10

15

20

25

30

Wg&%&%§08584 PCT/US2006/026329 METHOD OF BULK
RT AND STORAGE OF GAS IN A LIQUID MEDIURFHiSeeg6/026326

QETHEHHENTI RN AR EPSREC 5'%‘?@%%%%‘9’ E?A%‘?l@%@?ﬂ%}p MEDIUM

transportation of produced or natural gas er gases, a
specifically to the bulk handling of natural gas, vapor phase hydrocarbons,

or other gases in a liquid medigreEraiioiiyaegRRgation into a gaseous

phase for delivery into storage or into gas transmission pipelines. As
describeirraton relsiep eenemilntrenomessod drtisplenthtiop pfipadaiectd shiptatal gas
ohsige dinsioladigs iR I aHEARIPRLIRIND @f%%&ﬂ%&?%?gf@%e hydrocarbons,

rocessing, but is.equally applicahle to ground modes of t rtation _
LR BT RTINS R SSREEE QR He et Bbegfor celvery into
SIBARCROMMNDGRTHE HpHENT QNIbotital gasis BEadesmin 8RN ton is

ipeli a gaseous medium_qr in the form
p%@ﬁ%%‘% a%argllQGas &dﬁ%?%%sﬁﬁ%%%%negaoﬁ R AR RARRRC\ARR (P gapoard
BRI ERraung Sy RellYcepiicatiatte asopet modesarketsspothidrassidess rail,
racRiemiRAthedgvelsRidrsesavaiable product deemed economically

worthwhile moving to market by pipeline or Liquefied Natural Gas (LNG)

ships. The slow comrﬁéf@ﬁ:ﬁ%&ﬁ@f%mﬁﬁ@l Gas (CNG)

shippi ' trig containment of nat as.up.to half of the )
200 e L A RSO o Bl 7 il s prensmecim
ordg s fRrerrEkiae b SesfoNsh imsiipedr pesteshaifg) ftititne ety gas
resavesbadeiate IsAeRdario i, e toing DREH RINARINSIE M1 of
systems. The energy intensity of LNG systems typically requires 0 1A
TBRY rﬁ%@ﬁ&?@&ﬂmﬁ%mmaxwga@wmquw@mwm or
Lidetifiededh tran@ak €L NB)ShipAG has even higher energy requirements
assogjated with gas conditioning, heat of compression of the gas, its

coolimeA T SopTRsRsiatization ahfommsssed MeiwahQas (GG shigpiog ity

viludSEatenticappfiastion MaWASRATLIEE Yoo TPl 8 pas
WHRICN 1S . Incorporate rererence, tne nandiing o

SO X e SRR i Grsnroionedsytms

TreonspresdeuerbedborymdT oG T/ Hlilkthoietise) grits 0 b tRsei g Owo systems.
cryogenic_conditions has. its.advantages in.this niche market. Both in the
com%%s%grﬁ%%née% ?5 %&Eﬁﬁ% eé’%%%@ LY SRS %rrf thesreray

- congmtptsplaesshaanb e G NhgpodnittisrisHusiag Benafiloading NG has even

e SR Sl S SRR S e
1S R R Y STsRaRrBlsyasretiofiemdransart enteineiscArcnitlifiag initjSatatent
applizstionason ewe38 7 ioasifestivgpralRn P kil @udRP%%s, 2004, which is
incorporated by reference, the handling of natural gas in a liquefied matrix as a lignid medium
(referred to as Compressed Gas Liquid™ (CGLT™) gas mixture) without resorting to cryogenic
conditions has its advantages in this niche market. Both in the compression of gas to a liquid
phase for storage conditions, and in the 100% displacement of CGL™ gas mixture during
offloading from transportation systems, there are distinet energy demand advantages in the
CGL™ process.

The CGL™ process energy demand to meet storage conditions of 1400 psig at -40 °F is
a moderate requirement. The higher pressures necessary for effective values of CNG (1800
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1 prig to 3600 prig) at 60 F down to -20 F, and the substantially lower
cryogenic temperatures for LNG (-260 F) give rise to the greater energy
demands for the CNG and LNG processes. Thus it is desirable to provide

psigyeréls Bne ridthdadanatraefitater e iasrage iy damsponose atsraperatures
forQrNAPAbeeegas Ml IOWRS SREIIASBIANASRISIHMMARY FHe BIEesHbtesses.

disclosure is directed to a means mounted on marine transport vessel,

suchlassdtshirerabia tfe proviksatlisigras produetiod ghst dachinic sepsiratigrpnd
traRGRVSH IYFArar BANR LOMPIREF 1A LPErgRS, 69niAG the gas, drying the

gas with a liquid or solid desiccant, blending” the gas with a liquid carrier

or solvent, and then cooling the ribNBVvpkBOEssing, storage and 10
tran%c}%rtation conditions, After tr§nsporting the product to jts destination, |
a hydrScFSER ProCEeSiAy LA At HgERI BB e T E T AREth TR port vessel,
sugiravidedionnlgadfthdokiding fromitheopigelinie:andsstarage: Sieateen hydrocarbons,

separate the liquid carrier, and transfer the gas stream to the ,custody of ..
o e T A AT 6 R TR 2 e B enaing
thepgevidieh salininteguakd systemt fond thknstorhige GndnirasporestBofstasgiomnd
tralﬁ&ﬁg{ﬁ@pcgﬂdiﬁéﬁgn SR ¥ Hﬂm Brm:ﬁj é’t‘%%q{@&%%xﬁm hydrocarbon

comprises the combination. of a. loading and mixing system adapted to
PropeRsaeaEi Al itismlageme ts et sy sl éntireveeilaaiidige the
pifPRsi Uiy (QpMe@scoRAIRBRR: SYSIemuAAGRIRG, h SRR (B eHiquId AU he

of $as-sol\_/ent mixture at storage pressures and temperatures associated .
cu

L ovRiE LIS SR RS LM IRISHE MiXEE that exceeds the storal,c
densitig;0f G 2GL 18 SemesiorRge - essUies and, IeMPELAIES ansport

~and a. separation, f:actionation and. offoading System for separating the
of gas o tHS asAE SV Rk tES] AHEERARd THSEECE tRETS TS PFBRAtTet Be
comethed.comprising: the: stepsoflaaging.a:gas:te: e anspeHed oMo Rent o
; transport vlessel, wmixip%th{e%a? with a liquid solvent to form a gas;solvent
it it & 14 Eciah' T/, Y rating te Ak ag eheadaped 1o store
thgasssblvedfitmixiuse-forviranspart:nialooped-pipelinersystem; reciculatinged
Wigfgn%g;tgggd as-solvent mixture to maintain, a predetermined temperatyr

;éa ey S tor the gas-solvent ]gmx.mm that Bxceeds aragé densities oq’CNﬁ
pressure, separating the gas from the gas-solvent mixture, an

lopffdcadingthergas frons te transportvesse alivpeeforist embodimeht,
ofA-38lhcentained ship.orharge inckidesia PrOCeRsIAgy starage and

transportation ?%étem that converts natural gas, or vapor phase '
" RydrEEarsERR:-ifE T AlRfORREd AiBeikRA crmygay e Sevenht Ridiee gps to be
tramtpanel fenanasphd Butaneithis.Ah-ComRositianaadMolime efiwhichsisolvent
S ecifical}%/ dgterminec%acc%{cﬂng ta the service . )
mixture i a Hquid medium form, dehvdrating the gas, storing the gas-solvent mixture for
transport in a looped pipeline system, recirculating the stored gas-solvent mixture to maintain
a predetermined temperature and pressure, separating the gas from the gas-solvent mixture,

and off-loading the gas from the transport vessel.

In a preferred embodiment, a self contained ship or barge includes a processing,
storage and transportation system that converts natural gas, or vapor phase hydrocarbons into
a liquefied medium using a liquid solvent mixture of Ethane, Propane, and Butane, the
composition and volume of which is specifically determined according to the service
conditions and limits of efficiency of the particular solvent, as indicated in the '757
application. The process train is also devised to unload the natural gas product or vapor phase

hydrocarbon from the ship mounted pipeline system, segregating and storing the liquid

2
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conditions and limits of efficiency of the particular solvent, as indicated in

the '757 application. The process train is also devised to unload the

natural gas product or vapor phase hydrocarbon from the ship mounted

pipeline system, segregating and storing the liquid 2 solvent for reuse with
solhvatexrshipménthaexnskihroehtdescribed herein is not limited to ship
installation and i sujte%to other forms of transportation with or without
tho ol BEBR BB RN SH R A A AGBAGOHER o ober
forpar i warystitalble for the kktraftho existingatankest dr Jothiseanifa® medium.
Wy built shlgs .-The loading,sequence preferably beqins with a natural

S B S e R R R RS Rl
neyixthothsbrpshore based pipeline through a loading pipeline connected

dire r indirectly to the ship through a buoy or mporing dock. The gas,

fowe IR B & ARG S T8 Ao B as P LD e hine
frofree wener avvdl k0 h ERHPhytisboarpbnfronn thergassstteanrdinEhhrpughedsading

- tral itions r for remgval of an desirable .
P P sl e s
NoperHiprassaanenididd tantiscen Bbednbrpegisstenagepiessuee fwefentdslynd
helQPRRYE dA00:RHY 40140 RRIGLT he gas is then dried using a liquid or

solid desiccant, e.g., a methanol-water mixture or molecular 15 sieve, for

hyd_ré"ﬂee Zmonﬂamm@ncandﬁuih_emt}s rgﬁg@d@mmﬁa‘ soivent bédoyeiedtsiiridea
coPRRG AT HAG (e UENG U SOV RIAS NS ﬁ%&%%@g%r@%éh, cooted

cooled through a refrigeration system to storage teniperature of about -
and gerulprs G ASATrE RS ORISR Pt ey datakpprd Vet piie forfdliorionf he gas
is 9§ hyekalese 2 M;]%@cr'&&Eh‘i@é&%@ﬁﬁ,%‘.‘%%&hﬁ@l%@&@ﬁ'ﬁ%@@gr molecular
. agueous solution Is separated to remove the aqueous phase components
SieYAd R EMEHEdry liquid solvent-gas mixture stream is loaded into a storage
pipe system at storage conditions. The stored product is kept in banks of
bundled pipes, interconnected via manifolds in such a manner that the
contents of each bank can be selectively isolated or re-circulated 10
through a looped pipe system which in turn is connected to a refrigeration
system in order to maintain the storage temperature continuously during
the transit period. The offloading sequence involves displacement of the
contents of the pipe system by a methanol-water mixture. The stored
liquid solvent-gas mixture's pressure is reduced to the
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region of about 400 prig prior to its entry, as a two phase hydrocarbon

stream, to a de 15 ethanizer tower. A mixture composed predominately of

methane and ethane gas emerges from the top of the tower to be
intibitipresddbicansineoibdith arsrisenissibrreipedimg spetiticatiom e sBeg eesulting

qu%&%ﬁ%%&iﬂré@%@qg%g UDSel Fﬂ@u@aeaqgﬁ?ggfa]%% gﬁ;’t%mwis%gfage

tower flows a stream composed predominatély of propane and heavier
terppRrBis<titab it id%ed to a de-propanizer tower. 20 From the top of this

Vess%head%@%q‘éns ﬁﬁg%&% [ed-hackniocs 959%% &%%%&5%1% %;;%%%es.

Shipment, rom ottom of the tower a butane rich strea

Unsurepidit drdeleaimtbitlses rifisthasirkatianestrearrotiowihtion thecoMiaadiegemove
thdiRGuiR ring dbe.gas eating Yﬁé%valg%p&gawm@% Rfith&LHeHRANY 10aded

. loaded production stream. This process also has the "ability to adjust the
Intg FIFVARFPHTHS S HI 36 FA AT 8 heet the BTU value requirements of

25 the CUSIMEE SHISL RYSIEMSHeIadR (GTIES; AUAYES AL S1ds in
%ﬁ% gII % a{%s [

disclosure will be or will become apparent to one wit In the art upon

sughkampEes hiaftse foiing Rghlesiaaen betaikat vdscrption oBRigculated
thig e GRIGRNb Oy stdaBErlEH R vh 30 ch RS SRIRHS L8 JAYRRIQRem in order to

including fabrication, structure and operation, may be gleaned in part by

MR B AR SITBSRYRG SRgHrse U fHIERRIke TensiERTEAumerals refer
to 'ik?r%%ﬁomﬁg%m@%@%mé@sﬁpy&s&a{@o@m@r&%@éﬁ%m ﬁ‘b@l?ystem by

emphasis instead being placed uponillustrating the principles of the

2 AR ARG FRBVEE - diRqIRiStRdtiind el veningas 2o wBgssure is reduced to the
reB6nT4EBAA0MI0 263391 Ir igUire chis SaPEOGRSPHARUK AFLLAB HERICESLNS a de-

loading process of the present invention. Figure 2 is a process diagram
‘“"“i‘ﬁ%ﬂtz‘éi'gﬁi%fi’é}fﬁé“&%‘ﬁ%&@ﬁ?é’ﬁ?%Pé%‘é‘%’é"B%%%ﬁ%ﬂé&‘é%@ﬂ?eﬁtb?ﬁé g figerges
frdnigiiterdhisfahproeessciiagramihiat dapicisolbe oft:loasingareoesmotpbefication

prgsresentd5|nven ion..Figur 4AA[sa ide.view of tarjéetrhggl%{ ed. with an

LEe and jemperature i e oftloading Ine rom.ihe base - antzer jower
n?egra S SYRTEm Of the present  mvention. Figures are’ side

floriswstofahe tanrkeeshrodingridejoztingandandlpading coystemg yhountded to a

de%‘r& 8,0eck, 10 Figure 5A is a schematic showing vertically disposed pipe
banks. Figure 5B is a schematic showing horizontally disposed pipe
bankgrom the top of this vessel, a propane stream is fed back into storage ready for the

next gas shipment, while from the bottom of the tower a butane rich stream is pumped back
into the methane/ethane stream flowing in the offloading line to bring the gas heating value
back to par with that of the originally loaded production stream. This process also has the
ability to adjust the BTU value of the sales gas stream to meet the BTU value requirements of

the customer.

Other systems, methods, features and advantages of the disclosure will be or will
become apparent to one with skill in the art upon examination of the following figures and

detailed description.
BRIEF BESCRIPTION OF THE FIGURES
The details of the invention, including fabrication, structure and operation, may be
gleaned in part by study of the accompanying figures, in which like reference numerals refer

to like parts. The components in the figures are not necessarily to scale, emphasis instead

being placed upon illustrating the principles of the invention. Moreover, all illustrations are
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Figure 5C is another schematic showing horizontally disposed pipe banks.
WO BHERIB4TION OF THE PREFERRED EMBODIMENT The BeEiilsmbéhess2o

prepeniVaHign @R 88sRHRAth PRI RO TIHGHR MR gf%?)resent invention.

accompanying figures, which are schematic only and not to scale. For :
excliprry Baposess Grgyanhbaolpivitafitalispiptionetid qusessirisim auccessiv
pipdhafiRe use. However, one of ordinary skill in the art will readily recognize
that the present invention is not constrained as described here to ship
useFaaetd isa priressy dingpomt tHat téyicts tllyo fidioti diglpréosgsaritic: mestes
imvedd as rail, trucking and land storage systems for natural gas. 20 In
preferred embodiments, storage pressures are set at levels below 2150
pricFegwee fémpesitderdevsef aiber enuifped withhesetprefied egkpress trepresent
mvahediemperature, the effective storage densities for natural or produced
gas within a liquid matrix advantageously exceed those of CNG. For

redlitgseee ABrygyl d€raterridatvés prafbiine dasierogio pitgstisrio atick e paleifie

systefs Reeisrally o adange of about 1400 psig and preferably in a range of
about -40F 25 As depicted in Figure 4A, a looped pipeline system 20,
whiEigisel §daitcaistheme tiashovingrticatiorlisiRBed i mpteinieds 10, is used to

confain th;Btgggs orte%éiotlljefi.ed é)roductl 2 r natyral gas mixture. The

PipETAE systerh 20 e Rontam St TR PSR EIRG5FBH 30 of the

shiFiuiaoRes biihedRanb aldwd iseaysretwitRRNsialsghood 12
holding a chilled inert atmosphere 14 that surrounds the pipeline system
20. In a pref BEMBNENd 4C, the

loads SERAREE : t tion, .fractionation a

ungggﬁ%{ﬁ%cess e uipr?frévr]?t9 g%%gg?eﬁ %ﬁ%%%%eo%ﬁﬁéc%gn qeck vg%%]dﬂeme
acc?&%ﬂ@@m@g@%wa@ Attricigratie anbtend upiiGlBo #00888blary purposes
onty, GEHIFAARE/B2637%rT e RIS BYSIG2M .38 deRRied 100946 ABiriSaan
. design f:l with vertically oneré‘&gd pipes_or pipe hanks 22 that are designed
i 5 L RO FOSRETIER (35 A G TR bR S ST Cop PR dpseribpe here
to shipes=2@dilrichrtantiaasphit, butdkisjesty pppfaraininebinla IR Qkxail,
truc%ﬁoiﬂdsl%% %g%g&qﬂg%g\ﬁ\a%or maximized use of space in vertical

e 5co

placement T tainment plpes%'of the pipeline system 20 also

preferpiolyriedladbodimenndiitiny fresubaces det MiRipRIZBeLok 9550baR tind
ol P P e e o offective
stotggh Aersites for neauabpepledusicdizrerithios ARpituhaircapivmatatedsiiip:tuke
e 0 g 0 A O DS o
ol 1 TR LA A P 858 A e g ot JO°F

As depicted in Figure 4A, a looped pipeline system 20, which is located in the cargo

compartments 30 of a tanker 10, is used to contain the transported liquefied production or
patural gas mixture, The pipeline system 20 is contained within an insulated cargo hold 30 of
the ship or tanker 10, The cargo hold 30 is covered with an insulated hood 12 holding a chilled
inert atmosphere 14 that surrounds the pipeline system 20. In a preferred embodiment, as
depicted in Figures 4B and 4C, the loading process equipment 100 and the separation,
fractionation and unloading process equipment 300 are mounted on the side deck of the tanker
10 to provide an integrated system.
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introduced from the lower level and lighter density product removed from
WEheo0ppRashdvel. The vertical dip tube is preferably utilized for HaerfitiBehs/o2632¢

displagemeni g ¢ fi ses. Turning tq Fjgures 5B and 5C, .

_alterna‘ti\r/]!éE§ pi eliﬁé&é)%}sjtbgfngssg%g %é;tggpll%?}% %%g?eaﬁ%g?ﬁ Suthpsrpeelly oriented
DRSPS E?éEé rérthatianfpmigne ip. besservisiedofion tigtne 2By the bihtidm 26 side of
thepEhGRSTHSHIEN 1, Sviiieh SRt 2P d:QULARE e 2By hiRRle topside 24 or
bo?{pmb%%wt gﬁ%%%%%‘gﬁg#?re 5C, the flglds and gases'flow in a _

serpentirie fashion L IBTEERIERG e AfaRReS 1D RECRRIARFBARS r/Rhe
cwmmpm@maem@migaﬁwﬁm %ﬁd’ﬁ?ﬁfgﬁw
baked n!ﬂﬁﬁ’d% . resent.invention | icted. The fie

production strgéﬁggsﬁ)%o%i%%%gﬁ@u%%% &&e&ﬂﬁg \%ﬁéaéei%%ﬂ%’ y 110

abOlﬁnWbd@hqﬁﬁl tieaRDeshie tbﬁeﬁwghminﬁm&d)ish q;tefé;%@d ; -I W%ggg,ﬁgﬁgaq,ipe

i i attached flexi ipelines.. The gas

o oA O B R s R Bl satoape

reaching BeAT s doMemanba mpnate saplsedielower bonl of Sifispersetion. This is
ddREHSIaNS A aibplcaasmtiawsitpia Gep SeLlyen &%ﬁ#@?&%@y product

. Pr du%egw er flows from the separator 112 to a produced water
o ot o ol e e AR et Sem echperieapl. The

vesteabidirdwb? fecpocfeoiblysaiitiAld fes trefiltie, stipsahatatch i thflation processes.
comp}ressed IS passible to store the condensate separately

S stre é"\lé 210 S ]
in storage %ﬁé@”f@sgg atrRptNeiReling Msteas el gaswyidedivhere the
pifeCpippbesoR ysteriedttd Hiioe W)ﬁ@?cﬂﬁ% Iﬁlwb %Jiﬂifotl({)é%m Eﬂdd gases
i remen ich are preferably apout, psigand .
R B o Cpl s ot
and fFAsh o VAR seisepantinesesitios tumighnthe hipmberigbaka b asaiadalioutering
ard GRIHRC tReh R Sirdi 22 d SAUEE IS osthgLndensate storage 118. In the

mixing chamber 124 the gas stream is combined with metered volumes of

a natsfarieseRiaueibihs (oading polvenstliPOaditheqaaeatittition is depicted. The
i REABLE SRLIAN N K iiBGed TRl AR U YNGHN.3 9851 1 W i whi
_solvent mixtﬁ% referred to here(i)rl?%{s%jl a(b %Br%%%gé%{gg%mgm dbout which the
shiRs 95 BRI ab e Y i ERGEPRORE G ) Rpereserssouvdicinare
atachat deritdopigelneicTietkMetmen nawm@ﬁe&cmﬁo%ﬁhdea@gam{&wﬁ,
Wﬁgé%g;f&ﬁ&g&@g res ‘iphgara grbet een about 1100 psig to about 2150°

psig and at temperaturee preferanty mea e BBf S5BQdsapregy locations.
Thedwle-g80f0van mevagrsser aiipnirl drdfosebetwPridao wadd B éers from the

pratd- 801« {RERIBE Ber Flal; ' roduced 5 or natural gas
Sels combined Wfl?h the liquid S%E%,gﬁg%&%?gu%%&aﬁg',raperlb%a%ﬁ%rgg?Md

SIXTPREIAT Tenfnifa ddiccomdratste towe o finsrpoats it Atiots bympeigid gas

stietiants isdesibleiesoapmoamRithe aarmekankeisie Rl 171428 £ eoted

0 0,
i SHYRGE AR FR4 Hig) © about 30%

The compressor system 114 (if required) raises the pressure of the gas to storage
condition requirements, which are preferably about 1400 psig and -40°F. The compressed gas
is cooled in cooler 120 and scrubbed in scrubber 122, and then sentto a mixing chamber 124.
Condensate fallout from the scrubber 122 is directed to the condensate storage 118,

In the mixing chamber 124 the gas stream is combined with metered volumes of 5
natural gas based liquid (NGL) solvent in accordance with the parameters set forth in the '757
application, resulting in a gas-liquid solvent mixture referred to herein as a Compressed Gas

5
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mol: propane preferably at approximately 20% mol and preferably in a
een about 15% mol to about 25% mol; or butan
wo §“8 ¥heen ab % mol to about 25% mol; or butandSrHER9K/036329

_Liqanmqugmxﬁ@.Mw&fgﬁww %Jﬁ@@&&%&%%%@@k& WWecL™
8[&8 % . Or.a compination O ropane, an r - .

gas utanef%grg%%%%gaé{ gggf‘fée bUtana 1a:'eraneg‘xjf"g %%e‘?\f?gfﬁoo Pﬂ?%“ré%??dmg’ and at
temapEt SR FTEP PG TR ghititg b GG LAV Ga shont i 80RF predenabdypreferably

in J48RYIFRIREY HELE: BN QboyARs9Y SAPHRSICGR b@Lthggg %oduced

) to prevent hydrates from forming in the pipeline system

siev
o TRYEIEL 3R A5 SO Bt b P R A I LYot e 9 butaze,
or cdertdibtiohthiegas Zﬁ%ﬂ@mﬁ@&éhﬁa@rﬂhﬁmﬁpﬁ%@ﬁ%ﬂfﬂi@ %?&‘Jﬁ!\bly at
f Cct ge ration . control. e .naqw ary gas Dven metnhano o
g R B ol PRy Lo AT A 0%
mokyprepant pocforabih at enppricmetelr 30%p neshend it farabbolen téfednrtween sbout
159RGSTHBERE 2548RR0R biRkHE &bﬁngﬂgg%ta@ ﬁg%«%m%&%%% BeRorabty in

one_or two phase liquid stream. Thi m then flows throug

2 12085 RPENGFR 220 HS 1eTh Bl e 0G0 st 5 rombimationy of etharisopropane and/or
butpltgsepibpend gue byl ia 9-sEeteeskisbthie T091hana) wesnsialiorand

storage system 126. The hydrocarbon phase flows to the main header
130F 2190 B4 e PRGHEFY wpsiarTaee i famhliofebydeind witiopmeshioal-
watbtiodlesio tsixage(iRascleRif eisterad pR Gl M AASHIN Wetridl &S the

._preferably introduced into g pressyrized storage pipe or vesse| bundle(s) |
PPTEY ha ﬁ’s?éfr)oefe'fr%“b%‘}%%%@a"pﬁ? aﬁ?&%ﬁ{&%@@ﬁ@ﬁﬁ%ﬂ%ﬂﬁ%ﬁﬂ effective
dengip ofithtigns of dos @LA Tk gasiconnttpracestdvidiofonétthesSpebdvt gasydration
copiipixture into a pipe or vessel bundle section 132 is done preferably by

means of a vertical stinger, vertical inlet or outlet line running from the

subTheeaeke oo prséwlivantmtiembniiold titappisestalrddt otHepiPE 132 is part

of Jgeﬁ’@eti’m ;?éeg(}arﬁ,e%%hg%@%sgsh 'Y ;:B{Q er%s%zrﬁl giggg?e%if gﬁ?%ﬁcgmuiamr

pressure controlle > ater mixture within tie pipé
148 apd polomirol reunsenHelyn i iAvdhentres i siiadue ot dwho B S TN dystecan. This

streAHXbEE ARG GRbISAS NBialVeR e HRWRED Jhe iSiNvAVESIPSE
flowé%f the CGL&M gaggsmixture is diverted 1o fi th%ﬂkﬁéxt { it ofﬁ;’a’%]é%s‘m"“

phage., LRe aqugoys S FrRivRedg i mpamoh smethseics nd sieragystem 126,
TheoBBF(00868 6 RETILEIOARARAR Boa ot IFW A A0 SRR RIREICI8ed the

' to.gali ne h dits t IS€;
T . T s B . s e,
it iseraferbluiade ey issonzidstonsn aiifoki seshd Dipdlats) bibdies
pref@BRANHAYe ekt QIR CHGWAlad ﬁ(f@v@rf%%ﬁ%ﬂ BHE 3B AL

mﬁgljge:[op mounted outlets through a small

Introduction of the CGL™ gas mixture into a pipe or vessel bundle section 132 is done
preferably by means of a vertical stinger, vertical inlet or outlet line runming from the sub-
header connection to the manifold atop the cap 133 of the pipe 132 to the base 135 of the pipe
132. The pipe 132 fills, displacing a pressure controlled methancl — water mixture within the
pipe 132, until a level control device mounted in the manifold detects the CGL™ gas mixture

and causes inlet valve closure. When the inlet valve closes, the flow of the CGL™ gas mixture

is diverted to fill the next bundle of pipes or vessels into which the methanol — water has been
shuttled.
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5 regirculation refrigeration unit 136, which maintains the low temperature
WORWNEEE TM gas mixture. Once the temperature of the CGPGRU§AW6/026329

m?X‘D“ﬁ‘!‘gmﬁmﬁﬂﬁfmﬁﬂeﬂiﬁcﬁﬁme@@@@ﬂ;gﬂ%ﬁ@Q&k@%%ﬁ MH8%eat and
e | 0 other pIp e S a ISplaces the wapner.

s e e e i e Ao e e
temperatio SEMpA davibaseo thedipiplomdtbldontht pipsliestondld vesselbbnd dwir

coftfits' BRABIAGRG AL RRliabI RS $89'RaRIaH apdailleadadida K small
pipeline, is illustrated in iL:é%ures 2 and 3, The stored CGLTM gas mixture

TeCiLCHaRL SR BRI AR Anpi b ehishomeatniams the Aepatermesaie. of dhe GALM s

. 'mhﬁmm@ 0.th G]r:]. f th reiaigs 7Y b e l :

N ting pu throu art.of the process to taln elin
e e A R S S pm o lrarh
displiragibe Bagrp| 66H s rer OGK TN yitbimikwsedfrsiieone or a group of pipe

oo Sl O B b o e Sl SHRAERA B de pives o
vessrebundietird i rvdunpstennte] iureiviseartgathd midouibiiadepuonnaRua
pifQifGEAsaHE PIR FSMIRs DRaAMOREE RIGSS l&éﬁﬂ@&%ﬁ%@éﬁé H%Eféﬁeed Bom the

. then shuttled for use'in the next t%reoup of pipe bundles 222, for example

PinglinR SyStes2PNISHE 5 ReUhARR Walse FETEEs Bipd feastkvage svprasaifeThis
methendispiteanitiuie R3a8iREdRIO LBtUR MEE PR PALGHONEN IME TRk process to

Figure.3). As shown in,Step 2, the methanql-water mixture in_turn is .
°bre1%épe%(]i"? F'l %?ne%e&?gegh |§%‘|’§%ﬁ%§%’ fﬁ'&%r%oﬂ%rﬁ &Yef#% 8@%;&5%%%%&1%
displdpethy PIERRE gag asiouthiasmino gea ghspsbipips uiies ZXhier example Bank

1, petbanphyaler b GRRYEass from ﬂ%g%?#g%g ) %%%grﬁgeﬁg]a%&gwater

blanket gas remains in the pipe bundles 2 e retufn voyage.
MIAYFRINGSS PR Suerek by duriee Wath ietumidadegindetine Bomps ARt
indRalkdapreapm atie habeHaclienAtiemaacass mithed BRIRASHEREE fWluse in fhe
}g&asorﬁllxtgre flows,fra éhje% ﬁ)lg%%e stem 230 to a pressure control
DR ATOR 3 B‘Ppre“%raﬁ%/]z » JOLTEAFHY S08- TR SE TRl R RGP R by
reduation pEpresswio gplhhs dinplenadeitvd digidshyrilcoaghonsrélaws tedikeideydBe 310
(Figgg@@j;er 312 whereupon an overhead stream consisting predominately of

methane and ethane is separated from the heavier components, namely,

propanshdvatamsemP et mestheelien toanipone it sum Theherdiar figice and is
e e R ] we0.9,de

s%ropanizer 314. The dgg-propani.zer g%@éﬁ?a@%é%%&%%ﬁ%ﬁgﬁgg Giy As

sheygninSEp Attt et oooeds sursd frus feqseteedes A3 2wt the
bldAker gearbnsiisas IRFpib SRIARSTE FactiRndams Qygiead and is

condensed in a .
Turning to Figure 3, in accordance with the off loading process 300, which includes

separation and fractionation processes, the displaced CGL™ gas mixture flows from the
pipeline system 230 to a pressure control station 310, preferably a Joule Thompson Valve,
where it is reduced in pressure. A two phase mixture of light hydrocarbons flows to the de-
ethanizer 312 whereupon an overhead stream consisting predominately of methane and ethane
is separated from the heavier components, namely, propane, butanes and other heavier

COMPpOnENts. .

The heavier liquid streamn exiting the bottom of the de-ethanizer 312 flows to 2 de-
propanizer 314. The de-propanizer 314 separates the propane fraction from the butane and
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WO ?Q@@ﬁ%@ and fed into a reflux drum 318. Part of the condepé ﬂ]§£‘6‘3§}(ﬂz 529
ed bac

from the reflux drum 318 to the de-propanizer 314 column as

heay s wdiReRtBRTRSHER Sherpraisiec iRl SR e R ilsmndesyeteima
cooRd® S0 ¥R raNdiS:sigied dnth 8 180ivent sintage RS2 R ol FeuSE M the

the nengi batch of natural or produced gas to be stored and transported. As

reflgh T IS SRS PRIERIG Aol fritba foddtealsate ebitve Aroamre

stresnefloasab datepeiine etainas sobemaaie ig sowRs Bf thipeRundiRgiersigem 220
wi Q natural qQr produced gas.tq be, stqred, and

for Rl e b o 5 Bmortody o v

in Spassetifigrougliraaericiic b@qheagémikaghm(m slotwn)ivwhisrentiveremain

in sUBARRELALER O JBR SRR SAMSSWAS S deif BEE ST ARl Mroduced gas to be

methane/ethane flow of gas is then raised by passing the gas throug
stored ARFLREBPESH (if necessary) and the discharge temperature of the

metipneiathanadiowfgas.is hen ad a&s&%&kw@% g%@@&&%@%%ﬁes of

326, The butane rich stream leaving the bottom of the dé-propanizer 314

healexcharghns SURfRhe™E whste fsdompriariant nf Ssoratiseramisenicsordinarassure of
the ARthiheBiinw 5ée dCgRdeIRARISIANBY Badainlk(®: 334 thoileaYsaRe:eéthes (if

butane rich stream passes through_a rebqiler 330 ang then bagk |nto the
o T S SO SR SOt SOTE HOth G Ehe et Hed by
flowingpr6gh toctudenABing valve 322 and is joined with a side stream of

solyent for BTU, adjustment and finally 20 mixes with the methane -

o B TS ot AT ek e TS O i AR LY o et
cookd REAaditee it iange dictvenshicabeoaditi GO BihkhiknviA0@ colientaat Hfrage

'Qhe offloaded gas is ready to meet delivery conditions for offloading
to"a receiving flexible pipeline which may be connected to a buoy 328.

TheAride/sB28n it batensricctadain @i el e tvesiipipsineiaksh back into
ilities. I e foregoing specificatign, the invention has n
e R B e O P T i 336 o e
mbm@v@rs%aaﬁi@énmmm risdificeltirivendyr B Unadiestinenbeod finally
mixsdthanilenating freputhespikt %S@QQ@&QEQS&MEQP% FaE Al 6 APserably

processes known to those skilled in the art may be added or subtracted as

be adingied o & cenpaprsieth R vanhddas Sdt ?Sfb@)ﬁ/’@ﬁhéfe%?éﬁééﬁ-in the light
Of‘t'iﬁeaéﬂﬁfé!@é&%@E@%ﬁ%%ﬁéa@@e%@%&ﬂ&ﬁw&a&fﬁoﬁlﬁﬂg?@é%ﬁmg
An integrated system for bulk storage and transport of gas for Integration

flexiilepipgties Bhichauas b AEPBTHItH LI ABEPH B s SR BOMB it BisitFpcomected to
a mebiahigliRerpbipeline and storage facilities.

In the foregoing specification, the invention has been described with reference to
specific embodiments thereof It will, however, be evident that various modifications may be
made thereto without departing from the spirit and scope of the invention. Features and
processes known to those skilled in the art may be added or subtracted as desired. Accordingly
the invention is not to be restricted except in the light of the attached claims and their

equivalents.



a loading and mixing system adapted to mix a gas with a liquid solvent to
form a gas- solvent mixture in a liquid medium form, a containment
system adapted to store the liquid medium of gas-solvent mixture at

rage pressures and temperatures associated with storage densities for
the gas-solv nt mixture that exceeds the storage densities of CNG for the

Samesuorerge pspssuréy bulll sempenatitassitod geperationafiacionaifport

vessel VAR HRAMING RYF QRIQT Bﬂg‘éﬁﬂ? &Q%ﬂ%gt{[%gr&the gas- solvent

mixture. 2. The sysfem of claim | wherein the a_lo ing and mixing system,
contdfBRENEyBEEIRS SftPSadapiddn, mis s atinadins idfdutitly Systeraas-
solvent arxtnstallelhorl médEnsroryessel. 3. The system of claim 2 wherein the

transport vessel is a mayin ci)as d transport vessel. 4. The system of
clair@ng "W n([enrfé?% o ra%%B%r R?esscggﬁﬁs? zﬁ%}ﬁﬁd“ﬁ LU S SAESONeR Sugrant

storage PHESERsHRI oopnuE shmeitedheitbonted rientisys fermbeqrpridesianixure that
exceeds Wa@%k%&%ﬂ@ﬁﬂ&@%%ﬂ%& %Qgﬁu@gl%@gggﬁ%@i%émal n
in the lo

temperature an?l pressure. 6. The system of claim 5 wher oped
: T

pipefife &8 EEHPAMYE R RS S RaIRyHaudod ssrseasys ibnear frompthe gas-

solventgyistarn of claim 6 wherein the horizontally nested pipe system is

sonfigLiy geé%ﬁamf}ti\c}ﬁeﬂam%&%%r %&1&1%%%” Jdjacent pipes. 8.

The sysfem of claim 5 wherein the looped pipeline systehi comprises a

system, augseppratign EacHpetisstad el awim oerinsaitip b s fenosrvessel,
hteQhataditiling cialisacemenhans gitetlating funatiane B.lgsystem of

vessel. claim 8 wherein the vertically nested pipe system includes top or bottom
side mounted hardware. 10. The system of claim 5 wherein the looped
Bipelittessyietent drilndesheesiv thedrafittng fresspipe badesselitramsystem

vessel. Of claim 1 further comprising a dehydration means to dehydrate the gas
%rio to storage, 12. The system of claim i | wherein the offloading system

iclddeS 5 s Bl e dnt iea e rPtRamsely 18 sersisRrerionmsdure
pipelinframaineouniatamenithaystenatis. Adidtaystenmbiglaiamidahesainptb@ure.

dehyrralian,apd displacamentMsaR pR-20HQ0858:
i g R S

7. The system of claim 6 wherein the horizontally nested pipe system is configured
for serpentine fluid flow pattern between adjacent pipes.

8. The system of claim 5 wherein the looped pipetine system comprises a
vertically nested pipe system equipped with vertical dip tubes for an integrated filling,
displacement, and circulating function.

9. The system of claim 8 wherein the vertically nested pipe system includes fop or
bottom side mounted hardware.

10. The system of claim 5 wherein the looped pipeline system includes veﬁt and
fitting free pipe bases.

11. The system of claim I further comprising a dehydration means to dehydrate
the gas prior to storage.

12. The system of claim 11 wherein the offloading system includes a displacement

means for displacing the gas-solvent mixture from the containment system.

13. The system of claim 12 wherein the dehydration and displacement means



include the use of methanol-water mixture as a dehydration fluid and a
WO a3 (885Rdent fluid. 14. The system of claim 13 wherein the dIEBIES2MREH26329
incFIRARS IRLNFSAMANERAE: MAARS [-RUBASLNE HIRlA AanLIN: fuia.
claim1 offloading

using an inert gas. 15. The system of whereln the
sys%gm corRpristesnphsisims! fovhsrus theylispjresment meson furfhef@mprises a
mez0ffiRageRa S, 1 ddmsmierhalciRin:ta iﬁgﬁr%gg] the gross heat content
is adjustable to within a range of about 950 to 1260 BTU per 1000 ft 3 of
gast17. A hsctrtsinadelpine hiyiesistdpsoffitedtin grateya semristsasparsdor
adjiRbH @ feRRertyesaebrRPdRthiResgas with a liquid solvent to form a
gas-solvent mixture in a liquid medium form, dehydrating the gas, storing
the as-sdhesstenxaiidaor Hawbpestnithe jomsddapipalivm Systestble to within a
mg@gk%&aﬁigg}%qg@mﬁ&mmﬁ g;})é%(e to maintain a predetermined
temperature and pressure, separating the gas from the gas-solvent
mixtdre, ahdrsidowmngsing gastmnethe transport vessel. 18. The
me f.claim. 17 further.comprising the step of shuttling a displacement
qui(g gc(g?\%eae%% %p%%%%fnﬁgérg%gf#?easys e%?‘%ovg?g‘étace the gas-solvent from
the mipiniirthegysteith 40igeidacients fofklaachihei9as nkutd & DRHRHR dium
forgi@im 17 wherein the step of storing includes storing the gas- solvent
Thixture at temperatures in a range of about -20F to about -180F and
predshiréatingthegage of about 1100 psig to about 2150 psig. 20. The
method of claim 17 further comprising the step of adjusting a gross heat

corfiRg A AR et quidure T FRaSROst b loppediRipetng REsem. the
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separating the gas from the gas-solvent mixture, and
ofi-loading the gas from the transport vessel.

18.  The method of claim 17 further comprising the step of shuttling a displacement

fluid between pipes of the pipeline system to displace the gas-solvent from the pipeline system
to separate and off-load the gas.

19 The method of claim 17 wherein the step of storing includes storing the gas-
solvent mixture at temperatures in a range of about —20°F to about ~180°F and pressures in a

range of about 1100 psig to about 2150 psig.

20. * The method of claim 17 further comprising the step of adjusting a gross heat
content of the offloaded gas.

21, The method of claim 20 wherein the gross heat content is adjustable to within a
range of about 950 to 1260 BTU per 1000 ft ® of gas.
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