- 1 - METHODS AND SYSTEMS FOR BULK ULTRA-HI GH PURI TY HELI UM SUPPLY AND
USAGE Field of the Invention [0001] This invention relates to nethods and
systens fwo 2daldivesi ng ultra-high purity (UHP) helium gasTius2@owsage Site,
e.g., a sem conductor manufacturing facility. The nethods and systens are
particularly beneficial for supplying ultrahigh purity heliumgas at a w de
range of flows, maintaining additional -ultra-high purity helium gas

i nventory at a custoner site, and supplying ultra-high purity helium gas

directly to the uljiiahion Bre BRGHSE R Bl 1KIE HhBYERLKPRY

HELIUM SUPPLY AND USAGE

Field of the Invention

[0001] This invention relates to methods and systems for delivering ultra-high
purity (UHP) helium gas to a usage site, ¢.g., a semiconductor manufacturing
facility. The methods and systems are particularly beneficial for supplying ultra-
high purity helium gas at a wide range of flows, maintaining additional ultra-high
purity helium gas inventory at a customer site, and supplying ultra-high purity

helium gas directly to the utilization point.

Background of the Invention

[0002] When large volumes of gases such as oxygen, nitrogen, argon or hydrogen
are required by a customer without onsite production capability, the gases are
generally delivered in liquid form from the production site to a storage tank near
the point of use. For safety reasons, however, liquefied gases cannot be
transported over public roads at pressures significantly above atmospheric. The
required higher pressure at the use point for most gases is met by transferring the
liquefied gas from the transport vehicle into the storage tank using a liquid gas
pump to increase its pressure. The liquefied gas is stored in the storage tank at
this high pressure and, upon demand from the use point, is vaporized at the high
pressure and delivered to the point of use.

[0003] Helium is not amendable to such practices. It has a very low heat of
vaporization and so heat introduced to the liquid by the action of a liquid pump
causes a significant amount of the liquid to be vaporized and thus lost. Even
during transfer by pressure differential from a transport vessel to a storage tank,
excessive vaporization and losses of helium occur because the density of cold
helium gas is not much different from that of liquid helium and so a large amount
of the cold helium gas within the tank is displaced and lost; at higher pressures
these displacement losses are even higher. Consequently, the common practice is

to transport liquid helium in vacuum-insulated ISO containers to a distribution site



[ 0002] When | arge vol unes of gases such as oxygen, nitrogen, argon or

hydr ogen are required by a custonmer w thout onsite production capability,

t he gasesweneligamzsal |y delivered in liquid formfrom treTpsocoosizen site
to a storage tank near the point of use. For safety reasons, however,

| i quefi ed gases cannot be transported over public roads at pressures
significantly above atnospheric. The requ red higher pressure at the use
poi nt for nost gases is nmet by transferring the liquefied gas fromthe
transport vehjcle . into the, st.or.age. tank usjng a liquid S .pu to increase
o oFessur e fursidn® HRLARE cBRPuI Fe el Sl Rl Bt i S hioh
pressure and.cylpdis enmpetrhilam Infdﬁbasliﬁg dB@bid and Sse\GEROliuE Stbvatvet, e hi gh
pressure and delivered to the point of use. [0003] Heliumis not amendable
to such practiakig thissmedesofzupely ympengtiead since thoyaprirtainers (ioh. ahigdes andat

i ntroduced t 4 1.qui i a liquid punp causes a
significant gﬁ%ﬂﬁ?kggHhhgg¥#%§fgﬂ%%b@gm§%porized and thus lost. Even during
transfer by poeBisdnacaicl tement foaheliurnig maintyadsorits useisedw t 0 a st or age
tank, excessive vaporization and | osses of helium occur because the density
of cold hel i SHNBAYLOTBINYRAHING RTPE§Sett /FrigpfegromstiasiogureeRédi um and so

2 Large amulecgl. ddeeohdAC bR AaRM iR itied ® dhond aced and

| ost; at higher pressures these di cenent | osses are ev i gher.
Consequent | y actdpgabiofiimmn whichah itwe uissaltyoequisnsperitelivmcaiadhighel pumtyi @

vacuuminsul ated . I.SO containers to a distribuyti site 2 - (transfill),
vapori ze thetﬂ?&ﬂ@ﬁCﬁﬁﬁﬂ%gﬁﬁﬁgZ@“ﬁﬂ&dﬁﬁgﬂ??TﬁdSgggnQNPBkﬁf@Nyabé?gﬁre
cylinders angot @ rhicdirlsetsi/hi. !"Siﬁﬁ‘l@ﬁ%r,@us‘é%@%@ 20 M Visen &fns Relbumilchovever
is making this node of supply ippractical since these containers (i.e.

cyl i nder s andvithubeapeeigy ¢16399) Nmppwdhlaptylesschan & deash andoangmes highgoost]ratencr eased
demand for helifm oMo ndiSatCold SEUSE A oSV RETL cONdUGL AL
manuf act uri ng™pr ded8Es!! %ea?%r%u&eoﬁﬂy?légu8% iﬁgggrgﬁe C|P8uits

decrease in %efusc Ry ArcldbGERESIPE AEEHSRAsAhE pbREAITEHCInearBi@R@SH With
acceptable filnms, which in turn usually require nore helium.at a higher

purity. A typiscapmoentsof aipdet meishHar duing swhitehing| Inadgiiont yansfill1i5o NnB) wi | |

| ast only 30 rs f nat: Ny 3 | ate of 20
N8/ hr neanscg&ﬁﬁegngﬁg%fgégﬁf lﬁgg%g%g%@?éﬂ%ﬁméﬂﬁﬁﬁﬁﬁg§@%eﬁwﬂﬁgg{ | ess than
5 days, and aap®uenr fHiihe real setatcat eilabélstylah s cos foraneltibleagbemniild fdlige- out s.

Frequent source changes are undesirabl e because they are | abor intensive
and i ncr ease DEHRERAIMROPERMEA CONEFMcont ani nation with trace anounts of air and

2L O A IE I d40e eaRse LA hocore
real estate darge valbinleiusyrsandexhesstivedut nahdgepble. Linlder abnaithdrcofditibnnig bays
al so becone %ogv%\r)ecr?{u%'e trailer helium supply logistics will be especially unpredictable.

Abnormal conditions will occur, for example, when there are extended periods of

shortage in global helium supply or when the transfill malfunctions. When such

disruptions occur, all of the customers served by the transfill must share the

limited remaining inventory or are left without helium. It is expected that the

tight supply situation in the helium market could persist due to scheduled plant

outages, maintenance disruptions and delays caused by equipment setbacks.

Construction of new helium plants is not a viable solution as helium is extracted

from natural gas fields and dependent on natural gas production. These factors

increase the probability of customer run-outs, thereby having a significantly

adverse impact on their processing capabilities.
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supply. Summary o nventi on 7] This invention relates ih part to
a met hod f or hdklmn\ges tongusake side, haidhmgthed ¢compresiigam gas to a usage site, said
method conpr i[&&(&? :providing at least one primary vessel containing cryogenic ultra-high
purity helium fluid, said ultra-high purity helium fluid comprising ultra-high
purity helium liquid and gas; said primary vessel comprising one or more wall
members configured to form an internal vessel compartment to hold said ultra-
high purity helium liquid and gas; said internal vessel compartment having one or
more vacuum insulation layers and one or more thermal shield layers aligned
adjacent to each other at the periphery of said internal vessel compartment
adjacent to said one or more wall members; said primary vessel having at least
one inlet opening at or near a top portion of the primary vessel through which
ultra-high purity helium gas can be fed into the internal vessel compartment; and
said primary vessel having at least one outlet opening above a bottom portion of
the primary vessel through which said ultra-high purity helium liquid can be
dispensed from the internal vessel compartment;

[0009] providing at least one secondary vessel containing cryogenic ultra-high
purity helium fluid, said ultra-high purity helium fluid comprising ultra-high
purity helium liquid and gas; said secondary vessel comprising one or more wall
members configured to form an internal vessel compartment to hold said ultra-
high purity helium liquid and gas; said internal vessel compartment having one or
more vacuum insulation layers and one or more thermal shield layers aligned
adjacent to each other at the periphery of said internal vessel compartment
adjacent to said one or more wall members; said secondary vessel having at least
one outlet opening at or near a top portion of the secondary vessel through which

ultra-high purity helium gas can be dispensed to the internal vessel compartment
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the vaporization apparatus;
[0013] effecting a phase change of said ultra-high purity helium liquid in said
vaporization apparatus to form ultra-high purity helium gas; and
[0014] delivering said ultra-high purity helium gas from said vaporization
apparatus to said usage site.
[0015] This invention also relates in part to a system for delivering ultra-high
purity helium gas to a usage site, said system comprising:
[0016] at least one primary vessel containing cryogenic ultra-high purity helium
fluid, said ultra-high purity helium fluid comprising ultra-high purity helium
liquid and gas; said primary vessel comprising one or more wall members

configured to form an internal vessel compartment to hold said ultra-high purity



[0012] conveying said ultra-high purity heliumliquid fromsaid primry
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liquid can be fed into the vaporization apparatus; and said vaporization
apparatus having at | east one outlet opening through which ultra-high
purity heliumgas can be dispensed fromahe vaporization apparatus; [0013]
effecting a phase change of said ultra-high purity heliumliquid in said

vapori zation,apparatus to form.ultra-hi urit |i.um gas; and [0014]
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compartment th%lil?r(l)llggs gaa}ll ‘tgie f%ldtilgtg_tl?ei i%pen?a rVieés)e/l c_:ompa_rtment; and said primary
vessel having at least one outlet opening above a bottom portion of the primary
vessel through which said ultra-high purity helium liquid can be dispensed from
the internal vessel compartment;
[0017] at least one secondary vessel containing cryogenic ultra-high purity
helium fluid, said ultra-high purity helium fluid comprising ultra-high purity
helium liquid and gas; said secondary vessel comprising one or more wall
members configured to form an internal vessel compartment to hold said ultra-
high purity helium liquid and gas; said internal vessel compartment having one or
more vacuum insulation layers and one or more thermal shield layers aligned
adjacent to each other at the periphery of said internal vessel compartment
adjacent to said one or more wall members; said secondary vessel having at least
one outlet opening at or near a top portion of the secondary vessel through which
ultra-high purity helium gas can be dispensed to the internal vessel compartment
of said primary vessel; said secondary vessel being in ultra-high purity helium gas
flow communication with said primary vessel; and said secondary vessel having
at least one outlet opening above a bottom portion of the secondary vessel through
which said ultra-high purity helium liquid can be dispensed from the internal
vessel compartment;
[0018] an ultra-high purity helium gas feed line extending exteriorly from at least
one outlet opening at or near the top portion of the secondary vessel to the at least
one inlet opening at or near the top portion of the primary vessel through which
ultra-high purity helium gas can be dispensed to the internal vessel compartment
of said primary vessel, the ultra-high purity helium gas feed line containing at
least one ultra-high purity helium gas flow control valve therein for control of

flow of the ultra-high purity helium gas therethrough, and at least one economizer
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[0022] This invention further relates in part to a method for controlling delivery
of ultra-high purity helium gas to a usage site, said method comprising:

[0023] providing at least one primary vessel containing cryogenic ultra-high
purity helium fluid, said ultra-high purity helium fluid comprising ultra-high
purity helium liquid and gas; said primary vessel comprising one or more wall
members configured to form an internal vessel compartment to hold said ultra-
high purity helium liquid and gas; said internal vessel compartment having one or
more vacuum insulation layers and one or more thermal shield layers aligned
adjacent to each other at the periphery of said internal vessel compartment
adjacent to said one or more wall members; said primary vessel having at least

one inlet opening at or near a top portion of the primary vessel through which



[0020] an ultra-high purity heliumliquid discharge |ine extending
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therein for control of flow of the ultra-high purity heliun1liquid
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ultra-high purity helium gas can be dispensed to the internal vessel compartment

of said primary vessel; said secondary vessel being in ultra-high purity helium gas
flow communication with said primary vessel; and said secondary vessel having
at least one outlet opening above a bottom portion of the secondary vessel through
which said ultra-high purity helium liquid can be dispensed from the internal
vessel compartment;

[0025] optionally delivering ultra-high purity helium gas from said primary vessel
and/or said secondary vessel through at least one economizer apparatus to said
usage site, said at least one economizer apparatus comprising a backpressure
valve for control of flow of ultra-high purity helium gas therethrough to said
usage site;

[0026] admitting to said primary vessel from said secondary vessel ultra-high
purity helium fluid, said ultra-high purity helium fluid comprising ultra-high
purity helium gas, said ultra-high purity helium gas being admitted to a pressure
in said primary vessel sufficient to discharge ultra-high purity helium liquid from
said primary vessel;

[0027] conveying said ultra-high purity helium liquid from said primary vessel to

at least one vaporization apparatus; said vaporization apparatus having at least



[ 0024] providing at | east one secondary vessel containing cryogenic
ultra-high purity heliumfluid, said ultra-high purity heliumfluid
conpri si nyoubtwm4idmdgh purity heliumliquid and gas; sai #csasendasy’vessel
conprising one or nore wall nmenbers configured to forman internal vesse
conmpartment to hold said ultrahigh purity heliumliquid and gas; said

i nternal vessel conpartnent having one -&- nore vacuuminsul ation | ayers and
one or nore thermal shield |ayers aligned adjacent to each other at the
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said primary oy §ts%>|er,lingéhraug%géﬁhaﬂtya-b@éwritwlw 245 can e dispprRd Higm ¢ y

hel i um gas fl J with said primary vessel; and said secondary
vessel havinéﬂ%%%@gggghoﬁgh%ﬂ?1et openi ng above a bottom portion of the

secondary ve46@28] tcficctitgin pise bhasgt df sdid nhrabhigh pptityi Heliuinel guidvinl sagui d can be
di spensed fromthe internal vessel coggﬁrtnent'.[OOZS] optionally

del i vering ulVEPUIAHIGHPRAFHY 4t aghieh PrEm P ¥ nmary vessel and/ or

sai d secondaqgoﬂﬁzﬁg+m{ raiaNrhidh &yH&ﬁmﬁg&ﬂﬂﬁh%%H\%P&%&%BHS to said

usage site, said east one econom zer apparatus conprising a
backpr essur e appdret@as faosaid osage oite;@hdf | ow of ultra-high purity helium gas

t her et h h id usage site: [0026] .admitting t id pri |
from sai d- oedMl Ao SRE i Rleninbgh lut b f o e Bl S8 i ¢ o hi g
purity heli U%ﬁ{pﬂh&eﬁt@f@éiﬂ%ﬁ&r&' hEdsal fdrd ReddathdyWebRl, iskin @8 r nivad d

ultra-high purity heliumgas being admtted to"a pressure in said primry
vessel suffi dhasmel shacldilaystrapedonateast pnagtsopemizeyaperatustolcpaiueldlctirem sai d

oL Ty VeSS AR SN Mg Gl b1, el Tum Laur o

vapori zat i on [MRIRITAidisvERGnFPovdled L@fhberof 8dvantages. This invention describes
methods and systems for reliable UHP helium gas supply and maintaining
dedicated onsite inventory. Specifically, the invention employs multiple ISO
containers whereby vaporized UHP helium in vapor space and/or a helium gas
thermal shield layer of the standby ISO container is used to build-up pressure in
the online vessel. The thermal shields of the ISO containers help decrease heat
leaks, thereby decreasing evaporation rate and the amount of UHP helium that
needs to be withdrawn in order to maintain the maximum allowable working
pressure (MAWP) of the vessel. An even lower supply rate is possible by
drawing evaporated UHP helium gas from vapor space and/or a helium gas
thermal shield layer of both the primary and backup ISO containers through the
economizer (as described herein) but maintaining liquid in the ISO containers.
This makes it possible to efficiently manage the supply rate, from low flows to
higher flow requirements, and to optimize UHP helium draw rate from the storage
vessels. A further advantage is that UHP helium gas sent to the customer is of
higher purity since it comes directly from a liquid source. Gaseous helium from a

tube trailer usually requires an expensive purification process if high purity gas is

required.



one inlet opening through which ultra-high purity heliumliquid can be fed
into the vaporization apparatus; and said vaporization apparatus having at
| east onewoubiiati4z’peni ng t hrough whi ch ul tra-hi gh puritychalSecaniogzss can be
di spensed fromthe vaporization apparatus; [0028] effecting a phase change
of said ultra-high purity heliumliquid in said vaporization apparatus to
formultra-high purity heliumgas; [0029)]- delivering said ultra-high purity
hel ium gas from sai d vapori zati on apparatus to said usage site; and [0030]
utilizing sai | tT a-hi.gh purjty heliu as_fed int.o.the i.nternal vessel
corpar tment - SOLL BN bl 2 T N e B "Gne o v e
thermal shi elsthnlfasar Sistrid0dé0indlbbdRRSE ORGHPOAMIGTTHALRchanRasas s to control
delivery of said ultra-high purity heliumgas to said usage site. [0031]
Thi s i nvent i GHstpmeRs vaidshigh meedséss adhekgvsar Beresme prahibitivey dhe LGH Hewdr i bes

met hods and - | &bl P ' Yo tai.pi ng
dedi cat ed onzllgtﬁ{érﬁira%{}gn gﬁe@dagggglerﬂﬂc%&%et &?h%ﬂlﬁﬁgdgﬂ{%:ngh&g%p oys l%ﬁ{ti pl e
| SO cont ai neraamites ebye stappoited dUtddP offielultipie iSO vameimcspdogravidéor a hel i um

gas thermal shield |ayer of the standby. 1SO container iis used tqQ build-up
pressure in @H%e‘{fﬁl"?lﬁ%ry\)’é@gléls.esﬁ??éﬁ Yﬁgﬁﬁﬁﬁe dyiing prI1ogh _Of HOTiREes Wt ai ner s
hel p deCfeaS%u%]lsﬁlEr Lei ‘onélggﬁdsE@%{% £s%?é%§9u&vﬁﬁf%¥%gfea?m{pgthéliﬂ&ﬁ the

amount of UHP helitumthat n e wthdrawn 1 n or maintain the
maxi mum al | oWa0lcentaorcki hgbqiraksuare lshbiNPyafofuard dunresspply dsruptiars andwer
supply rate i s possibl dr awi ng. evapor.at ed hel i yum gas from vapor
apace” and or SRS Pin b ber rartud aRa LT B e gapntE By and
backup | SO copd-8hi&T2libul Ak cahMaves SRAM AR adiaSe dast bR etk higlogidrl but
maintaining liquid in the 1SO containers. This nmakes it possible to
efficiently mwapagent Asosihepiherenslyehigh pwity odhelivrofon aliguiidewrce | ow

requi rement s.o;and 19, ORLIATLEE, WER. el bumidi W aLe RERMANEa Rigr age

vessel s. A fuUrther advant age 18 HRat felPl om gas Sentdit'st t'ne" cust omer i s
of hi gher pumhictiymsé é@eniffore 0aRGuditbREE hysstlkom a |iqui d source. Gaseous
heliumfroma tube trailer usually requires an expensive purification
process if high purity gas is required.

Brief Description of the Drawings

[0033] Fig. 1 is a schematic representation of a helium supply system in
accordance with this invention.

[0034] Fig. 2 is a flow diagram depicting operation logic involving vaporized gas
supply.

[0035] Fig. 3 is a flow diagram depicting UHP helium supply and usage

methodologies.

Detailed Description of the Invention

[0036] As used herein, ultra-high purity (UHP) means a gas or liquid having less
than about 100 parts per billion, preferably less than about 50 parts per billion,
and more preferably less than about 10 parts per billion, of molecular impurities,
and having less than about 1000 parts per trillion, preferably less than about 500
parts per trillion, and more preferably less than about 10 parts per trillion, of
metallic impurities. Most preferably, UHP gases and liquids have less than about
10 parts per billion of molecular impurities and less than about 10 parts per trillion

of metallic impurities.



- 9 - [0032] Expensive transfill expansions, |arge investnents in tube
trailers, significant distribution and | abor costs to support numerous
change- ouwwe 2hwro1e3rst oners with hi gh use rates of hel i umpcanshaoonr76
prohi bitive. The UHP liquid heliumdelivery method is overall, a nore
econom cal option since it allows larger quantities to be transported.
Usage of nultiple | SO containers also piovi des added inventory which is
especially desirable during periods of shortages. The custonmer can

optionally u L gh.pressure s tube trailers.to Ku he.lj,qui d | SO
contarner T A aFERgh I S RCubE B B aBRT S el UHB S uptrons
and make it meligmldak® Yustondirs witARBEFa8tafMONg flr Gk hioky, M dnl enfitiddeméra, shut
down due to a run-out of helium This can have a significant adverse i npact

on the cust o suppbpaethed Brvolvap daectshipmephardenpin{enapggof putiiply betk hel i um
froma liQUi%qﬁRH&%ﬁ ﬁhtﬁ&ﬂ%ﬁﬁﬁsﬁﬂﬁe@ SniBL ign expensive purification
system oft en reqU|reglmhen eliumis drawn Trom gaseous storage vessels.
Bri ef Descri (j0038h Tafis inhentiohawweasgsrefl Q3] robug.sufply Sysers of €T hetium
representation of a heliumsupply %étengin accordance wﬁtqﬁthis I nventi on.
[0034] Fig. 22 % QStomgRs wit QF%\W%@% tNrﬂéhrdﬁé?%rPi Bhp‘fr%‘il &% HHY BIVER Y

vaporized gag, édffa&ln)é% wiQERdrifg Qtiable UHPhdAVEA AEFIFMHRAKELHRA UHP hel ium

supply and usage net hodol ogi es.
provides an effective means of switching from low-volume cylinder/tube trailer
supply to support growing application of UHP helium gas in semiconductor
processing and other industrial applications.
[0039] In accordance with this invention, a method of UHP helium gas supply to
large users is provided that results in dedicated UHP helium gas inventories for
customers, involves directly supplying UHP liquid helium in ISO containers to the
customers and maintaining storage volumes at the production site. This invention
eliminates the need for helium transfill and tube trailers. The method of this
invention is inherently more reliable from a customer’s perspective.
[0040] As indicated above, this invention relates in part to a method for
delivering ultra-high purity helium gas to a usage site, said method comprising:
[0041] providing at least one primary vessel containing cryogenic ultra-high
purity helium fluid, said ultra-high purity helium fluid comprising ultra-high
purity helium liquid and gas; said primary vessel comprising one or more wall
members configured to form an internal vessel compartment to hold said ultra-
high purity helium liquid and gas; said internal vessel compartment having one or
more vacuum insulation layers and one or more thermal shield layers aligned
adjacent to each other at the periphery of said internal vessel compartment
adjacent to said one or more wall members; said primary vessel having at least
one inlet opening at or near a top portion of the primary vessel through which
ultra-high purity helium gas can be fed into the internal vessel compartment; and
said primary vessel having at least one outlet opening above a bottom portion of
the primary vessel through which said ultra-high purity helium liquid can be

dispensed from the internal vessel compartment;



Det ai | ed Description of the Invention [0036] As used herein, ultra-high
purity (UHP) neans a gas or liquid having | ess than about 100 parts per
billion, woebawald?y | ess than about 50 parts per billi orCTArsdonomsr76
preferably | ess than about 10 parts per billion, of nolecular inpurities,
and having |l ess than about 1000 parts per trillion, preferably |less than
about 500 parts per trillion, and nore-pteferably | ess than about 10 parts
per trillion, of metallic inpurities. Mst preferably, UHP gases and

| i qui ds have t hapn. about 10 part er billion of nolecular,.inpurities
and | ess 't nat0EET At G R b ole SRohfard Skt o PinBier TR BT o
[0037] This ipavignidliam flidodayeslta-higt pady hehuameid tagpriseld @bbsiguppl y of UHP
hel ium gas to custonmers with use rates of 10NnB/ hr or nore. In an

enbodi ment , PHEShAYMliGHd Aedigeshvad vecondary gtschemmifisie AePrAIAtSHance of

mul 1 pl e bul kgt g EL I 1SR, GO A%k Plort A4S LPRRE SR SHEE
(s [nventi g A et ol EERALASE AL KOREE ST | um ga

This invention I's concerne ust supply system o el ium gas
t 0o cust oner s high puritg éclivah équidfand GadysBidHintcaral nesd. cohpapachi leavigyonetdai s
i nvention is concerned with ensuring reliable UHP heliym gas.supply. This
nvent i on pr GYATASECHRT BFHIELR (BECTraBR eGP BOrCrERTINSHF IO Rt
cyl i nder/t ubggfataith&tachWrRlr¥it e p%Hglp&?tof Qa[i&’Yﬂt&ﬂalas%@%eil e&hpfin@ft U-P helium
gas in sem conductor processing and other industrial applications.

adjacent to said one or more wall members; said secondary vessel having at least

one outlet opening at or near a top portion of the secondary vessel through which

ultra-high purity helium gas can be dispensed to the internal vessel compartment

of said primary vessel; said secondary vessel being in ultra-high purity helium gas

flow communication with said primary vessel; and said secondary vessel having

at least one outlet opening above a bottom portion of the secondary vessel through

which said ultra-high purity helium liquid can be dispensed from the internal

vessel compartment;

[0043] optionally delivering ultra-high purity helium gas from said primary vessel

and/or said secondary vessel (e.g., from vapor space and/or a thermal shield layer

of said primary vessel and/or said secondary vessel) through at least one

economizer apparatus to said usage site, said at least one economizer apparatus

comprising a backpressure valve for control of flow of ultra-high purity helium

gas therethrough to said usage site;

[0044] admitting to said primary vessel from said secondary vessel (e.g., from

vapor space and/or a thermal shield layer of said secondary vessel) ultra-high

purity helium fluid, said ultra-high purity helium fluid comprising ultra-high

purity helium gas, said ultra-high purity helium gas being admitted to a pressure

in said primary vessel sufficient to discharge ultra-high purity helium liquid from

said primary vessel;

[0045] conveying said ultra-high purity helium liquid from said primary vessel to

at least one vaporization apparatus; said vaporization apparatus having at least

one inlet opening through which ultra-high purity helium liquid can be fed into

the vaporization apparatus; and said vaporization apparatus having at least one



[0039] In accordance with this invention, a nethod of UHP helium gas supply
to large users is provided that results in dedicated UHP helium gas

i nvent or iwe 2bwo1¢3rst oner s, i nvol ves directly supplyi ng BdP/uUseeuiose2nel i um i n
| SO containers to the custoners and mai ntaining storage vol unes at the
production site. This invention elimnates the need for heliumtransfill
and tube trailers. The nmethod of this im¥ention is inherently nore reliable
froma custonmer's perspective. [0040] As i ndi cated above this invention

relates in part o a tra h| Ilumgasto
2 usage sit o ol chenBbCe hion it Episnan b Bt Rlrtn B Bl D vy
vessel cont aitid WpotikytR@edpbaratilst r a- hi gh puri ty hel i um fI uid, said ultra-high
purity heliumfluid conprising ultra-high purity helium|iquid and gas;

said primry M@ffe@wplﬁsmh@ﬂéotﬁm%k@ igh puriitsEpa) Lt ingaided to form
an internal t h,purity heliumliquid
and gas; sai &gﬁﬁggpﬁlg%e%g%ﬁ fggﬁnﬁlg[?a! ngﬁ?hﬂﬂetr% oag %I?i nore vacuum

insul ation | 4¢®7 daliceroneatlulthetheityratlishial florhayidnapatizagioed adj acent to
each other at the periphery of said internal vessel conpartnent adjacent to
said one or FBPEAURALY SHLHKEE SiHe-sai d prinary vessel having at |east one

| nl et openi ngofig) aThonBae AchBR BRI kARnales ORAHIBEK KPREEE: blir @GN whi ch
ultra-high purity heliumgas can I()jlno nt ernal vessel

conpar t nent ; hagidoway telpm gay tp saeiswege fheewitiigingt (1)l tasltragngh purity dicliopeni ng

above a bottom par.tion of t rimary vesse thro h whi said ultra-high
ur i Ty hel T uht Fguirts B gresh SR P oot Hid PRVEPRHR I dedbl conpar t men :
[0042] provi deggdady Je@s%lst(u?)ﬂ\ 0B GPRMAS theMRA SBile| CCIAMIRl MU (iFih MR MaSt
ultra-high purity hel i um f said ultra-high purity heliumfluid

conpri sing ulomacqnoghzqmppftrytuhel iumliquid and gas; said secondary vessel
conpri si ng O{rgﬂéﬁgll ma%rli% gadlme rgl?eer 2théd nf{hgi’%{n(\afgnt}o% 1I1\90rh%c§acpehlvgrtme rlﬂ%}a- yessel

conpart nent rahig purl rum’l
internal vessgih Iﬁ@maaélﬁufﬁ ks ﬁalwwagompac@andvmraehe%aﬁugamthmul ﬁﬁ¢1@nweayer s and
one or nore thermal shield |ayers aligned adj acent to each other at the

periphery of o§ePrimargvaurel andsardhe wopprary Hesel thigugt ehleast g aFaRoBWETor nor e
wal | - members;, sk % oeﬁlgplgfg;e%l%eﬁ%{ 2 hitgd en't%ﬁ‘éﬁle 38 o?'dﬁé ?nl%ef& ing at
or near a tOp ortion o e seconc?ary vesse thI‘OU I C tra- Igh
purity heli unm\gﬁ@smdmlﬂnegmb tho enisedy tzesselrfeomnalmrmghcemd&)ela hebumpagat nent  of

said primary vess |d secondary vesse| being in. ultra-high purity
hel i um gas f|1&w§fm}§ Yat P tﬁ‘e\ﬁﬁ:‘ioﬁd%ﬁvﬁssﬁl P%r@gb@é@@lm{“&ﬁ@%%ﬁ secondary

vessel havi ng @i h1| ﬁ hty%%u %dssaln%pa%ﬂhﬁ‘&i t%bd%@ssﬁreﬁﬁttﬁé)ﬁﬁrﬁ tde@s!%l of the

secondary vessel u h whi c ultra-high purity heliumliquid can be
di spensed fr (snfﬁclmlt tondlecrhaage um&h@h mmlmphe:ltume hqyid [fEo 8l popidrp neﬂsbly

delivering ul ur ty heI fromsa mayy, ves and/ or

sai d secondar @6‘@&?{&13]? ‘?gé dgo co 1ir ellgﬁlé’crgteahg‘}‘hgrlﬁtéa E“ég ?yeléellu "8l d | ayer
of said primpayfodda®ehe ctharvesRl aorﬁpﬁﬁmwsa{%ﬁﬁﬂa%y tREQ M at | east one
econoni zer apparatus to said usage site, said at |east one economn zer

appar at us comqnéﬁrrygfeasebéﬁc&pﬁ@@wp@r spaps/andiara hedinmr s tesrmp] siglddayat t r a- hi gh
purity heli um onda esg)e"fpco Er%lssc%hgergzsgl% of%alh }trel—ﬁ%ﬁ'd' n?qlrrelhu%l ng to said
primary vesse rom sal’d secon I Space and/or a

t hermal shi elliduldefy@n sélﬁ a% Rlagt ohe peinthay yes‘ﬂ(@lstsealu)i auletagt@nhlvglbbrmafmﬁ y helium
fluid, said ultra-high purity heliumfluid conprising ultra-high purity
hel i um gas, SEPYYP 9%ulﬁﬁaglﬁgipnwweh@m.%Mr@alssaﬁb@tr%@as oFf YAPBEZA®Na pressure

in said pring aXt%?%c?ialcFHJ LGkenh @H EheH{Jn sai?&‘ﬁ 1Ly hel i um
blar g 4 (s ol

liquid froms prlmaryvsse ylng tra- |gh purity
hel i um | i qui @né pnmasyaizd;sqﬂrandrmm at/bﬂﬁ@lnetsenoadartrerastel @ne, fvmp(vapmapa@n

appar at us; sai orization app us h g,at .| east one inlet opening
through whi ch™ of elﬁﬁtﬁﬁ%@m@ ﬁl@ﬁf Wma%aﬁbfheaﬁnﬁsf yeserliend ﬂﬂet he
vapori zat i on ;aRRaktWssel ARdugRkEd YRk chaLERInARRAp AR s AW GsaaE | east one

site; (i1) the one or more thermal shield layers control net evaporation rate of said

ultra-high purity helium liquid in said at least one primary vessel and said at least



- 12 - outlet opening through which ultra-high purity heliumgas can be

di spensed fromthe vaporization apparatus; [0046] effecting a phase change
of said uwoOratiiigdr3purity heliumliquid in said vapori zaCrars2@appaas us to
formultra-high purity heliumgas; and [0047] delivering said ultra-high
purity heliumgas from said vaporization apparatus to said usage site.
[0048] The above net hod further conprisé3-controlling delivery rate of said
ultrahigh purity heIiun1gas to said usage site utilizing (i) the uItra hi gh
purity heliun1%as f int 3 pterna ves ? rtnenf g primry
vessel from $EEOHAGE aW\YS%SSEFal C15VPRE BhE %?Onr%’ THEPEI® & “f ayers,
and/or (iii) higlepait hemh ligi fﬁﬁ@@@mazl%ast@ﬁagﬁﬁfagsves[sé)%%d hﬂle@d“ﬂ one

enbodi ment, the nethod of this invention involves delivering ultrahigh

purity hel i uYRpRI&ZafipnAPRAGHBY andhdra-highdpusity Belien ganirg@saidié g onghi el d | ayer
of the primar, &?z%ﬁSﬁ @5&%% tol A %ﬁg{gel%?%%(d Xo%%ﬁé deth% g{é o%tsalh%@tﬁ one

econom zer app ratus t e usage s n anot ment e net hod

of this i nvemighopuritp¥elive gaafiomtshidrg [dast dﬂe@ri@maryrﬁesselvamisaid dt l@am ot@por space

and/or a hel islejcngn%ary vessel (e.g., from vapor space and/or a helium gas thermal shield layer
of both the primary vessel and the secondary vessel) through said at least one
economizer apparatus to said usage site; and (iii) the at least one economizer
apparatus controls delivery rate of said ultra-high purity helium gas from said at
least one primary vessel and said at least one secondary vessel (e.g., from vapor
space and/or a helium gas thermal shield layer of both the primary vessel and the
secondary vessel) to said usage site while maintaining ultra-high purity helium
liquid in said at least one primary vessel and said at least one secondary vessel.
[0051] An ultra-high purity helium gas feed line can extend exteriorly from at
least one outlet opening at or near the top portion of the secondary vessel to the at
least one inlet opening at or near the top portion of the primary vessel through
which ultra-high purity helium gas can be dispensed to the internal vessel
compartment of said primary vessel, the ultra-high purity helium gas feed line
containing at least one ultra-high purity helium gas flow control valve therein for
control of flow of the ultra-high purity helium gas therethrough, and at least one
economizer apparatus; said at least one economizer apparatus comprising a
backpressure valve for control of flow of ultra-high purity helium gas
therethrough to said usage site.
[0052] An ultra-high purity helium liquid discharge line can extend exteriorly
from at least one outlet opening above the bottom portion of the primary vessel to
the at least one inlet opening of the vaporization apparatus through which ultra-
high purity helium liquid can be dispensed to the vaporization apparatus, the ultra-
high purity helium liquid feed line containing at least one ultra-high purity helium
liquid flow control valve therein for control of flow of the ultra-high purity helium

liquid therethrough.



thermal shield | ayer of the secondary vessel ultra-high purity helium gas,
the ultra-high purity heliumgas being admtted to a pressure in the
primary weeel/m|usBi ci ent to di scharge ultra-high puritychalSeanmiokizqai d from
the primary vessel. [0050] Wth regard to controlling the delivery rate,

(i) the ultra-high purity heliumgas fed into the internal vessel
conpartment of said primary vessel fromigecondary vessel (e.g., from vapor
space and/or a heliumgas thermal shield | ayer of the secondary vessel)

controls deli r at f sai |tra-high purity heliumliguid fromsaid at
enst Cone. pr iR ARUEabie bRty Bl BB b SRR Gt et s and

ul tra-hi gh pugdst yndwitictiopcaasg; St garidatdin dppasitusad ehova Pkt FRbisege appar at us
to said usage site, and ultra-high purity helium %gs‘ fromsaid at | east one
primary vesséite.dheuigaitighpunitsstiungas diselsignlie cragdeing peleast one pliifrvapor
space and/ or hggdd'@lrltzﬂ‘él g&ﬂﬁém nt?&l!vglv% th?@Xﬁrfoxoéon%%i B 1&\G oPHeTREY. vessel
and the secondary vessel) “through said at [east one econom zer apparatus to
sai d usage sihigh purity helilie gayheethromgte t hermal shiel d | ayers control net

evaporation rate of said ultra-high purity heliumliquid in said at |east
one primary J@@éﬂhaﬁae%wrea_ oyt ghield laydys havgpn @@eﬁaampa%g@é@, sai d net
evapor ation naf e GephdIQhRIAghilve .B,/a'iis{u% #h 38 ﬁéﬁérﬁl?&ﬁﬂ{%‘ntf’fh"e'tﬁéfm‘&?' rum
liquid fromsaid at | east one primary vessel to sald at | east one

vapori zat i on shisfphlaptrs sompdsediquidnitiogen [JuY,) therinel shughl dpysrsfandicbammgaat | east
one vapori zatj on B a[r?t us to said usage site, and controls delivery rate
of said ult r APTER %ﬁ?fi 3Y°Rel i um gas fromsaid at | east one primary vessel
and sai d at g5 TOREhERGPIHAH YayeRSatldebRad heaf AV IMANRAE aSIBAEBnaNd/ or a

hel i um gas thermal shield | ayer 'of both the prinmary vessel and the
secondary ve$saayy vesseugH thadtdeast oncmsendanevessdnibaickr deerppratenais to sai d
usage site; and (ki he at .| east one econom zear. ratus controls

ol Tvery rat avgroridnpedsitd L wh e ARy SRR N S PRI s one
prinary vessekssanghdst 6t Rhst bB@sdcottey SeSeNdRy Yecv@sHielhebeedks inforthematvapor
space and/or a heliumgas thermal shield |ayer of both the primary vessel
and the seconfgl9nomysdyvesss! aul the aklagd 0a¢ secongary scssal ardihaTehy ul t ra- hi gh

purity heliu i.aul d i % t P I j(d at | east
e secondar vty nédyBlidh rlsifihe PSR ALY neEGRBANA ALY 0o
ext end ext er ilemst gnef promargtvetsebatd thaet loadt bat s@pedirngesatl, die thearal slneldt op

portion of the secondary vessel to the at |east one inlet, opening at or
near the top [PEFLIa8ricecateH, eﬁlﬁlpﬂlﬁaf“\‘}éas-@éhppﬁw MRS QRCRdt P &€ hi gh purity

hel'ium gas cafaea el SPENAES L&t Bﬂ@pﬂiﬂﬁﬁﬁr Nalel ¥EPARIat LATRAL kBRAb9T Sai d

primary vessel, the ultra-high purity Heliumgas feed |line containing at
| east one ul tvessehingirdgue intayntie| maxmmgmsal fovahleonorkimgl presalingeo fttpeat déant f or

control of flow of the ultra-high purity helium gas. therethrough nd at
least one ecSROATER speAad (1 & lotpng rehdary Vi Te lbabrmoedimag sl us

conpri sing a 1Q&s kb essd @ sveHwecdidaryc@iRtd] @hn BE rddh@d 8f drbvinpdrapb@iedour i ty
hel i um gas therethrough to said usage site. [0052] An ultra-high purity

hel i um I'i qui AR belitm ges fromdhe thernealtsbietil lexerenfiter sogoridaanyesscliaadst one out | et
Open NG Do G SR G PRk U BL s P L R B5 SEkel bf EpRLast one

i nl et opening e vapeorl Zat'i on "appar atus rou purity
hel i um | i qui dn ¢Rpriveardivegensed to the vaporizati on apparatus, the ultrahigh

purity heliumliquid feed Iine containing at |east one ultra-high purity
hel i um i qui d0936dviheane pomuliRla/ SQ sratanes frpgccersianscowith this inygntism is he

ul'tra-hi gh pythincalRl s Hb ek, tﬁb@eﬁ&rﬂﬁ@%ﬁlﬁple ISO containers allows

supplying of helium at a wide range of flows, maintaining additional inventory at
a customer site, and supplying UHP helium gas directly to the utilization site.
[0057] At least two ISO containers, ¢.g., vacuum insulated ISO containers, are
used in the UHP helium gas supply method and system of this invention. One

ISO container is on-line while the other is on standby. Heat leaks in the standby



- 14 - [0053] An ultra-high purity helium gas discharge |ine extends
exteriorly fromat |east one outlet opening of the vaporization apparatus
to the atwbeasit01@37@ usage site, the ultra-high purity hecCrasegassrtrechar ge
line containing at | east one ultrahigh purity heliumgas flow control valve
therein for control of flow of the ultrahigh purity helium gas

t her et hrough. [0054] The one or nore theégsmal shield | ayers have an internal
conpartnment to hold a thermal shield fluid, e.g., aliquid or a gas. In an

enbodi nent, t thermal shie ers,c rise |iqui itragen (LN2)
Chermal ohi entOiR)EIER i e ST (RS FRRe Dian ot FEPLEETHEHEE) “The
thermal shi eligcrbajRrthe pRIsEE GT thaSessBE alhis Ma@RSgas Mitotn thHeapdr dpeésSindsie pri mary
vessel and the at |east one secondaréﬁvessel, t her eby decreasi ng net

evapor at i on matemegps theamel|shickd kiyerrighe stagdbydSOuentainggiiydiayne ¢giodelly east one
rimary vessel V. r i ng heat
Feaks ?nto tﬁgngggﬂg§§¥ﬂ%%%§%$%%%P§m5§§§22&3%8Cﬁﬁggay) éggﬁ%gﬁgﬁsegondary

vessel, and tchetilytodadideadintgntatopewaion padsian. Udireliqfid hbkurfitohathki gh

purity heliumliquid in the at |east gne pripary vessel and.the at | east
one secondar JWESISE) contaigeriip dria thegmpdyey vepgrErsandisnyodhe dalizaige anount of

ultra-high pZB:’oirﬁ.yLB@vkli %ﬁ@g@%ﬁ%@ cEr?b@@ch‘MJeB%g%‘éﬁlgftﬁé’{ﬁ‘eﬁﬂeﬁ shields@St one

primry vess and the at t" one secondary véssel’ in order to maintain
maxi mum al | owedblS®) guntdinerg tpmessumccicof lcalsmndtthdretast thoneopni sfEXHRvessel and

the at |east one secondary.vessel. In enbodi.ment, heat |eaks into the at
| east one. sedSNTARY AI00eHD b I TBEFaHOL By na AP S 588 U hel | um
gas fromthe aithigeds) uﬁh% 8h dedrvBrer®d blebe oFrgRERERMYIIIVRE2ES BRCGhS YRRy Ng it
to the vapor space of the at |east one prlnagéovessel to build pressure in

the primry wpassand/of bolben sahdened shiclddayars pf both $© promeiandibeckup accor dance

wiLh this | nyentisqn bl SR e Gab Pl REYEr Rlink 8 aRORFhLERT inSKETBLE, MU LI Pl e
| SO cont ai ners™al’l ows “supplying OFT Rel't O at " a swi e range o i oﬁB,
mai nt ai ni ng adghetsi onal inventory at a custoner site, and supplying UHP

heliumgas directly to the utilization site. [0057] At _|east two | SO
contai ners, d00p8] A/helklianidis( eonéanqrsen belgtlangs ameunts of UHelayid of he UHP

hel um Sl O 275, SYSAAT: o L1 o) BB R Rk rer 1
is advantageous to supply UHP helium in liquid or supercritical form since larger
quantities (over five times as many molecules) can be transported as an equal
volume of UHP gaseous helium. A larger volume of UHP helium source
significantly reduces the frequency of change-outs, associated labor and risk of
contamination. Also, implementing the supply method as described herein
provides flexibility in UHP helium gas use rate and allows the customer to
efficiently manage the inventory for long periods of time.

[0059] UHP helium fluid can be drawn directly from the storage vessel as
described above. Impurities present in the vessel are much denser than liquid or
cryogenic supercritical helium and so are predominantly at the bottom or
deposited on the walls of the vessel. UHP helium can be withdrawn at a
temperature not greater than the temperature at which the concentration of the
impurity in the fluid being withdrawn equals a predetermined limit, e.g., a limit

desired or allowable. This eliminates the need for expensive purification

equipments usually required when supply is obtained from a gaseous source.



- 15 - 1SO container vaporize UHP helium (net evaporation rate (NER) gas)
thereby increasing the pressure in the vessel. This NER gas fromthe vapor
space andworohialiarmn gas thermal shield | ayer of the stamrdipyusb@@oerné ai ner
is drawn, optionally warmed through a pressure building vaporizer and
charged to the active SO container to build and mai ntain operation
pressure. UHP liquid heliumfromthe actéve |1SO container is fed to the
product vaporizer and sent to the utilization point. Lower helium supply

b i .b i th | i el ds .of h O. i
e o 0fod TH G vl ARyt R o3 s RSty of S s R 2o o b
r e TR P IR RNLRY TR B ol S sl DRI

wi t hdrawn.  SteihiprdegieThif glcludes BEPPiuid BEIREN E@itaiBersAiibRipABSurbYoss] Ng an
econom zer to bleed off pressure building gas fromthe vapor space and/or
hel i um gas t Hephipiree pisemaligsapeossirgfeeslaters apdpiodperarpplymacshe kelpfvessel s to

be sent to t i i tnicpg:d iquld hel I t or age
vessel s. [Ooggﬁv(éi%tb%ﬁ&?%ﬁlg' %&%Igir? atlgﬁ1 'légé{)%ﬁl%%h#%g\lﬁagrgﬂ ts of UHP
l'iquid or supsnethctbacialp IS€) ¢ammindrd2 exaptjpnelly #800cd thich@@@rgahcons of UHP
liquid helium It is advantageous to supply UHP heliumin |jiquid or

super cri t1 caluflgiavarNEs HPgen ghant fed Belq ger 159 seninss 0L y

mol ecul es) cap. ?a% cbﬁéi&g?ﬂ'iih@@oii?o BRAEAH RhaiN @i raﬁ?@g?‘r‘@s&%s %%b?ptilaﬁél' um A

| ar ger vol une of UHP I um source significant ces the frequency of
change- out s, hagswessatestdbé trbidar 188 dan alsé bofisaridint b duzg ippresirs o, the npl enent i ng

the s I nmet ho descri.ped her ei rovi de lexibility.in U hel i um
e oo i I e iy st e RU B e e SO apd A2 bR ast ot or
for long perigdsaifiallodBle dr&Qe@lin Y Bethinefy 1ol Wind 192 RedpeetieBMPrEistRCt |y

fromthe storage vessel as described above. Inpurities present in the
vessel are nuelkefdeivsed0d, 4o 405qud #06 rrcuspd temiamtauplewatle preasurhal tham and so
T o R e At R S R L T

t enper at ure @onWbi €ivdsiBBOCIOICATII0AGnGHe Bis donBedtiBAUMEt6P] iaft dsBe td | ui d bei ng
wi t hdrawn equals a predetermned limt, e_.q(l;. , alimt desired or allowable.
This el ij m'Whnatr@@lqtﬁéowgédsgwn@wgé?@%e Buitqipg gawrcﬁfw&tfmsmﬁ??@r?gggg i yTh
require e Y, roma gaseous source. - - e
direct UHP | {gaﬁﬁg%e Clbﬁ%ﬁsglg%ﬁ system consi sts of several pieces of

equi prent . Tho@61i] Atk udiemgUbirel foriluid fToel is pressantdéiference, behi-gi-the esselr e hoses,
ol el val vesnadigu e B R 19%g Ingeemd pusritng: 6 PRgry RO batiePPER hel i um
brossar o bui 1arsg vaner | Ba FFBMBLAET A e 301 BPIR LAl R TE gy 1o”
cont ai ner 101int1602tmbe vdperigedamsimenetotthopoih efaus60 Thusothb uedudsit@rpdesswient ai n
operating pressure. An optional, hi ressure. tube. trailer 103 can al so be
coed for boi B A CBL P M BB RIS de e A S i e aosar y
Pressure rel idefivardlpy@sur 0 Wishieh v 2s /6B isoRbiobfed Bt Aitd 3akéualibg pressure
in 1SO containers 101 and 102 respectively. Pressure relief valves 403,

404, 405 and 2hoe the botiere@f thy veasoht BihenarsselbHl ie oplies samteolivalveti@2 gas
connect i on ang. LAy, 8 eaAnacidonIes i3 GeALBAASES 19PE iy 102

Control val ves he "gas connectron 11 ne are used to
regul ate fl ownétontiDveRatsal nedctpitabadorlitpuoltd agirgasloaragad.ifiat i s being

divectly s enthefil?mtd?i%eg Eh?‘gl(l)gqli lizn%r6032)oi55 sent to the product vaporizer 203 to be
vaporized and sent to the point of use 605. Flow of the vaporized product is
controlled by valves 303 and 503. Vaporized gas also passes through an optional
low temperature pressure protection (LTPP) unit 306 (to protect downstream
equipment) and then passes through an optional filtration skid 204 (to remove

particles).



[0061] The driving force for fluid flowis pressure difference between the
vessel and the utilization point 605. Increased pressure in the primary |SO
cont ai nerw0Qa11/a4313ed to drive liquid heliumthrough corcrals2valovr7601 on
the liquid connection line 602 to be vaporized and sent to the point of

use. Thus the requisite pressure in the primary supply vessel 101 depends
on the desired heliumuse rate and del tv2ry pressure. Wthdrawal is froma
port | ocated about 1 to 30 centineters above the bottom of the vessel. Wen

I [ | ine, I I : h | | i,qui d
dor tvery 11 nd0 8P RE e EAhER KOniEHREI R Sa%ePURTNER Rl o1 va ve

501 is act uatcetraltelorie thg aldoftthenthe shitidd. Thowecrailahicld Buidgidgl | um driven
through line 602 is sent to the product vaporizer 203 to be vaporized and
sent to the PEPHYIRE th@s@les@5&8@@%@%@%@5@@&%@%@%@@-i s control | ed

by val ves 30%}e%@ﬁll?f)tﬁere\é?&%deﬁ?916%‘5@' %%r?é-gga%ﬁ?ﬁﬂﬁ&‘ﬂﬂﬁnaa%d tignal | ow

t enperature pressure protection to protect downstream
equi pnent) anbictdsan tipasskmt thergudiut apukipdthanade fasd tforthe inmer sdskel o2k (t o
renove particles el ium evaporation in the

). .- 17 - [0062] The rate of
storage vesseP' m@R}Iﬁé§ln@5&?Pﬁé%€dh? &SFP%IC‘IhIﬁI‘I IIulfihéFya}caﬁbfat WM shi el ds.
The ther mal SRirfh fidldfueP AIARIOUAT HQHTADeANGCh NRtroUGSARI o FOIRRLL Ment L hat

contains liquified nerally, there are seve alternating | ayers
of vacuum i nsthicathecomalashicld keenalfilkehivethdepenzadidHP habiiargas éwer thy irleat  woul d

ot herw se pass tp the jnn essel of .t.h ontainer is intercepted by
the ther mal - ST PEinEER: fgbratiny fufiey LAEEIRE CRGT et ShIG B By or |2
filled with lhalgd Eqfaif@s DU PPodictibPERNo e Rtorh@aSite ONBiICRERETakE her mal
shield layer is filled with vaporized UHP heliumgas fromthe inner vessel

conpar t nent tupde sevsral aeaks, veprized ebicldHiuif éd Yamtad. Otheiligyiftadzgas pormal i on of
the 1SO contajners fr t.he producti site to the,.c ojer's site, which
o oo o BhRE ikl o 15 24 feftab G P Ep GO 50> Tre

l'iquified gagoedsgrmelhestieadsdn thepicestdaty Veabel Saretaposine tieautirf-hedh @iy t o | ast
up to about 30‘days.k%0063],The heat | eaks in the secondari vessel can
vapori ze t he hgligrpaiahidg Hepihyiingreasdng Risssurinisaid sepdabyvassdr d8%i ng pressure

or mary vesser Ao g Al edS SEXAREE T S B IR MuREIMAIERRD 75 ¢

di schar ge ul toparahing prepsure syffibieht tordidchepge dltfa-oigh parity ipdivmeliquid &esedaid
primary vessel.
[0064] Helium fluid can be withdrawn with an impurity concentration sufficiently
low for a particular use so long as the temperature at the exit is below the freezing
temperature of the impurity. A still lower concentration of impurity may be
achieved by withdrawing helium at a temperature not greater than the temperature
at which the vapor pressure of the impurity causes the impurity in the fluid
withdrawn to reach or equal the concentration limit desired or allowable.
Impurities which may be present in helium and the respective approximate
temperatures at which the impurity vapor pressure causes the impurity to reach a
concentration of 5 parts per million volume (ppmv) in helium fluid at atmospheric
pressure include, for example, H,O (207°K), CO; (111°K), O, (42 °K), Ar (42 °K)
and N, (36 °K). For comparison, the respective approximate temperature at which
the impurity reaches a concentration of 1 ppmv in helium fluid at atmospheric
pressure include, for example, HO (197°K), CO, (105°K), O, (39 °K), Ar (39 °K)

and N; (34 °K). If several of these impurities are present, helium may be



[0064] Heliumfluid can be wthdrawmn with an inpurity concentration
sufficiently low for a particular use so long as the tenperature at the
exit is bebamites7Br eezi ng tenperature of the inpurity. PATAISRé0/OkXAET
concentration of inpurity may be achieved by w thdrawi ng heliumat a
tenperature not greater than the tenperature at which the vapor pressure of
the inmpurity causes the inpurity in thel&luid withdrawn to reach or equal
the concentration limt desired or allowable. Inpurities which nay be

resent in hel.jun and t espect,i ve appr.oxi et eratures at which the
Pty VandtaL ok e (SRR 35N o8 or BRI R R ERRGEALHE Bt on o
parts per i lgrda@st thal tHeeeniRpdfie at Whikel thel hpirity it thehiphspRepdrpresessur e

i ncl ude, for exanple, H20 (207K), CO2 (111K), 02(42 K), Ar (42 K) and N2 (3
6 K). For coRpehsiacongeatra ttiiy thehshrmdiwgt & megeetaded descEptioneich t he

inpurity rea i : i | | . : mspheri c
pressure incﬁﬂg@}r&ag??gﬁg%r%ﬁ%Paﬂgﬁu%%é%@pwdfgg%gseg{ﬁ%f g%lb%?FEPAr (39 K
and N2 (34 K)U.SIPataewnar. 8|386§707 has discloputt iof mwdschak encprppsaead herbialtyum may be -
18 - withdrawn fromthe | ower port so long as the withdrawal tenperature is
not greater tH&F"the tenperature at which the inpurity with the highest
vapor pressur & | s AR t | A nore
detail ed desé??({)sﬁﬁglﬁ%gfsqt\?\n%%@g?a rﬁg%AI%:Hr%/dodl I’?IH(?J] lﬁhe%l?%%ﬁ%&l%iﬁ%@v%@%ﬁuri ty
from a vesseli.ci, badesesiradlvien303. tBat datbe mscdNo. bl&d386preesnre binblin sl osur e of
which is incorporated herejn by reference. 065] The  on-site supply system
'S al'so”equr ARRSCTh el KB AoNeTEr HEbraea Vhen SogRUREP S o val v,
305 that canBgeksegrchRr Rlagekk QfstorRirasisl @atBUAk hgre@ar ANk QBds di rectly

to the custoner. This is essential when gas build-up in the vessels is

gr eat er t han indreaseygndorastics thersgipeiat an thascanemigarappaupas, ire. thaekressyes s

| ncreases and [ eagies, {06 288 oAl MRS EERIANLE R BRPALRL S pid - €.
backpressure varve, sts gas Is Y%r ce hro§goll? 1'Re BY3HUE ng opegr‘ati on
| ogi ¢ as shown ValvdBEs is3et avallyweerdNEssing th@t thatv AWoyERhe PESRSIS buehiphan t he
MAWP of the vessels but higher than product valve 303. Hi gher pressure flow
t hrough t he él&slrmmi%éwa%ég%- Highgeprsonire flowdirough heegprimiger ksebduct to t he
custoner. In i j.u : ow rates
(e TPNER {1 B 0¥ Rlned D SURAECLERNCSURR R B VAo Bkl 17
vessel s and wadeuppihke MR, veAgthivt flowahtey (i.cUNER &buatl thasefseBinvhiie t her nal

shields of the vessels ¢ be drawn and sent to the econopizer as described
herein. When RAAINE léqu@ﬁ%h%ﬁl @P JESSls aa& radgrthe MenlvPy ‘{‘Tii]‘?é)né%’t oner from

the back-up t[}i@lehéﬁlﬁjl?% FoRRUBRY A HRIBAE 1L dINEnERArak D ARPlenkRS er ri ng
to Figs. 1 and 2, it the conbined NER gas from | SO contaliners 101 and 102
i's greater thlancoohemrzeged dedritesl icoem.u¥éenaveaildbje, ghecanudsoomedirectlirecnt

econom zer a ratus, i.e., backpressure.valve,. 30 ns,,.co ol val ves
301 and” 504" Godis CusftrekeRnye RSGHT REEGU A b 353 I0ZAR RN suppl | eq
directly to t[ﬂ%Gg&@%Tiﬁ%ft@Fl_@@ﬁ Mide, lif e c&BBincll NER gascRoR IS@oMaRegas from

| SO containers 101 and 102 is not greater than the required heliumuse rate
by the cust ol and hehisnERtgrban the dequetst ddlitmage ra80x dtcabtaser, 162 to |1 SO
contai ner 101 to buil [essur i quid helj is drawn fram.l nt ai ner
101 through v8PeterPpBRGREE ek RT3 bt Biel LR FET B gas
i's delivered309 opbig atid AR gdstfor@ 08O cdhaindts 10dast 1026 epphahdizetlyappar at us
is controlled to draw ul tra-nhi gh purity heliumgas fromthe at |east one
primary vesséhe uyigy gt elieviating bt I dhreComehinridEf gas figm IS(heantaingrsr  del i very
Lo the usage i bfiq W lsoFBoatcaiinmek b fIBR PRI MEL LML G 11 the
at | east one primary vess and/or the at |east one sgcondary vessel .

[ 0067] | npl ersHiR gid ionirofted Fremsi$ptontginadd2 so 50 thtsinenEnbiboildcan i nvol ve

t he use of several | SO containers. .The supply process in ve various
conbinationspgﬁyﬂFiHﬂP?ﬁgﬁﬂng‘ EWHéyﬁnE%%BQF%BQEﬁﬁﬁ%PuggéﬁﬁFé&lBhe or nore
primary cont gLpetsr apflwheRrit ARAFor$RAANMBENuk N RIBBTGed RWBe AaglR[tE Primary
containers and 3 or nore secondary containers, 2 or nore prinmary containers
and 2 or nor @0§edbadelcyst oontainnerzy apprdatihes donfrelledithalravoubita-nghiperityof
containers r ired depends primaril.y on the heliymuse rate. This is
because | 1 HetvBeds REG 8 BRt hithaBne i apdeh et Be e Serondidai 1y
requirenent, heliumhas to be vented to atnosphere in order to maintain the
MAWP of the |1SO containers. Also, the level of inventory the customer wants
to maintain onsite and the |1 SO container transit (shipping) tinme between
the custoner and production facility has to taken into account when
calculating the total nunber of containers needed. A schematic of the
supply cycle flowhart is showmn in Fig 3. At any point in tinme, each
container is at a different point in the cycle. This includes full and/or

T ] o, e . .



[ 0068] The UHP helium gas can be delivered to a variety of usage sites, for
exanpl e, sem conduct or manufacturing sites and other industrial application
sites. Wwo22hewwage site is a senm conduct or manuf act uPCm@ISe010m42276
ultra-high purity heliumgas can be used, for exanple, as a carrier gas for
i ntroduci ng an organonetal lic precursor into a chem cal vapor or atomc

| ayer deposition chanber. The ultra-highpurity heliumgas may al so be used
for dry etching in LCD processes. The ultra-high purity helium gas may

further be used j ckside,- 20 -.cooling.to. control .the rate.and

uni formity o coebr AgSTh EEeg asi € MRk ah i GRS bR v ¢
hel i um gas mayjuil ifohde 1e8e6nd RiBheGksdeDind/@aks aElbght bh& ecphid@Fe FessE0069] A
renote nonitoring systemcan be used to nonitor the nobile |1 quid storage
tanks 1t can [8dilaplegrentation of thersppplymireceshefi thigdpvration canyimvealve dieiseand head
space pressur I 11 i I . s data is
wrelessly t rogﬁ%%}d?tlgg%togdaﬁﬁg& cjﬁlgfsgh]g?%za%%%%?a uﬁio) i gfahb{? upbsné%tmél?)ndi tions
of pressure afigrimaguard @tendagacdnedndrs, fohexanipde, wat oshiced priramg/ontaiss

cont ai ner, vapor. may be vented in accordance with preset programrng in
order to atté‘H%t2 Ot‘falqr%é%c?%@)arr}’%ntﬂn&ﬁi e @J@‘Preé’ﬁ]@%ﬁ‘a}talﬁ?réé‘ggﬁ@rset poi nts.

The tracking ﬁ&é&@dﬁhé&@gaﬁﬂaﬁ{e¥s§2%@m§é’%5 conPRtrs S P I'ﬂgrecg%!:@r%ﬁ% nd

ot her contai ner issues ring transport. ce the trailer 1s at

desti nati on, cohteinguss tidribe likanTee etal numbeoof ¢omtrenars raqgiredhdenenils t o noni t or

inventory levels or otherw se. Depending on the mni anmount hel i um
the cust oer THETFD) vb IIHb it GHE: ¢ Bl i HEvesat BireptpNEREES R L T or a
new trailer ebhfaflerstkctdi® (RIQAE BfuitMAH IR 1Bk ’CBd Rt td WEhedphéR- 9.
email). The transit time for the ISO container nust be taken into account
for when thi gnerdgefo mainglimthed AR of hahSQlcentainerss edlseighalgvelrmdt i cal |y such
that after a.certai eriod of tinme .a newitrailer ds.sent out to the
custoner . sedi iy Beibionter Jaah' Eaif IR HMGE 153 oSiRbefiisicure of

whi ch i s i ncoshiggiagatndIBERictn hy custbikeiaeprolfioa]fadNi Ak kdtaksyBit€em and

met hodol ogy can optionally be utilized in the ogperation of a UHP helium gas

del i very systEfRURRIVERD Fadcwlafiig the fatel nuanbshabsantaingrs pegded, Arsshpmptigel

opt i m 22t o0 BNl ARk 91ca0 844 99 R PFERERRAE BB des ¢ od
optional 'y bes atsediffeencpsittialthdNiR]e. sTipplngludat &4l ankdéatpangllgndecc ool i ng of the
| SO containers, settings on backpressure and relief valves, a1;1d0et§1he like.
The comput er EBRIEH 4t %Uémnteaﬁ_SHsaﬁénﬁt}ﬁé@gWﬂ%lntgdra&a?W bark foeient

paranet ers i RyaflicAtdiSoRlink n@POh S aﬂféédrgfr%ﬁne@én&{ld%ah% baRgaR to the
custoner site. The systemcan be 1 nplenented to adjust paraneters

aut omat i cal | yustQmat sitsl afdet hermdHPpéretionumoda shatedw ventyineyatiess a dre be

achi eved usi ng_convent 8R! L L QLoR@hbYhSi TR SR £ SOmRMLE"

is dropped off at a customer site and the empty trailer is taken away to be refilled.

If the calculated required number of ISO containers is not a whole number, it is
recommended that it is rounded up to the nearest whole number to provide
flexibility in the supply system.

[0068] The UHP helium gas can be delivered to a variety of usage sites, for
example, semiconductor manufacturing sites and other industrial application sites.
When the usage site is a semiconductor manufacturing site, ultra-high purity
helium gas can be used, for example, as a carrier gas for introducing an
organometallic precursor into a chemical vapor or atomic layer deposition
chamber. The ultra-high purity helium gas may also be used for dry etching in
LCD processes. The ultra-high purity helium gas may further be used in backside



-21 - control systens together with a variety of electronic sensors. The
control system can be configured to control NER, supply rates, heating and
cool i ng olvotha/d1&23cont ai ners, settings on backpressurepramase@bioef27¢al ves,
and the like. [0072] The UHP helium gas delivery systemcan further
conpri se sensors for measuring a nunber of paraneters such as NER, supply
rates, heating and cooling of the |SO coatai ners, backpressure and reli ef
val ves, and the like. A control unit can be connected to the sensors and at
| east one of thﬁ inlektoHﬁniqgﬁugnd ouﬂlei pgenigﬁs for conve ing UHP

hel i um t hr ouGRORE PIFENEYPE FA'Y AU 7oy OF Sl R P12 QL UPSer B Rivet er

val ues. [ 0073jhe Tiea-RigApUESS hdlihl ReedssShsiRite aiccRPb [0dlalany liae part of or
coupled with the UHP helium gas delivery system The system can be
configured oPUE“8grammed to control and adjust operational paraneters of

the system az?/(ll{t@)é A Pe%cﬁ@ﬂ{oéﬁgrri@‘grs{%ﬂ{ G t?etlf‘sdr{ gc| M&tiitor Feem%BﬁPH{pﬁ

i npl ement ed m can sen ecel ve cont signals to se gnd contro
oper ati ng paraimgicatusksofit ¢dneonyistofmte[Emetre anip tiae pathompllgukited aay dtem can be

renotely |ocated with respect to the UHP heliumgas delivery system It can
al so be” conf SBRfcGUCrerdatidndeglehd BOYHHh BN SN BT FERH IS hel | um gas

del i very systefBeVhyarndfiti@eb iRl adlofiRe bndBARDIUTPufiS: LA o et her net

connection or mnreless connection. e control systemcan be oper at ed
renotely, suophesasetahd gl ardveathmden thet thern@0 skl dRadtor d80 abhtawier, tviaporcont r ol

of the UHP helium gas .delive system can be acconplished wthout a
computer . Cr Y Ry RARAGE AEepReAnGs TRk e BRSO PGHBAN G (B

controls. |n caAbliSERRERveland MBpsPreSuRtLIPSAR, N8e draBBALY sty 8l6M oper at ed
by a user. In another exanple, a user may provide input to a control system

as descri bed.aleatsghg supblier ghpopisshiprengydelee andpthss corteer wsupsditiog supply rates

(for exanple, UHP heliu s del i ,ver .at es The air pressure _gauge can
have a Suitagﬁgﬂgﬁhsﬁ%?gh%%1&%1§%§ﬁ3%§§n%gm%?§§@§° grgﬁhge%??c? gMSUppIy of

UHP hel i um gasing@hd fdt ©UAsMEME invichtoi &:veRI0e oeXeei8e SDapdidatadethsi ned val ue.
[0075] In the event of abnormal conditions, for exanple, when there are
ext ended per iNGEENWR aBRERE fdElipy the SHEMESYINEHOIRHPIN GIIHGTBA CUIRMET ansfi | |

) o R EPLAOR, ARICTL 5, gl U el o

nat ure of thaydéemnept, eomil). SThe transit time for the ISO container must be taken into
account for when this order is placed. This can also be set up automatically such
that after a certain period of time, a new trailer is sent out to the customer. See,
for example, U.S. Patent No. 6,922,144, the disclosure of which is incorporated
herein by reference.
[0070] A control system and methodology can optionally be utilized in the
operation of a UHP helium gas delivery system which is configured to enable
automatic, real-time optimization and/or adjustment of operating parameters to
achieve desired or optimal operating conditions.
[0071] A computer implemented system can optionally be used to control NER,
supply rates, heating and cooling of the ISO containers, settings on backpressure
and relief valves, and the like. The computer control system can have the ability
to adjust different parameters in an attempt to optimize delivery of UHP helium
gas to the customer site. The system can be implemented to adjust parameters
automatically. Control of the UHP helium gas delivery system can be achieved

using conventional hardware or software-implemented computer and/or electronic



- 22 - identified, for exanple, a global heliumsupply shortage, an | SO
contai ner mal function, or a shipping delay. In the event of a global helium
supply shwotageni4isBiP hel i um can be drawn fromthe | SO cenraisSc@ns42m6 Site
and the custoner notified of the allocation situation. In the event of an

| SO contai ner mal function, UHP helium can be drawn from anot her |SO
container on site and the remaining inventory updated. The helium
production site should be notified and anot her | SO container requested. The
mal functi oni ng | SO cont ai ner._shoul d be returned to the.heli roducti on
Site Tor repatPeo R BRRerF R Grdh A HEORE e et o8 be. ar awn
from the | SOceRBbé adriTRiuBedtd cdhirél, NBRGupPE raks e andcoplingdueihcasosi te
notified of the shipping delay. In the event of no supply disruptions, UHP
hel i um can b&OPEGF. fetBRrEstHdACTCssyr Aidelief vehvesiand the ﬁl@ remai ni ng

i nventory up , qﬁﬁﬁ [ AN contalLners | j pdat ed.
[0076] In angw@ﬁi Tél%bo I ﬁ%lﬂ{rﬂ@%é ?éz;lrv gé’ %y?t(%ll %ﬂsﬁgﬁgén@gfiﬁgﬁgg%fed at the
hel i um pr oduatidasuriny amimisaof perametant fiched NER, stipyely cated, ha®ing ahbicsoligr age

vol une can be .in the form of | ar ge val dewar (e.g., with capacity of
30,000 gal | oéfhedoftontairers Gagiucssitis aﬁéﬁéﬁwkvawflﬁél}e.glﬂ@«.éecqqa@?wturre is

filled the UePybebidioioh AincUeRBH 4R% Sal iR driid hilShifkRibuRLS | ol ent |y,

UHP heliumin the dewar is pre-sold and dedicated to e specific custoner
(Wi th detai | pcouey fod ctryveyng BdB ihnlews tlagngemethe)system in hecogdanat wath UHP

hel i um short%ﬁe t he dewar wil I1 be avail able to supplenment the custoner's
deliveries. T SEHFdRRAMHE YU ar 'y effective way to manage UHP hel i um

source duri nqomﬁ_sqt%e%uﬁ]@_{mér&lgﬂ&h&ﬁbh@ﬁé‘@lch@_@@wngn%é p&it BESr dduplcances of
all ocations typically coincide with good availabili ti/) of shi ppi ng
cont ai ners (iwith the he¢laws gasriehivernsy siom dibg shistervfcap be dertfiguired ¢rei ng

shi pped, containers Iirtee y %’2 refore.. t heed tQ reHi nvest in

. . ere | no. n
costly shippilhgF cont ai ners X o J%%|°86Ea8°%ﬁqipﬁra%e?e§s B TASEHCP &5 e %Rust omer

during al | ocahil9re fRY dabiSate A0 | TRScohPteE athpm2BRY 8y stéhican kéndemidi on
relates in part to a nethod for controlling delivery of ultra-hi gfh purity
hel i um gas t 6°&IVeRyBoksignals Waetpndeontal ensriigdargacters of the system. The

computer implemented system can be remotely located with respect to the UHP
helium gas delivery system. It can also be configured to receive data from one or
more remote UHP helium gas delivery systems via indirect or direct means, such
as through an ethernet connection or wireless connection. The control system can
be operated remotely, such as through the Internet.

[0074] Part or all of the control of the UHP helium gas delivery system can be
accomplished without a computer. Other types of control may be accomplished
with physical controls. In an instance, a control system can be a manual system
operated by a user. In another example, a user may provide input to a control
system as described. A suitable pressure gauge may be used to monitor supply
rates (for example, UHP helium gas delivery rates). The air pressure gauge can
have a suitable shut-off valve that may be preset to shut off the supply of UHP
helium gas to the customer if the rate exceeds a predetermined value.

[0075] In the event of abnormal conditions, for example, when there are extended
periods of shortage in global helium supply or when the transfill malfunctions, the
method of this invention can provide reliable UHP helium supply. Referring to

Fig. 3, in the event of a supply disruption, the nature of the disruption is



- 23 - [0078] providing at |east one primary vessel containing cryogenic
ultra-high purity heliumfluid, said ultra-high purity heliumfluid
conpri si nyoubtwe43dmdgh purity heliumliquid and gas; sai g#CcprisSceop4essel
conprising one or nore wall nmenbers configured to forman internal vesse
conmpartment to hold said ultrahigh purity heliumliquid and gas; said
internal vessel conpartnent having one-0p-nore vacuuminsul ation | ayers and
one or nore thermal shield |ayers aligned adjacent to each other at the
peri phery of .sai.d internal ,vessel rpart ment, adj acent,~to said one or nore
el 1 Premper s bl igtdbr 1y 2o REOTRGUER Mk 3RAS Ol RaBMsbent ng ot "or
hear a top padlfu@ctdf, of BehippinFRiblayV &5 &Rl cvihtrorugiloda helfun bippdy Siogfagpur ity
hel ium gas can be fed into the internal vessel conpartnent; and said
primary vessdfHRAG WY car be dawn fime thedBOetontningss oiysitanddhe cer I m porti on of
the primary WA Sai |.tra-hj (INE [ jquid can
be dispensed%§§§%#?ﬁ@ggﬁggwﬁgﬁﬁegggé?ng%ﬁ%%??ﬁgﬁggﬁfgg%g%F%%ggﬁﬁ#ﬂg at

| east one sedddPlaclyurv essied diaantfaind angharlOg@ntainenloh e hndithe pernaibinghel i um

fluid, said ultra-high purity heliumfluid conprising.ultra-high purity
hel i um i qui dn%@%agéatgiﬁi Hheebiyrgpguciioasie Slt%%\?? g?tﬁgedxﬂg aB?t%ﬁ’br e wal |

menbers conf ijggrBhtabr FRILBUEN dTIE'bt r‘ﬁﬁl%lct%ﬁﬁégéo%ﬁﬁaﬁfef BRId bOrchphd @al d

ultrahigh purity heliumliquid and gas; sard Internal vessel conpartnent
havi ng one orthaimlenvarodurhonnsga lfatricpnrsl dy éressvantcbfarsbippingdaley, tHE nal shi el d

| ayers aligned.adjacent, to each ofher at. the peri ry of said,internal
vedsel compartiAcia gy Aee Forg olSe tEha RpREe v PoRRbERe A0 al
secondary vegs&luchéy sitthdfficl @ ste ANHiIALAJISL 1ARENERE 8ndNuppRAr a top
portion of the secondarg vessel through which ultra-high purity helium gas

can be di spenseeptionsiBdPihgtienan be dewel from tpakSCheantainérs saisde.phd nary vessel ;
sai d secondary_vessel being i |t na-high. purd hel t um.gas f.l ow

communt cati onm ey §RGY Aot b Buph R 4 ab SRS navi ng a
| east one outypeite@peni ng above a bottom portion of the secondary vessel

t hrough which said ultra-high purit%/heliun1liquid can be disgensed from

the internal [Q&¥ddn arshyamindinent] Do) licow sterar Volume lpeated #idhal t ra- hi gh
purity helium.gas pfréoﬁmiéﬁhgppédn%r aﬁ{ﬁﬁﬁﬁ'f%@tﬂ%&{torﬁ@ﬂ. dr@%%g@%ﬂu}h%sse'
or t shi e p y

(e.g., fromvapor "space a a therm ayer of sai rimar
vessel and/ orcasaé th the dandaf ylavgsedingic Howaugl., atith @psdityorte0;00R4atloeyonom zer

epparaLUS 10 SALGUSEEE LS S0 S Sacr o SRR ey

hel ium gas t hefighhhAYahortRs 84 Bk MSRARSSH V& efficiently. UHP helium in the
dewar is pre-sold and dedicated to the specific customer (with details covered by
the business agreement). In the event of UHP helium shortage, the dewar will be
available to supplement the customer’s deliveries. This can be a particularly
effective way to manage UHP helium source during plant supply shortfalls
(““allocations”) since instances of allocations typically coincide with good
availability of shipping containers (i.c., when less-than-maximum amount of
product is being shipped, containers free up). Therefore, there is no need to pre-
invest in costly shipping containers to be able to ship this product to the customer
during allocation periods.
[0077] As indicated above, this invention relates in part to a method for
controlling delivery of ultra-high purity helium gas to a usage site, said method

comprising:



[0081] admitting to said primary vessel fromsaid secondary vessel (e.g.,
from vapor space and/or a thermal shield | ayer of said secondary vessel)

ul t ra- hi ghopariiy37gel i um fluid, said ultra-high purity reriuseotlosi2de
conprising ultra-high purity heliumgas, said ultra-high purity helium gas
being admtted to a pressure in said primary vessel sufficient to discharge
ultra-high purity heliumliquid fromsapg-primary vessel; [0082] conveying
said ultra-high purity heliumliquid fromsaid primary vessel to at |east

one vapori zatj apparatus. said vaporization apparatus.havi at | east one
Tl et openi ndd V¥ STGHIRR Bl Ok RIARGH e cPo R RSN I be fed i nto
e out 1 et - open ey e g i be.
d } spens edl I r @#ri_tstaflwpl&mé %mli & éﬂé?}ﬁﬁ_ﬁlﬁ%‘i%ﬁ@%@})ﬁ@ﬂg 88¢ PHOEF WHas e chatnge
or sal ultras- [ rat us 0
formultra- hlc?][glgfﬂll1 pusr ?#fghédl ﬁr%ﬂgg%; {%ﬁff&ggﬁnﬁaﬁegﬁ 'go;}?cgli%%i?ﬁa’[&ﬁl gh purity
hte! : um gas f _rhéolgh 1ﬁiitgzl hﬁl@pﬂﬂihﬂia_taitndrgﬁ@rspiariﬁﬁeml ?ﬁgﬁajoglpatﬁﬁ@ﬁt_ lsdtvi@ orlaruﬂ [00?35]
utilizing said ultra-hjgh purjty helium gas I nt o e Intern vesse
conpar t ment  &HOTS Yparugt inglayor, kysrs pngd P%?fsl@%ﬁgwl %%@Z?Xef%%li%e ne or nore

thermal shi elidiat.aes SachaRlh af tRlncHBRSY oPUfd SAAAGIZRI ARPARALHS to cont rol

delivery of sald ultra-high purity helfiumgas to said usage site. [0086] In
an enbodi nentadjatére toredith ove of motvi wsall membtisosuid puohyyessshé hawisg anlgastl| t r ahi gh

rity heliumgas from vapor space and/ or hel i um ga hermal . shield | ayer
P by oot o et 3P O np 8 SR P SB Y Y Aeg R Shishe: “one
econom zer appa-RloHputis mﬁnydgmﬁn $t F&t inldthaNAtAST vea s ot entt f1 met hod
m

of this inventioninvolves adimtting to the primary vessel from vapor space
and/ or a hel isgithpgiarary vessel having at least one outlet opening above a bottom portion of

the primary vessel through which said ultra-high purity helium liquid can be
dispensed from the internal vessel compartment;

[0079] providing at least one secondary vessel containing cryogenic ultra-high
purity helium fluid, said ultra-high purity helium fluid comprising ultra-high
purity helium liquid and gas; said secondary vessel comprising one or more wall
members configured to form an internal vessel compartment to hold said ultra-
high purity helium liquid and gas; said internal vessel compartment having one or
more vacuum insulation layers and one or more thermal shield layers aligned
adjacent to each other at the periphery of said internal vessel compartment
adjacent to said one or more wall members; said secondary vessel having at least
one outlet opening at or near a top portion of the secondary vessel through which
ultra-high purity helium gas can be dispensed to the internal vessel compartment
of said primary vessel; said secondary vessel being in ultra-high purity helium gas
flow communication with said primary vessel; and said secondary vessel having
at least one outlet opening above a bottom portion of the secondary vessel through
which said ultra-high purity helium liquid can be dispensed from the internal
vessel compartment;

[0080] optionally delivering ultra-high purity helium gas from said primary vessel
and/or said secondary vessel (e.g., from vapor space and/or a thermal shield layer

of said primary vessel and/or said secondary vessel) through at least one



thermal shield | ayer of the secondary vessel ultra-high purity helium gas,
the ultra-high purity heliumgas being admtted to a pressure in the
primary weeel/m|usBi ci ent to di scharge ultra-high puritychalSeanmiokizqai d from
the primary vessel. - 25 - [0087] Wth regard to controlling delivery of
said ultra-high purity heliumgas to said usage site, (i) the ultra-high
purity heliumgas fed into the internal2yessel conpartnent of said primary
vessel from secondary vessel (e.g., fromvapor space and/or a helium gas
thermal shield | ayer of tPetsec$ndary1ves§Fll antroIs delivery rate of
said ultra- hiea%n%‘ﬁ%?rtaypﬁ%‘ Y AR RAET S oS S SO y vessel
to said at | easiprioing a\bapkgréstacvan cabpesraiolst A offultFachilih glirigUiclityy hel i um
gas fromsaid at | east one vaporization apparatus to said usage site, and
ul tra- hi gh p@es thpratopginiogaid yseaesikai d at | east one prinmary vessel and said
at | east one Y . Vv / ar | i um gas

t hermal shi ellcﬁj@%ﬁieg?ﬁ%? ¢ EOZ%E& Pﬁ%@a‘gﬁeﬁ%e? 3ﬂ\}1e§d§‘g§“§’g‘ga$§ﬁ§£§e(§§ﬁ35% vessel )

t hr ough sai d vapor spast andrue aebanaisideld lappaf sdidisccondaqivdssul afiea-kighe; (ii) the
one or nore thermal. shjield | ayers . control net evaporation rate of said

ul tra-hi gh pdHFixLehian tedy %aefﬁvléraﬁﬁglsaw&ygteﬂm@éﬂda PHRPTYRFY- NS sel  and
said at |eas i i I rols

el i very 1 a8 B B R A o PR e B G et
one primary vesaeprimarsaisselatfficaas to dipehavgepdira-heghi pmityapgamatiged dred
ultra-high purity. heliumgas fromsaid at | east one vaporizati on apparatus
to said usagém§ﬂ¥%wﬂﬁﬁﬁmﬁ%ntrols delivery rate of said ultra-high purity

hel i um gas f 0e82$2bivadind Qashin@MeePhlIRhYIiIVE $igeld B ssidipdndly | &dsttoone
secondary vessel (e.g., fromvapor space and/or a heliumgas thermal shield
| ayer of bot [t ichst qpe ivapaTizaties spilaraing stideapeicstidapppayauskaving drleasgh sai d at

| east one econom,zer. ai ratus to,sai d, usage, si te. nd,(iii t.he at | east
ora” econom sone MESh AR BLUPuhn SR oA THRnPAEim Rfllg bl bd sciifant | o83

hel i um gas f riggWa#patidatiin dfppmtus,oml fafd vapoyzatRespbarafid having adllcadt@ast one
secondary vessel (e.g., from vapor sgace and/or a heliumgas thermal shield

| ayer of bot uflpeonspinggipuglewbich uimhiehausisehsima gasces bedjspersed diom usage
site while nq#@@ﬁﬁﬂgagggé¥&%ﬁﬁigh purity heliumliquid in said at |east one
sel a

primary ves sal | east one secondary vessel. [0088] As indicated
above, this i[0883tcffoctinged pliass chamgpaf taid alta-lsyls pedityfhetiuehdlquwkmisagl ul t r a- hi gh
purity heliumgas to a usage site, sajd system conprising: [0089] at |east
one primary VARYHELERARRAHPY foFy dYEnnigh pPERNUEHEASuri ty hel i um f1 ui d,

f?i d ultra- hijgdg4puklitofing@hidUMrh it YTRE ggs ﬁ‘éﬁlrséidmﬁg&iﬁ%ht y helium ]
quid and gas; said primary vessel conhprising one or re wall nenbers
26 - apparatus to said usage site; and

[0085] utilizing said ultra-high purity helium gas fed into the internal vessel

compartment of said primary vessel from secondary vessel, said one or more

thermal shield layers, and/or at least one economizer apparatus to control delivery

of said ultra-high purity helium gas to said usage site.

[0086] In an embodiment, the method of this invention involves delivering ultra-

high purity helium gas from vapor space and/or a helium gas thermal shield layer

of the primary vessel and/or the secondary vessel through at least one economizer

apparatus to the usage site. In another embodiment, the method of this invention

involves admitting to the primary vessel from vapor space and/or a helium gas

thermal shield layer of the secondary vessel ultra-high purity helium gas, the

ultra-high purity helium gas being admitted to a pressure in the primary vessel

sufficient to discharge ultra-high purity helium liquid from the primary vessel.



configured to forman internal vessel conpartnent to hold said ultra-high
purity heliumliquid and gas; said internal vessel conpartnent having one
or nore Wioromvdaimzal ati on | ayers and one or nore thermalPCThisedid/ohryer s

al i gned adj acent to each other at the periphery of said internal vessel
conpartment adjacent to said one or nore wall nenbers; said primary vessel
having at | east one inlet opening at or2fiear a top portion of the primary
vessel through which ultra-high purity heliumgas can be fed into the

i nternal ves rtme % n st one
out et open A0S UBR Kl bisaR BRI ERURIBH PR FaGHu RLERiPhasSER whch
sai d ul tra- hisgld uskigd dite, (Itht Wltrd-high pdrigaeling cis SaemELhefifiteial R@sdlnt er nal
vessel conpartnent; [0090] at | east one secondary vessel containing
cryogeni ¢ ul CPEDRITGRNtE SRy rIeary yassel fupra scepareryicsseh(ers. oo EP@LAPART i um
vessel *compr rLtar ¥ bl BhOeRHl chitid BTG Bl R e e o IRER P
vessel conparitoefitaill altfuchigh partig hellltlmatqugdlfrpmrslatdyat eisi atra gringgry dresndkogas;

sai d i nternal ves npart ment havi ng e or re. vacuum i nsul atj on
| ayers and ondl &Ff%tr%letVﬁ%w&?&PO%ﬁP@Fﬁumﬁ; Igra-hig Ealjugeéﬁ% P19 sadch ot her

at the per| p*&?fe\é t%e%@b&daﬂ&ﬁﬁ%}%atﬁﬁ%ss% d1£‘s9 el Eﬁﬂﬁlté% ][ﬁm%thgluﬁﬁ' d one

or nmore wall ers; sald secondary vessel having at |eas e outl et
openi ng at orgamﬁram aid d@pcasbond wmmat vessel selcantal yast esssekondaryouggbelwhi ch

uItra-highprlt hellum nb dIS en ed to .t i nternal  vessel

conpar t ment WioPhaS S i Fordley BROBEH it of S

ul tra-high pl}bh'rﬁa)‘y b@éséllh@itigl@egse%ﬂé{&%ﬁ%&ﬁ‘ﬂﬁé‘ﬁgh%ld/‘éttléhsﬁ@ﬁedecﬁﬁbrﬁﬁéﬁ’ vessel ;

and sai d secondary vessel having at | east one outlet opening above a bot t om

portion of tﬁep@é@@tmw®u3ﬂ69§lé¢ (tlhﬁhowghomptﬂwthsmm shikckdrlaydrs gontyalnett y hel i um
liquid can be 2(1:“0% ensrg% af's u;ltra tp%{‘l?ah ER u1d 6o attlreres?% ¢ r(%r(rjlg an
ultra-high purl el um gas efendl(ll*lg ex erloril pe | east

one outl et ol@egyenaldadaldm 1madsnet§eeoﬁdapy R84 Qi Bt ebmramqaﬁawtrmessel to
the at | east one inlet opening at or near the top portion of the primry
vessel throudBliviiy éae gf %%Llhliagﬁglpnwtwwhémlmmcb%@méaw PHécad AsPETEAY t 0 t he

nternal vesSelicPARRY TN o fh8 S8R ARNLY 36 Bl BPo kG i gl PUr ity

hel i um gas fee Ine containing at |eas oneu ra hi |ty |umgas
flow control fromh ved bhleasione faforzetir gqipacitus-t@ aid ubhgawitof artdrentblsr a- hi gh

purity helium gas ther throug and_ at | east qne ecponom zer apparatus; said
bt least one SeRuwmsAts 6F SaithgHiaz 1&%P'éf6tﬁﬁlﬁll§@r»‘ij‘5§ %@ﬂéﬁ%@%@éﬁ?@ REPYY £ or

control of flawepf,dlatd #18s86hPREbbIdrP et ga%ohh@ef B r.euaty/b0, Sai d usage

site; [0092] at |east one vaporizati on apparat us i d vaporization
appar at us havichgmags theassl shredd laytesf bogethic pgintany vesgél aIletlmdﬁseud)mdaay high purity

hel | d fed.jinto th t
vapor f zat i on ‘Spp0BoN8T Rt g bRy EBRmAT b s B REEHREe B Bl cn

ul tra-hi gh puRd it¥ediebidtBoddniRREprAftE GREBRRRIITEYTLDE sMaRAFdFighi On
apparatus; purity helium gas from said at least one primary vessel and said at least one
secondary vessel (e.g., from vapor space and/or a helium gas thermal shield layer
of both the primary vessel and the secondary vessel) to said usage site while
maintaining ultra-high purity helium liquid in said at least one primary vessel and
said at least one secondary vessel.
[0088] As indicated above, this invention relates in part to a system for delivering
ultra-high purity helium gas to a usage site, said system comprising:
[0089] at least one primary vessel containing cryogenic ultra-high purity helium
fluid, said ultra-high purity helium fluid comprising ultra-high purity helium

liquid and gas; said primary vessel comprising one or more wall members



[0093] an ultra-high purity heliumliquid discharge |ine extending
exteriorly fromat |east one outlet opening above the bottom portion of the
pri mary weeel/tesBhe at | east one inlet opening of thePcapseopaii2zon
apparatus through which ultra-high purity heliumliquid can be dispensed to
t he vaporization apparatus, the ultra-high purity heliumliquid feed |ine
containing at |east one ultra-high purityg-heliumliquid flow control valve
therein for control of flow of the ultra-high purity heliumliquid

h h h; and 9 .ultra-high i ' di.sch | i
ext ending. exCaTErTS o anea il o Bt IR AT R BTURRET ot on
appar at us t o hgRiid [i4sRGMdISIabSaid il tEabI @mfuiichy hd\ehd o gasodi schar ge

line containing at |east one ultra-high purity heliumgas flow control
val ve t her ei iyagwsym gsplation layerspand aneg pr mpee thesnpad shicliHayuy pkigned afiagentgas

theret hrough ‘to Lgcglﬁoﬁerg?ﬁlg%figfé%g oP Y08 IiIXer'EX S S%ggﬁﬂgtﬂlég]glggﬂ t%&l& an

econom zer apparatus, 1.€., pressuré valve, e used to
bl eed of f pr easor mobivhidinfegnbgass sdith patghy Vised haOidganttasent itetraehing t o t he

customer using operation |.ogi¢c as shown i ig., 2..The onsite system can
al so be equi ﬁg%nWﬁ‘FPpanfBWP the SFIERGY @esaaég@agléwar%t@%m% RUEHPP) unit 306

(to protect donnsloheah SaNlRIBMOinfithi Jell Ll ORARRBLALYRINERS, € 0.,

filtration skid, i'n which the ultra high purity helium gas can pass prior
to del i veri ngessakhaing &-lénsgbnaantict gpdnaig abovgabottamipogiansdec piimery The

L on o] Bre e A LRI B Senb Pl A M Ll

invention, ausdMtdma QbiseEcIHERitntRAR Use a single container with a
[0090] at least one secondary vessel containing cryogenic ultra-high purity
helium fluid, said ultra-high purity helium fluid comprising ultra-high purity
helium liquid and gas; said secondary vessel comprising one or more wall
members configured to form an internal vessel compartment to hold said ultra-
high purity helium liquid and gas; said internal vessel compartment having one or
more vacuum insulation layers and one or more thermal shield layers aligned
adjacent to each other at the periphery of said internal vessel compartment
adjacent to said one or more wall members; said secondary vessel having at least
one outlet opening at or near a top portion of the secondary vessel through which
ultra-high purity helium gas can be dispensed to the internal vessel compartment
of said primary vessel; said secondary vessel being in ultra-high purity helium gas
flow communication with said primary vessel; and said secondary vessel having
at least one outlet opening above a bottom portion of the secondary vessel through
which said ultra-high purity helium liquid can be dispensed from the internal
vessel compartment;
[0091] an ultra-high purity helium gas feed line extending exteriorly from at least
one outlet opening at or near the top portion of the secondary vessel to the at least
one inlet opening at or near the top portion of the primary vessel through which
ultra-high purity helium gas can be dispensed to the internal vessel compartment
of said primary vessel, the ultra-high purity helium gas feed line containing at

least one ultra-high purity helium gas flow control valve therein for control of



- 28 - built-in pressure building coil. This will enable pressure buil d-up
in the vessel w thout using an outside gas. This nethod provides
si gni fi camOl2g11iigdter dedi cated onsite | evel s of i nvent oPgTiusanotut2es
trailers. Small volunme use custonmers can al so benefit fromthis invention
by using smaller 1SO containers with | ower NER Al so, although the above
di scl osure focuses on | arge el ectronics2gustoners, this nethod of supply
can be offered to large heIiun1users in other industries. [0097] Various
bvi qus to_a worker

modi fi cation Ha gﬁlrns %f |§1|n entjon wi qbvi ¢ ),
skilled in thé&™ a&i '& l% Bty HUUR gy IEG ¢ 8uglﬁaatndsau§eﬁs P0dif At fOns and
variations al’appér@tub%aid’kﬁ|l¢lﬁﬁ&le\/ﬂcbﬁﬂ)rﬁlzéll‘1@pﬁtaﬁlysl mpisinighd sacRpRbdueat i on and
the spirit and scope of the clains. - 29 - Cains
valve for control of flow of ultra-high purity helium gas therethrough to said
usage site;
[0092] at least one vaporization apparatus; said vaporization apparatus having at
least one inlet opening through which ultra-high purity helium liquid can be fed
into the vaporization apparatus; and said vaporization apparatus having at least
one outlet opening through which ultra-high purity helium gas can be dispensed
from the vaporization apparatus;
[0093] an ultra-high purity helium liquid discharge line extending exteriorly from
at least one outlet opening above the bottom portion of the primary vessel to the at
least one inlet opening of the vaporization apparatus through which ultra-high
purity helium liquid can be dispensed to the vaporization apparatus, the ultra-high
purity helium liquid feed line containing at least one ultra-high purity helium
liquid flow control valve therein for control of flow of the ultra-high purity helium
liquid therethrough; and
[0094] an ultra-high purity helium gas discharge line extending exteriorly from at
least one outlet opening of the vaporization apparatus to said usage site, the ultra-
high purity helium gas discharge line containing at least one ultra-high purity
helium gas flow control valve therein for control of flow of the ultra-high purity
helium gas therethrough.
[0095] The on-site supply system can be equipped with an economizer apparatus,
1.e., backpressure valve, 305 that can be used to bleed off pressure building gas
through line 603 and sent directly to the customer using operation logic as shown
in Fig. 2. The onsite system can also be equipped with a low temperature pressure
protection (LTPP) unit 306 (to protect downstream equipment) and a filtration
apparatus 204, e.g., filtration skid, in which the ultra high purity helium gas can
pass prior to delivering the ultra-high purity helium gas to the usage site. The
filtration skid is used to remove particles.
[0096] Although it is recommended that multiple ISO containers be used in the

practice of this invention, a small volume user can use a single container with a



1. A method for delivering ultra-high purity heliumgas to a usage site,
sai d nethod conpri si ng: providing at | east one primry vessel

cont ai ni lyoenyiages™c ul tra-high purity heliumfluid, saipdTaistoi@sold2gh purity
heliumfluid conprising ultra-high purity heliumliquid and gas; said
primary vessel conprising one or nore wall nmenbers configured to form an
internal vessel conpartnent to hold said8ultrahigh purity heliumliquid and
gas; said internal vessel conpartnment having one or nore vacuum i nsul ation

| ayers and one..or nmore thermal shield |ayers aligned.adjacent to ,each other
at the peri phfgngresliePuidig ool hicub{eRbRuRro e RS di 8t v o cai d one
or nore wal |l wigisheisng sPosige %ﬁmrmiyﬁﬁﬁﬁh pheNHdxGi@tifidads higheedédiddd openi ng
at or near a top portion of the primary vessel through which ultra-high
purity hel i uengisicranob@vertary thtmtubp érajlers e SHall volgaeysccyppaIcidatalsoand sai d

primary vessel 1 : -&gﬁg L Ng: L m portion of
the primary 3@%§g¥h€%pg%6%g@ﬁ%%ﬁﬂ§%| Jﬁ%Fggﬁ?gﬂggﬁggﬁglﬁg?fﬁﬁgriquid can
be di spensed Als@mithéeshithe ebavaldiscesarl focusepai largntlectronics cuptoaerslilig at | east
one secondary vesse| containing cryogenic ultra-high purjty. heliumfluid,
said ultra- hi“@qﬁh‘iﬂi‘?f!SPQPIHé’PP b P HTeigdo E%&ﬁ;ﬁlﬁilgmh@sem lprOéh%HgJﬁl%ﬁﬁ-i ty helium
liquid and 93p9973a}iod s RRAMREYoMEHAS ariSRSAJr Hi0 thvRRorPH I MY Shwiils!to gENDET S
configured to forman internal vessel conpartnent to hold said ultrahigh
purity hel i umdrkepuskdledmdthyast andai © to h¢ endmstorkdistduch omplafications atlavi ng one
or nore vacuum.insul atiqn .l r nd .one or . thermal shield | ayers

al i gned ad) ac@HEIan cEsorpedpHbTeRY TR ey s pPRGEHOR AR MS g s s el
conpart ment adi a&pRtorti Gahd one or nore wal | menbers; said secondary
vessel having at l[east one outlet opening at or near a top portion of the
secondary vessel through which ultra-high purity heliumgas can be

di spensed to the internal vessel conpartnent of said primary vessel; said
secondary vessel being in ultra-high purity heliumgas flow conmuni cation
with said primary vessel; and said secondary vessel having at |east one
outl et openi ng above a bottom portion of the secondary vessel through - 30



which said ultra-high purity heliumliquid can be dispensed fromthe

i nternal vessel conpartnent; optionally delivering ultra-high purity
hel i um gawofoimisaiBd prinmary vessel and/ or said secondaPgTasssielo412é ough at
| east one econom zer apparatus to said usage site, said at |east one
econom zer apparatus conprising a backpressure valve for control of flow of
ultra-high purity heliumgas therethrough-to said usage site;

admtting to said primary vessel from said secondary vessel ultra-high
purity heliumfluid, said ultra-high rft hel ium fluid conprising
ultra-high purity heliumgas, said ultﬁg%g§ gh purity helium gas being
admtted to a pressure in said primary vessel sufficient to discharge
ultra-high purity heliumliquid fromsaid primry vessel; _conveying
sai d ul tra- hilgh puk methoddpy dpdveiiegnlaratighpwiy debimeas (p a/essgepite, saidt | east

one vapori zat] ﬁggﬁg t Us; sai d vaporization apparatus having at | east one
i nl et opening&ﬁﬁ?oug I&%#%h ultra-high purity heliumliquid can be fed into

the vaporization pppadiagusicaande peindryvaped icaatindp appginat uigathigh ng at | east
R e R T G L TN
o e PRI D i el e et S epie oL
purity hel i umaalsrs coigsaiddo Vepoan métrhd rvesgopemaparsnant testzild said atfe-si t e.

high purity helium liquid and gas; said internal vessel compartment having one or

more vacuum insulation layers and one or more thermal shield layers aligned

adjacent to each other at the periphery of said internal vessel compartment

adjacent to said one or more wall members; said primary vessel having at least

one inlet opening at or near a top portion of the primary vessel through which

ultra-high purity helium gas can be fed into the internal vessel compartment; and

said primary vessel having at least one outlet opening above a bottom portion of

the primary vessel through which said ultra-high purity helium liquid can be

dispensed from the internal vessel compartment;

providing at least one secondary vessel containing cryogenic ultra-high

purity helium fluid, said ultra-high purity helium fluid comprising ultra-high

purity helium liquid and gas; said secondary vessel comprising one or more wall

members configured to form an internal vessel compartment to hold said ultra-

high purity helium liquid and gas; said internal vessel compartment having one or

more vacuum insulation layers and one or more thermal shield layers aligned

adjacent to each other at the periphery of said internal vessel compartment

adjacent to said one or more wall members; said secondary vessel having at least

one outlet opening at or near a top portion of the secondary vessel through which

ultra-high purity helium gas can be dispensed to the internal vessel compartment

of said primary vessel; said secondary vessel being in ultra-high purity helium gas

flow communication with said primary vessel; and said secondary vessel having

at least one outlet opening above a bottom portion of the secondary vessel through



2. The nethod of claim1 further conprising controlling delivery rate of
said ultra-high purity heliumgas to said usage site utilizing (i) said
ul t r a- hi ghioparitiy37ael ium gas fed into the internal vesseCTasopanirzeant of
said primary vessel from secondary vessel, (ii) said one or nore thernal
shield layers, and/or (iii) at |east one econom zer apparatus. 3. The
met hod of claim1 wherein (i) said ultraghigh purity heliumgas fed into
the internal vessel conpartnment of said prinmary vessel from secondary

vessel - 31 - _.cqntrol elvery.rate of.sai L.tra-high purit el ium
{au a1 rom AP EadFb B e RlF it @bety bl i Pifibihgle
vapori zat i on vagppbscthpistnag ul tra-high purity heliumgas fromsaid at |east

one vapori zation apgar atus to said usage site and ultra-high purity helium
gas fromsaid at lopHeRallyrieliperningalirahighsmirity hefiugmpep Hem|saidgringe vesebndar y

vessel _throughysalgly lech§A9LcQEHRRRAANESTor RBMAHLS: bPaith &y Uagoe i te:

(ii) said one or nore t l|"ayers con evaporation rate of
sai d ul tra- hivgdgepitej dayd drétdstond ¢oquodizenagardusdonteity Ouekpicksibs y vessel
and said at | east one secondary vessel, said net evaporation rate controls
delivery rat&? Ffgramtref?f@qw@Eulﬁ@rhlglyp%wihﬁhvmigamh&rqthreﬁg%%ﬂ e least one
primary vessek,J.Qigaid at |east one vaporization apparatus and ultra-high
purity heliumgas fromsaid at | east one vaporization apparatus to said
usage site, and coedtumtghg tasld pemgryrassel dGonswidsasbodaan vetselputra-highhel | um gas

fromsaid at | east .one.primry vessel an aid af least o econdary
vessel throudh” AT ﬂﬁ?lga%af({ éﬁéﬁ@bﬂlﬂﬁi"%ﬁmﬁ%ﬁ b S @ﬁf‘%‘}%‘sage site;
and (iii) saidrigfhd@asasONEd CEANAPGA Bty ReRANILYBeiRLRIMMA t88ptasairy rate of
said ultra-high purity heliumgas fromsaid at |east one prinmry vessel and

sai d at | eastin eHé pspebndsss syl to dsehargs wisadghgiuriey hlivne ligeid doa ni ng

ul tra-high p‘éﬁiidt in?ael iVle.ISmel[i quid in said at | east one primary vessel and
said at | east one se onaal’y vessel. 4. The method of claim 1l wherein said

one or nore ther mabnedirgd @id @ﬁ@ﬂﬁ%m@)tﬁy apliurh 1iguidattors 04T et Leskel thol d a
thermal shield fluid, said thermal shield fluid conprising a liquid or a
gas. 5. The ahisesiode gRPQIZA1PR aPRAFEY® istd yaperizsHan appaigpehaies sdrasshi el d

lt ﬁgreg;l Cgm)goa@ Ing;é/tgolrbise{_ﬁng I o BGERhichNeeka-hi3ETIRYy RlbuG] fqlid¥Sl Be AAGnde! 1 um gas
the vaporization apparatus; and said vaporization apparatus having at least one
outlet opening through which ultra-high purity helium gas can be dispensed from
the vaporization apparatus;
effecting a phase change of said ultra-high purity helium liquid in said
vaporization apparatus to form ultra-high purity helium gas; and

delivering said ultra-high purity helium gas from said vaporization

apparatus to said usage site.

2. The method of claim 1 further comprising controlling delivery rate of said
ultra-high purity helium gas to said usage site utilizing (i) said ultra-high purity
helium gas fed into the internal vessel compartment of said primary vessel from
secondary vessel, (ii) said one or more thermal shield layers, and/or (iii) at least

one economizer apparatus.

3. The method of claim 1 wherein (i) said ultra-high purity helium gas fed

into the internal vessel compartment of said primary vessel from secondary vessel



6. The nmethod of claim1l which conprises at |east one of (i) delivering

ul trahigh purity heliumgas fromvapor space and/or a thermal shield | ayer
of said pwormriyivEssel and/ or said secondary vessel threaghisadioloegr3é one
econoni zer apparatus to said usage site, and (ii) admtting to said primary
vessel from vapor space and/or a thermal shield | ayer of said secondary
vessel ultra-high purity - 32 - heliumggas, said ultra-high purity helium
gas being admtted to a pressure in said primary vessel sufficient to

di h | - hi } i Lj l.i.qui d. f ] i d. i . | . . h
trod of ot sl SRR HhdoP\gd bk hOMA BaficP RN al RRES0e) Lis T

into said at prieasy veRe tphidRt astens ehpaidtisiahshaddtud arisiltranghsre@ndar y
vessel, thereby decreasing net evaporation rate of said ultra-high purity
hel i um | i qui delipmgas fory safdegdeasbore YPPHEatPMARRYAIUS ihopid Hiage atte prchst  one

secondary ve i . 4 2 gj ] I . ield
| ayers decre?ilztg?J nggﬁj uflyz;lﬁeshgﬁ{n%h g‘%rsog]ii ?iaﬁ gtg{ ﬂ%%gﬁ@@%@a&?%%ﬂ@h@g%gg{ leggrid sai d
at | east one ocaesandairy vwesbtiqughheidel yeagdtamicaashangizaetpperapas adid asageat e of
said ultra-high purity helium]|iquid . in said at | east one primry vessel
and said at FEsdH) %@%@%ﬁﬂ@ﬁb@%&é@?ﬁ layts ¢Eiob RSt cyRGTat e Afivaidanount

of ultra-hi gtﬁltp}-‘ﬁﬂgﬁ?uﬁ%} h 1 GEAFHatl CasPEn i aH Al 5&{@&@5@%& | east

one primary vessel” and "said at | east one secondary vessel I n order to
mai nt ai n maxionsecahiowabisel, wod kichgyaporssurae ofntedd dbliveryl regsif seiderlipa-i mar y
vessel and s %Ilch pai}riblr Egl?&m 1a8id ro%? Qag W leds So?lg lpirirnary vessel to said at least one
vaporization apparatus and ultra-high purity helium gas from said at least one
vaporization apparatus to said usage site, and controls delivery rate of said ultra-
high purity helium gas from said at least one primary vessel and said at least one
secondary vessel through said at least one economizer apparatus to said usage
site; and (ii1) said at least one economizer apparatus controls delivery rate of said
ultra-high purity helium gas from said at least one primary vessel and said at least

one secondary vessel to said usage site while maintaining ultra-high purity helium

liquid in said at least one primary vessel and said at least one secondary vessel.

4. The method of claim 1 wherein said one or more thermal shield layers
have an internal compartment to hold a thermal shield fluid, said thermal shield

fluid comprising a liquid or a gas.

5. The method of claim 1 wherein said one or more thermal shield layers
comprise liquid nitrogen (LN;) thermal shield layers and helium gas thermal

shield layers.

6. The method of claim 1 which comprises at least one of (i) delivering ultra-
high purity helium gas from vapor space and/or a thermal shield layer of said
primary vessel and/or said secondary vessel through at least one economizer
apparatus to said usage site, and (ii) admitting to said primary vessel from vapor

space and/or a thermal shield layer of said secondary vessel ultra-high purity



9. The nethod of claim1 further conprising controlling said at | east one
econom zer apparatus to draw ultra-high purity heliumgas fromsaid at

| east onewprbneriy3’dessel and/or said at | east one secon#amyuSe@sdei27é or
delivery to said usage site while maintaining ultra-high purity helium
liquid in said at | east one primary vessel and/or said at |east one
secondary vessel. 10. The nmethod of clapm 1l wherein said at |east one
primary vessel and said at | east one secondary vessel conprise |SO

containers. ,1l1. The thod,of claim,1 wherein sai. tra-high purity
el 1 um oo  SeHumS TR n Bt Pl B Gl R oDl L8NG 10
NnB/ hr. - 33rimaryl Zessditaffiteéd @sldigthagd il high@irRy Relsah tiquitiaden saile is a

sem conduct or manufacturing site.
primary vessel.

7. The method of claim 1 wherein said thermal shield layers decrease heat
leaks into said at least one primary vessel and said at least one secondary vessel,
thereby decreasing net evaporation rate of said ultra-high purity helium liquid in

said at least one primary vessel and said at least one secondary vessel.

8. The method of claim 1 wherein said thermal shield layers decrease heat
leaks into said at least one primary vessel and said at least one secondary vessel,
thereby decreasing net evaporation rate of said ultra-high purity helium liquid in
said at least one primary vessel and said at least one secondary vessel, and thereby
decreasing the amount of ultra-high purity helium gas needed to be withdrawn
from said at least one primary vessel and said at least one secondary vessel in
order to maintain maximum allowable working pressure of said at least one

primary vessel and said at least one secondary vessel.

9. The method of claim 1 further comprising controlling said at least one
economizer apparatus to draw ultra-high purity helium gas from said at least one
primary vessel and/or said at least one secondary vessel for delivery to said usage
site while maintaining ultra-high purity helium liquid in said at least one primary

vessel and/or said at least one secondary vessel.

10.  The method of claim 1 wherein said at least one primary vessel and said at

least one secondary vessel comprise ISO containers.

11.  The method of claim 1 wherein said ultra-high purity helium gas is used at

said usage site at a use rate of at least about 10 Nm?/hr.



13. The method of claim 1l wherein (i) said ultra-high purity heliumgas is
used as a carrier gas for introducing a precursor into a deposition
chanber, woi2p1igaizt3ul tra-high purity helium gas i s usedpConsdely/oe2ehi ng in
LCD processes, (iii) said ultra-high purity heliumgas is used in backside
cooling to control the rate and uniformty of etching processes of silicon
| ayers, or (iv) said ultra-high purity-Bgliumgas is used to check for

| eaks and line purges. 14. The nmethod of claim1 further conprising

wi t hdrawi ng yltra-hi gh puryi heliumliquid fromsaid pringary vessel at a
t enper at ur e ﬁét gr@gt erﬂ??({%ftnd%lﬁlef Wﬁﬁtﬁglrsg”fct?sgg%fltwiacsﬁmﬁ)ﬁ%g@%%rcent ration of
at | east one nhaipBctirihgisitesai d ul tra-high purity heliumliquid being

wi t hdrawn equals a predetermined limt, wherein the at |east one inpurity
is selected fromwater, carbon dioxide, oxygen, argon and nitrogen. 15.

The met hod ofy 4l aiﬂeﬁétﬁ%&&e&ai&o%&%i s%?c?&lh%%@ﬁ@ﬁt%&lﬁﬁgh%ﬁ purity

hel ium gas through a Iow tenperaturée pressure pro unit and a
filtration appatatdauri@rdasfortiotre@icingeds progursaiitoud depasitiog bhagmisert(yi) hel i um gas
to said usage site. . 16. A systemfor delivering ultra-high purity helium

gas to a usa@@d§1¥%Plg§aau&t>g tuahgac@dﬁﬁﬁdsf%é:w ctching malt&Pé’HécFSSS?réuBri mary

vessel  cont al i £FYAGRRLEn b Al BRAELINALIHY ) dhlol A8kleul L1 i of

purity heliumfluid ri'sing uftra-high purity he I qui d and gas;

sai d pri mary avéssddrnungiratciimppronessorofrsdroenwalers, meioeyasd donthiglupedyt o f orm
an internal yessel conpa nt. t.o hol d idultra-high purity heliumliquid
and gas; sai E‘eﬁ’fﬁl@%gmg%‘iios ecl&t%d%ﬁ?@ﬁﬁiﬁnm%gﬁb one or nore vacuum

insulation | ayers and one or nore thermal shield |ayers aligned adjacent to

each other at the periphery of said internal vessel conpartnment adjacent to
said - 34 - l4 he method of claim 1 further comprising withdrawing ultra-high purity

helium liquid from said primary vessel at a temperature not greater than the
temperature at which the concentration of at least one impurity in said ultra-high
purity helium liquid being withdrawn equals a predetermined limit, wherein the at
least one impurity is selected from water, carbon dioxide, oxygen, argon and

nitrogen.

15.  The method of claim 1 further comprising passing said ultra-high purity
helium gas through a low temperature pressure protection (LTPP) unit and a
filtration apparatus, prior to delivering said ultra-high purity helium gas to said

usage site.

16. A system for delivering ultra-high purity helium gas to a usage site, said
system comprising;:

at least one primary vessel containing cryogenic ultra-high purity helium
fluid, said ultra-high purity helium fluid comprising ultra-high purity helium
liquid and gas; said primary vessel comprising one or more wall members
configured to form an internal vessel compartment to hold said ultra-high purity
helium liquid and gas; said internal vessel compartment having one or more
vacuum insulation layers and one or more thermal shield layers aligned adjacent

to each other at the periphery of said internal vessel compartment adjacent to said



one or nore wall nenbers; said primary vessel having at |east one inlet
opening at or near a top portion of the primary vessel through which

ul t r a- hi ghioparitiy37hel i um gas can be fed into the internaCTussselo42276
conpartment; and said prinmary vessel having at |east one outlet opening
above a bottom portion of the primary vessel through which said ultra-high
purity heliumliquid can be dispensed t8¢mthe internal vessel conpartnent;
at | east one secondary vessel containing cryogenic ultra-high purity helium
fluid, said ultra-high purity hel.iumfl uid ri Si ultra-high. purity

hel 1 um 11 qui @"8R6 e Bichmbae St afhrepetes HhsA Eigngilecimtiste val |
memrber s conf iagor R@r b @off SuriioRdf thohendad) vesedsklouglo Wpahtuleahighubiey d said
ultrahigh purity heliumliquid and gas; said internal vessel conpartnent
havi ng one oﬁlem@a%@mﬁrﬁeﬁm@emﬁm&maléfy@ﬁlscoamr@ﬁ@t;@ﬁdﬁﬁﬁ@w mal shiel d
| ayers al | anegd BERAGEN: 1LA) SACTLRI BRIl ath0€ 2 BELORMSHIr (B8hnbt o7 nal
vessel conpartnment adjacent to sald one€ or nore wall menbers, sard
secondary vessekl thamighgvtath saedigltrachigh purtitly ehicliopeitjuithcaatbeatispeassd feorh Op
portion of the secoqdary vessel through which ultra-high purity helium gas
can be di spefteldtarl vaye] sreRaEEcnbessel conpartment of said primary vessel;
sai d secondary ve I I I i I I, gy 1 ow

comuni cation w t%gIs%g?tgﬁg?igcr?llg%&vvteegsgte{}%&%ﬂdgscg%eglgé%%% y%\l/lfél{sel havi ng at
| east one outheBemdpedisag wWisobehapubitt hdmmpBuidicompokinghdtrasbigbmdaty vessel

t hr ough whi ch ﬁai g u{:dtt)r -hith{)urit heliymliquid can be di spensed from
the inter nal DyBYAdiAu ar?aa%atsngél sccondary vegsel cPIPHSIE R BUMOIY WAL i um gas f eed
l'ine extendi Rger@bchEEd@ighdedith PPnin B384 vRERI HhpRIMBR RIhANY s@ill uRfa-near the
top portion of the secondary vessel to the at |'east one inlet opening at or
near the top higrpuron helium hguidrangwes: seidgsiemal Messelglomplaiteinihaving dneghi purity
heli um gas can, e, dlAPERRERLL By40G) BRELNAbMESHE] GFQTRAILIRNLCR! sal d
pri mary vessélo “t e il Tras i g ypurliiy eliumgas Tee e Eontai ni ng at

| east one ul tadpckit@hcqirdtisr abtieipdip@as of bawimenbr@iset admpartihgdtei n f or
control of flow of the ultra-high purity helium gas therethrough, and at

| east one ec@ABRTHLEP sHH PR ot Pare %l[)@e@bellsew sesARdasy: SRR B g frestat us
conprising a V. g - hi urity
el | um gag ¢ Sae SFREHRE ol @ el & RN & nlogbhaity Qbsstl R vitl 0
vapor i zat i on uitpphightpusity Isdiuch gapan bz disparscd ppée attohahesssdlgompalt@ast one

i nl et opening_through which ultra-high purity helium|iquid can be fed into
the vapori zaf 84 AFPRFAYTHECh sHidScCanepty Xpiweh barg leaﬁﬂfa%bh%hmgv %%mgasat | east
one outl et oRRRY AndbhEMEH WM Gl Pk A Tisedl, R daldVscB&dabM QS nedig e

di spensed fromthe vaporization appardt us; an ultra-high pugl ty

hel i um | i qui @t thlastemaogdetlopaeingxbevedi bajtoex patipoof thefseamdarty tessed thromgh out | et
openi ng above ,the bottom.portion pof the. prinmary vessel tq the at |east one
“hlet openi ng o e ATRT by Baftup b ise TErlontR A inre edPErE ni gh- pur ity
hel i um I'i qui degRNcdigpaingddgnsed to the vaporization apparatus, the
ultra-high purity heliumliquid feed |ine containing at |east one

ul tra-hi gh purity analtrabaghipgtbyohdivevgasdead lole axsandmgt axéariorky fap atleastr ol of

flow of the %lng Bﬁflélio%gniﬁé' ra{ cgrynegF %hie ltlor?) Il)olrﬂglll gf %hg%éceotn Er?z”x%géel %nt%e at least
one inlet opening at or near the top portion of the primary vessel through which
ultra-high purity helium gas can be dispensed to the internal vessel compartment
of said primary vessel, the ultra-high purity helium gas feed line containing at
least one ultra-high purity helium gas flow control valve therein for control of
flow of the ultra-high purity helium gas therethrough, and at least one economizer
apparatus; said at least one economizer apparatus comprising a backpressure
valve for control of flow of ultra-high purity helium gas therethrough to said

usage site;



an ultra-high purity heliumgas discharge |ine extending exteriorly from at
| east one outl et opening of the vaporization apparatus to said usage site,
t he ul t r anoOgh1puasid7By hel i um gas di scharge |ine cont ai ni rRgTAlS2010A8127€NE
ultra-high purity heliumgas flow control valve therein for control of flow
of the ultra-high purity heliumgas therethrough. 17. The systemof claim
16 wherein said ultra-high purity heliugpgas discharge |ine contains a | ow
tenperature pressure protecti on (LTPP) unit and a filtration apparat us.

18. A method for coptrollin r a- hi gas to a
usage o te. sard MErmoanE Ay PElny Ererls B Ao ki RO har
vessel cont ail@ishgheCin 0 ot mlrddgmmlahummlgly el gk lliguid, cag deded!| t 1 a- hi gh
purity heliumfluid conprising ultra-hi ur|t hel ium i quid and gas;

said primry 11@/té§1$f‘e1’ap@6ﬁ%}qnsﬁpﬁ@fa%}ﬁea®rsa Ya@oméauonrmmfé% hayngiaglgrEd to form
an internal yyﬁ?%ﬁhet%g?mésse”gh&Rlcﬂ?ﬁt{ja ﬁghﬁuﬂ Jﬂeﬁ'ﬂ %Hﬁbé Mlseéﬂsba‘m liquid

and gas; sai ntern conpart avi'ng nor e vacuum
i nsul ation | dyet theangovneonappmatas;t her mal  shi el d I ayers al i gned adj acent to

each other at the perl phery of s idjnt vessel coppartnmen 36 -
adj acent to said SR&!Er L]‘r%élpé‘“%h‘ ‘1?9150 gl %?W&%?&r{m%ng at

| east one 'nlaﬁkag%@'oﬁﬂﬁ%%eﬁhgeﬁ ¢ the BQtl@orH%Hioﬂrbf@ﬁe ﬁrlﬂﬁa Vel ¥ Uegse!

t hrough which ultra-h uri el 1um gas can be info the internal
vessel conpartaseore inkhdpamglofthe mepoyizeessgipatus thg)ugh whedwstltraheghout | et

opert g ahove, & ROV B0 LLcn. SlLhe, ROLBCY essel L ougn i £ s 9
conpart ment ; pyrity helium liquid feed line containing at least one ultra-high purity helium

liquid flow control valve therein for control of flow of the ultra-high purity helium

liquid therethrough; and

an ultra-high purity helium gas discharge line extending exteriorly from at

least one outlet opening of the vaporization apparatus to said usage site, the ultra-

high purity helium gas discharge line containing at least one ultra-high purity

helium gas flow control valve therein for control of flow of the ultra-high purity

helium gas therethrough.

17.  The system of claim 16 wherein said ultra-high purity helium gas
discharge line contains a low temperature pressure protection (LTPP) unit and a

filtration apparatus.

18. A method for controlling delivery of ultra-high purity helium gas to a
usage site, said method comprising:

providing at least one primary vessel containing cryogenic ultra-high
purity helium fluid, said ultra-high purity helium fluid comprising ultra-high
purity helium liquid and gas; said primary vessel comprising one or more wall
members configured to form an internal vessel compartment to hold said ultra-
high purity helium liquid and gas; said internal vessel compartment having one or
more vacuum insulation layers and one or more thermal shield layers aligned

adjacent to each other at the periphery of said internal vessel compartment



provi ding at | east one secondary vessel containing cryogenic ultra-high
purity heliumfluid, said ultra-high purity heliumfluid conprising
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of said primary vessel; said secondary vessel being in ultra-high purity helium gas
flow communication with said primary vessel; and said secondary vessel having
at least one outlet opening above a bottom portion of the secondary vessel through
which said ultra-high purity helium liquid can be dispensed from the internal
vessel compartment;
optionally delivering ultra-high purity helium gas from said primary vessel
and/or said secondary vessel through at least one economizer apparatus to said
usage site, said at least one economizer apparatus comprising a backpressure
valve for control of flow of ultra-high purity helium gas therethrough to said
usage site;
admitting to said primary vessel from said secondary vessel ultra-high
purity helium fluid, said ultra-high purity helium fluid comprising ultra-high
purity helium gas, said ultra-high purity helium gas being admitted to a pressure
in said primary vessel sufficient to discharge ultra-high purity helium liquid from

said primary vessel;



delivering said ultra-high purity heliumgas fromsaid vaporization
apparatus to said usage site; and utilizing said ultra-high purity
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utilizing said ultra-high purity helium gas fed into the internal vessel
compartment of said primary vessel from secondary vessel, said one or more

thermal shield layers, and/or at least one economizer apparatus to control delivery

of said ultra-high purity helium gas to said usage site.

19.  The method of claim 18 wherein (i) said ultra-high purity helium gas fed
into the internal vessel compartment of said primary vessel from secondary vessel
controls delivery rate of said ultra-high purity helium liquid from said at least one
primary vessel to said at least one vaporization apparatus and ultra-high purity
helium gas from said at least one vaporization apparatus to said usage site and
ultra-high purity helium gas from said at least one primary vessel and said at least
one secondary vessel through said at least one economizer apparatus to said usage
site; (i1) said one or more thermal shield layers control net evaporation rate of said
ultra-high purity helium liquid in said at least one primary vessel and said at least
one secondary vessel, said net evaporation rate controls delivery rate of said ultra-
high purity helium liquid from said at least one primary vessel to said at least one
vaporization apparatus and ultra-high purity helium gas from said at least one
vaporization apparatus to said usage site, and controls delivery rate of said ultra-
high purity helium gas from said at least one primary vessel and said at least one
secondary vessel through said at least one economizer apparatus to said usage

site; and (ii1) said at least one economizer apparatus controls delivery rate of said



ultra-high purity heliumgas fromsaid at | east one primary vessel and said
at | east one secondary vessel to said usage site while maintaining
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conprises at |east one of (i) delivering ultra-high purity heliumgas from
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in said primary. vessel sufficient to discharge ultra-high purity helium
li quid from digpyl ipspigent (eagtensgrimary vessel and said at least one secondary vessel.

20. The method of claim 18 which comprises at least one of (i) delivering
ultra-high purity helium gas from vapor space and/or a thermal shield layer of
said primary vessel and/or said secondary vessel through at least one economizer
apparatus to said usage site, and (ii) admitting to said primary vessel from vapor
space and/or a thermal shield layer of said secondary vessel ultra-high purity
helium gas, said ultra-high purity helium gas being admitted to a pressure in said
primary vessel sufficient to discharge ultra-high purity helium liquid from said

primary vessel.



