a Hgtg e-rjch vapor phase, separating the two-phase

streaminto at”9$EdB PefaticEmbofimendsii d portion and a methane-rich gas
portion, increasing the pressure of the nethane-rich liquid portion to

provi de a senggydty | i g &ﬁaﬁ{énﬂ%ﬂixﬁ&ﬁs,%%%ﬂ&féﬂlﬂoée@ﬁn%ﬁ&&@?% tahilighs stream to
provi de a sales gas for delivery to "a pipeline. [0018] In other

enmbodi ment s, 4LN{Rtirahwdes pagsingrlel Githrgugh g hest exchangdrie arovidesheateENG,i ncl udes a
heat h NG,i n et Jine.in fluid i cat i ith an LNG

and t he_heat EReRaRURE AChR IS sl APPSR AR 2 R g
through the LNguidsl(NGIJ)istteandtAsdiRetht eaithaxelRBREFIT str8arh tidelibloNathean systemin

fluid communication with the heat exchanger, the fractionation system
havi ng a firsexdungartio tmpsfenhast fnmthe medrne Hplbvapor seeam imibe 3 Nepasdigg out | et

for a natural haui ds t r-1Lauid.se: or, a
condensati on Plgﬁggli @g:ﬁg%yexéig@%%ﬁdﬁégmd% t\ré@tgﬁglﬁ? %%%m %‘% F’?’ﬁléﬁ%‘sraact i onation
system t o t hemetipmie-richdiguitl ple@ard Pmethkiericlongen phise Osephdatify flrs®bphaset hough

t he heat exchanger, conf !&gured such that heat fromthe nethane-rich vapor

strieamis trafg¢at e at lsag gynqthgnegichdioyil rostion Mt & methaverich gesnorlidy | a punp
having an in ' | IO LOR M &0 ] Le ] MR
vapor-1|iquid sh,rg%%drsgltggdrl?bgg%@ a vg%%rrﬂllaggrn\étll ?\ﬁ@ﬁo&%ﬂg&%ﬁﬁ@%ﬁ@‘éo%ﬁ{% an
out | et of t hesiremp amhckcavqringehe sendbwrliquilicdticemarty pofvidead sadesgms for[deledy td n
ot her enbodi nents,. a met hod of processing |iquefied natural gas (LNG

i ncl udes (a) BPRABPNg LNG containing natural gas |iquids (NG), (b)
increasing the pressure of the LNGto a first pressure to provide

pressurized LigisfC) RaiRdrethbolifnen®, @?ﬂﬁxﬁ I8 Grbddsxih P liQudledRanied lga® ger
to heat the LNG and provide heated LN (d) "passing the heated LNG to a
separ ati on sy#ichifes hheatpehanges an LNG indgiding ircﬁmda;pmmumcatwn 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



WD 2006/ 031362 PCT/ US2005/ 029287 6 stream and an NGL stream (e) passing

t he nmet hane-rich vapor stream produced by the separation systemthrough the
heat exchanqeyad/@&i1fd20vi de a two-phase streamthat i ncl ugesnibos@bd-g; phase
and a vapor phase, (f) separating the two-phase streaminto at |east a
liquid portion and a gas portion, (g) increasing the pressure of the liquid
portion produced by the nethane-rich vapor stream passing through the heat
exchanger to a second pressure which is higher than the first pressure to
provide a pressurized |iquid portion and (h) vaporizing at |east a portion
of the pressurdteag aﬂﬂiaaﬁﬂ(%a plaran.dp) missing the niathanserichy wapov streaxt preduced®ane pl us

t ot i.ah- __nethane-rich . L DL i
Enbba ment s spathae B S sieRER M S SHGRRE: 16 v cvSails MeselhRe o
one or nore nEhtlads Aighid yhdse aad b eaporPpheReES sdpdrdtNg thd feo-phise GtrkdnnBigo At

Figure 1 connecting the various conponents. denote hydrocarbon streans,
e.g., flow ng lpaa BAuN@Eriaanest gaspREiaRefe) icreasingdhe prasse obhgdiamd e ., a

pi pe. Structurgs.: f l.: Eh‘%wl re

nonet hel ess C(}%Z?oégérg%@%%g bggﬂ%glr%yﬂgg#ﬁl‘éy@ggﬁéea?nn %asc S rég%hgrr%?@be a

| iquid, or gaschampertotasee@iiyessnonphish id ighea shanithe fias @revayrelte profideaws
denote direction of flow. . of .the pectivye stream B_rok? | i nes .denot e

al ternat i ve orPreRiAe I RYrHien Aad (P}[%cvem]zwt RS HPALES Elge WySIEFRd1 00

i ncl udes an L : LouFrulhl [ _ion
colum 128, a?@ua ou%‘%iﬁt g%par a%lgr@ﬁl}lszé}llg?%eeﬁ%{g&gg%%%égefﬁo{’%g%lés?a‘%?‘o an
LNG tank 102 whessareambihiahe-tith gempor stream 104 from the LNG tank 102 is
cogpressed by a feed conpressor 106 and an LNG liquid stream 108 fromthe
LNG tank 102 i.s incr.eas i.n pres e by, elimnary feed punp 110 prior
to mixing in ﬁ?sggaﬁmgﬁﬂwdgmm%géo Hé"i‘b%%‘g?gd boi | of f vapor is
condensed in order to provide a single phase LNGliquid feed stream 1] 2.
The LNG liqui ctodzeEd Bighfamihb@ateaes &Gnipl 6 diRid? nh&e dndihidds shd4ydtemd fogr ease

the pressure of the LNG|liquid  feed stream 112 to a desired operating
pressure that RIeqsssias L. a Lidilipepin KFigure d rconnecsing the yrious semReRaaEs

f - alheesclielp v 5"
Phe NeL to be FhBsbEAEkhBAT L B e Rinalt RO o 61 bl Bfhont BlRARS | o1 ©

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.

[0021j 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



pressuri zed feed stream 116. Preferably, the operating pressure of the
pressurized feed stream 116 is between approxi mately 500 and 600 psia.

Al t er nat i velwn.roéctg130® 2006/ 031362 PCT/ US2005/ 029287 7 opeEpiki@s/ogssur e
may range fromas |ow as 200, or 300, or 400 psia to as high as 700, or
800, or 900 psia. In sone applications, the LNG supply 101 is at a
sufficient operating pressure such that the LNG supply 101 feeds into the
heat exchanger 122 without requiring increase in pressure A portion of the

pressuri zed feed stream 116 nay bhe separated to provide a_ reflux stream 118
that provi des oaﬁaa&ga#eﬁsawmérrmgefﬁ@ma&lﬁ@aﬁﬁgew PofRia ierrs high as[ 0022]

The pressu”z"e%g ?goséfﬁ)@[ﬁs%ignlsﬁg%%l 1c9fs'{ﬁ%rm@%ﬁ1%%}?46i1 %rsuﬁﬁ%% wher e

the pressuriz 5trea and partra vaporl zed.
The pressuri zegehtegpebseasoch iatits [NGisepplh|191 dteds ittenipechat eutcﬁangeramnut - 250

F before it enters the primry_ heat exc r 2 Feed s m 116, passes
t hr ough t he pWIY}FBPVqué@Eu&% HYRESSyzey “{]Pﬂg‘r? |°t]f Ve%ugﬁe‘%%ﬁ‘gsqﬁ%wh an
external heat I f ovi des
Further hoati AR pdald (e payidedhen b aRol 1 s e bt e B D

supply 124 catheffratiodatianenvpenmi28.e nodul ation prior to feeding of the LNG
streamto a denet hani zer separator 126 as a heated feed stream 125 at a

tenperature t S ef er abl. X bu | t rnatl ly can
range froma F8%Aof - rgssma%/edaf?f_:%grea%?ltl%ﬁgiséﬁe PHﬁ‘éﬂh\t’ij’ﬂ Xf; or
-100F, or - 9Ghkre thEredQiRbl Rl Z6Ears ¢ PG isHeRled bAB phftialy OF hall Y'a]fbnzed
fractionation colum, and my be omtted, conbined wth or an integral part

of the fracti Shepressrisst fieed S!l.rQ@nllﬂlﬁ isgrpfsrablibeich iemperature ofabout 2508 Frbefere

e hear ) £ oiPHEbe B ey RO SRORRES 2 REL B LR RSN F RS 01

stream 136 an@est ektmgek 122a8Rn ithad dvailsb*p@s thrbtigtCarn @ﬂaﬁxm:baﬂmppmzz;t egdast ream
127. The fractionation colum feed stream 127 enters the fractionation

col urm 128 an@phienaéfeedyapeizer.whichpiosidanietier beatinge Ima partislapadiantageoltnd an
NG~ stream 1%%3nstt|h§ ehﬁf heht rptap?)r 154%%‘;? Ghd %Bg&ekﬁﬂre% 31%%0 ds heat

to facilitate I on ope i ons a ncre Seé renbva ane from
the NG. The lf@klmglafrthe LNG stmymetdd demathatyerseparatoridt @s g hbated fped stanbust i on

i | 0
vaporizers or 1%5 gttaatre]sgapaeramre 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 ovellhead 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



heating system [0023] The nethane-rich overhead stream 134 fromthe
fractionation colum 128 m xes with the nethane-rich vapor stream 136 in
vapor m xerwg3Bod@1povi de a conbi ned nmet hane-rich vapor pgthRaisd#A%- The
vapor stream 140 passes through the primary heat exchanger 122 where the
vapor stream 140 exchanges heat with the feed 1 RHO 20061031362

PCT/ US2005/ 029287 8 stream 116, thereby egf ectively utilizing the
refrigeration potential of the LNG supply 101 which is preferably at a
tenperature of approximtely -250 F before it enters the heat exchanger,

but may al so ts@e@:nﬂléetbcr@bvle&eﬁ@wb@nﬁtzu@he eefiggerationpritergial olothe &NG glppiyof

-225 F, or a.lo 7 | east .0 e at ure,
the vapor st rgé bl 5 pgef\;%/{)"{ci)hé%fzrﬁ)tfﬂg ergtgu- fﬁtagprqxgn%’tgﬂnég% lgg%ia%tlﬁpﬁﬁf ﬁhet he
primary heat mexcdxahgfer, A% niaf alodRany GedifAblee@fiperfutd, ¢ige Me0gihNrbie )6t em
100, based on th remse that gas conpression requi res nore energ t han

punpi ng | i qui &f -89 §, oe A8° é's@ladiOfl-?é5v§pé!P alleast ane advanisgedrs feadueohelensi ng
th t
Lhan the. ener JaR S umC Aol npl dITRIs0ERor S UEHE RASEA HEuh il RERIRGE 1T ¥

stream 140 parkitangsr R2Dgerdaso mréabeefﬁeﬁhc)emh@m&rm 10@, baswdcbnakt pemidte heat
exchanger 122 as a two-phase stream 142. Preferably, at |east 85% of the

vapor stream 1le 2aOFRIBPRSEHOR FRAYIrES IFP'@WSV@W IWQhah@%Fo@QQSSmﬁ)re

preferably at se@az f e I uid in
t he heat exchll'1 ang r%@{ﬁn?éﬁggﬁ%%’tt@%ﬁdeﬁg&gﬁfpxﬁaé? {L&g&tﬂ@gﬁm }ﬁ%yvaaor
stream 140 cordelimnger 122ntequized mqnmedengp thaln&hdwamtg;eomnbmgbby ﬂﬁ&yst&aellool f the
condi tions of servic al | ow st of the vapor Lo be cgondensed, it

ppea
wi Il normal |y SBRVBYY ﬁg&mi ffbevmgr %@H@W&ﬁw grheat eXTRIREE s or
e.g., the Conﬁﬁeﬁﬁ@éx&éﬁne‘ﬂeﬁ%ﬁ& elbﬁz%efa @Bﬁﬂ%& st&%amsme%éferabgnﬁllasﬁ he

transi ents, which nmay generate vapor during steady state eration. The
t wo- phase st r 8abh dialie wapcaamaamtléﬂ comienses mﬁetaﬂmn&l ini thhheait qxnhangarrléa;mom% and

Dhase 11 ash apuiranl e Tomn 800t Be ot hernd ) sBidenS Bl Bt iprdede ° 11O
net hane-rich ekélbbet 1322f aﬁarhﬂe@@pfeﬂtabry @c@éhs?%% lo¥ tHeEvapbinFRamt 108 REANS

pressure by a sendout punp
into a liquid in the heat exchanger 122, Even if the 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, e.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



150 without requiring costly and inefficient conpressing. Likew se, only a
m nor portion of the vapor stream 140 forns the output gas stream 148 t hat
requires beeshbdisi13 sendout pressure by a sendout conpr$§§%20],5,§292§,fter
punping the Iiquid stream 146 to sendout pressure and boosting the output
gas stream 148 to sendout pressure, sendout vaporizer 152 and heater 160,
whi ch may both be open rack water vapori Zgrs or subner ged conbusti on
vapori zers, provide a heated output gas stteam 161 and a vaporized and
heat ed out put gas stream 153, respectively. Therefore, the heated output
gas stream 161l>arelmarket @poa gaepipeling thed stapspota igpsi at lggh pesswamchss abey
conbine in ané@g ? 55 m xer 154 for delivery of a nmethane-rich delivery gas
stream WO 20067081862 PCT(US200S1029287 9 156 to nmarket (e.g., a gas

pi peline that transports gas at high pressure such as above 800 psia).

[0024] In a pgod2srul afd ¥ &ﬁﬂwﬂxﬂﬁmuﬁg@cﬁ@%ﬁect tResysnt 600 ARfef dtfableer enabl es
sw tchi ng between an " recovery node" and an "NGL rejection node." In the

NGL recovery ripdfehinghetwaen aﬁo‘NCﬁJ IBCQW-TX medpiang a» ‘XGL aeieetiprimedn 't ethe NG

supply 101 pr ttﬁ] | S cri bed
above. HovveverN(?Lr’ férﬁq’(af %Ig’%i@_ezr €] ectn ?t;arlll no N@L] ’F%Q#rx%t%géﬁﬂgt{ggﬁ uﬂﬁ%

(i ncludi ng et Hanhript teevapbtizgation@ishe LISG vapsly i10ekukbbas desctivet ybove. Hewkedr, by a
di verted path 3008§see br opken _lines 114, 150 can be used

Th 110,
to provide thdrHERESEAgiCHIRade all |°ﬁ2he&%£%e§€§ﬁp 381 (ineluding cthappPis 101 i n
order to reachy %ﬁg%?&kfl%a%%g%%}*{??delﬁéw %gﬁaglrc%t\e}?} dﬁ@#&%&%ﬁ% SH6 (e BrokEPO1 | er

130, vaporizers eat er energy to heat
and! vapori ze tlmes)L NGe pupps )t | ¢,00141 bS(B@ncﬂaemsedt@rp)evﬂememeaésseny MBasgm

ressuri zed by the 150., Val ve addi tion conduits na
D o T oo ety B TR olg St dot i g 1o Keme B SAAGIARISs Bl o EHFRBH 196 and
the fractionghhRLy ﬁehgmb%a@m%a@ﬁ%&sw'm &1@%&&16%@%&%@}&9@ and to

arrange the punps ahead of the heat sources during t rej ection node.
[ 0025] Fi gur e etergpite heat and varsiriza thesL MG sepdy $ 0 b pe semdeyt tewpémtlircaftesdeibg dashed

| d nbi nat i h f fl f th
fracti onati on FESPAHea b7 ¢ Rugebb G Fbe Ala vrPasronridfio Stnds md ber  han
the reflux stngafeditbSypadd@otipnents (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



pressurized feed stream 116 nmay provide refrigeration potential fromthe LNG
supply 101 to additional heat exchangers that may be used in the system 100
after the pphiglisifieat exchanger 122. In one or nore altﬁéﬁ Lot | east
a portion of the nethane-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 acconpanyi ng pl ant. [qg26] In an additional aspect or
alternative, the nmethane-rich liquid stream 146 nmay be separated to provide

a lean reflux stream 400 that may be increased in pressure by a punp 402
prior to enter¢thix hagbexrohgagar dmeftshown)abatiais ta 28oldbe lgan exdtarnabreflox atagany 694 ux
stream 404. In or L I r Li npro the effectiv ss_of | ean
external refl &ﬁ%gﬁfé%ﬂ{%ﬂ%’gm%%?ﬁﬁgﬁ%ﬁ%e% @P{"Wﬁ?%%’gﬁ%%geWﬁ he
overhead of thguded Aedridensat 50N irCOLH FBmARBicaiRE(el £ AoV FARIS0R) witkhl ux stream
404 may be chilled by a WD 2006/ 031362 PCT/ US2 05/ 029257 10 reflux heat
exchanger ( notosdrasprheatanchanges 563 Thestondensen Xérmexpet prparateer iglegel paim 404
agai nst the pr | e rthe i system 100
may incl ude: & EENEEEor 5o b R Berruiol wlhubl 128 PR BRon G 2V 5T
with a condepsehedithdat exchangegealireblPor hbieectlo vdthinthe preséifdizod Yeddatraas ¢ par at e or
Integral part _of a rectification section of the fractiognation colum 128.

Fract i onat i on Viddhe FondppssriwairxsbangenHamiies typroxide acopdenspricflas ssemi t h t he
pressuri zed f t Vi o] . L3, 0r der
o provi de a ooniinigARddatol L08R PRt R SR AROBhmotla Wl 108
The external fafremoemgiigher igdpadrbogsthar ethidrielfidny thefIdNGrsepglyil0y ahd gher
hydr ocar bons {han ethane fromthﬁ\é&T G supgl 101 an i ncreasi ng the
percent age of UMNEFsHgHRS Bercstash of FRANY -‘%"b e RANFEHFIGYe stie§m [ 0027]
| n anot her enhagi ment where at |east a portion of the NG stream 132 is not
delivered directly to market at high pressure, the system 100 may include an
NG. heat exchanger 600 to chill the NG stream 132 against the pressurized
feed stream 00870 tWaanothee pabpdimennwhaert atfleast b poriiva of ee NGL streprn dA2 132
reduces to atnospheric ..pressure.for,storage in _ap._ et e tan 02
delivery in aﬂOt(S) lﬁﬁfe%l\ck":l‘%c@* foelgﬁﬁkggﬁhﬁthmﬁsg%s 8?’-”1*%%@@&%‘8‘5“&8 ﬂgéﬁ gas
stream 606 fr ggattcRehRiBo60® tbahkl HO NGTOMRRAM 132 against the pressurized feed stream

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

i 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



conpressed by an ethane conpressor 608 and fed to the bottom of the
fractionation colum 128 in order to increase NG recovery via NG stream
132, avoi d {ahideeish the flash gas stream 606, and redugeriBfiodidoys-0f the
reboiler 130. [0028] Described bel ow are exanpl es of aspects of the
processes described herein, using (but not limted to) the reference
characters in Figure 1 when possible for1 larity. A nmethod of processing
LNG i ncl udes passing pressurized LNG 116 hrough a heat exchanger 122 to
provi de heated LNG 125, fractionating the heated LNG 125 into a =

net hane-ri ch VegueErsmedaior substankallnsepneting metune fism Nghasd eg NGle rejgcaipar
stream 134 t hr, . ger 122 t Vi - am 142
t hat incIudesn%%%gggﬁgm%ﬁgégﬁéﬁl8é2§58§$§%ﬁ39§?agggg#%f%%gegﬂgﬁﬁﬁ%&%ﬁhse
stream 142 i micdes! wheteiatthembieuitiize 66rinef pheh@s a1G 1240659 mdrHehiourkds,

i ncreasing the pressure of the liquid portion 146 to provide a sendout

li quid streami24ntPldédVéPi ng the sendout 1iquid streamfor vaporization
and delivery to nmarket 153. Another nethod of vaporizing LNG incl udes
provi ding a vaporization system 100 having an NG WO 2006/ 031362

PCT/ US200i / 029287 11 recovery node fd@&éﬁﬂﬂﬂﬂhtially separ ati ng met hane
from NG and an NG. rejection node and switching the vaporization system
100 bet ween t?%ﬁhﬁﬁgiery and rejection nodes, wherein the nodes utilize
comon punps ) , 150 and heat sources 124, 130, 152, 160. EXAMPLES
Exanpl e 1 10029] A hypothetical nmass and energy balance is carried out in
connecti on w (00291 he Arhypethsticahmass dnd enetgly dalanoeisicarriedgut i donnddtiendatha wer e
gener at ed usi a_ co rcjally.avai]labl e process sinul ation.programcalled
PNSYSTM (aval st SR e 4Bk o Faorecy TheAaa e Bfied Sibhover it | s
contenpl at ed {(HakmeR¢iaRy avaqgsre?weéé_ dihnRKEh b@%{ﬁl BAIRAGPES BETV(3hil B BERIT TS
can be used to devel op the data, including SIMIM PRA | and ASPEN
PLUSTM The d&ivpretsdubiddof Galgaryy Camda). Abaiveven it is comtamplated thatdbtkert ypi cal LNG

conposition as _shown in Tabl.e 1. The ta presented in Table . 1 can be

varrod i n’ nunsPBHe vaLevaletE aivests Sl fhfpRieaE tal be ed @ ettty BENES
including HY SIM™, 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.
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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 uvtilities required to provide either cooling water or seawater for vaporization is

sufficient to handle the NGL recovery mode.

Table 2

| NGL Recovery Mode | NGL Rejection Mode
Horsepower (HP)
Main Feed Pump 114 3320 7290
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




Exanple 2 [0030] Table 2 shows a part of another sinulation, which provides
a conparison of the NG. recovery node (using the enbodi nent shown in solid
line in Figure 1) with an NG rejection node, wherein the system 100 is
switched to vaporize all of the LNG supply 101, As seen, the NG recovery
node requires an additional power requirement of approximately 5320 HP
conpared to the NG rejection ‘node. Further, the water vaporization |oad for
the NG recovery node decreases by approxinmately 9% conpared to the NG
rejection node. Thus, the utilities required to provide either cooling

wat er or seawater for vaporization is sufficient to handle the NG recovery
node. Table 2 NG. Recovery Mode NG. Rejection Mbode Horsepower (HP) Min
Feed Punp 114 3320 7290 Sendout Punp 150 6510 Sendout Conpressor 158 2780 0
Total Power 12610 7290 MBTU Hr Reboiler 130 236 Heater 160 17 618

Vaporizer 152 340 Total MBTU H 593 618 14 Exanple 3 (0031] Table 3
illustrat esEﬁ@%ineS of different alternative concentration ranges of C

and C2+ in various streans shown in Figure 1. Table 3 Stream Cl mn (nole %
Cl max nole % C2+ nun nole % C2+max nole 112 80 85 10 15 85 90 6 10 90 95
25 [0031) Table 3 illustrates examples of different alternative concentration ranges of C;

and Cj+ in various streams shown in Figure 1.

Table 3
Stream | Cy min (mole %) | Cj max (mole %) | Cat min (mole %) | Cos max (mole %)
112 80 85 10 15
85 90 6 10
90 95 2 5
134 97 98 1 1.5
98~ 99 0.5 1
99 100 0 0.5
140 97 98 1 1.5
98 99 0.5 1
99 100 0 0.5
146 97 98 1 1.5
98 99 0.5 1
99 100 0 L 0.5
153 97 98 1 1.5
98 99 0.5 1
99 100 0 0.5




134 97-98 1-1.5 98 99 0.5 1 99 100 0 0.5 140 97 98 1 1.5 98 99 0.5 1 99
100 0 0.5 146 97 98 1 1.5 98 99 0.51 99 100 0, 0.5 153 97 98 1 1.5 098
99 0.5 1 99 100 0 0.5 15 CLAIMS: What is clainmed is: 1. A method of
processing liquefied natural gas (LNG, conprising: passing LNG through a
heat exchanger to provide heated LNG fractionating the heated LNGinto a
nmet hane-rich vapor streamand a natural gas |liquids (NG) stream passing
t he net hane-rich vapor streamthrough the heat exchanger to transfer heat
fromthe nmethane-rich vapor streamto ¢gfhgmgNG passi ng through the heat
exchanger and to provide a two-phase Stream that includes a nethane-rich
liquid phase and a nethane-rich vapor phase; separating the two-phase
streaminto ‘éﬁhaﬂé&éﬁtlmadi*ﬁet hane-rich liquid portion and a nethane-rich gas

brovide a sehaout At B EBPRe aukBoL PR BR LR suPBHRRl L 1T eam 1o

provide a sales gp&smgmmkhm&gh/ah@at%xclﬁhﬁ@‘tbﬂﬁowd@ﬁeﬂbd’ﬂm ;ng the LNG at a

predetermned tine to a _diverted flow path that
fractionating the heated LNG mto 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;

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

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.

2. 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.

3. The method of claim 1, wherein fractionating the heated LNG occurs ina
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.



bypasses the fractionating to provide sal es gas that includes nethane and
ethane plus for delivery to the pipeline. 2, The nethod of claim1, wherein
t he net hane concentration of the sales gas is substantially the sane as the
met hane concentration of the methane-rich liquid portion. 3. The nmethod of
claim1, wherein fractionating the heateqgLNG occurs in a fractionating
tower, which produces the nethane-rich vapor stream at a tower out put

pressure, and wherein th ressuyre of .the pethane-rich, yapor stream entering
the heat exthang e%ﬁ@aﬁgfgﬁmﬂamr%% SPsthapeEich YappStieatier out put

pressure. 16trdhgh thehéiR ERABNREr dtbadsBulstartthaflly %ﬂmlaaﬁ@'teagmgmﬁel pRifgNSr thi Ch

vapor stream through the heat exchanger occurs substantirally w thout

i ncreasi ng tmethpneschivaparfstrtedre. net hane-ri ch vapor stream 5. The net hod of
claim1l, further conprising increasing the pressure of the LNG before
passi ng the LNG t hrough the heat exchanger. 6. The nethod of claim1,

further conpsisingpe ﬁbtﬂoﬂ%f@la@xﬁﬂpﬁ%&&?@orﬁﬁﬁ&in?irfcré@ﬁ%&hébfe@ﬁﬁéBf HING LNG
tank with an LNG liquid streamfromthe LNG fank increased to a first
pressure, wheafererpassing thediNg thiough thedwatgxchamgereed stream and increasing
the pressure of the LNG feed streamto a second pressure to provide the LNG
for passing through the heat exchanger. 7. The nethod of claim1, wherein

t he nmet hane-6.i ch ThémethodtEeRigan firtHedt&BpAsing] east 85 wei ght percent of the
t wo- phase stream 8. The met hod of claiml1, erein the nmethane-rich liquid
phase const it ut esmy¥ing peampressedfailyeff vaporstsamdrors aa LN tamk pxieh an ENGm 9.

The net hod of: .1'9 fJg i I =1 1.C . m
t hrough t he &%‘g{jgexc gﬁg@‘?’ég‘%?@@h@%ﬁ %? Egitrr%j:gfsrs]g bl ﬂlelg%?’g@gaélgﬁl f the
met hane-r i chprovidesan ENG foaxd seeainydil ei n t he met hane-rich |iquid phase

occupi es at | east, 85 weight perce f the two-phase stream 10. The net hod
of ol aim 1, wher eliroEREE L RISERITS ?fﬂf&}? ING fecd et i¢ a geqond pecaswre de prgvide
the LNG for passing through the heat exchanger.

7. The method of claim 1, wherein the methane-rich liquid phase constitutes at
least 85 weight percent of the two-phase stream.

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

least 95 weight percent of the two-phase stream.

9. 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.

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

least 1000 psia.

11.  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.



| east 1000 psia. 11. The nethod of claim 1, wherein delivery of sales gas to
a pipeline includes transporting nethane-rich gas at a pressure of at |east
800 psia via the pipeline. 17 12. The nmethod of claim1, wherein the
met hane-rich vapor stream and the sendout |iquid streameach has a nethane
concentration of at |east 98 nole percentyy 13. The nethod of claim1,
wherein the NG stream has an ethane plus concentration of at |east 98 nole

percent. 14. The t ho f.claiml, further conpri,sing utili zi at | east
art of the 12t nECBANEH oGl dr tYistF e hosfaifericl YAPor dapat Sadene ot ho
of claiml, dhadfiefquiCsiRiainidael hROA SdtiEie BRceRiBESHHEatAbast)B IRAShereddr t  Of
the met hane-rich gas portion for delivery to the pipeline. 16. The nethod of

claim1, further conprising heat exchanging the NG stream wth the heated

LNG to chill,the NG strea 17.. The neth f,claihml urther conprising
splitting a 1;z}tart e?ﬁé'oﬁ'é’?ﬁ%-lri‘” Tely %hﬁﬁﬁﬂﬁgg?r?&% f“ﬁf’toaﬁe B@FI ux stream

t hat provi degnderifitionofhpleadtrBGholepatdeng t he heated LNG 18. The nethod of
claim1, further conprising: splitting a part of the nethane-rich liquid

portion into a reflux stream and <chilling the reflux stream against the

h d G ' I f ' ' ; 9.
mothod of prisbsat NnF eHer el ol ahbANAR Wb RS REFR e, 0% no

through a heatthexetiohges pdrdopaoy iplhat bieafueld LNG  fractionating the heated
LNG i nto a net hane-rich vapor streamand a natural gas |iquids (NG.) stream
passi ng the nethane-rich vapor streamthrough the heat exchanger to transfer

heat from t hes et PRngieficalbr LA, FUkRARMBrAE bbONAARS bRGDbPHID he heat
exchanger and to provide a two-phase stream that 1 nCludes a nethane-rich
i qui d phasmartofthe nredidnanichrgas iportagmafor ¢dibveey toltBe pipeline.

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

17.  The method of claim 1, further comprising splitting a part of the methane-rich
liquid portion into a reflux stream that provides a reflux for fractionating the heated
LNG.

18.  The method of claim 1, further comprising:
splitting a part of the methane-rich liquid portion into a reflux stream; and
chilling the reflux stream against the heated LNG to provide a reflux for
fractionating the heated LNG.

19. 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 streaminto at |east a nethane-rich liquid portion
and a nethane-rich gas portion; increasing the pressure of the nmethane-rich
liquid portion to provide a sendout |iquid stream recovering the sendout
liquid streamto provide a sales gas for delivery to a pipeline; heat
exchanging the NG streamwi th the heategg LNG to provide a chilled NG
stream and flashing the chilled NG streamto substantially atnospheric
pressure to provide a flashed NG stream 20. The nethod of .¢laim 19
further conprisi rigparapag thetyomhase steamdgtoetieast ?%W@S‘%‘g‘d portion apd et hod

of processi [ ) | gas (LNG), conprising: passing LNG through
a heat exchgﬂggtp%%hgl?gﬁ]&rﬁﬁlg’at ed LNG fractionating the heated LNGinto a
met hane-ri ch vapdncregsingthegmessarerndithy methangasich liquidgsor{idicio) previde arsendoas si ng

t he net hane-ri &E vapor streamthrough the heat exchanger to transfer heat
fromthe neti Stfqag’n vapor streamto the LNG passing through the heat

exchanger and to r@éc?&éhﬁ%tﬁek\‘}ﬁm&hﬁﬁﬁi StheafRH3 grbilie hRAILYERSTOR dERIRRRE 1 Ch

liquid phase and a nethane-rich vapor phase; separati hg the two-phase
stream i nt o papelineast a net hane-rich liquid portion and a nethane-rich gas

portion; increasing, th r.esgur f . the t hane-ri | qui d. port.i to
provi de a sendouthe%Y ?ﬁ?ﬁ&%@&éﬁ?%&&%&qﬁw&et“ﬁ@eém#ﬁ Iloi"ti@iancthé]f eam t o
provi de a s3Y@p stdsmi id delivery to a pipeline; and splitting a portion of

the LNGinto a reflux streamthat bypasses the heat exchanger and provides
a reflux for fraclasbingthe ghillpd NEHastream Gubstantigllyrasmhsphernit ppesswedsi ng

i quef i ed nafural 9Asndd NEL sueQPr | Sing: 19

20. The method of claim 19, further comprising:
passing the flashed NGL stream to storage.

21. 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;

recovering the sendout liquid stream to provide a sales gas for delivery toa
pipeline; and

splitting a portion of the LNG into a reflux stream that bypasses the heat

exchanger and provides a reflux for fractionating the heated LNG.

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



(a) providing LNG containing natural gas liquids (N&); (b) increasing the
pressure of the LNGto a first pressure to provide pressurized LNG (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
that produces a nethane- rich vapor stregg and an NG. stream (e) passing

t he nmet hane-rich vapor stream produced by the separation system through the
heat exchanger, to_proyjde_a two-phase stream.t h@% i ncludes a |iquid phase

and a vapor phasd2) proyi %hNQ?Q\"&‘PW&“?W&E@&@B“ (MGWinto at least a o
liquid portion a )&c%ing?%ﬁé\lﬁé’s?ﬁe I&f;:%e%l ; %éﬁggﬁ}%ﬁ%&???%ﬁ& of the liquid

portion to a second press er t st pressure to
provide a prpesurizeddNG; qui d portion; and (h) vaporizing at |east a portion

of the pressurized |iquid portion w t further renoval of an hane pl us
corponent -t o pr odiLeassing th pisuede LN Bronght e crEtgagsr to it shoLt ng. al

| east part ohdaréAlié hRéPLNG? duty for the fractionation system by

wi thdrawing a fraction of the LNG before being heated and passing the

wi t hdrawn fract i(dhpassingithe heated LNGHt0iadimactipaatemn sys@m thhatprodees esneghanet ai m
22, further ¢ r(prisin r OVI ggl t |east part of a refrigeration duty for
the fractio &R%%e%ﬂ:ﬁ?’ﬁfmglg %a@t | east a portion of the nethane-rich
vapor stream pro sy théimethan6 ricRVabdrafefM Prodiced bR e sep¥@fiaNSfRtenyd th the
LNG to effect cocc)ﬁglyﬁ%g% t he net hane-r?ch vap?ﬁr strea?] ar?g passig%g at | east

a portion ofthrough ghsoheat exchangen torevide o taephasesticam thytsnelndespliquithphase ocess
of claim 22, ]:ilér\;aﬁi&r lfagnpri sing passing at |east a portion of the
met hane-ri chH vapo Sk produced by the fractionation systemin heat

exchange with thg) depaatig elief 0@t plR@Oktidach ito atleastaliiy@iEpdriiéiandPgds St ream
and passing at least a portion of the cooled streamto the fractionation
system 20 porton; ‘

(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;

(1) 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.  The process of claim 22, further comprising providing at least part of a
refrigeration duty for the fractionation system by passing at least a portion of the
methane-rich vapor stream produced by the fractionation system in heat 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.

24,  The process of claim 22, further comprising passing at least a portion of the
methane-rich vapor stream produced by the fractionation system in heat 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.



25. The process of claim 22, wherein the NG stream has ethane as a

predom nant conponent. 26. The process of claim22, wherein the pressure of
LNG of step (a) is at or near atnospheric pressure. 27. The process of
claim 22, wherein the first pressure ranges from400 psia to 600 psia. 28.
The process of claim22, wherein the secgpd pressure ranges from 1000 psis
to 1300 psia. 29. A systen1for processing |iquefied natural gas (LNG,
conprising: _a heat exchan? an LNG inlet line in fluid conmmnication with
an LNG sour &@- andtherrropess of claim Ranybereindtha N Gl sisern hasetheng asiapedgnisasiabl e
of passing QBE@B gdbt he LNG inlet Tine and the heat exchanger; a
fractionation stemin fluid communication with the heat exchanger, the
fractionation systen1haV|ng a first outlet for a nethane-rich vapor stream

and a seco out]let for a.natural gas,|jquids a vapor-1liquid

separ at or; ra}tijﬁ’(:ond PF‘E?ﬁc’f&ﬂ ?EUWBPVI%‘@EH?GFW%QWP{-?@ Q)lﬁ NG ¢t he

fractionati ofpo ﬁ%ﬁ ?‘.gsgm;,he vapor-1liquid separator, the condensation |line
t

passi ng though exchanger, configured such that heat fromthe
nmet hane-rich vapor streamis transferred to any LNG passing through the

heat exchan ; u havi.ng. an,inlet.in fluyid cormunictlo t.h a liquid
recovered i ?ﬁ{'he%?qﬁsngﬁgﬁnggp‘gi’%mﬁ?‘eﬁ#i’&?ﬁuféﬁngeﬁ ?Qdmﬁﬂmnl cation
with an outlgmrgia_the punp and a pipeline for delivery of sales gas; and

wherein the fractionation systemconprises a reflux input in fluid
comuni cation with a portion of the LNGinlet line. 21 30. The system of

Fracti onati o cysTi b oR REERE 220 bk BF SRRAR ntsS et AP o petinsc i

1300 psia.

29. 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;

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;

a vaporizer in fluid communication with an outlet of the pump and a pipeline
for delivery of sales gas; and

wherein the fractionation system comprises a reflux input in fluid

communication with a portion of the LNG iniet line.



pressure to the nethane-rich vapor stream 31. The system of claim 29,
further conprising an NG heat exchanger in fluid conmunication with the
second outlet of the fractionation systemfor chilling the NG against the
LNG whil e the LNG passes through the NG. heat exchanger. 32. The system of
claim29, further conprising a condenseryffor the fractionation systemthat
provi des reflux thereto, wherein the condenser provi des heat exchange

agai nst the Ie the L s t hrough t he. condensor. The stem
of claim 293 ﬁY§ R Qfégb‘i"pzl FE‘%@S&PE‘?‘&S&‘F% lﬂ‘l‘f‘e‘?"“inﬁ“ctﬁ S‘a"“" por
outlet in flo cﬁ?iyk@ﬂﬁ@'tﬁé‘héd?%x&iaﬁ éﬂvomto%mvmﬁ 3 Gdsefy Cl al m 29,
wherein the vapor-liquid Separator further 1 nclude por outlet in fluid

conmmuni cat i pressire o theemethpm-tickevapod steeaph.ant site fuel line. 35. The system
of claim 29, wherein the fractionation systemconprises a reflux input in
fluid conmunication with a portion of the liquid recovered in the

vapor - |i qui dj_ sepafeay&tem of claim 29, 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 NGL heat exchanger.

32.  The system of claim 29, 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.

33.  The system of claim 29, wherein the vapor-liquid separator further includes a

vapor outlet in fluid communication with the pipeline.

34.  The system of claim 29, wherein the vapor-liquid separator fusther includes a

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

35. The system of claim 29, wherein the fractionation system comprises a reflux
input in fluid communication with a portion of the liquid recovered in the vapor-liquid

separator.





