TITLE OF THE INVENTION: System to Increase Capacity of LNG-based Liquefier in Air
Separation Process BACKGROUND OF THE INVENTION 100011 The present invention
concerns the well known process (hereafter "Process") for the cryogenic separation of an air
teed wherein: (a) the air feed is compressed, cleaned of impurities that will freeze out at
cryogenic temperatures such as water and carton dioxide, and subsequently fed into an
cryogenic air separation unit (hereafter "ASV) comprising a main heat exchanger and a

distillation column system; (b) the aﬁﬁ%ﬂ?ﬁf %M@i ionally at least a portion
condensed) In the main heat exchanger By T C IB r‘. ging the air feed against at
least a portion of¢he 10effluent stre, rom the distillati PR, SHSIEM ik

cooled air feed iséggtgégg?eﬁ'%lrﬁéﬁ]séeggh%&'&?&%ﬁ%ﬁ%%@%ﬁ%u<|ant%%raergrlr?s inﬁ%fnsg a
stream enriched in nitrogen and a stream enriched in oxygen (and, optionally, respective

streams enriched in the remaining CBATKGETS N ITFIHE e \WENTUDg argon, krypton and
xenon); and 15(d) the distillation column system comprises a higher pressure column and a

lower press{®6ailumine @@peatiyeationessnoercs lhewalkblaoare processr(fwsdaties Etheass”)
streams inclidipg @r{]@%rﬂ@f&%%ﬁgﬁ, %%{ﬂ%@h%ﬂ%‘ﬂéﬁwr‘ from the top of the higher

pressure column, and a crude liquid oxygen stream withdrawn from the bottom of the
higher 20 pressure(gptHgnaicraddasl doriippdevuar sy efanlpontidotiatthiy frioze osingt

(1) the Jower pressure column separates the crude Jiguid oxygen stream into. effluent streams
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and a low prsyegesiniaiogepasatemunittiveeaticr SABLAR comprising ldWainhesd exshandastend a

waste nitrog@eyRHESHIEAGR &54didrawn from an upper 25location of the lower pressure
column); and (g) the higher pressure column and lower pressure column are thermally

linked such that at (ppsiccancigisnnio tHmeigingrepsomealnitivigastis ponidensediensed) in the main

reboilericon [ inst boiling oxygen-rich liquid that collects.i Q
tne lower prica, e BIgER S WA S R e St e G B e
specifichlly, aHu@nt sEpams divm thectisiakkomeawdnsystaBb diment of the above-described
Process wherein, in order to provide the refrigeration necessary when at least a‘?é)rtion of the

product is desired 53 HRIRPYERigEiarsH Sertrateddnbm digtiEnion AakmD SuigHnigeliuent
"LNG) by festeagnsiincheiiniycns tieardistifizhed tohimayay stedratstceanm sukiched iouetigrennind,
(hereafter "L Nfa- | ie() itis: 1N f : i igui

product desﬁ@m% g)%%igé s \gtg Feagtgfr [')%ﬁ%glri:ﬁ(ﬁ%eéﬁjﬁ?g% m%ﬂegrﬁgtrﬁe?ﬁénge%%oeﬂwe
distillation ct¥elRHNg AN KPEIRABMXEOMEAteat exchanger). Otherwise, the liquefied
nitrogep is withdra s product. [0003] Typical of LNG-based Jiquefiers, the nitrogen is
compSéEssed in sta@sﬁé%Eﬁ%@ﬁ@ﬁéﬁ»&&&%&cw‘m@?&adﬂ@ﬁé%ﬁ%ﬁﬁﬁ% %?jﬂ'ﬁgtqﬂqé. If
the compre$siet prdssprefoatnethyvith a cold-inlet temperature, the LNG will also be used to
cool the feed to the compressor as well as the discharge by indirect heat exchange. Examples

of LNG-Based liquéidhediahse perasyin coBIHasAPaisine Al fesd intaeifieiisSiaamst
5,137,558, mdfaging & ansh prleddhd pitrdgentbreshswirpeviretdin the top of the higher pressure

column, and a crude liquid oxygen stream withdrawn from the bottom of the higher
20  pressure column and fed to the lower pressure column for further processing;

(f) the lower pressure column separates the crude liquid oxygen stream into
effluent streams including an oxygen product stream withdrawn from the bottom of the
lower pressure column, and a low pressure nitrogen stream withdrawn from the top of
the lower pressure (and often a waste nitrogen stream which is withdrawn from an upper

25 location of the lower pressure column); and



[0004] The skilled practitioner will appreciate the contrast between an LNG-based 20liquefier
and the more conventional liquefier where the refrigeration necessary to make liquid product
is derived from turbo-expanding either nitrogen or air feed. [0005] An LNG-based liquefier is
typically oversized(ty) mmmgmoMsarplmEMMieaeepmdmndlwntﬁmitbemm@ﬂwﬁafted

the iniial g5, q e el Hmin BRSHEH R ¢ g epmysiss edemand for
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pay oft until the projected demand increase is actually realized (if at all). Furthermore, capital
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liquefiers must near an LNG recelving terminal and thus incur a product
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equipitent itﬂwlpdrdhatt&ﬂl@trﬂmﬁﬁtaﬂ&i Wﬁéﬁd@&d}@él@%ﬁd@%&ﬂﬁqﬁ%&géﬂsﬁ@éﬁﬂ?
realized, if doplloioiiselAShisRJthRSyEie S e@heartiahhacwRshherenaihsBIdne (BeaptrRPRIY
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of %n 1HIG- b@ﬁeﬁﬂ@wefmr@aa@weﬁmﬁhwiﬂﬁmmdﬁm%% esgandebdﬂmyw@a tonthe
modest capacity increases ieved in thi nn atent a fion
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be used to Fipset) linuefiogecanthesiouthis @ adetannlicaion thIRE.Ge8irad bSiPatgniressure
then directesl {87658835 @§eaEaRd 41§ /15 A NI ageRp AR iasalasbipwaid heat exchanger

then compressed in several stages. 20 After each stage of compression, the now warmer
nitrogen is [eum]edmdMImpmmngewmmbpmumbageunomfusttbmvheah saydl@ibased

compigsSiafh ag AV URASHL 500 S ARISERRLABAIREIUIRFIATR ANON AR Frake

produced ream ISre |n pressure, some vapor Isgenerated w

recycled to Imw%pm@wtawm mm&@mﬂnﬁﬂﬂ)@@@?f@fmﬁa%ﬁ&eﬁmany important

fund t les, First, the LNG t suffi Id to i
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temperatur@goveas liredgpiaatyoé bouid paeiieisaaitetttbaititigeyears it opeeationbd kisrispressed
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too wili the re u nitrogen pressur INnCrease ererore, m itrogen

comprassidifaidRGuASY arenqevedasier thamthe Mﬁ@é@b"ﬂﬁ'%ﬁ@ﬂ yedagbase
intercooler ipad afumamdﬁyg‘éﬁq@ndmhﬂﬁmméhem&@fwemtbrtsblérnemvaus Wérﬁuzmg

compared to the al boiling,point of nitr ro |matel¥] flash

goncrated SHOEATUVAIRRLF R GerOTot a creleay P R SR

recycled arttiergceieqiedsdemand increase is actually realized (|f at all). Furthermore, capital costs
are particularly sensitive for LNG-based liquefiers since, as opposed to conventional
30 liquefiers which are typically located near the customers of the liquid products, LNG-
based liquefiers must be located near an LNG receiving terminal and thus incur a
product transportation cost penalty.



[0010] U.S. Pat. No 3,886,758 (hereafter "US '758P) discloses a method wherein a nitrogen
gas stream is compressed to a pressure of about 15 bara then cooled and condensed by heat
exchange against vaporizing LNG. The nitrogen gas stream originates from the top of the

lower presstggoep!unyRiireds uhterabishi) ByClR aychipinyEntidopsal tystsoidocokreasetie
single-column cycle. Some of the cqndensed liquid nitro i at
exchange V\ﬁﬁ?%{%?éﬁ% "Lr]%% @ggthgﬁe{oca%\ep trc')spl)n %gr%b(ﬁé{mghggn@p Lprﬁerl]é %ﬁg{‘%ﬂig uced
the gaseousepacieandluistiefidematibe tueiliatyicanpysirsans) aaatwingd ity bNia-based

tfanstFmeCii%aéhsrsﬂi?HI?Hm%%abuemmﬁam&&wm@ad@uiﬁeammﬁge of
uid nitrogen that is not returned to the distillation c%%{n is directed to storg%%"
f@ anay

condensed i
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as product RAYBTARAS G2 Re[eWEpess Grpinaighed whalkie prpies
inert gas reeygiieat|chatalnitieges fashicgy thioincterscataledpital tbat avasfie haveguhenvisérbaen
the LNG to the air 15separatio ' h ' DGR j [
liquefied ag%?r?sqegip%vr%gﬁzgﬁ]_bl\{gt@gzﬁﬂaggqc? %%‘Erﬁg |yrtﬁ%?éssure sﬁggggsf%%?rﬁm}%.
separation @etughBunednde dnoibexbensticelthe aresepbBvaglian s MidharaBacty iRfienses is
and returneg iR 4Re ARSLRSIEAEEIRN BTG tpEbMItRNIGEkEritrtg naimiah) tienstenabeie thell
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transportedpigotthe ASU with the liquefied return nitrogen. The authors also assert that the
bulk of the refrigeration needed for the ASU is blown as reflux liquid into a rectih/in column.
[0012] U.S.[PfAts Bheskitebpeagtiiprarwill aperediate Anatnasair@iteqnativgdgt ‘U%%@h?",
and "US '54gvéatoectivatrpaoryidesm NGHseseaYiqidher prnbarinepotsdd 99 abdagpaiverse
documents gize feachilie slajialiNe el ihalime. inal les b Ess dncHERsFidne
nitrogen feed 10 ?ﬁgqlquefler IS made ug o ower pressure and higher pressure nitrogen
strearh® fromaneeASU. The lower pressure nitrogen stream originates from the lower pressure
column; the higher pressure nitrogen stream originates from the 30higher pressure column No
direction is ﬁ]as%W@?ﬁti@@ﬂﬂ?@qwé?@@gmfsaﬁ@'hg%r@ggﬂr@%#?@ PotrRRRSIC
[0013] Thereoisdéitieoh @onwaltNG tiedrijjerationensaydsethecetd YiQiiéyzeninagethetrazaiorithe NG is
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in new LNGA®RiNigaenaa%is carieth i srischent pyibaRastdh60mPreRsgs: ispV R slages:
BRIEBES UMY R stadioYinprEKsiin 0B e Holheaiasentioyenioretetatestictizediyagenic

air separatign unit which utilizes an LNG:hased ljguefier to provi . [efrigerati r
e at IocatBIRE S HRER e AET G AT RGS A SRR B AR Sasiy
increase th&eapadiigast thenessbrbaasostcusalverndriiipidisredusest JMnsn theddreda is
nitrogen thabistad i pRIESU SoRASEapITIE HBh SIS IMRINY Yol aasicRe iRt Bidhe
pressure nitrogen from the distillation column system while in a high production mode, a
supplemenf?j{l FESYFis used to boost the pressure of at least a portion of the low

pressuyge ni fr istillati I S itional e t
foca Eone [NEha il i oabaeTRy ety BN Qe el PR, Sl A TaRe W hor

compressofuiigiesjyraké tarigertyiadowdrresseeNdegaaam usraet Thib b werd tedifase
to be delg¥edp?a.&bg ﬁ@%ﬁﬁﬁ%ﬂﬂéf@aﬁ‘é&@_@wﬁ&bm@ﬁéﬁéﬂ%ﬁ&étﬁ@ wgojra buiwgig?g;; above —
oversized li r on a speculatjve increase in liguid product de :
DESCRIPTION PR FERORRG TS BR RS S eSO S HETE T SIFEH e
diagram showidgnsee HttteddNGevamdriatiprigressiioe is increased, so too will the required

30 nitrogen pressure be increased. Therefore, multiple stages of nitrogen compression are

required, and LNG can be used to provide cooling for the compressor intercooler and
aftercooler. Second, because the LNG temperature is relatively warm compared to the
normal boiling point of nitrogen (which is approximately —320°F), flash gas is generated
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which the system of the present invention pertains. [0016] Figure Ib is a schematic diagram
showing the basic concept of the present invention in relation to Figure la, [0017] Figure 2 is
a schematic diagram identical to Figure Ib in terms of showing the 25basic concept of the
present inventigniheutotisiess stighibn dtredespe it frebsucantigis aoh gravust bgeqycied skt

liquefier (Z)r%gdnt]h(? ASL& (). [0018] Figure 3a is a schematic diagram showing the detail for
one example o AR PRG-based liquefier for the flowsheet of Figure 2, [0019] Figure 3bis a

s 10 1 o N
relates to the intégration between the supplemental processing unjt.an -

liquefier of Iﬁfﬁﬂﬂfggg?s[@ﬁm'iﬁ 89@&9%%&%% mﬁgﬁu&?aﬁﬁrgﬁ%h g*”zbeaé% Eﬁeg\r%gg%?n%%? of
the present ¢oweatised pwth'mllaﬂymgaa@ahmtaghaﬁmt&l@n'ﬂ&wémmmmntal
processing %Wi%ﬂn%%@%?%ﬁgﬂﬂ SHeEiaNE3RMARE ddabise: diisnse RoEaEE from

diagram of t sheet t rve

1e basis for the worked example arh%‘l]ré%lél%és@
more detaildiP4RRsehtagele GaluntEof & siRgatosa Byl NSRRI N RRAR ] The
present inveiptiggels, hefthnderstoascalen reatldrchangeatitnvajibritiegdl@ngaelliedadkhe

C oore la | RS hos. : . :
ot the prescbI RO AT o LT T PO O e O TSR o Y Fon e
LNG-B8sedisiguptieddyhd inoitaiiertens transformadkiekadisdliationarbgenitoasdluse s

a higher presgienGHInE: @l 4 idIHe TS BHISCol eBHuEhA6Y IRUIEMRIBgRI AN geRdL Adllined
Feed air 100 is compressed in 102 and dried in 104 to 15pro%§l§$§§@§108. Stream 108 is

cooled in migANS@ISHIRGMAARUIYL if HTRFIRATRS IS &S BIS °

) 90erp‘)'roduce cooled
air feed 11 r is distilled i I Tolul
158, high pIOOLTe e ST ot S BB e e U e R, g suon
The nitroge ASYREEIAIT ATHECTEY At dfcdrmedivmiigitianaienialigeration fRayte R iphe s
fllqndl_lgg- gtsé%arétﬁﬂ;_iéléﬁl.lilﬁmﬁ%ihqedﬁéigﬁgtﬁ_itﬁhepaém@dhﬁtﬂ?‘éyeﬁeaﬁﬂﬁ IRypetioasaednist
e -based liquefi o create liguefied nitrogen product stre nitrogen
refrigerant &?88(#%6&&%&’?8%“?8 éﬂ%@ﬁi&?gm%é%%u{%éﬁgﬁn rs?){gﬂégtg‘%%g llgngﬁ %i% llﬁgtlg(;ﬁarllt
columns thrARjH)vDresof SteahBU g0e®as;igleatiooliog Lt aosepnesrabrigusiivd &g from

LNG streamehdthatftisthis AGOYUEZRArRataREATGH M aHRshdrEnere Aol PBintai e 8idithd it the
only nitrogen feed to the LNG-based liquefier is stream 176, which OH%E&?S ;tafﬁm ,thﬁ higher
b

pressure cotGfhf 192t exstaapeias e tNG atadmalit aregeurs L 1 $HALBRIY
the pre@entassearditain.Ndatamtn EajiietdethB eftogen streatoskigurte kndoesitbat bgdhane

compressed i,k A s 0 RS SR RAT o RS s coPIRCARailD

exchanger 110 against returning gaseous product streams, to produce cooled air feed 112.
Stream 11228saratte kLR eIgRAtSyRaAderRS e AL IR BRYBLASISAUKigid fito a
pressure nigapyirgpsolsiream 174) and low pressure nitrogen gas (stream
[0012] U.S. Patents 5,137,558, 5,139,547, and 5,141,543 (hereafter “US ‘658", “US
25 ‘647", and “US ‘543" respectively) provide a good survey of the prior art up to 1990.
These three documents also teach the state-of-the-art at that time. In all three of these
documents, the nitrogen feed to the liquefier is made up of lower pressure and higher
pressure nitrogen streams from the ASU. The lower pressure nitrogen stream originates
from the lower pressure column; the higher pressure nitrogen stream originates from the
30 higher pressure column. No direction is given as to the ratio of the lower pressure to
higher pressure nitrogen streams.

[0013] There is little new art in the literature since the early 90’s because the majority
of applications for recovery of refrigeration from LNG (LNG receiving terminals) were
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180). The nitrogen gases 174 and 180 are warmed in main exchanger 11010 produce
streams 176 and 152. Stream 182 is transformed utilizing a supplemental compressor and the
associated heat exchange equipment (referred to hereunder as the 'supplemental processing

unit which igeniske e WRKiRR RS AR MBRFMMR PEIM, 184cshey, Miechudbssream
176, to form a feed to the, LNG-based liquefier ﬁ%& L%iﬂuefi.ed nitrﬁ)éﬁtr)é f;gpu&]testre(%n}i ]ﬁ% and
liquid nitrogéﬁsfgﬂ%‘g%‘ﬂt'gt%%%"i%v& JEEREE ﬁﬁiﬂ"iﬁ@ PRE" gedelique?%r,rf_law
nitrogen refrigevaert stirvgarati@6 fromicbiBiced into the distillation columns through valves 136

and 140. In contrast to Figure la, the source of the nitrogen feed to the LNG-based liquefier
leaves the ASU as two 10 streams, 182 and 176. [0025] As noted above, the term

supplemental processing unit as u [ g{le Sﬂtl“l javention's supplemental
compré%sor and the associated he%% crﬁiﬁg ééﬁﬁﬁe tﬁt@m@ynoted however that

the term dogagiah SRS TR0 WERIR TR Gl SaERE SR b AN e PaRRIPESEL an

exchange e % entar contained In a sm% € act natur the

supplementhNSFdeasadiiguaiierty rradde the seiierialiPiVRAGRIEABNWEED aldeart Somrientsfdhe
the inventioprdanisircigkirddus AMTh3GrEX AR Ivesiat anpéyseniadinoRes $igd
sh(i)\I/Cr\: elr? Lﬁgﬁﬁﬁ%‘% ér‘té:m égzg ‘iﬁs(ﬁ;/hgr?t dé;lcg{j not fed?r?ei uwglemegtaipro%esgﬁq#r}itgl(jgti‘é
preferred w ﬁ1e"? -%agle ﬁﬁ'&fbe th)&edSWp%au%‘P’tBrﬂaa?g d‘xg‘goer? ’proedﬂ'crtog?Pear% 1S 0
188/stt@am thed)NGrbrankligisfien cdrsistestnly iof atfleasthtpartionont iheobigbtioesaddaitkagrm
operating inghig e UtidfHPESRIMIAE AR RIWARS A @mgﬁ &Mﬂ%ﬂ%&%‘@ﬂﬁﬁl&ﬁ&hf&l‘?

higher pressure column. Operation as shown in Figure reafter referred to as "high

production FIBRGESSFdRYRET (HAPH RREP S WA HilRSSER PROIRTLOLARION BRRSHFe
product (stre#rog2biidéfstreadistilGliors celativedy dtagh toncseath adtittenal onrepiaciroget) ieedds

i be liauefi it ot : " ; .
preseurs s e A fé%ﬁéﬁi&%%ﬁﬁ%&%!%ﬁ??ﬁé&%ﬁ?ﬁ% e
unit (3)8s inScedidteanddigtingidramibo i Mieharad iredlate Thismdans itsruchraeitadsy e
ixed with sksRaedlMilRiosg YRy MEpshidiRanIan IN6reaand tisnseiiasidhumg Veesi
?éé?gnvgndl? ﬁgl‘, IS{IWOeaLNG-Iba§ dlia:%Jefie:jﬁlwa .be im?lﬂrip oth rH'gh ancﬁ%ﬁpo zed
production mc@%as.ﬁagac ,otrﬁg 8@%?&%\’%6%?\?@%35@ 'f Jgf?g? Can e exactly the same and

the equipment simply operated at "turn-down" in the low production mode. [0028] Figure 21s
a schematic diagram identical to Figure Ib in terms of showing the basic conc%ﬁi of the

present invention, but%’lﬁrs%ﬁﬁt WQ%%&E(M%@EM FETHERRARNINER G-based

stk (st o Fhble s PECHEH B IR (AU T SARRHERY o BlaraR 6°
Figure 2. Rifaighi)e svetencrfihe preseat ifveoiior retai@ssed in 102 and dried in 104 to

duce st 08. Stream 108 is, split into a first portion (208) and d. portion (230).
G ream 208 I BhIcHIOH 21D 8 R ERAI I G2 SO WATE R P MRS ESERa

teed 212. Streemtid?80 rektidrctmiédure 180 against returning gaseous product streams then

liquefied to d;éroduce 10stream 232. Liquid air stream 232 is split and is introduced into the
distillation d8RMhs (HebIR)R FedeeheBBlin diagansideaticaldo Figwaeotiniatermstieehaning the

dogk?%m'lﬁ%iémﬁpomﬁ@‘ﬂﬁésﬁﬁ iﬂ@gt&g}ﬂ éé?iﬂm Q@W{iﬁtniweleé g@m@tream 37_4)
and low pressyre nitrogen gas (stre : nitfo ase are warmed in
the r_nairjpef '955? Tﬁ(; ?Bédgeﬁtrﬂéa%%ﬁ‘;gq&ﬁéeﬁ@ %ﬂﬁg’ﬁ%ggg)refrigerant 15stream
186 is direqiggy i) eJIAE S OGRMIIE GdoIRNPEUIGRY the'BEIEATLPSAE example of an

LNG-based liquefier for the flowsheet of Figure 2.

[0019] Figure 3b is a schematic diagram showing one embodiment of the present
30 invention, particularly as it relates to the integration between the supplemental
processing unit and the LNG-based liquefier of Figure 3a.



exchange with condensing stream 230 to form vapor nitrogen return stream 288. In low
production mode, stream 182 is vented and streams 288 and 176 are processed in the
LNG-based liquefier to create liquefied nitrogen product stream 188 and liquid nitrogen

refrigerant sgea0] 18U B9k Rreshisiatioardramtansdddadsirsiotent dfiththpréSent

supplemental processing. unit (3) ta become stream 184, then mj [ 6. The
mixed streaiﬂ‘,}%mg%?gg}ﬁ%& %srét 6?@38%@%@%‘%%9L{*]@§§§vgé§$§lﬁgﬂ%{a té)rlgcﬁfgggt}gl liquefied
nitrogen praglacessisguniteddtie i@ rased bauatieiel higuse8am 186. (0029] The exact
nature of the LNG-based liquefier is not the focus of the present invention, however, how the
liquefier intd§PALL fitgueet s ssemalinsdiagsrasliing fangases hat ARG AP Rt deatheso
an exagplevadrasd-dianiinsemd inriiesd aniictdrubtigive &) ssp@stivbashin Figure 3a. Figure 3b
and 3c will give examples of the same LNG-based liquefier with inclusion of different
embodiments of the supplemental processing unit (3). [0030] Referring to Figure 3a, high
pressure nitrogen vapor stream 176 is mixed with va&&r nitrogen return _stream 288 to form
ekch

stream 330, which is subsequétflAHbBR PRESSHME FAVEMTON rm stream 332.
St 334 | din a first ilj H Id 308). to, f
tream 336 1002 R RE Y AR AT B A B SO TR s ecygh g

compressediiawirgscond auxiliary compressor (VHP cold compressor 310) to form stream
346. Stream 346 undergoes cooling and liquefaction in liquefier exchanger 304 to make
streart0348 [0RR1] Tiglilerilais asshemaicOiagiag Shomnd Qe srEPadnentshinepEorAee
Stream 350visiteciheasy stepies shisepiosivalitiohldeftathintRefendthtnove s EI@IE tdahe the

t h fluid.j iquid. st 3 ' [
spitnto e DR EN G ik S UEBAR ASD 1 R,
refrigerant e &RfageRisARddostaes e hiafesorrs s rabirea il BHo IBMIRIEEsUe SRiuRITe
across valvei3a§ and iair dxeRraNGeY ¢$$6). 3RO edb sstwsmipresseHurdliosanatried it 104 to

362 liquid nj 1 188..V 362 .and 352
Yaler iy LR S R IR e e PR T e
warmed in gashangeraiutitstfoams)doguodusierogelnd einfead a1 3@ MothAirdisitat it
liquefier. W%@H@g&a{jlﬁ{ﬁ%&éﬂﬁ ?%@&@ﬁ&&@ BSYGE8 1 EBSHIM i&%&ﬁl-é\lﬁragasﬁghégéweam

which is vaporized and or warmed,in liquefier exchangaer 304 to form stream 1 In the

8. [00
strictest serdd) FAHOHRressHER DLEPISAPESSHEARL I8 U ik HEropRR ARSES 4 é’%l fM&ir
critical pressarmedfie mameestrieamnye St (Ih e oiginestipsessnad androgen Stresm) 8 194
th G it] its . ] h d
ot adan R alFElBIET RS ARG Shoah f78 s rsistsed WG IRIG Bueay > ©

high degreddiaiietdghiatgreatediapaiiphatsapmPireusistmeap Jftand ineidinfiager sefrigerant
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[0035] Operation of LNG-based liquefier (2) in Figure 3b is very similar to that described in
Figure 3a with some exceptions. As in Figure 3a, stream 330 is cooled in liquefier exchanger
304 to form stream 332. Stream 334 is compressed in HP cold compressor 308 to form
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[0041] As noted previously, the supplemental processing unit as depicted as unit (3) in
25Figures 3b and 3c does not necessarily refer to single physical unit. For example, the
supplemental compressor can be contained in a housing with other compressors while the
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is described in Figure 3a. Figure 3b and 3¢ will give examples of the same LNG-based
liquefier with inclusion of different embodiments of the supplemental processing unit (3).

[0030] Referring to Figure 3a, high pressure nitrogen vapor stream 176 is mixed with
vapor nitrogen return stream 288 to form stream 330, which is subsequently cooled in

30 liquefier exchanger 304 to form stream 332. Stream 334 is compressed in a first auxiliary
compressor (HP cold compressor 308) to form stream 336. Stream 336 is cooled in
liquefier exchanger 304 to make stream 338, then is compressed in a second auxiliary
compressor (VHP cold compressor 310) to form stream 346. Stream 346 undergoes
cooling and liquefaction in liquefier exchanger 304 to make stream 348.
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lower pressure column is provided by reboiler-condenser 418. A vapor flow is extracted from
the lower pressure column as stream 478 and fed to argon column 482. Argon product is
withdrawn from the top of this column as liquid stream 486. Bottom liquid stream 480 is
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nitrogen production increases 140% in going from Case Ito Case 3. 30Note 3; The high
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significantly,
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invenon altpngitoesio use the same air compressor and same Cryogenic MU for ali three

cases. Note 5: Case | operates with no LP Compressor (the supplemental processing unit (3)
is not need 09344 BIRefegixepnD tes Eigumsk, 3nNigbgproduction mode of operation, lower

pressure nitrogen stream 182 is an additional source of nitrogen that ultimately needs to
be liquefied. Per the present invention, the supplemental processing unit (3) has been
added to transform low pressure nitrogen stream 182 into a higher pressure nitrogen

25  stream 184. Stream 182 is combined with warm, low pressure gaseous nitrogen vent
stream 366 to form stream 370. Stream 370 is cooled in pre-cooling heat exchanger 322
to produce cooled nitrogen stream 372. Stream 372 is mixed with cold, low pressure
gaseous nitrogen vent stream 386 from the LNG-based liquefier to form stream 374.
Stream 374 is compressed cold in the supplemental compressor (LP compressor 306) to

30 form stream 184, then mixed with high pressure liquefier feed streams 288 and 176 to
form stream 330. The refrigeration for cooling stream 370 is provided by LNG stream
394, which is vaporized and/or warmed in precooling heat exchanger 322 to form stream
396.



Liquid Oxygen Flow (158) Nmatir 4,399 5,848 5,859 1 Liquid Nitrogen Product Flow (188) .
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[0035] Operation of LNG-based liquefier (2) in Figure 3b is very similar to that
described in Figure 3a with some exceptions. As in Figure 3a, stream 330 is cooled in
liquefier exchanger 304 to form stream 332. Stream 334 is compressed in HP cold
compressor 308 to form stream 336. Stream 336 is cooled in liquefier exchanger 304 to
make stream 338, is compressed in VHP cold compressor 310 to form stream 346.
Stream 346 undergoes cooling and liquefaction in liquefier exchanger 304 to make
stream 348.

[0036] As in Figure 3a, liquefied stream 348 is further cooled in cooler 312 to form
stream 350. Stream 350 is reduced in pressure across valve 314 and introduced to
vessel 316 where the two phase fluid is separated to vapor stream 352 and liquid stream
356. Liquid stream 356 is split into two streams: stream 360 and stream 186, which
constitutes the liquid nitrogen refrigerant stream that is directed to the cryogenic ASU.
Stream 360 is reduced in pressure across valve 318 and introduced to vessel 320 where
the two phase fluid is separated to vapor stream 362 and liquid nitrogen product stream
188. Vapor streams 362 and 352 are warmed in cooler 312 to form streams 364 and

354, respectively.

[0037] Figure 3b is different from Figure 3a in that stream 364, which is a low pressure
nitrogen stream, need not be warmed and vented because the supplemental compressor
(LP cold compressor 306) exists. There are two possible ways to combine stream 364
with stream 182. In the more thermodynamically preferred case, valve 380 is closed and
valve 382 is open. In this event stream 364 flows through valve 382 to become gaseous
nitrogen vent stream 386 from the LNG-based liquefier, which is then blended with cold
nitrogen feed stream 372. In the less thermodynamically preferred case, valve 380 is
open and valve 382 is closed. In this event stream 364 flows through valve 380 to
become stream 384, is warmed in heat exchanger 304 to become gaseous nitrogen vent
stream 366 from the LNG-based liquefier, then blended with warm nitrogen feed stream
182. The more thermodynamically preferred option (valve 380 closed) would be
employed if the cold valves 380 and 382 were incorporated into the liquefier at the
design point; the less thermodynamically preferred option (valve 382 closed) would be
employed if the inclusion of the supplemental processing unit (3) was executed as a
retrofit. In the latter event, valves 380 and 382 might not exist and line 382 would not be

present.
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[0038] Finally in Figure 3b, and as in Figure 3a, refrigeration for the LNG-based
liquefier is supplied by LNG stream 194, which is vaporized and or warmed in liquefier
exchanger 304 to form stream 198.

[0039] As indicated above, the refrigeration to cool the lower pressure nitrogen in
precooling heat exchanger 322 is by vaporizing and/or warming LNG stream 394. As an
alternative, it is possible to extract a cold nitrogen stream from the cold or intermediate
location of the liquefier heat exchanger 304, warm that stream in exchanger 322, then re-
cool that stream in exchanger 304. This might be done to eliminate the need to pipe
LNG to precooling heat exchanger 322 as shown by stream 394 in Figure 3b. Any
suitable stream may be used as the source of the cold nitrogen gas, such as streams
332, 338, or 348.

[0040] Referring now to Figure 3c, a simpler supplemental processing unit might be
employed. Once again, in high production mode of operation lower pressure nitrogen
stream 182 is an additional source of nitrogen that ultimately needs to be liquefied. Per
the present invention, the supplemental processing unit (3) has been added to transform
low pressure nitrogen stream 182 into a higher pressure nitrogen stream 184. Stream
182 is combined with warm, low pressure nitrogen gaseous nitrogen vent stream 366
from the LNG-based liquefier to form stream 370. Stream 370 is compressed in the
supplemental compressor (warm LP compressor 324), then cooled in aftercooler heat
exchanger 326 (typically using cooling water or glycol as the cooling medium) to form
stream 184. Stream 184 is subsequently mixed with high pressure liquefier feed
streams 288 and 176 to form stream 330. The operation of the LNG-Based liquefier is
similar to that described in Figure 3a, except stream 366 is not vented.

[0041] As noted previously, the supplemental processing unit as depicted as unit (3) in
Figures 3b and 3c does not necessarily refer to single physical unit. For example, the
supplemental compressor can be contained in a housing with other compressors while
the supplemental heat exchanger can be contained in a housing with other heat
exchangers. It should also be noted that while the supplemental compressor and heat
exchanger operate at above ambient temperature in Figure 3¢’s embodiment of the
present invention, this equipment operates at below ambient temperatures in Figure 3b's
embodiment and therefore must be insulated.
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EXAMPLE

[0042] A worked example has been prepared to demonstrate possible operating
conditions associated with the present invention and clarify what is different and common
between operating modes. Three cases will be given: Case 1 corresponds to low
production mode operation without the supplemental processing unit (3) while Cases 2
and 3 correspond to high production mode operation with the supplemental processing
unit (3) in place. For this example, Case 1 is depicted by the LNG-based liquefier (2) of
Figure 3a; Cases 2 and 3 are depicted by the LNG-based liquefier (2) and the
supplemental processing unit (3) of Figure 3b. For Cases 2 and 3, referring to Figure 3b,
valve 380 is closed and valve 382 is open. The cryogenic ASU in shown in greater detail
in Figure 4 and described below.

[0043] Referring to Figure 4, atmospheric air 100 is compressed in the main air
compressor 102, purified in adsorbent bed 104 to remove impurities such as carbon
dioxide and water, then divided into two fractions: stream 230 and stream 208. Stream
208 is cooled in main heat exchanger 110 to become stream 212, the vapor feed air to
the higher pressure column 114. Stream 230 is cooled to a temperature near that of
stream 212 then at least partially condensed to form stream 232, then eventually
reduced in pressure across valves 236 and 240 and introduced to the higher pressure
column 114 and lower pressure column 116. The higher pressure column produces a
nitrogen-enriched vapor from the top, stream 462, and an oxygen-enriched stream, 450,
from the bottom. Stream 462 is split into stream 174 and stream 464. Stream 174 is
warmed in the main heat exchanger then passed, as stream 176 to the LNG-based
liquefier (2). Stream 464 is condensed in reboiler-condenser 418 to form stream 466. A
portion of stream 466 is returned to the higher pressure column as reflux (stream 468);
the remainder, stream 470, is eventually introduced to the lower pressure column as the
top feed to that column through valve 472. Oxygen-enriched stream 450 is passed to
the argon column'’s reboiler-condenser 484 through valve 452, and at least partially
vaporized to form stream 456, which is directed to the lower pressure column.

[0044] The lower pressure column produces the oxygen from the bottom, which is
withdrawn as liquid stream 158, and a nitrogen-rich stream, 180, from the top. Nitrogen-
rich stream 180 is warmed in main heat exchanger 110 to form stream 182. A waste
stream may be removed from the lower pressure column, as stream 490, warmed in the
main exchanger and ultimately discharged as stream 492. Boilup for the bottom of the
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Pressure bare 5.2 5.2 5.2 LP N2 from Unit 2 to Vent (366) Nm3/hr 1562 0 0 LP N2 to Unit 3
(386) Nmalhr &a 2499 3666 Pressure bareri/a1.11,1
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lower pressure column is provided by reboiler-condenser 418. A vapor flow is extracted
from the lower pressure column as stream 478 and fed to argon column 482. Argon
product is withdrawn from the top of this column as liquid stream 486. Bottom liquid
stream 480 is returned to the lower pressure column. The reflux for the argon column is
provided by indirect heat exchange with the vaporizing oxygen-enriched stream, which
originates from the higher pressure column as stream 450.

[0045] Liquid nitrogen refrigerant stream 186 is directed to the main exchanger where it
is vaporized by indirect heat exchange with condensing stream 230 to form vapor
nitrogen return stream 288.

In low production mode of operation (Case 1) stream 182 is vented to atmosphere from
the ASU (as stream 486), stream 366 is vented to atmosphere from the LNG-Based
liquefier, and the flow of streams 184 and 386 are zero. In high production mode (Cases
2 and 3) streams 182 (as stream 488) and 386 are passed to the supplemental
processing unit, and the flow of stream 366 is zero. For these particular Case 2 and 3
examples, the flow of stream 176 (originating from the higher pressure column) is also
zero. Thatis, in Cases 2 and 3, the entire portion of the high pressure nitrogen 462 from
the high pressure column is condensed in reboiler/condenser [418] and used as reflux
for the distillation column system such that, as between the boosted pressure nitrogen
and the high pressure nitrogen, only the boosted pressure nitrogen is fed to the LNG-
based liquefier in high production mode. Although this is not mandatory, it is a typical
scenario in high production mode. The distinction between Case 2 and 3 is the liquid
nitrogen production in Case 3 is higher.

[0046] Cases 1-3 are intended to illustrate how liquid production can be increased.
Several balance points can be gleaned from the Table as indicated by Notes 1-5 therein
which are explained below:

Note 1: The liquid oxygen production increases by 33% in going from Case 1 to Case 2;
liquid oxygen production is the same in Case 2 and 3.

Note 2: The liquid nitrogen production increases 60% in going from Case 1 to Case 2;
liquid nitrogen production increases 140% in going from Case 1 to Case 3.

Note 3: The high pressure nitrogen flow is sufficient to meet the liquid nitrogen
production requirement in Case 1, but is zero in Cases 2 and 3.
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Temperature C We -179.6 -179.6 N2 from Unit 3 (184) Nrn3/hr We 16055 24000 Pressure
bare Mt 5.0 5.0 Temperature C n/a -49.7 -49.5

Note 4: Even though the liquid oxygen production is significantly less in Case 1, the air

flow to the ASU is roughly the same for all three cases. This is an important feature.

When one elects to produce nitrogen from the ASU as high pressure nitrogen then the

oxygen recovery declines. As a result, the use of the present invention allows one to use
5 the same air compressor and same Cryogenic ASU for all three cases.

Note 5: Case 1 operates with no LP Compressor (the supplemental processing unit (3) is

not needed)
TABLE 1
Case 1 Case 2 Case 3 Notes
Liquid Oxygen Flow (158) Nm3/hr 4,399 5,848 5,859 1
Liquid Nitrogen Product Flow (188) Nm3/hr 8340 13344 20016 2
Liquid Argon Flow (486) Nm3/hr 121 255 255
LP N2 Flow exit ASU (182) Nm3/hr 7,469 18,956 20,438
Pressure bara 1.2 1.2 1.2
LP N2 to vent (486) Nm3/hr 7,469 5,400 104
LP N2 to Unit 3 (488) Nm3/r 0 13556 20334 5
HP N2 Flow exit ASU (176) Nm3/hr 9,184 0 0 3
Pressure bara 5.2 n/a n/a
Vap. N2 refrigerant exit ASU (288) Nm3/hr 6,298 8,354 8,445
Pressure bara 5.2 5.2 5.2
LP N2 from Unit 2 to Vent (366) Nm3/r 1562 0 0
LP N2 to Unit 3 (386) Nm3/hr n/a 2499 3666
Pressure bara n/a 11 1.1
Temperature C n/a -179.6 -179.6
N2 from Unit 3 (184) Nm3/hr n/a 16055 24000
Pressure bara n/a 5.0 5.0
Temperature C n/a -49.7 -49.5
Air Flow (108) Nm3/hr 29,831 30,598 31,923 4
Pressure bara 5.7 5.8 5.7
Lig. N2 refrigerant from Unit 2 (186) Nm3/hr 6,298 8,354 8,445
Pressure bara 53 5.3 5.3
LNG Supply Flow to Unit 2 (194) Nm3/hr 45142 64190 82291
LNG Supply Flow to Unit 3 (394) Nm3/hr 0 5329 7994
Pressure bara 76.53 75.84 75.84
Temperature C -1563.9 -163.9 -153.9

10
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Air Flow (108) Nrn3/Pir 29,831 30,598 31,923 Pressure bare 5.7 5.8 5.7 Lig. N2 refrigerant
from Unit 2 (186) Nm3/hr 6,298 8,354 8,445 Pressure hare 6,3 5.3 5.3

[0047] In the description of Figure 4, gaseous nitrogen stream 174 from the high

pressure column that is warmed in the main heat exchanger and fed as stream 176 to

the liquefier could alternatively be condensed in reboiler-condenser [418]. In this

scenario, after being condensed in reboiler-condenser [418], the liquid nitrogen stream
5 174 would be vaporized and warmed in the main heat exchanger.

[0048] Finally, as can be appreciated by one skilied in the art, even though the
supplemental compressor of the present invention is separate and distinct from the
auxiliary compressor(s) for the LNG-based liquefier, a common machine could drive both
in high production mode. In this scenario, the machine installed for driving the auxiliary
10  compressor(s) when the plant is built could contain a vacant pinion for eventually adding
the supplemental compressor. Alternately, the auxiliary compressor(s) and the
supplemental compressor are driven by separate machines in high production mode.

15
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LNG Supply Flow to Unit 2 (194) Nm3/hr 45142 64190 82291 LNG Supply Flow to Unit 3
(394) Nmarhr 0 5329 7994 Pressure bara 76.53 75.84 75.84 Temperature C -153,9 -153,9
-163.9

The invention claimed is:

1. In g process for cryogenic separation of an air feed

whereimn:

(a) the air feed stream is compressed, cleaned of impurities
that will freeze oul at cryogenic temperatures and sub-
sequently fed into a cryogenic air separation unit com-
prising a main heat exchanger and a distillation column
system;

(b) the air feed stream is cooled in the main heat exchanger
by indirectly heat exchanging the air feed stream against
at least a portion of the effluent streams from the distil-
lation column system;

(c) the cooled air feed stream is separated in the distillation
column system into a stream enriched in nitrogen and a
stream enriched in oxygen and, optionally, respective
streams enriched in the remaining components of the air

feed including argon, krypton, and xenon;

(d) the distillation colymn sysiem comprises a higher pres-
sure column and a lower pressure column;

(e) the higher pressure column separates the air feed stream
into a high pressure nitrogen stream withdrawn from the
top of the higher pressure column, and a crude liquid
oxygen stream withdrawn from the bottom of the higher
pressure column and fed to the lower pressure column
for further processing,

(f the lower pressure column separates the crude liquid
oxygen steam inte an oxygen product stream withdrawn
from the bottom of the lower pressure column, and a low
pressure nitrogen stream withdrawn from the top of the
lower pressure; and

(g) the higher pressure column and lower pressure column
are thermally linked such that at least a portion of the
high pressure nitrogen stream is condensed in a reboiler/
condenser against boiling oxygen-rich liquid that col-
lects in the bottom or sump of the lower pressure column
and the high pressure nitrogen stream is used as reflux
for the distillation columa system; and

{hyin order to provide refrigeration necessary when at least
a portion of a product stream is desired as liquid, the
refrigeration is extracted from a liquefied natural gas
(hereafter “LNG”) stream by feeding a first nitrogen
stream from the distillation column system to a liguefier
unit (hereafter “LNG-based liquefier) where the first
nitrogen stream is liquefied by compressing the first
nifrogen stream in stages using one or more auxiliary
compressors, and cooling between stages by indirect
heat exchange against the LNG stream in an auxiliary
heat exchanger; and
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[0047] In the description of Figure 4, gaseous nitrogen stream 174 from the high pressure
column that is warmed in the main heat exchanger and fed as stream 176 to the liquefier
could alternatively be condensed in reboiler-condenser (414 in this scenario, after being
condensed in reboller-condenser14181, the liquid nitrogen stream 5174 would be vaporized
and warmed in the m;z}gheat exchanger. é0048& inally, as.can be pre i‘%ted by one skilled

in the art, even thoug ae (% ‘ W‘tﬁw %%%’a(i% n is separate and
distinct from the auxili : } on machine

could drive both in hlgH rp ucié’ A ﬁ’?ﬁ?:% 1@%{% ; e IIed for driving the

auxiliary locompresscg n for eventually

adding the suppleme ern i ) and the
supplemental (:omprer,]i %ﬁ Fgéa%r 3 ,@ M ﬁwggé%@n mode, 15 The
itheiroitin claimed ini ?uhﬁé;rml;pr mogriiiin sop: Makin of an air friati wthtrein: (a) the ai r
fted stream is contheritit 155%%&@@% et himaanmaahges@ienit kennririinner
and: cid> een:endy fed inkig,a Coyogaria Niseiaratiemnunit loawspdsngishmain beat
eXellanger end a diefflianngii HgkqR-Sysie MW itls@intabmtam i martian th ilte math
heatentehanges the Ma\(\;g)hﬁat%%mmm&ﬁ graaiiistidhatredraifadpen ion of tlitt
anent ammo Loan the Manis$i@r. scdyiatiie(abiherisehledaikrdeparstmewn is ati panted
in the di:ailWwan othothe ayiifeli lote j@stotereicugimthatin, vietigeniandgBeam tiatelattt th
oxygen mut optimally, rexpeetiaih attajnssetiriciaih thppihat&mningm@esaipgnomtr.k. Of the ar leen
imiriding ArgOn, krypton, aindixeitonbgd)tPat StishtieroPadirasnadys¥itin GAmnpOree n higher
lawsuit:: trilitiiM :aid a loweloprgseistadalidettan @)thinighiée trataxamidblakigthopanthia the at
feed idlAnnn  n high prnapressitrogérrattustitaseinicaasilintioise reptiofieé higher piegertire
Mama, anti a nada liquid obygenwthressumithititageil isbrithausbwoMeoR.tREHigher pawn paitiron
end fed to the lowa prestaitegitgriiropristiet piMicasamy rpadaaeh hpikethap erfluma
annerafee the auk liquid om&@wmmnwwgawm&m%maﬁmmO from the bothim
of t he liffietrpitthattre COhWBﬁ%@W@W@@M&WW&%thh Pm top of the
lower inseurth and (g) thaﬂ@fé?ﬁﬁnﬂmiblﬁﬁ?ﬁ'ﬂnﬂ*lmegﬁﬁ nt thentatly
linked autth Mat m than: a skt Ry !ﬂﬁ@ ﬁ’@&ﬁﬂqerlmll th A
whither/ cominattir agalnstl??BlF?fi'QI ﬂ‘?ﬂh‘l’é 18 SO EtVRIL

piess)ne edema ithd thablgg‘ﬁm’eﬁ&“ éﬂﬁ%
SAM11; and tatin tithin rit “}\WE"%‘%\?

the refrigeration ix extra t
s ‘f"
ata dream in Avis

tirat nithogifin mieam N éFﬂ 8
li fier) ;Medi the fi ,

quefier) ;Medi the fir3t n oF Mﬁgﬁg%mapong{%m tp Bem&en%ara y Militant hem
Can.an-auxiliary, DatP ik AREGH 3 and high

ming one or mere att
exatange math/ the Lﬁrtg l:r%
production modes, at least 2 portion of a liquefied and cooled
nitrogen stream exiting the LNG-based liquefier is vaporized
by indirect heat exchange against the air feed in the main heat
exchanger and then is recycled back to the LNG-based lique-
fier,

4. The process of claim 1, wherein prior to boosting the
cuoled low pressure nitrogen stream, the cooled low pressure
nitrogen stream is combined with a gaseous nitrogen vent
stream from the ENG-based liquefier,

§. The process of claim 1, wherein peior to cooling the low
pressure nitrogen stream, the low pressure nitrogen stream is
combined with a gaseous nitrogen vent stream from the LNG-
based lquefier.

tin is tatthenti 'z tjid
ettar ks ﬁ 'l abeam by feetting

rtur 'ING-ttawin
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runiwr to:wading asystem to increase the eatuadta et the LNG :butt Ithatitther compasing
dipplementet wed dna the supplettlentat pax :ends* aiedt comprising a supple- mental
ordeooling heat estamager Mad separthe and tinct from the attathory hdtt exotedger of the
ING-ttesed lithiebtu and a suenthistal nompressor that is neparahl and distinct from the
nualliaty ciatopressor(s) of the ING-tatned tied:Mier wherein: (OM a low gnat:idiomfitas kk
Olen stream fed te the ING-hast: Noe der cm-mitts tif m lowa a portioa of the hte.th pmaente
niteogen stream, wad till fn YR Prpreer ﬁ@éﬁwmmiﬁ@iﬁﬂﬁé&'ﬂmed to the :(.+n
anises landed paniera BPtheTtaif pihssaw Ny e FOSRBSP He RGeS Gssmenial
compressor a atipplea Wﬁ&‘ﬁ@%ﬂ%@ﬁ%@éﬁﬂ%ﬁ% Hregaediiestsst a Ration ofthe
C%' plasm Mutts* stre&HP %gem@*eqsme high pm sor r,1 ettshatum ha eitate the
"a'0' of C' thaw premix ;h%n[i' é’ﬁ Wﬁ ; atone cif the at
Mast a portion a at to | cms@gdst’ﬁ ow presort
is:Men 'stadia is waded’%"b m dialed tow dentat harogtat stream by \t 't heat exchange
ING :mean thai M fee:into the supplatual pmeeeling than exchanger to mow natigntion,
wheminaly itthromaaarenthogen it tastikal by lisiliyirxit twat excidage agd nst the L.NO gream
t,Ns ,supolemental prawanding heal exchanger, 2. The procesa of claim wherein, in the high
prealactian awdea the flmll nll1l.gatlitream fed to the 1,Na-tatteed awake :Author cianorines
atiwata nottion Of the high press= ninm. gen streattl, 3, Tito pro:vasof Mat m salauthin, in
las:itthe law add high productkm nut, at least a atraitat a a liquefied and cooled ni vegan
strewn exiting the 1:NO-based Need is aapmiated by Mahan heat mintage against &ear
thistliti the main twat exchanger and Ora getycks$ NetLahe L.NG-Ims'ed tiea ', The
;tmeatteas at taidin I. wherein ptiat w taxa:dug the cooked low pregnant nitrogen n tram , the
cooled law Kean aitedgen mans al txmthitxx| with a gautaxte nithsgen ktM a:tarn frOM Cie
LNo-bued iiquaka s,prttheas of claim stiwat Kan to cuallog the IOW pits,5.mt .thtrogruntrawn,
tim low pressans caned ,thd am is ' C' \k'1 With an:woos ad anvil aunt thetust ham tise
LA:GM:sad Nader, Pfuatu 'Oci.im I. ".C'".ek.;:t1 during th kwpfttiOn
ZIWCIOaiginaryTApflteties by a mactacvwn piblob ti).ree,..me.elly 6:thing dw.: eutkplememal
compren 7. The prooms Sim wkwthi dmiil;* high ;Int:- ndttthe ;Uppkaientel.
COMPMSirsNWed or the VacCrilt PthiOrt,
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