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PRESSURI ZED LI QUEFI ED NATURAL GAS FROM CONTAI NERS FI ELD OF THE | NVENTI ON
This invention relates to the handling of pressurized |iquefied natural gas

and, nore panfd giHdeadzl y, to a proces ‘ m“ng cont ai ne i.h
pressurized |iquefied natural gas ij mmm]“m |ei n. BACKG?E{I@&M%E
| NVENTI ON 10 Because of its clean burningegyalities and convenience,

nat ural gas has becone wi dely used in recent years. Many sources of natural
gas are |located in renpte areas, great distances fromany commrercial
markets for tpROEGESS FORRINDOADING MEESSERIZE Y FOUREIED NATURADSPRSt i NY

produced natural gas to a comer pheMm CONEAINEEN pipeline transportation
is not feasible, produced natural gas is often processed 15 into liquefied

natural gas (which is called "LNG') for transport to market. It has been
recently proposed to transport natural gas at tenperatures above -112C
(-170F) and at pressures sufficient for the liquid to be at or belowits
bubbl e point tenperature. For pst natural gas conpositions, the pressure
of the natural gas at tenper atlilﬁéé)%wlﬁﬁtﬂwm be between about 1, 380
kPa (200 psia) and, ahout .20 4,500 kPa (650.psia).. This.pressuyrized liquid
natural gas is re&@?sr’EYFn{IBn ’é‘?%atﬁfﬁ\léethﬁ“‘é’ingPfﬁrﬁfﬁuéﬁdﬁlqu?ﬁ%irﬂa}_ gaﬁ/\?ﬂﬂch is
transported ahordpaticalhP PR Blocess Bireakddifg atiaitérs RaviriRessdii¢t éigadfieabout
-162C (-260F). If PLNG i;s unl oaded froma contai ner by punping the PLNG out
and al | owi ng HefsalEaheontainsd hF¥8sure to decrease, the deconpression of the
PLNG can | ower the 25 tenperature in the container below the permtted
design tenperature for the BACKGROUND IOF THE INVENTION i n the container is
mai ntai ned as the PLNG is renoved to avoid such tenperature reduction, the
vapor rendi ni ng i Beehre obi déandnmivig dualitiestaad corversexge) fatwalrgas hass per cent age

of the container's oriaginal cargo. endi ng_upon t he pressuyre and

t enper at ur e olfecglp?b?‘vé%’é}g%fﬁ(gmtrﬁ(’eeng\éc BosT TP A" So?ﬂ%r}mﬁﬁﬁﬁarete%%ﬂ?fglf}or s may
constitute  reMGte(idas B3R disfAndeCTrohiSAY LeMAeRidl hiarkealfotthe $4. tSom2mpes cent  of
the mass of PLNGin th ont ai ner .before the liquid was renpved. It is
oot rai e t o TGS AT Brspigs gadscst Aurel IS AFAPPSDEELEDI o whi | e
keepi ng t he cwhtmpipelincaianspoRhtvhlisBdtGtagible)prodadtd nhiariD gisas bfieh pdscebde@ PLNG
bef ore un| oadi nq. S. SUMVARY T&i{s i.nVﬁgbi“ nrelates to a process for

unl oadi ngla pibterligupiist maturl gas Grtiyis o iﬁHGI) [ EMSBY WARATERInt ai ned t her ei n.
A pressurized displacenent gas is fed to a first container or group of
cont ai ners of sai dt psbed retentlp bropostdaé Bfsport Natitalsgub ar wapéhiareds abgief i ed gas
therefrom The dlschar%i ng %as is then withdrawn, preferably using a 10
conpressor, fridmG hd7¢iE a4d Eprsaraeniiisiengiopths lgridde Rt & marlewdkdubHe

di spl acement g térfipesRRal 8bBHodt Rht@raBgdsichMbostiae, thSpre@ar Tt musfeand vapor
stream The first vapor stre]?lr%gul | ed of f of the conpressor heat ed and

_ t ris
passed to t heatfgmneratershabaveel! 26y wikl babetyeasabowl. 330APal300msia) dapeny
mai nt ai ni fig ti‘,?o(ﬂafaQ%G &i%.h?mgbfe%&ni%%‘i@'i%turﬂrg[aﬁ(s%tﬂn@& 10 pRR@YVG the
desi gn tenperature. e sécond vapor stteam at e conpressor outlet is 15
wi t hdr awn anddistinguish itdrosebNGdwhichtsdianeported atgsematiospheniqpredsurcend atianer s of
t-he plurality, of containers i rge liquefied gas therefrom
Comuni cat i onteﬁlgfr\%]é ‘%JtaE%Utf71§§Fqc%@t 'ner or group and the second contai ner
or group is severed and these steps are repeated for all of the containers
i n succession, w tIRPENGyis tleaded fbmaontinechy prptingtdie BLNIG aptiputl allewingni ng at
the pressure gf di_snl n | 1. of.th ntainers at 20 the
end of the pr%ggé%gg?@g%flﬁgﬁg& F{fg'% a@%%%%% ge SIBIg?fntéeﬂ‘ﬁﬁeC&n \i/ﬂ“feﬁﬁiehe | over
pressur e apotempemturdia tier @ataineebadw the permittodddsignnempgeratae tfa theconainegr oup of

t ai tied.b . ng. out .th Lgujd with L i th
Canke 1 qui d BHEesste i e Porgfag i Pt o B S 8 /s BRei Y 0t ne”
cont ai ner or gmpefued red@ilibA) thevaport emialngiy in thefpafitainad Wil dogtatvesrifidintised t o

pressure out the next container.or, group of containers of approximately the
Same vol ure. BAFPRECRAE SUAFRRINGF TR caree BeeRAnE ERAECPFRBIA e

li qui d-enpty eapbaREsSstior and Hel cBRpoditiindKEPIING ithd VabisGndy dohR@its ONt ai ner
or group of containers) the pressure drops in the liquid enpty containers.
In order to maintain the tenperature above the critical tenperature in the
containers that are having gas 30 renoved fromthem sone of the gas being
evacuated is heated and recycled back into WO 001 36332 -3 PCINS99/ 3D252

t hese tanks. At the end of the process the liquid is renoved fromthe
containers and all but the | ast container or group of(ximmmmmmmm at | ow
pressure, preferably between about 690 kPa (100 psia) an WMWMkOO
psia), while the last is at slightly above the bubble point prgasure. The

| ower pressure vapor remaining in the 5 containers will conprise

4= o o " T ] . 1 Y L | o




BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention and its advant ages
W Il be better understood by referring te the follow ng detail ed
description and the attached drawi ngs, whichH are schematic flow di agrans of
represent ati WEO@M$3%i ments of this invention. 1 S Fig. 1 A pEr/6é998e2¢s €W Of
a ship having pressurized |liquefied gas | oaded thereon which is to be

unl oaded in accordance with the practice of this invention. Fig. 1Bis a
plan view of the ship of Fig. | A havingd-a portion of the deck rempved to
show a nul tiplici t}/ of containers which can be unladed in the practice of
this invent it 2Byt F 9 20percentof heppass pf RENE futhg popiasnoefore Banguwdi ng PLNG

froma firsty£eaheiedett iPlesHhieR rethofORMAICARE fhid gAs AEGRESRBRSQNW th the
practice of this invention. . is a schematic flow diagram for

S invention. Fig. 3 |
di spl aci ng MosEblE white keepigdhrroaBinentsaprogimaialy, the syne empeaivreisshyy
evacuating tgiand béfsfe inRli@gner or group of containers to a |ow pressure. 25
Fig. 4 is a schematic flow diagram for displacing PLNG froma third
cont ai ner_ or group of containers by evacuating the second container or
group of Scontainers to a | ow pr essVEMMARY 00/ 36332 PCT/ US99/ 30252 The
flow diagrams illystrated in the drawi ngs present. various epbodi nents of
practicing the pr ég‘éenﬂ?nfe?ﬁteé‘t‘?ﬁv@ﬁ?s? .“nl%ﬁ ngip Bl 'Géoéto@taﬁ’(?’is i ntended to
excl ude frorﬂabﬂg 1156618 god conbiheld Mepdit.i A PraaéutiRed fIRdmeRIHas isditbdto ar e t he
result of normal and expected nodificatjaons_of these S{)ogﬁ;fi c enbodi nent s.

Various requitsie@uiiney Hrperhotpiners ghsal pryality\pd porapers chprge e ni xer s,
control systigi®siesd iHekdtioth. | B RAiscRAFHL b D MR wtk@awa HrébRBIyfuspRat he Fi gures
for the 1ourposes of sinplicity and clari té of presentatiaon. DETAI LED

DESCRI PTICON comprasor) Ry lie: 8 CRpEcr G eEhiPio6 Aot o7t tdshedigplancansat go,

unl oadi ng a jguidataRldiifiotMir@fvapd? Blréin S shébndWapor Ys&sn. ar@amsttvapsli schar ge
pressurized liquid fromthe containers while maintaining a substantially
const ant t hestiepmpplednfbefishe eompresserds brgted gnd passwide thedptcantaiger ¢rfitstng t he

of fl oading ¢ hEA. thdBBy Rhighi Stiro HARe el donlathet G pner is
used to di sp%rglgfé;&tch}é@%tﬁfé fl?gym %lhg“ﬁﬁeg?? cogﬁ ai ner1 usinr?g eolr;:lggror _rgoa?e st ages
of conpr essiabave thadesigp tgmperatyra (The stcprhvapengieartatthe comprgesoneutlenisd usi ng

recycl ed e jt f ; - i - ption of
the i nve%%/\?o‘gft e%‘%?iﬁ‘glzfgé {roearrsgécgnld cé@@gﬁés%@gﬁ?%ﬂéﬁﬁ%ﬂfsam%mgf Z‘H’g"rqg‘ﬂ‘? shown in
Fig. 1 A whidkogthiows tadisihdegeliqesficed asthenafromb Comsiunigaticmheryeea thefirsti plicity

of verticall | . . j LNG It
shoul d be un%gr sr{%ggxgérgﬂjo&m@\%%e&?{q%? 9‘% ﬁéﬁog%gdg? il%:ée?e(l%r%’(E ?rﬂift gggletrﬁ{?g% 'on i s not
limted to aepdtaddon dliafltiza codeiiernn afccessionwid ordy the dasheontameoamipiikd dflor i s t he
practice of this inventli | 1.m ntainers._on b RS.. Any suitabl e
cont ai ner folﬁqué roefnglélgn oaft ﬁ%@@rﬂﬁ%§ﬂgéﬁﬁa@ gccf%}eﬂt %aﬁ’eangrﬂl (%)g%lgr%]%m%?%?:%tss of this

i nventi o2, wheertsof tipredespexoept dhre last sdroaiserbaing lfilled withtiteHowetprdssge. | A and 1B
show a plural.i tly of vertically elongated containers on a ship, the

cont ai ners cG8Pd al so be horizontal or both vertical and horizontal. The 25
pi pi ng and enptyi ng net hods could al so be nodified in accordance with the

t eachi ngs of t hi dnihepeaeticoef thie porationga cmtaites opgraveefmentaierstaneeniptitds and t he
governing r : | 85 . rent V, tal r I y agencies in
sone juri sdie%ﬂrgstﬁgﬁlyeégfgﬁ{rega? ﬁa(%l {hcgggftlg%(’}\n 3@6 ‘gﬁ‘&gﬁp‘p@“ﬁ’t g'ﬂc@ﬁ §f top )
connect i ons, predsumidedgasyi The gasicomohinggn the centainer orppnonpiof gorsaings essherr i Nng out i f
pressurezg' S 'Llanlt a‘i3 noededdu ‘ilsré (;thrg urrél oggi n%% WO 00l 36332fP /. U599/ 30252 -5
br ocess. ZonsHoriy Farnries end bee i pRessye, o8 B ek sort Bet oL BIOBR 8T SIS 1 1y

t he unl oadi npppxonaelg theEame eblomgaDetingiha ktap irewlsicls g i being feingvedlirdi ar e

mounted within.the ship's hold apd. are cannected,t i ping system for

sel ectively t}lf’ Pﬂ‘f‘ﬁ'@f“pb'pecf‘?f‘fa{’ﬁr,s aﬁ%cf"ﬁ?é d‘Hgl%(ﬁlﬁﬁt lﬁuﬁtﬁﬁa °‘?Wé§‘€‘b 2 Wers are
cont ai ned i nofaoft@iners X pickate diayss if thelliaideniphsontinet Ih efdekReRingnt he PLNG
at cryogenic teg:g}er atures. Alternatively, i Esul ating individual tanks is
possi bl e. EaCHIEEBATRIHE0ve @eicﬁt’?%ée"?pﬁﬁ&ée B the prpipners thatage hgyinggagr s i n

hei ght a30d h@sotdt i Benilbaniedfeic Qb banP bki® i€ hyatell dnd recPclB®b&%Snto TE
containers may be fabricated of any suitable material capable of enduring
exposure and stress at 10 cryogenic tenperatures at the pressures required
to keep PLNG at or below its bubble point tenperature. The term "bubble
point" as used in this description nmeans the tenperature and pressure at
which the liquid begins to convert to gas. For exanple, if a certain volune
of PLNGis held at constant pressure, but its tenperature is increased, the
tenperature 15 at which bubbles of gas begin to formin the PLNGis the
bubble point. Simlarly, if a certain volune of PLNG is held at constant
tenperature but the pressure is reduced, the pressure at which gas begins
to formdefines the bubble point. At the bubble point, the liquefied gas is
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20 of tanks can be so arranged that the containers can be unl oaded one
container at a time in succession or unloaded in groups, and any contai ner
in a series or any group can be unl oaded or discharged in any sequence. The
unl oadi ng sedEMEeskroma floating carrier should take intop@ggRysisi he
trimand stability of the container carrier which would be famliar to
those skilled in the art. 25 Each container or group of containers is
provided with pressure relief valves, -@ressure sensors, fluid | evel

i ndi cators, and pressure alarns systens and suitable insulation for

cryogeni ¢ opkgsatankn. Affthe sl of\tisd poeesathe liquiil i reshofeddinont the chntgimesandi ncc t hose
skilled in t@eoug{htc 11 eontaanéi | iar V\'ittc%ntt h% coenstgé uct i on an anerati on of such
syst ens, whiZer a8 "Rot e e Rt FRIP P iRt A LD “r'laref%é’Bre Eti¢te of this

i nvention. beiaen @b 8SRkIRITNANE4)/230 2,320 Ked @00 psig), whildthg lastis at 0 di schar ge

PLNG from container 1.0 first group.of, containers, pressurized

di spl acenent-UgAY FovEEEDUEPIS REBRIFSHE nERe g PO RPN AP A BEREE T B cont ai ner
1ht hr ougfsfl idaﬁtambrsmn@bm@pémwﬁmﬁiﬁmemﬁad ss tHae ifxhé emnaixﬁa‘rs soeigiigtesf 1 t hough
the top of container 1 and is connected to_Jine. 16. The pipin steminto
5 which the l}ﬁl‘_‘F\%di gas a?ds_%ilf‘élr ! %prﬁfs@feeg"‘&brlr@e =t &B?@Hngﬁgt@%&aﬁ’éed to an
appropri at e BEASE & REd & fublQal WRertik BeHHinNGs RE MRS with Ngidfie zes. f | ashi ng
and to prevent excessive tenperature drops. Line 11 extends to near the

bot t om of cdAeERsiferthe pereeniageohihs satee Aeliysred gpd pdngingihe praunticf gisde BRent gas.
The di spl acepkhlefiefst thokquéBtiddpi&R it BfficahtBMuEOAB ofdrANRAYE SUi t abl e
source. For exanple, the displacenent gas 10 nmay be supplied by one or nore
auxi | i arlp sttnsppstingthg Savsfied 835t ai ners) from contai ners on the ship from

whi ch PLNG had previously been renoved, or from PLNG that is vapori zed.
This latter source w || BRARFIFESESPTIONIOF THERDRAWINGS by referring to a
vapori zation process shown schematically in Fig. 2. The PLNG di schar ged
through line 11 sses through line 16 to a. sur 15 tank.50, Fromthe
punD. our e ank DPrRest i oSt th gavapages oG OO BHEISTHES ¢ he
PLNG t o t he tdeisd foRélwiglg dbtiiBedydeBdriplionl il tBE attddRedsiravifig) Mdich hReschéniiticpr essur e
PLNG exits the punp 51 by line 18 and is passed to vaporizing unit 52,

except for allShdipgrams gffeprssentalive ppodiments pidhisameEatons o to 10 % of stream 18
that is withdrawn through |line 19, passed through a suitabl e expansion
devi ce 5B such a8g.aAligside view offachip davikgpiéssurizaddiquafaiads ioat«l thers@par at i on

means 56. Vaporizer 52 can.be any conventional systemfor re-vaporizing the
| i quefied ga‘gl,m]%\ﬁitﬁhc ‘é‘?l%ac&gm acﬁ?%eﬂ‘fet“’ét%[b?‘ﬁﬂ °“§RP%?‘§d“‘Feﬁt“?‘he art. The

vaporizer 52 may for exanple use a heat transfer mediumfrom an
envi ronment al sowigdBskaplaayient of thesship AfdigIA lawingagshionalf eie deck t he PLNG in

t he vaporizer nmay, serve as. a.heat.sink in.a .25 power cle to generate

el ectri cal e‘i‘f@l"&%}li.to ﬁ%?ﬂ“&?ﬂlm rRpiapets wly%agﬁg\ﬁ@ogi%frb&%%cg °t he sal es
gas (line 20hisexvehii®ty t he PLNG vaporizer 52 nay be wi thdrawn through |ine
21 and passed through an expansion device 53, such as a Joul e- Thonson

| ve, duce he, . : = h ion device 53 th
expantiectiyas. ent 418 48 A ATERA ML ArEBReLy B Eab i EosRtins 56 can

conpri se anyordemipad caflainers irdrcerdimee withakbyradige af hzspovendérr.eam and a | i quid
stream such as a packed col um, WO 00l 36332 PCT/ US99/ 30252 g frayed

colum, spray tower,,.or firacti t.or -qyl d 23 1s wthdrawn from
the bottomthe s\gﬁ 'r3a] |aScnhegnl%géng&ggggr?gﬁﬁléglgée%m?%%ﬁagF?oénna Seeﬁ%n\gnsi on device

54 t o reducecdntaneppessuy ef mhtainems byiegametingahofist ¢dntairer pogesgdotby | ine 24 to
t he PLNG pugp ﬁgr e tank 50. The overhead vapor fromthe separation neans
56 is passed THSUYR A THE DB ™5 t hrough an expansion device 57, such as a
Joul e- Thonmson valve, to lower the pressure of the gas. After exiting the
expansi 026 devi ce 158, 4 is hechdmepé flow dingtargfas diss aqizsRING fipnd 4 third 26gtaindar ough
line 10 (lines 1 [ nnected to each other). and passed into
the top of cgrrﬁr éu&)nogrzgﬁt?lgag ?& %?zhcgaﬁgﬁ}% sicﬁonéi SRPAIPREF gio"ﬁ’)ég c%rg%lﬂgg ffbaSt antially
di scharged thereésaey i njection of displacenent gas into container 1 is
stopped. At 10 this stage of the process, container 1 is full of relatively
hi gh- pressure di splacenent gas. It is desirable to renove this

hi gh- pressure gas fromcontainer 1 to further reduce the nass of
hydrocarbons in container 1. Over tinme, excess vapor may buildup in the
surge tank 50. This excess vapor can be renoved through flow |ine 27 which
can be connected to any suitable device 15 depending on the design of the
unl oadi ng system Al though not shown in the draw ngs, the excess vapor for
exanpl e may be conpressed and passed into separation nmeans 56, it may be
passed to a fuel gas systemfor powering turbines or engines, or it may be
conbined with gas stream 31 of Figs. 3 and 4 to becone part of the recycle
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10 manner as descri bed above with respect to PLNG renoved from container |.
Since the displacenment gas for container 2 is obtained fromthe

hi gh-pressure gas in container 1, separation neans 56 and vapor therefrom
may not be needeskaso provi de displacenent gas for contai nercussioisher
contai ners unloaded in the series. Fig. 4 shows the principal gas and
liquid flow lines used in the process of this 15 invention for displacing
liquid fromcontainer 3 and renoving at4least a portion of the high
pressure displacenent gas fromcontainer 2 by |owering the gas pressure.

Hi gh pressure di sPicaflendiagragmdilisgrated auithe drawings|paesentPlati@isf enthodingentsai ner 2 i s
w thdrawn from container 2 b he. suctiopn, of conpressor 58.  The

hi gh-pressur81m‘3fia%tl‘fllr§ct§?78rr?fes§§£h“bsalggeé"gm?'r RS draings are 1‘?{%8%&% lines 12 and
30 to one or efPRidR R HeQsSRI0F tiRinteatid oth@Osibod hentaBat REEHS Ws@lt oA T raction
of the conpressed displacenent gas is withdraw fromthe conpressor through
line 31 and perswmbend expgcterbmodificatiopnefethess gpegific enhedimsatsg darjoys Fragiiredl.  Fr om
t he heat gxc e hea disp! 3 | S J 0 to the

bot t om ofgcon a ﬁ;ren}é%dtl h?%ud" Y’ fyaﬁ%ég {B\ps IC %eg@?ﬁnt#ﬁﬁ%%sé%%ﬁﬁga“ on with
t he heat exchacgensotdhraye fbenl deteeedIom THed iguresion thegufposestdf eimpdicity hed gas

conpr essed b¥1 25 ()gon%ressor 58 is passed through lines 33 and 14 into

cont ai ner 3 PO URFEEMMIENG from container 3 through line 15. The PLNG
fromcontainer 3 is then revaporized in the same manner as descri bed above
W th respect to PLNG rBETAEIED DESCRIPTAONOF THEINVENTIQNOf all contai ners
on a earner ship or onshore facility is continued as descri bed above until
t he | ast cont ai neFhi§ owvengionppovades e process ferum)oailing amudtadieiy of contairers30 practi ce

of this | oadj n 0 11 he.containers are full. of .| ow pressure
gas V\DII@OI g’é‘g%sgs %&ggf%ﬁéss \i 5 g%‘ﬂ? g Wgtﬁ? B al%eésn‘f'%lllen’g?ln%wl'gﬁaoup of
cont ai ners. dubetahi@dly condudm iliediquidiprdshee siahé Battoncafiehei coataindr dwririghhs
description, j eft_at .or. .ahove .t he bubbl oi.nt pressure of the PLNGto
factli Lat o+ eiRadiFhee BF BiRT R ek RRmar b TR oo PapEr s athellg et N 1 1
t he | ow presguPENG fphakarnendongitr nsSnglateior abrd stages dhwnmprddGonsDa@sCr | bed in
this description, the mass of |.ow ressure ?as rimai ni ng inl.%g}e cont ai ners
after unl oad F5EsSTZaINREepPPRreds MRuaRed Hsing fecycled, warmyng gas split i from npgs of
the ori gifnal the@aglprisoPLNG. The tenperature and pressure of the gas will at
all tinmes during the unloading process be within the m ni num design

t enperature and X pum.desi pressure for the co |ners. t he

i Shl acenent gas T4 Faeven L hePhER i sty rmeid PN eI at i BLNG. ¢ he
pressure of tHipgeleaplyahememtFigds wisiclpsteive aalde yiewadalsaitabit ship i@ keep t he
pressure of the, PLNG at th ottom of the contaipers essent] lal constant.
e TS dasi FBIPEORGoseicats SO sPancs aF o ELBELTEGHREF PG Ton vl |

t hi ckness by shuli e uhidergtobd) owever, Thunilibasadgioe Of thiS SnvesticarisinbtQinfitedvent f 1 ashi ng
of the PLNG at .the top of the. 15 downco uring unl oadi ng. Dependi ng on
t he desi lé&' cP?ril‘é’H‘i‘réite?lg'i‘ °£%?P§‘Eat“}f6f‘% ﬁ‘ng’ﬂgie‘{né‘?%&fbgP%‘f%,Ogﬂ%‘M?%@nany_
decrease of lif@ed RIGRRIaRicH 0B sBips.t BRy lidkle conthil@ fEMdradeEPENTRYaPse desi rabl e
to avoi d dropping the tenperature bel ow the design tenperature for the

cont ai ner. TBefdR theaplogding Brogesa Ph&ts BYFPLPH WEFIAPIShI RSN OBHIES at ure duri ng
the step of 2@y SAlmugh !F%ﬁHLANEﬁd 1B oW aiMBRS BB rti GRS elMRYatePidnPiRtd ¥ be
heated prior to enteri n%_t e containers. Exanple A hypothetical nmass and
energy bal ane®a §RiR. theponiairpraspuldialsohehggeqntal er _%@V@F’&%G@mﬁ’@owl} dderated in
the Figsgs Z'ﬁiiph%@ﬂdkﬂ'ﬁtyﬁ dthetls 36§ld §r|§$ bé %aiheeflg,al?@&ghﬁée With the teachmg@nd 4

bel ow. The data presented in the Tables are offered to provide a better

under st andi ngf tbfs inveation depengding enthe plepgmentefithetanks anfl w gsversimgs shown in
Figs. 2, 3, sl €k i j ) | . .
unnecessari | gégﬁllamgd{: Ther etll(;)ﬂ!};’3 %‘;be e éf&g)?%&Ila%gyspg%n@\%}g%}%rgg@ggéfi}%%130252

-11 conposi t fegnia¢ thdtoatainsrs anrsbips baveainhetop cenmgatioas, whighi limiss wbmdingitons. Each

ol cvat i on  Trey BiEte Pt e RVGEale RARRIAN, Slir e il 0o 1S

bottom It should be noted that |oading rates and the source of the

di spl acenent gas would affect these 5 conpositions, Table 2 provides data
for flow lines associated with Fig. 2) Table 2 provides data for flow |lines
associated with Fig. 3, and Table 4 provides data for flow |lines associ ated
with Fig. 4. The tenperatures, pressures, and conpositions are not to be
considered as limtations upon the invention that can have many variations
in cargo conpositions and flowrates in view of the teachings herein. In
this exanple, liquid 10 filled containers are 98% by volunme liquid with 2%
vapor space: Table 1 - Mol ar percentage of conmponents at various contai ner
condi ti ons Conponent Li qui d-Fi || edhi gh Pressure Gas (Displacenent gas in
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127; 876 WO 00/ 36332 -12 Table 2 PCT/ US99/ 30252 StreanPercent of PLNG

di scharged from cont ai ner 1Vapor/ Li qui dCFkPapsi al00V-93. 3- 1362, 84841311
@ot t onOL-95-1392, 9994351050V-93. 3-1362, 91742311

@ot t ont 50L-veB3e@83R, 99943510100V- 93. 3- 1362, 97943211 PCT/US99/30252
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Although this description will be described with respect to unloading PLNG

from a ship, this invention 1s not limited to unloading PLNG. The process of this

invention can be used to unload any pressurized liquefied gas.

One advantage of practicing this invention is that the liquefied gas is
25  discharged from the containers without significantly reducing the pressure of the
PLNG during the discharging step. Any significant decompression of the PLNG in
the containers could reduce the temperature of the PLNG below the design
temperature of the container as the PLNG flashes when the pressure drops below the

bubble point.



contai ner or group of containers being substantially |ower than the
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| i quefied, gas therefrom and (e) severing conmunication between the first
container or group of containers and the second container or group of
contai ners and repeating the steps (b)-6hrough (d) for all of said
containers in succession) whereby only the | ast enptied 20 contai ner or
group of cont ai neiTse meximunstemperg@iecd{ Hhredi NG i the shipheonthingss tedenwplvadegas at t he
end of the unl. i ' e C J cept the | ast
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Phe pressur  Tore Bram el BsRERy G ri Bt otemiche SRREELESRUREHN: & ner
or group20f ofninks caabs sé arrdegepthhttie Pinesis @n ®F uhlbsdeld ioge edntAokr gastime t he
bottom of the second contai n(gr WO Ogl 36332, PCT/ US99/ 30252 - 16 of, group of
containers edSETETHPR 9F WHIOAdEd 1R BrOHPS; 409G AT ETHIRH I HFENEHY 3Y §I08P C8PYas
therefrom 1Znlokidd gpidiciRgedh agl s2ijiende. WRAicadihg Seqibrise &ohi y/fidting ONt ai ner s

to be unl oaded of .| iquefi.ed gas are aboard. g, sh and .t he steps of
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25 Each container or group of containers is provided with pressure relief valves,
pressure sensors, fluid level indicators, and pressure alarms systems and suitable
insulation for cryogenic operation. These systems are omitted from the figures sincc
those skilled in the art are familiar with the construction and operation of such

systems, which are not essential to understanding the practice of this invention.



performed using suitable process equi pnent |ocated off the ship. 13. A
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10%9Q9& () -4 yas] AU afe)wall Knpwh@S4ho& skjlleyl in the art. The vaporizer 52 may for
) example use a heat transfer medium from an environmental source such as air, sea
water, or fresh water or the PLNG in the vaporizer may serve as a heat sink in a
25  power cycle to generate electrical energy. A portion, preferably from about 5% to
10%, of the sales gas (line 20) exiting the PLNG vaporizer 52 may be withdrawn
through line 21 and passed through an expansion device 53, such as a Joule-Thomson
valve, to reduce the gas pressure. From the expansion device 53, the expanded gas
enters separation means 56 by line 22. Separation means 56 can comprise any device

30 suitable for producing a vapor stream and a liquid stream, such as a packed column,
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10  this stage of the process, container 1 is full of relatively high-pressure displacement

gas. It is desirable to remove this high-pressure gas from container 1 to further reduce

the mass of hydrocarbons in container 1.

Over time, excess vapor may buildup in the surge tank 50. This excess vapor
can be removed through flow line 27 which can be connected to any suitable device
15  depending on the design of the unloading system. Although not shown in the
drawings, the excess vapor for example may be compressed and passed into
separation means 56, it may be passed to a fuel gas system for powering turbines or
engines, or it may be combined with gas stream 31 of Figs. 3 and 4 to become part of

the recycle gas.

20 Fig. 3 shows the principal gas and liquid flow lines used in the process of this
invention for displacing liquid from container 2. In Fig. 3 and the other Figures in
this description, flow lines and other equipment having like numerals have the same
process functions. Those skilled in the art will recognize, however, that the flow lines
sizes and flow rates may vary in size and capacity to handle different fluid flow rates

25  and temperatures from one container to another.

Referring to Fig. 3, the high pressure displacement gas in container 1 at the
end of the PLNG discharging step (the process depicted in Fig. 2) is removed through
line 10 and passed through line 30 (which is connected to line 10) and passed to one
or more compressors 58. A portion of the compressed displacement gas is withdrawn

30  from the compressor through line 31 and passed to a heat exchanger 59. Any suitable
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10% K 15  invention for displacing liquid from container 3 and removing at least a portion of the
high pressure displacement gas from container 2 by lowering the gas pressurc. High-
pressure displacement gas 1s used to displace PLNG from container 2 is withdrawn
from container 2 by the suction of compressor 58. The high-pressure displacement
gas passes from container 2 through lines 12 and 30 to one or more compressors 58 to

20  boost the gas pressure. A fraction of the compressed displacement gas is withdrawn
from the compressor through line 31 and passed to a heat exchanger 59 wherein the
gas is heated. From the heat exchanger 59, the heated displacement gas is introduced
to the bottom of container 2 through line 13, which is in fluid communication with the
heat exchanger through line 32. The remaining fraction of the gas compressed by

25  compressor 58 is passed through lines 33 and 14 into container 3 to displace PLNG
from container 3 through line 15. The PLNG from container 3 is then revaporized in
the same manner as described above with respect to PLNG removed from container 2.
Unloading of all containers on a carrier ship or onshore facility is continued as
described above until the last container (or group of containers) is unloaded. In the

30  practice of this unloading method, all of the containers are full of low-pressure gas
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except the last container or group of containers. The last container in the series,
container 3 in this description, is left at or above the bubble point pressure of the
PLNG to facilitate reloading of PLNG on the return trip for reloading of PLNG.

If the low pressure displacement gas is derived from the PLNG as described in
5  this description, the mass of low pressure gas remaining in the containers after
unloading of PLNG will represent about 1 to 3 percent of the mass of the original load
of PLNG. The temperature and pressure of the gas will at all times during the
unloading process be within the minimum design temperature and maximum design

pressure for the containers.

10 As the displacement gas is introduced into the containers to discharge PLNG,
the pressure of the displacement gas is preferably regulated so as to keep the pressure
of the PLNG at the bottom of the containers essentially constant. This is desirable to
increase container cargo capacity for a given wall thickness by minimizing the
maximum design pressure and to prevent flashing of the PLNG at the top of the

15 downcomer during unloading. Depending on the design criteria for construction of
the containers, avoiding any decrease of the temperature of the PLNG in the
containers may be desirable to avoid dropping the temperature below the design

temperature for the container.

To further guard against any lowering of the temperature during the step of
20  discharging PLNG, the displacement gas may optionally be heated prior to entering

the containers.
Example

A hypothetical mass and energy balance was carried out to illustrate the
embodiment illustrated in the Figs. 2-4, and the results are set forth in Tables 1, 2, 3
25  and 4 below.

The data presented in the Tables are offered to provide a better understanding
of the pressure and temperature of flow streams shown in Figs. 2, 3, and 4, but the

invention is not to be construed as unnecessarily limited thereto. Table 1 provides
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compositional data for the container cargo at various conditions. Each of the

containers was assumed to have a capacity of 828 m? and to have an elevation

difference of 46 meters from the top of the container to its bottom. It should be noted

that loading rates and the source of the displacement gas would affect these

compositions. Table 2 provides data for flow lines associated with Fig, 2, Table 2

provides data for flow lines associated with Fig. 3, and Table 4 provides data for flow

lines associated with Fig, 4. The temperatures, pressures, and compositions are not to

be considered as limitations upon the invention that can have many variations in cargo

compositions and flow rates in view of the teachings herein. In this example, liquid

filled containers are 98% by volume liquid with 2% vapor space:

Table 1 - Molar percentage of components at various container conditions

Component Liquid-Filled | High Pressure Gas Low Pressure Gas
(Displacement gas in | (Gas in container 1 at
container 1 at the | the end of the process
beginning of the shown in Fig. 3)
process shown in
Fig. 3)
C 93.82 98.63 98.60
G, 4.01 0.82 0.76
Gy 0.28 0.03 0.03
Cy, 0.43 0.03 0.07
Can 0.13 0.008 0.02
Cs 0.18 0.01 0.04
Csn 0.05 0.003 0.01
Coe+ 0.05 0.003 0.01
CO, 1.01 0.38 0.36
Temperature
(°F.°C) -139, -95 -135,-93 -139,-95
Pressure at top
of container 412; 2841 435; 2999 127; 876
(psia; kPa)
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Table 2
Stream Percent of PLNG | Vapor/Liquid | °C °F kPa psia
discharged from
container 1
10 0 v -933| -136 2,848 413
11 @bottom* 0 L -95 -139 2,999 435
10 50 \Y -933) -136 2,917 423
11 @bottom™ 50 L -95( -139 2,999 435
10 100 v -933| -136 2,979 432
11 @bottom™* 100 L -94.4| -138 2,999 435
18 50 L —86.1| -123 8,274 1200
20 50 v 1.7 35 8,274 1200
25 50 v -93.3| -136 3,103 450
* Conditions of PLNG at the lower end of flow line 11.
Table 3
Stream Percent of PLNG | Vapor/Liquid | °C °F kPa psia
discharged from
container 2
10 0 v -94.4| -138 2,999 435
11 0 \Y 10 50 2,979 432
10 50 v -95| -139 2,234 324
11 50 v 10 50 2,220 322
10 100 \'% -95| -139 883 128
11 100 v 10 50 876 127
12 0 A% -82.2( -l16 2,848 413
13 @bottom™* 0 L 95| ~-139 2,999 435
12 50 \Y% —-67.8 -90 2,917 423
13 @bottom* 50 L -94.4| -138 2,999 435
12 100 v -8.3 17 2,979 432
13 @bottom* 100 L -92.8| -135 2,999 435
18 50 L ~86.1f -123 8,274 1200
20 50 v 1.7 35 8,274 1200

* Conditions of PLNG at the lower end of flow line 13.
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Table 4
Stream Percent of PLNG | Vapor/Liqmd | °C °F kPa psia
discharged from
container 2
12 0 v -9441 -138 2,999 435
13 0 A" 10 50 2,979 432
12 50 \Y -95| -139 2,234 324
13 50 v 10 50 2,220 322
12 100 A" -951 -139 8§83 128
13 100 \Y 10 50 876 127
14 0 v -82.2| -1l16 2,848 413
15 @bottom* 0 L -95! ~139 2,999 435
14 50 A% -67.8 -90 2,917 423
15 @bottom* 50 L 944 -138 2,999 435
14 100 v -8.3 17 2,979 432
15 @bottom* 100 L -92.81 -135 2,999 435
18 50 L 86.1| —123 8,274 1200
20 50 v 1.7 35 8,274 1200

* Conditions of PLNG at the lower end of flow line 15.

A person skilled in the art, particularly one having the benefit of the teachings
of this patent, will recognize many modifications and variations to the specific
5  processes disclosed above. For example, a variety of temperatures and pressures may
be used in accordance with the invention, depending on the overall design of the
system and the composition of the PLNG. Also, the piping connections between the
PLNG containers may be supplemented or reconfigured depending on the overall
design requirements to achieve optimum and efficient heat exchange requirements.
10 As discussed above, the specifically disclosed embodiments and examples should not
be used to limit or restrict the scope of the invention, which is to be determined by the

claims below and their equivalents.
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of containers of the plurality of containers to discharge liquefied gas

therefrom; and

(e) severing communication between the first container or group of containers and
the second container or group of containers and repeating the steps (b) through
(d) for all of said containers in succession, whereby only the last emptied
20 container or group of containers remains at said pressure of the displacement
gas at the end of the unloading process and all of the containers except the last

container or group of containers being filled with the lower pressure vapor.

2. The process of claim 1 wherein the temperature of the displacement gas is

above —112°C.

25 3. The process of claim 1 wherein the displacement gas is derived from the

liquefied gas.
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The process of claim 1 wherein the pressure of the displacement gas of step (a)

ranges from about 20 kPa to 345 kPa (3 to 50 psia) more than the bubble point

pressure of the liquefied gas.

6. The process of claim 1 further comprises regulating the pressure of the
displacement gas fed to the first container such that the pressure of the
liquefied gas at the bottom of the containers remains essentially constant
during discharge of the liquefied gas from the first container or group of

containers.

7. The process of claim 1 wherein the pressurized liquefied gas is natural gas
having a temperature above —112°C and a pressure at essentially its bubble

point pressure.

8. The process of claim 1 wherein the heated vapor stream injected into the first
container or group of containers maintains fluids contained in the container or

group of containers at or above a predetermined minimum temperature.

9. The process of claim 1 wherein the pressure of the gas in the first container or
group of containers at the end of the unloading process is at least 345 kPa (50
psia) lower than bubble point pressure of the liquefied gas at the beginning of

the unloading process.

10.  The process of claim 1 further comprises regulating the pressure of the
displacement gas introduced into the first container or group of containers to
keep the pressure of the liquefied gas at the bottom of the containers

essentially constant during unloading of the liquefied gas therefrom.

11.  The process of claim 1 further comprises regulating the pressure of the
displacement gas introduced into the second container or group of containers

to keep the pressure of the liquefied gas at the bottom of the second container
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20 (d) compressing the second vapor stream and feeding it to a second group of

containers of the plurality of containers to discharge liquid gas therefrom; and

(e) severing fluid communication between the first group of containers and the
second group of containers and repeating the steps (b) through (d) for all of
said containers in succession, whereby only the last emptied group of

25 containers remains at said pressure of the discharging gas and all of the
containers except the last group of containers being filled with the lower

pressure vapor.



