SI MULTANEQUS GAS SUPPLY FROM MULTI PLE BSGS FI ELD OF THE | NVENTI ON
[ 0001] Enbodi nents of the present invention are directed generally to

the field of hi %'h flowrate gas delivery systens. Mre s;l)_eci fical Isy,
embodi nent Y0310 ﬁ’élif)resent invention are directed to tRETHIEHGHD38:

appar atuses and systens for high flow bul k specialty gas supply
systens (BSGS systens) that allow for nultiple gas deliveries (source
contai ners) of any conbination to be manifol ded together with

i nproved safety nonitoring and performance. BACKGROUND OF THE

| NVENTI ON [ 0002] Kncs#MIBLFANEQIS SACS UPRL ¥ R QMMIURIPEERSGS cant
probl ens rel ative to backfl ow detection, container depletion, and the
recurrent need for systemredesigns when nmultiple gases with

di fferent physical propertiesFEEEDW(ESTHEINVBNTIONgh fl ow BSGS system

t hat seeks to | jably_s | y anponi a vapor fromnpultiple gas

cont ai ners at 4L SameBRpiimtnig of e pleniimyeaiqpaes dssriqdizgperdly to the
probl ems. For figiahlgh. flovasled %a@ﬁélﬁeqﬁ%@i@ﬂ:&abj&@iﬁe@iﬁ@al%Qﬁnﬁéd?ﬁfent!; pto
anot her can result in overfilling and possi bl e subsequent

over - pressur i #gtnresant ipyantipeare digredionks methags. prrardisevend satpmafasd at
the same tine i & f | ners.

This results |h H\?&%&e@pﬁﬁgﬁﬁzgﬁﬁﬂgﬁl?%&n&e sﬁéeég%@ﬁﬁaé&g&%gel

Still further muidessidebvaresd Gsuge tomgaingt) df ang comslgpatioado bomasifdld¢dhe
vari ous potenLi ag coqbi nat i ns gjmt]?/i%els ofdg$rps ases, BSGS

contai ners i ndIZSEFRYh BARRYE Sl mpHEETg A0 B Snd i socont ai ner s
(1S0s), which may be connected to any of several BSGS gas panels.

[ 0003] Further, manifol di ng%éont ainers allows for ultra high vapor
draws fromliquefied gas f KERQPNRQF THE INKENHON assi ve and

](3|05t ly bulk's mio!é]g VeSsgfdvin hibh HwBEBLKisRes SRR Bbhificit pRpwmkal ent

ows as with | SGCs.
relative to backflow detection, container depletion, and the recurrent need for
system redesigns when multiple gases with different physical properties are
desired. In a high flow BSGS system that secks to reliably supply ammonia vapor
from multiplc gas containcrs at the same time, poor system designs can Icad to
problems. For example, backflow of ammonia from one container into another
can result m overfilling and possible subsequent over-pressurization. Further,
containers may not become depleted at the same time due to uncqual withdrawal
rates from the containers. This results in wasted product due to excessive
amounts of “heel”. Still further, excessive redesign/retrofit is required for all the
various potential combinations of types of BSGS gases, BSGS containers

including tonners, low pressure drums, and isocontainers (ISOs), which may be

connected to any of several BSGS gas panels.

[0003] Further, manifolding containers allows for ultra high vapor draws
from liquefied gas sources without the need for massive and costly bulk supply

vessels, thus achieving substantially equivalent flows as with ISOs.

[0004] The known systems concerned with gases, particularly ammonia,

address, for example, methods to provide heat to the bulk supply sources. These



met hods are generally intended to either inprove the flow capacity of
the systemor inprove the purity of the ammonia product. O her known
met hods address attenpts to inpact the flow capacity of a s sten1%y
usi ng |i quV8 2%t %3wal of anmoni a with subsequent vapdcitZ ¥q08[l|3038
taking place in a heat exchanger that is external to the bulk
container, or inproving the purity of the anmonia product.

[ 0005] However, no known systens or nethods address the need to avoid
backflow, (with or wi thout operator intervention), from one container
t o anot her whertl®dpmiegenygaljaptndddrtomtiowmmpione the flofv @asety of Backsttrow
can result in_a.situation.where a containe becone raulically
Furt or 11 quepl sttt S aEhe afaR R AR Al PERRTS- s rer 1
thi s condi ti oatteriftetoriapudtitise Tancapacityusta syndadiynaiageiqaidtvithdiawanodf
cont ai ner pressure_reli?L devi ces and/or.ove@fgre suri zation, of the
cont ai ner, depeRYMRGBrFUPHIUET NRPOSFANTRKNH BIRCGIE RERPXERATCTIRALAR] i ef
devi ce enpl oyegent8 ] UliecsaRaN?, ori@BtRthe tRORNIrity BEMB hAHRNR! pRdd¥et. t O
avoi d the backflow i ssue by not using heaters directly applied to the
cont ai ners and, presunmably, by designing a flow manifold that
collects the fr M Iy h .

resi st ance isggﬁﬁggedfgbigﬁﬁﬁgﬁ&?g#s%%%ﬁ”%g%?gﬁgggygb%%g%ggﬁi%ﬁﬁg
techni que i s bidkflast erittzerdvithpuieesatdrontetvertion),rfems 6mer conmines tof appther

i ndi vi dual con ainerg,and S bseﬁﬂentI¥ very Igﬁlstead¥1§1ate gas
f1ow capaci t | S2“hEPPEEHR GPREFO™ FonEngs P gHes IR FIEE Y BRS wi th
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0007] Therefore, there are no _known methods regardi t he )

si mul t aneous s Wadeahs 2RRliSPI/2 FONGHIGHIT ﬁ'i‘%)‘?oégﬁgﬁaép%@&‘ptsé%“ fnelde

sol ve the pregeikirdyiORiQMFonoTeWRaihe R¥dstle rbierUbBcdsiaBll/Hr oveBUMVARY OF
THE | NVENTI ON [ 0008] Enbodi nents of the present invention differ
si gni fi cant | ypfepsypgation of the container, depending on the type of container and the type of

relief device employed.

[0006] The known “heated room” technique claims to avoid the backflow
issue by not using heaters directly applied to the containers and, presumably, by
designing a flow manifold that collccts the gascs from the multiple sources, such
that the flow resistance is allegedly similar for each container. However, this
technique is characterized by very low heat transfer rates for individual containers
and, subscquently, very low steady state gas flow capacitics per container. In
addition, for applications with high flow rates, large numbers of containers are

required.

[0007] Therefore, there are no known methods regarding the simultaneous
gas feed and supply from multiple BSGS sources that solve the present problems

known to exist in the field.



known BSGS systens, and include a universal conbi ned source header

for joining the process flows fromthe nultiple containers in

conbi nat i | g control nmethod to detect and preven f rom
one conta3ﬂ8$ﬁ®@13hother and a control nethod to auto%g?ﬁ§gw%§%@&
equal i ze the gas mnthdramal fromthe BSGS containers so that they
becone depleted at approximately the sanme tinme. [0009]1In a further

enbodi nent, the present invention is directed to a nethod for
supplying gas froma nultl-contalneréﬂ%sten1conpr|5|ng the steps of

provi ding a nul ti-contai ner SEMMARE SHpTHE INYENTIQNst a first and
second cont ai nmoni (Yo t he
nulti-containgﬁﬁsbsteﬁ@ﬁé%ﬁ%mgg?gﬁgﬁ&maﬁﬁ?ﬁ%@%ﬁﬂ??gkn%ﬂﬁh r%ﬁ%
consi sting ofkmmﬁsB&GSsym¢nmwm¢mwMM¢eumewaﬂuombumdquw@ﬂmaﬂmﬁn and
cont ai ner mel event| ver&ﬁlll of .a first

cont ai ner mﬁt ?g @Fﬁ?ﬁ% gﬁﬁ“ﬁ?%U‘ fﬁ% a'gggﬁﬁgctivity

bet ween syst e&&@ﬂﬁ@m@ﬂicﬁdet&@bﬁh ﬁ@fﬂﬁﬂﬂ&ﬁﬂ@w&i@hﬁ@i@&dnﬂ‘afn@fﬁdaﬁ&th@f kP
consi sting of gas sources, qas source contai ners, sug£5§ Banels
and conbi nat i a#eutTohEicEied 10 aitematicaly equakzethe gas wﬂfdaw &p dRent

the present | @Mﬁeﬂﬁér@'ﬂ) tht ey @&Bﬁg dEfletlat ApPFoRMAe TRiNaMe &R, System to
supply amoni a vapor fromad nulti-contaliner BSGS systemresulting in
a safe and reliable operation. One aspect is nonitoring process
paranmeters s pr t ai ner
wei ght as annﬁhlgﬁvapgiiﬁéghgehﬂg&gﬁh?&%pnﬁ&hq%%%ségggﬁ?ggfga%t|ons
to prevent ovewkfhol forngprfing geofdraiamantioyntaveartystemsaciprisisg thieateps of

exanpl e, backfl o et c. . .Anot her ect is.a 0_supply anmoni a
Vapor 11 om ¢ wBeSHEH BRSO TR s o Restadi arh SR e cons
depl eted at apgrfxdrmbstotingAelcsdBRe protds pafehedneft thefmuRbE@edindrs a
systen1conf|gurat|on t hat @rOV|des connection hetween any conblnatlon

of BSGS gas s®iifebs2idgagmeter sawel frem theygsay, Coafﬂﬁmg regse. flg

thus elim nat jRgeLhke, MGH 1EQ, aﬂH'c&ﬁtﬂh@r n@hgﬂé\ée@lﬁﬁg b Rh eflasmtspornake
use of existing or standard pigtail assenblies, enclosured and gas

panel s, etc. sepOQENGET MithgwODLIERe mw%mswd[madlpga coHEetoY] ect s,

covantages S GRIRGATF Ikl S BYFLERS s RSB diflbuld o™

wher ei n r ef er efigee stwcevpghs sbarct bentana e Epaswplypadelaand gembiBRloaF
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[0010] In a still further embodiment, the present invention is directed to an
improved method and system to supply ammonia vapor from a multi-container
BSGS system resulting in a safe and reliable operation. One aspect is monitoring
process parameters such as pressure, liquid level, flow rate and container weight
as ammonia vapor is drawn and taking process control actions to prevent
overfilling of a container by events, such as, for example, backflow, etc. Another
aspect is a method to supply ammonia vapor from two or more containers such
that the containers become depleted at approximately the same time. Yet another
aspect is a systern configuration that provides connection between any
combination of BSGS gas sources, source container types, and BSGS gas panels,
thus eliminating the need for multiple designs/configurations to make use of

existing or standard pigtail assemblies, enclosures and gas panels, etc.



[0012] Figure 1 is a block flow diagramrepresenting a BSGS system
and show ng an enbodi mrent of the present invention. [0013]Figure 2 is

a bl ock fl | representing an enbodi nent of the <

i nvention \gﬁ/&%oﬁ%{i@coml ned source header. [0014]Fi gufgrg(?sﬁ@ggwsss
process flow di agram representing an enbodi nent of the present

I nvention show ng the detection of backflowin a nulti-container BS
GS system [O0015]Figures 4-9 are flow diagrans of enbodi nents of the

present invention showi ng the sinmultaneous depletion of containers.
[ 0016] Figure 4 shows the nonitoring of the difference in container

net weights a L f asph gl Mffjgé{é"ad%{?lta%g %@n&%ﬂﬁﬁén%%ﬁheaﬂ@entnﬁﬁ will

contr ol respo putting late containers 1nto a andby
node. bccomc evident from the reading of the following detailed description of thc

invention wherein reference is made to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1 is a block flow diagram representing a BSGS system, and

showing an embodiment of the present invention.

[0013] Figure 2 is a block flow diagram representing an embodiment of the

present invention showing a combined source header.

[0014] Figure 3 is a process flow diagram representing an embodiment of
the present invention showing the detection of backflow in a multi-container

BSGS system.

[0015] Figurcs 4-9 arc flow diagrams of embodiments of the present

invention showing the simultaneous depletion of containers.

[0016] Figurc 4 shows the monitoring of the difference in container nct
weights as well as individual on-stream containers and the control response of

putting the appropriate containers into a standby mode.

[0017] Figure 5 shows the monitoring of the difference in container net
weights as well as individual on-stream containers and the control response of

adjustment of temperature or pressure set points.

[0018] Figure 6 shows the container weight loss rates being calculated and
compared and the control response of putting the appropriate containers into a

standby mode.



[0017] Figure 5 shows the nonitoring of the difference in container
net weights as well as individual on-stream containers and the

control r f.adjustnent of tenperature or press oi.nts.
[ 0018] Fi g?@ggﬁj&\%& t he container weight |oss rates b}ﬁ‘gﬁ?@y@msgﬁ} ed
and conpared and the control response of putting the appropriate
containers into a standby node. WD 2010/011518PCT/ US2009/ 050388
[0019] Figure 7 shows the nonitoring of weight loss rates (as shown in
Fig. 6) along with the adjustment of tenperature or pressure set

poi nts (as shd¥H9 n Fi Gigus)7 shpye dojrmimggriag of weishidoss tietehisn shomm in Fisof
flow rates fr : t.ak ] ' . each
cont ai ner bei ﬁg}@gg%&ﬁg{%eagjugﬁgeﬁgﬁ%g?hgtﬁwgé%?%é*r?ﬁ%%éﬁ%@%’%%&%%r e or
pressure set P@.A}s.

10020] Figure 8 shows the monitoring of flow rates from each container
with the proportion of flow from each container being calculated along with the

adjusting of temperature or pressure set points.
[0021] Figure 9 shows flow being drawn from one container at a time.

DETAILED DESCRIPTION OF THE INVENTION
10022] Embodiments of this invention provide the use of at least one
universal combined source header that provides a connection between any
combination of BSGS gases, BSGS source container types and any downstream
BSGS gas panel, thus eliminating the need for multiple redesigns to existing
asscmblics/enclosures (c.g. pigtail asscmblics/cnclosurcs) and/or existing BSGS

gas panels.

[0023] In addition, cmbodiments of this invention provide enhanced
backflow/backfill detection of the containers. For saturated liquefied gases such
as ammonia, backflow may occur from one container to another if the
temperaturcs and pressurcs of the containers are sufficiently uncqual. Backflow is
very undesirable, as it can result in overfilling a container with liquid ammonia.
This can result in a container becoming hydraulically full, and lead to subsequent
over-pressurization of the container when heat is applied. Backflow can also
result in liquid ammonia being withdrawn from the container through the vapor
line. This is undesired because liquid ammonia preferentially contains moisture
and other heavier contaminants. Normally, backflow in such a situation would be
prevented by the use of gas-tight check valves. However, such check valves in

process gases are generally considered unacceptable in the industries served by



[ 0021] Figure 9 shows flow being drawn from one container at a tine.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00221Enbodi ments of this

i nvention praoyi the use of at |east one universal conbined source
header thd&oﬁ¥g®ﬁﬁgg a connection between any conbinatﬁ%hﬂ§F0 gidss
gases, BSGS source container types and any downstream BSGS gas panel
thus elimnating the need for nultiple redesigns to existing
assenbl i es/enclosures (e.g. pigtail assenblies/enclosures) and/or

exi sting BSGS gas panels. [0023]In addition, enbodinents of this
i nvention pr owitthehigh hunity &S Qfesykttmsnes tizeylerd ¢ansidered tot beongroficanhsources

cont ai ners. F%%n§§%££ﬁ%g%ﬁ%&g%%L&Rg‘%géﬁiwéﬁﬁ@”ﬁ%&annnnia’ backf | ow

may occur from One co anot €nper at ures and
pressures of the containers arc sufficiently unequal. Backflowis

very undesira va @S i n.result i erfilling.a container with -
i d amont 00Hh7e cInSREARE Bretent BadkfB: insmBRisBn Rl | cal 1 y
full, and | eaghvieBtisik bSepUERECcrDée belBhaR Rl d #eid Tihcdasing fefhbbthoer
when heat is applied. Backflow can also result in |iquid amopnia

| . g .
bei ng wi t hdr afPtripSiveiedt ehengiaiter isHelougrndinectougsh fhcicopeols Wil s i s
undesir ed bec%g&d \hﬁltvgﬂte%m@xﬂéééml%& Gl REbt ié!ahﬁfyle?ﬁ’é?wiﬂgsanrﬂ?ﬁ{ ure and

ot her heavier contam nants. Nornally, backflowin such a.situétion
woul d be prevelnttien dovn the cod@ngfthay asinericaginte o hvetght visdnvwadesiteblaguer |
such check val v j N_.pL.QcCess s.are_general ly consi dered
unaccept abl e Fﬁgﬁﬁtwﬁgﬁdéng8§%§é?9§apﬁ%“9ﬁ I}%%'?gwﬁ%ﬁ§P§§@é§ts
systens, as tbheypuaiofhenbsingepidd tothbeosthigersf Thanint®Blutsogsefadhbly
mcroscopic part |l aRi o ek oc e 2k SRl Wiff Sétivate an alarm

and shut down the container, should the weight exceed predetermined limits.

[0025] In addition, according to embodiments of the present invention, the
vapor withdrawal piping may preferably include substantially all-metal check
valves. These valves are not gencrally considered to be a significant source of
particulate contamination in the industries served by BSGS systems. This style of
valve does not provide a gas tight seal, but only restricts back flow. Therefore,
this typc of check valve typically is not a sufficicnt countcrmeasure to backflow
by itself, but provides additional protection to the weight-based controls. These
check valves are preferably, but not necessarily, located in the combined source

header.

[0026] According to further embodiments, the systems, methods and
apparatuses of the present invention deliver substantially automatic equalization
with respect to the withdrawal of gas from the containers. Generally, without
additional controls, the degree to which multiple containers can substantially
simultaneously supply gas at equal flow rates depends on the ability of the
multiple containers to maintain equal pressures, and the equality of the flow
restrictions in the piping from the containers to the points at which the multiple

flows are joined together. Given the difficulty of ensuring that the container



100241To detect and prevent backflow, in enbodiments of the present
i nvention, controls described bel ow detect a trend of increasing

wei ght of ner (weight change rate). If such r IS

det ect ed, Mﬁo@gﬁiﬁ%l s wll respond with protective neg’gﬁpgg(%g)ﬂi‘: 88

for exanple, activating an alarm shutting down the container that is

increasing in weight at an undesirable, preselected weight rate or

wei ght range, preferably in concert wth adjusting the anpunt of heat

bel ng applied to the containers. The controls also preferably include
a (high) wei ghressisescare substantialiyteqpigalertaand thetibs flovareswiclipnsadithevat e an

al arm and shuty

pr edet er m ned ﬁ%&%g rb?%gg%%&%rgdalﬁh &ﬁ \Qg%gg} fsgq%mﬁ Lﬁ’bqgg?ﬁélﬁfvs of

the present i maxembm,cquaﬂig dm&ﬂmﬁcdvmﬂohgntm/@htamcm rii;nbtﬂynqmmmfehcabl y

i ncl ude substantl val ves I3 val ve ot

gener ai 1y condraERa Bt RIE g A Feom S cAMGNS e b Eat

contami nati on sydﬁerﬁdlﬂatlsﬁﬁkuﬁgﬁs ﬁBst&ﬁfaM?@nﬁMaﬁ%@y&%&i 1@Biple tOhtainstsy| € of

val ve does not provij t seal, but only restricts back

flow. Theref ob@comqﬁegletegﬁgamoméfew thasame Y9hi cally is not a
sufficient counternmeasure to backflow by itself, but provides
additional protection to the weight-based cont roI s. These check

val ves are pr&#@7hbl y, Apterdingto andhodisecats dfyhe preseat iadentianirhanysoitdhined
source header cor{t%(l)stzlgl A, 8’ nc%h}ege Ih%rdteﬁ%d ¢ 9 Jiggﬂ e§ an& @ﬁra?lys%tglqs
met hods and appara F present 1 nven

subst ant i al | y patidroraats. oAaeqndaigltzam anboiménty the pﬂ’fetentmlmﬂmewmnghﬂqdf timal

of gas fromthe containers ner aj | wi t hout addition contr
Che Gegr ot o CHHIEHS T Bred T oeaiontis ot s seh pdp Prpefiiiabic
si mul t aneous| YogidfphitolgsrsPiat). afhaliffdraite Eateess Oepdtamined valie, tabi | ity
of the multiple containers to maintain equal pressures,. and the

equal ity of tREMENGWItEE fergtrreas is tamperanyishriflg™nagheetie Webdesnner s
to the pointsyat il GB hEﬂ‘?er@Hﬁtth’ﬂ(@ Onehe AirrdRE ﬂ?&nﬁa@%%%m i ven
the difficulty of ensuring that the container pressures are

subst anti al | yWéb,m spediBert limidy thetdenteine tidiaf wapvshpiedommni ig rastarted. off thehe
downst ream p| , I ndency
for the fl ow ?Jngqbsgﬁgg%{e%gi ]ﬁ% ﬂé %%Jtc gltﬁalﬁr%{ri:lg{‘ts lgﬁcg}ﬁ%‘gl ners.
Enbodi nent s oﬁustein&:d[frmﬂmh‘erimmagbn-(smeqm oamzimer(s@whelhﬁeihghierrmradﬂeiron of
controls to e SGS syst at su as. sub

Sl taneous ! IR ISR o BrEnE S d R &Th e Bb PR S o' e Y

appr oxi mat el yﬂb'hQ‘ro‘irﬁmB sydtdiis o0 Ao upeaoFei Mgtahd2, HHHROADHP PEEsRE fallbe

pr esent |nven£|on U|table contraols may be used fo achieve the
desired effec @Wr@g gle%ﬁﬂuw&ndhlpfw%%w B FFRRORAEING 882D or di ng
to one enbodi nent, the difference in net weights of the containers is
nonitored by an autorratl c control system such as a Programuabl e Logic
Control | er (PL0GE8] | f tImn@thmf@?@d@@cném@té@@oatr@w@d@g}efqmbmle@m%uhge

t he contai ner gas
is wthdrawn gx\%/ﬂfs i@?ﬁr#cﬁ%@ﬁgﬁlgﬁr& eg(?%gf g‘§‘}e @ﬁﬂﬁ%ﬂﬁ%@?ﬁg?ence
i n contai ner mﬂlv@ﬁglﬁs (ifShWCﬁ‘ltHll’[Bl‘SSlpﬂ'ﬁ]ﬂftDlEd bl lamattematihenoohndystemesnch at

was shut down is..r If the sV, stem sens t hat .t he required
fow rate te aPEGt BBt i temu e huRl ShGRERonG w Haite B « o
renai ni ng on- ghipeAkire SHain e (k) conamidr hdveert bBBd 61 the Affadnae bf fhageteen
taken off-stream then this feature may be tenporarily disabled so

that flow froWFighE of thercaniaingrsndi 2 prsfester ¢pated stritegy, p fascagdscape Gontrplis
supply pr eSSUﬁs%dfn@lyh&h Q%Mn@r RERERLELTARELIY M diRaink DB plabsdrd €at ure

may be tenporaril }/ di sab
controller which ad_]usts the heater temperature set point for that container. The

pressure set point for one container may be held constant, while the pressure set

point for the other container is adjusted, based on the difference in the sensed net



[0028] I n anot her enbodi nent, another control strategy for bal ancing
the flows is simlar to the control strategy described above, in that

t he di ffer‘g@rc%ﬁo I115ngt wei ghts of the contai ners IS mnk&,&gu%?wg/xsoggé

automatic stem such as a PLC. For this strat

control system responds by adjusting the tenperature set points of
t he contai ner heaters based on the difference of the net weights of
the containers. In a preferred control strategy, a cascade type
control is used in which a container pressure is substantially

mai nt ai ned by “gightsdwtvgea taorontadicrse Foptisencea ] cgstamer Ads hghigrahan

tenperature s %5nt£’19%€‘£§,he?(noixﬁ% eqd h%ﬂﬂr is b;gpﬂg [géfglgigﬁ{lg &&kn ROIWNT ToOr

one cont ai ner cons set point for
t he ot her contantmecr A.sThdprustedet Itniniexﬂ comaihdred dfbﬁlﬂmceamecd by thbe

conanert A 1 SRR soBfo VRt o Eftad BESEaBaleE PR EFus fom e

flow is beingtps afr@enﬁmﬁlebMaﬁéMefgrhs)moﬁ@mmdmﬁnei\B iliﬁeappmsawcﬁa set
poi nt of container A would be reduced by the selected contro

al gori thmto MeyEtbedpliensiipBicants s pytRficapeme ﬁévwi%lassmﬁcrﬁﬁﬁsi f%résettm

cont ai ners. Igncp%t;@ht;hqq?bg{aﬂ@étg@gogpre than container B, the opposite
action would be taken; the pressure set point of container A would be

increased to reset and substantially balance the flows. [0029] Still

further, errbogdqgg s n%tflﬁfu%flgﬁémbéﬁ’ﬁgﬁté 8@&%&% {ﬁ{,f& kb %Orﬁel‘}l@la{e% tﬁi?d;': ;Ol

strategy for or an
of wei ght | ossomfol stMegycfntmmmmg thelfh@vy ie sanbmsitarand bcanmet&etme of

tenporarily shut  off of the nt ai ers ssur.e
oot er” sepelaPlobs e Sainrs ORI iy e ptedsf Rt ot B SOT M Sptcr
control strat efhe toitaibark aneiaagist Ihessﬁﬂecmﬁtracma pRinat @ Bedtyr RAROI: BENt S
of the present invention conprises using a flow neter at the outl et

of each cont aP¥B®, cal cul ati ng the ratio of flow fromeach contai ner,
and using the result to either: (1) adjust heater controller set
points or (2) adjust pressure controller set points (which may be

ef fected throU@ﬁOk he udeothdr conteal sdetegsoler bdncingghd Bavecontanpiateabur e

controller % g_l g‘
Coventi on f o PRBRUiTbad or b pRASH: i Aor ORI atlon] MErcP TR
concei vabl y usfecach qmﬁtainére&@dulagmggmsram\df flovafremi eiztlecontaimer cmd tusiaf the
pur poses, and/or, draw ng,.s l.y fromope contai ne for set
PO et or v ar ety e RS Realel SRR SR 05 Blnd atesSRb oar ment &
of the pr esen&ontrollcr sct points (which may be effected through the usc of cascade

controlling heater temperature controller set points). In addition, embodiments of

the present invention further contemplate the use of dual ISOs that could

conceivably use liquid level gauges and transmitter for control purposcs, and/or

drawing supply from one container at a time, for set time intervals.

[0031] An important technical advantage of embodiments of the present
invention is that operator intervention generally is not required to ensure that the
containers become substantially depleted at approximately the same time. The
ability to ensure that the multiple containers that are simultaneously on-stream
become simultancously depleted is a significant economic advantage in that such
an improved gas delivery system can greatly reduce the amount of liquefied gas

that is wasted as “heel” (the liquefied gas that remains in the container when it is



invention is that operator intervention generally is not required to
ensure that the containers becone substantially depleted at
apprOX|nater the same tine. The ability to ensure that the nmulti

cont ai ners PﬁgwméF%83|nultaneously on- st r eam becone S|ﬁﬁﬁﬂ§ﬁ@39§P
depleted is a significant econom ¢ advantage in that such an inproved
gas delivery systemcan greatly reduce the amount of |iquefied gas
that is wasted as "heel" (the liquefied gas that remains in the
container when it is returned to the supplier). The heel is often

di sposed of byectutned BupphipphietheTlor leel i bited ﬂiﬂlgzsedl' oty thesuppber Hefet not

only results i ddi.t,i onal c st to o.C sult
’h Sxcess cost P T et BEl ol SoiRan ARBfoneb¥ist BafOuriiRe! Eose
of the heel, aﬁow{ﬂcsﬂﬁlntchﬁasﬁﬂﬁ;ts tdltl& sﬁ;ppltcheucaﬁdhctm@ﬂad tr&ataﬁidxawsered
to renove the ?§%§§ heel fromth alner g0032 Ac ording to

p f‘§ 3}

enbodi nents o r BT asithR cont uaﬁo ﬁ@dlﬂﬂ‘? pede %fa KEYVeer ce

header furtheex@kd REFPirai IRCRARME advantage, in that it enables the
use of existing pigtail assenblies and BSGS gas panels, (that were

originally designed for supplying gas fromonly a single container at
atinme), to be used also for systens where gas is substantially
si mul t aneousl J0082bpl i edicdording mmadnttioginecntsondtilzd presest inf GOBH,] th mh'versal

f h b k fl di.a h i
referrod empsnnBa @i et FRBEANRE B onfuiclaarage SR 30

process gas i sleéus@@f dxiiing ﬁngttzﬁlaaasamﬂﬂieﬁbchBSKBSI g% p]aﬂels Yéhat \lz&,e 011§1n@11y
ot her pressuri,zed ntauﬂers such as, "thrillers", also k

Y-cylinders, B¢signemior sppplying sgsiom only & single.qaniaineg aka gl i ‘%@Sﬂf o

exanpl e, amMmORiAystéBIWREA LAY i§ saRRLIAl GHullRBsRLSsubPIRld FhRWAHR €
applied to the contalners and the containers are placed on scal es

20, 22, 24, ZQMKWW@Stransportable containers are connected to the
systen1via fl exi bl e tubing or hoses 28, that are connected to a
correspondi ng pigtail assenbly, located within an air swept pigtai
encl osure 30, [@B33] 34, W&h rafteng tgthe Hlodfhontikgraml sbowin ncFlddés val vi ng,

etc., needed for rOVIdI a £ U|red when prepari ng
Co connect - or “SPEE R ROt or R b RpL R i LSRR

typi cal |l y supploced ghy o supphied & teieisfdrtable dowies EZF,'tl40]f6 ¢©a¢@thﬂq1rés);ur&ieda
time. Gas flows fromthe gontaipers, throuygh { enblles
through the cm%wga? ORI o kg ‘B’W“("Wﬁ’gﬂé‘l e ‘Prgfg@é Hit

nul tiple contgiRges ga, Such@b rfsfiaxaa@da arhﬁenfaqeﬁb@faﬁx%rﬁeﬁe@m&ky(naﬁneI
42, where the gas_pressure is regul ated The gas then | eaves the BSGS

system and enti®ra) girpplies to sy con@inerspand fbﬁcwéa}wégre plagedhomssales 69,

e e AR S s v e

shown), such tingior hewsn @S, rthdslser connected to a corresponding pigtail assembly, located
within an air swept pigtail enclosure 30, 32, 34, 36. The pigtail assembly also
includes valving, ctc., nceded for providing purge gas that is required when
preparing to connect or disconnect the containers to the system. Gas is typically

e supplied from one side (i.e. one set of containers) at a time. Gas flows from the

containers, through the pigtail assemblies, through the combined source header
40, (where the flows from the multiple containers are joined) and then to the
BSGS gas supply panel 42, where the gas pressure is regulated. The gas then

leaves the BSGS system and enters various gas distribution devices, such as, for

example, distribution valve manifold boxes.



heaters, are attached to the containers to supply the heat of
vaporization that is needed to maintain container pressure.

Optional |y, aters may be utilized with cradlesfPE:Iﬂ%' l §
cont ai nerswo'slzh@%elﬂgaters contain tenperature sensors & g@?@?& nd
vessel "skin" tenperatures, that are used to provide feedback signals
for tenperature controllers and high tenperature shutdown devices. As
stated above, the containers are set on weigh scales to nonitor

system wei ghts. According to enbodi ments of the present invention,
the system i s[803d] cal | Flexiblsi heafingleraets (9p1 shawb)y sechps gilisgm rahper

Di screte tenpgralury %Etpagﬁercﬂl)ltﬂ?er confhliferd43 ‘éﬁ@l@g %gﬂ oﬁanéag DAL

heater tenperafure€ s unctions to nonitor and
control the heetded s mpipRBGoNfaeTer 'phaesumal @mxcmakhj' aecl ndicoatey bchditlizédhe

contai ners are.depleted,,.t heat er s ves for side are
shut “down. andiOreEEPMISOORRlFeR: T RekREen PP YRR R
suppl y, it thasr h&ht@ﬁdd&remﬂfskﬁlbhﬁnpeﬁiﬁeﬂlﬂﬁtalfehﬁecfi@l’pré\h@ fdeqacit ed si de

t hen go through Purge sequence, in preparation f renpvi ng the
depl et ed cont &BRYS OéFﬁﬂnl?eéaﬁilfaGPW&’IFW\M&WCWHWW%‘HF‘&PWQﬁ%VquSnAtshu s

configurati Onstat%dQE@eCﬁE%Qnt&H&@a% Qf o g l?k'd'agﬁ tSIRADnidt q&@terﬁ%@h‘t@d to
the pigtail assenblies and to the gas pane The pigtails are vented

through the céepirdiad tsenbestmprisabthe prssent invenfion Gesestem srtypiedllt ed i n
t he BSGS gas 9{%& @%c:ntr%ﬁleg’ 89? ?E%qsyﬁgrﬂt ﬁmcrep i %Ini&%%lré/ conrﬂjo 149980 O_r an

i nert gas suc argon nstrunent ai
source and tomhallyesed wpmvuimmgwmtevmamemmmnmmeranamayéby, a
vacuum punp c e us stea of, a venturl type device. [0036] A
design of a pP&f 3 d"r‘?ac §l§d}eﬁt§ header, according to

enbodi nents of the present |nvent|on IS shown in FIG 2. In this
design, gas is SU£p| i ed sinul taneousl y fromtwo or nore containers to

the conbi ned 8¥drke neWaet thevrrishpsales indicpte shat thesapigmens agrdenfeteds the
through a fil h&ﬁerééﬂd Hves A& a@gplgl‘j)’@idg Brd shuttRRd, bR tﬁE ofseet alihngam

conponents fromsolid particula gas then flows through a
backf | ow pr evewitghghpver in ﬁh‘pbmlqumum:émllﬁtéa@ui@hs &‘@llablﬁl The piptedkiopthea UHP

grade check valy&:Pddc Rén g@Bromfa plPs SRt Slp L RNt BF RHIDing e

on/ of f
depleted container and replacing them with full containers. In this configuration,

a dedicated supply of UHP purge gas 38 is supplied to the pigtail assemblies and
to the gas pancl. The pigtails arc vented through the combined source header to a
vacuumn generator located in the BSGS gas panel 42, or combined heater.
Preferably, nitrogen or an inert gas such as helium, or argon is supplied as an
instrument air source and to drive a venturi-type vacuum gencrator. Alternatively,

a vacuum pump can be used instead of a venturi-type device.

[0036] A design of a preferred combined source header, according to
embodiments of the present invention, is shown in FIG. 2. In this design, gas is
supplied simultaneously from two or more containers to the combined source
header. The gas from each source flows first through a filter 44, 46, 48 50, which
is used to protect downstream components from solid particulates. The gas then
flows through a backflow prevention/minimization device such as a lift checkora
UHP grade check valve 52, 54, 56, 58. The gas then flows through an on/off
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process valve 60, 62, 64, 66, and joins with the flowms) fromthe

ot her sinmultaneously operating gas container(s). The conbined flowis
sent to t supply panel 68, 70 where the pre -
regulatedhﬁgﬁﬁﬁglgggired pressure. The conbi ned sourceﬁﬁgg§%¢ﬁmmmss

i ncl udes vent valves 51, 53, 55, 57, that are used to purge the
system Auxiliary valves are used for servicing and mai nt enance

pur poses such as heliumleak checking or venting the systemshould a
vent val ve becone unable to open. [0037] A process flow diagram for
det ecti ng andProssisoRbieiRg €% ohHdkandaging with t&ﬂlw(s}:méhwhems&s
system accor di L p A t L . .Shown
TR G 3 Thaiaeha R BlehitpPTEe Ch AR P b Bl
conti nuously BSKiStges eehplyThrachi, 70eihglettee presursas ghlated do tindcsired

periodically | ogged. -l f. a.tren f.lncr.easin Lght j s,d t.ed, an
e i o et DR, Theofpied oyl oS AR o1 S8 ST B 1
toI m;k;a pr ocest ey l(bS{:IuP@'t_fﬁsysl%n%j r Anghliadfy wiahafeﬁ aaslisefaiq‘ﬁmrﬁ: bihg aidr f
multiple time increments is used jnstea a wei ght. increase of a
single time i ARPEGHERES R”(‘Spoﬁf’sei}lé]i‘nfls l?“é‘i“%’ele%‘i é‘reﬁl%n%i‘ﬁfe"e%“gw@? steng shaulds

such as per sopRekt vehvadbbincdhabiRjt®6penor | €aning on a container. If a
cont ai ner exceeds a "high" weight set point, another alarmis
activated. If a container exceeds, a "high-high" weight set point,
the system pr bly QRS &t : =kup
supply. [0038?@?3@%5 ?ﬁ)&%@%{%ﬁ g&a '\Eﬂor Sé&%g? %%I%Qlc%ﬁ\ﬁ?/alg ?ﬁjﬁ&gﬂ%g&gl y
depl eti ng t heaouwtti-eomgng BEGS sisten acoordihG®. ermbodiments of H@ prédsentaccor di ng

to preferred enbodi nents of e,present . jnvent.i on,. the i ghts .of the
ndi Vi dual - on TER S OBRTAI RS EIEE Bt et it BF sl e Sl irey
wei ghts of t herceontirionsy moaltered.aThamahetthant: edmbhasdtahdiperiedicdilyot her .
If the difference, in net 1 ght _exceeds predet er m ned amount, then
the contai ner ?%g?qq_ ¥ ﬂgev%f\lﬁf‘cr&w‘fe*&bt Tt ML PSP AV flstien _
of f - st ream aubguyRbisGad to/allod e Bpdratb RttncSth 3L YrodBddjubinchiRe ASy&laem i s
unable to maintain pressure with this container off-stream then this
feature is telstresng vyight exebmakiple iy pororetisuepared 2009FBE0388

[ 003915 ShoWfho}dloddiG sinpic SR bl B chi RO BhAIRI: (O RbmiPLaREsS 1
al so noni tored. I—E)wever, in this contro concept, the contro
response is tsuchdp pgsornkhkplanmgiat olpéct helatnieomg capphdire df @ @ntrer of t he
containers eit herd bay“ a%i”léfsﬁ ih?g%t hi%t set. %)roailant S gfﬁ Elthg ﬂ%at %{ain .

t enperature (ﬁﬁcff *dontd oS or §?°adj U%P ng H Cprve§ uré €8 oi nt of
a cont ai ner N&lcttds, £adgiatlight anighbdet pdibe theaystnbrdfaaldy; ptiterngtaher

container are |eft .cpnséant. t&1034 As shown in FIG 6, the container
wei ght | oss r 4t8a0GICap el fule gac p supply.

[0038] Process flow diagrams for substantially simultancously depleting the
containers are shown in FIGs. 4-9. In FIG. 4, according to preferred
embodiments of the present invention, the weights of the individual on-stream
containers are contimiously monitored. The net weights of the containers are
calculated and compared to each other. If the difference in net weight exceeds a
predetermined amount, then the container with the least amount of weight is
temporarily taken off-stream automatically, and put into standby mode. If the
system is unable to maintain pressure with this container off-stream, then this

feature is temporarily disabled.
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and conpared. If the difference in weight |oss rates exceeds a
predet erm ned anmount, the control response is the sane as in FIG 3.

The cont aiﬁérzﬂ%%ggl% he hi gher weight loss rate is tenp%r&&@éé%?@%h%%e

into stand f the systemis unable to maintain
systemtenporarily disables the control that takes the container off
stream and, thereby, immobilizes the sinultaneous depletion of the
containers. [0041] As showmn in FIG 7, the weight |oss rates are

cal cul ated and conpared as is done in FIG 6. However, the control

response is t d0&¥ ust BrshavenpdilGedthe dcioneess gpriaigannchurights isalsa n
FIG 5. [ 0042]11‘1%?1&51@?"\@0\%/@\!4: ,I i@thigcoﬁ%ﬁ;&g‘g{eﬁ,gthg QoﬁfUPP&fr)]cgE?fsgsv Q{ijugtl?fr‘

present invention, flow Melers are used o MOM LOr t ate from
each cont ai nermoTiterf heas boing kpmlicdfto dhoonf tha amadracheithontyeddnesting the sct

cal cul ated. The. contral response i adj ust .the. te rature Q

hoat or set  poPhn duheOiealeh B Res EriES oftilonr i AR Bt &
accordi ng to eoieodf NEmtaned P1C/TEC pdsesRtbntrdly @8 5@ Pointshf tigashdrl ow i s
drawn fromonly one co @ai ner at a tine. Arelatively short cycle
time may be u§é‘8?m‘6rrf‘r? CBPYEY- of 5-60 minutes may be used. The cycle
time may be adjusted as needed to maintain desired supply pressure.

[ 0044] Enbodi nents of the present invention may be applied to

| i quefied gasé®48l her AbshevannbiiL, IBmeptagkanpigbilossiraigs frecalcilggef i ed

gases that rrachpgompared. If the difference in weight loss rates exceeds a predetermined
amount, the control response is the same as in FIG. 3. The container with the
higher weight loss rate is temporarily put into standby mode. If the system is
unable to maintain pressure, the system temporarily disables the control that takes
the container off stream and, thereby, immobilizes the simultaneous depletion of

the containers.

[0041] As shown in FIG. 7, the weight loss rates arc calculated and
compared as is done in FIG. 6. However, the control response is to adjust the

temperature or pressure set points as in FIG. 5.

[0042] As shown in FIG. 8, according to embodiments of the present
invention, flow meters are used to monifor the flow rate from each container. The
proportion of flow from cach container is calculated. The control responsc is to

adjust the temperature or heater set points as shown in FIGs. 5 and 7.

[0043] In FIG. 9, according to embodiments of the present invention, the
gas flow is drawn from only one container at a time. A relatively short cycle time
may be used; on the order of 5-60 minutes may be used. The cycle time may be

adjusted as needed to maintain desired supply pressure.

[0044] Embodiments of the present invention may be applied to liquefied

gases other than ammonia. Some examples of other liquefied gases that may be
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delivered in BSGS systens include carbon dioxide, hydrogen chloride,
hydr ogen brom de, nitrous oxide, hydrogen fluoride, etc.

100451Alth§§%h %pe geed to prevent backflow is nost inpaortant with
| i quefied 8@,1Fﬂ i nvention, consisting of a uni ver ST MBS

source header, a neans to prevent backflow, and a neans to have
si nmul t aneous depletion of the containers, also nay be applied to
nonl i qui fi ed gases such as silane and nitrogen trifluoride, etc.

100461The drawings prinarily illustrate the use of two substantially
si mul t aneous| yeliypesdaniBS§ Sctysiems frshusle chibor dioxidarhy drgai elrloride, hydrogen
substantial | y,si t S oper at Lng.cont ai ners may be used. The
mul tiple fIowgﬁ%§§&ﬁgﬂgggéﬁéﬁa§ﬁggﬁgwggﬁﬂgég inlets to the conbi ned
source header, or by using nmultiple conbi ned source headers. In sone

cont ai ner 1y pdB4EFor o8 Hied el Hep e GEbSRKE SORDH TR Be. an
| SO, but the @fh&iedghsds, thedhvERioNUdonkiBlig dfAWNRRS PsbnfoitkdWbBrce header, a
[0047] Additionally, an alternative way to bal ance the flows fromthe

two cont ai ner §1¢pRs o Frayset backlinye iapdian hshus ta dppstapltaacens\ispledon ofrthe hr ee
way val ve. 10 . A NGr 4 1l E
y Qéxﬁllhérs?aﬁo‘%ﬂaég{egéml 416 n%ﬁiicﬁléfziiégi gike%%‘gu%@st%gh& A8 thdRn

(and this flowrate is gr an t e operating
cont ai ners), t¢iboodemtre of the containers in standby node may be
activated. This node of operation would have to include controls to
prevent a situation where all the containers in the system becone
depl eted at t pE4spne tTiedrawingypemarily iidusahiamichse eOMicdubaidiatlp not

have enough inventory to provide das 3%{Ie the ot er €0 tainers are

bei ng change_d.bm[”g‘é‘lf‘é’};%% “EfihE OP B P & (YAt Y SPMORRCTISHUAE DN, al |

of the pigtai kisnBhnedusly operating containers may be used. The multiple flows may be
accommodated by adding inlets to the combined source header, or by using
multiple combined source headers. In some cases, it may even be desired to use
dissimilar containers or container types. For example, on one side, the container

may bc an ISO, but the other side may be multiple low pressure drums,

[0047] Additionally, an alternative way to balance the flows from the two

containers is to usc a continuously adjustable diverter or three way valve.

[0048] If a temporary increase in flow rate is desired, (and this flow rate is
greater than the capacity of the operating containers), one or more of the
containers in standby mode may be activated. This mode of operation would have
to include controls to prevent a situation where all the containers in the system
become depleted at the same time, or where the standby containers do not have

enough inventory to provide gas while the other containers are being changed.

[0049] According to embodiments of the invention, all of the pigtails of a
“supply side” are allowed to be substantially simultaneously purged. However,
the invention also includes the option to allow one or more container(s) of a side

to be left operating, while the other container(s) of the same side may be off-
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"supply side" are allowed to be substantially sinultaneously purged.
However, the invention also includes the option to allow one or nore
cont ai ner ( f Side to be left operating, while the <

cont ai ner(‘gg) 2@%“’“?1?? sanme side nmay be off- streamfor Egﬁgﬁ%“g"?’%””s
cont ai ner change-out, or maintenance, etc. In addition, the present
invention fiirther contenplates the inclusion of a plurality of
containers (preferably at |east three or four containers or nore) and
contai ner types (in excess of two container types). For exanple, as

st at ed above, SEHE ¥ PYEHIES. sonearar ichangeoHt enpriatcasnchic.uliadgrtiontibe
present syste t VRN A& bELY ST g has! SO
preferably hag#%g{é capagﬁgy 5? a@%gﬁ@?@?@%&ﬁ@}?%ﬂ@ﬁ%hggﬁgggﬁ esof

t he BSGS syst @nciaraliy dilaet thrce bofour chntemaoert rapneparsl dontapar Bipks(in on t he
opposite side of t system In cont enpl a nbodi nent.. the drum
contal ners worrtl 8 e E Rk Sk f o RGO 5 F PR PSP, | e when
a SEbSt agt :c al ilwe?tfqmltcwn&mpn?@rthanisemmlthy pkﬁ&t@?ﬁiétﬁit‘mm@ib@ém@y
exchange or a full SO [0050 ile the present inventjon has bheen
described in GUTRAYNEH fewefiém%\%% BrespRRlY piEngHERRAFREST owd a8 ,
it will be appgieitodeQiRRe tRBIGEesich dldehkb 6 But Mahn WAfkuRHSnChanges,
nodi fications, and substitutions can be nade, and equival ents

enpl oyed wi t howelld eparanpgsifersisipof dedysem. Iherrgamplatdseenbodinmpedhe
within, the s . i . 3 g for

suppl yi ng gasaﬁggﬁﬁgﬂ%%$?§@g%gﬁgﬂ g@°§b§?§kﬂ%oﬁ%@?gﬁﬁgﬂgﬁg%Eﬂgﬁﬁ of :
provi di ng a neilbsiancalyteamptreor mypdy empiydfPreostamgr mibeing asthangddifost fulind
second cont ai ; monitoring individual weights of at |east the first
and second contdiners over nultiple tinme increnents; generating a
real -time profile for each of the individual weights of at |east the
first and the _second containers; determ ning whetqgr,the rogile

exhibits a trfadbt i ntPEademEPsaRigtR s bhen dospedds Ao enment s
in at |east OpgerBlcelid§pekifcnbBHinRBGATTOR LA B@ﬁ@aﬁeh% BXSIERE @ thd T St
predeterm ned set point or a second predeterm ned set point greater
than the fir sficldikasezqusichages aroddsitiens, apdrabyitatiogs ganthormadeadngdr m when

the trend of f: e f] 1] set
poi nt : _gener afy e QIR RS ARARGE AP ald 5y BiEE R ¥ LAY
profil es excewithinhtresexpondthercédes.er m ned set point and switching to
the other container in response to the second al arm whereby
overfilling of at least the first or second container wthout
operator intervention is prevented by intermttently sw tching
between the first container and the second container, wherein the
first container is an on-stream contai ner and the second container is
a backup supply container. 2. An apparatus for supplying gas froma
mul ti-container system conprising: a multi-container
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system conprising a plurality of onstreamcontainers and a plurality
of backup supply containers, the onstream and the backup supply
contai ners placed on scal es; an enhanced backfl ow backfill control
system configured for nonitoring and regul ating at | east one process
paraneter of each of the plurality of containers, said paraneter
selected fromthe group consisting of pressure, flowrate,
tenperature, liquid | evel and contai ner weight, said control system

i n conmuni cation with each of the plurality of onstream and backup
supply containers, said control system configured to detect and
prevent overfilling and equalize withdrawal of gas fromthe onstream
cont ai ReJ % W thout operator intervention by intermttently swtching
bet ween the onstream and t he backup supply containers; and a single
conbi ned source header configured to sinultaneously receive gas from
each off the [ I ) : £ o]
et by T e i U AR
cl ai m PultiEeBRBETSYIPR Cezflprlseaét leﬁsr?gltst aaiﬁélecgetf@wdmerempemeg @dmﬂmlaverghts of

|'i quef h@ehsOBSfirst Ad scbbf RRRALRLUS nﬁlitlpﬁzl tﬁﬁéﬁc@emémeée%bxgtﬂgqgeﬂ-ﬁﬁe lprofile for
selected fromthe qroup conmstmgrét 1%arrm)nla car bon “di oxi d
ua an

hydr og8h ehthe irdiyidualnreghts g At Iepeiohs Y sergehcopiaingis; detsrmiging N@E@er the

oxi de. profife.exifibigs aaeaaisﬂhaeasmg welgBi FVerdmulihen 8 MolbRenEa Rt el or§36$ the sk S
configured to detect a trend of |ncr§§$é$% cont ai her, wei g . The

appar ab§endsenEingrs fabexcsrd & g predgiampng &8 PSR pgedeeﬁlflpwﬁtéw greater
det ect tHahee figs @'e@dlerm@ fet &g fincraangRs alafin @AGHThERME F HRI0S the Profilth Exceed

t he contr .ol stem i onf ure
e BT ot s BRSSPt S0 P PR p Lot e ot G
det ect ihosecondpredefpriioed seOpadiadddwiniing © theehebemleiier Bupbrse mhﬁ sﬂtd’me BRrm;
8. Th ewﬁgas; 0%&%\,\,18]:’?.% e%gt czﬂrstvc\)'*r1 se ele endrgzorgt'crﬁger w1tlhout oPlerﬂor 1{1te g I’ S é bsl?rvglrt%del:éy

conpri ses connections conp
9. Th eineqnpatmatyuyltdﬁngﬁeawm the fiveh emeiingr tddehcsycsmemrﬁamet h@nremomqiﬁrs@e&alwe

or norf ap Uh-gtreﬁﬂ%g}-ltgihé%mg@x@ se%UrRPJoXtaﬁl&siE ?%kup supply container,

2. An apparatus for supplying gas from a multi-container system comprising: a multi-container
system comprising a plurality of onstream containers and a plurality of backup supply containers, the
onstream and the backup supply containers placed on scales; an enhanced backflow/backfill control
system configured for monitoring and regulating at least one process parameter of each of the plurality of
containers, said parameter selected from the group consisting of pressure, flow rate, temperature, liquid
level and container weight, said control system in communication with each of the plurality of onstream
and backup supply containers, said control system configured to detect and prevent overfilling and
equalize withdrawal of gas from the onstream containers without operator intervention by intermittently
switching between the onstream and the backup supply containers; and a single combined source header
configured to simultaneously receive gas from each of the containers and supply a combined gas stream

downstream to one or more bulk specialty gas supply systems.
3. The apparatus of claim 2, wherein the at least first and second containers contain liquefied gas.

4. The apparatus of claim 2, wherein the gas is selected from the group consisting of ammonia,

carbon dioxide, hydrogen chloride, hydrogen bromide, hydrogen fluoride, nitrous oxide.
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10. A nethod for equalizing the withdrawal of gas froma

mul ti-container systemconprising the steps of: providing a

mul ti-container systemconprising at least a first container and a
second container; withdrawing gas fromthe first container at a first
flow rate and the second container at a second flow rate; nonitoring
a first process paraneter of the first container; nonitoring a second
process paraneter of the second container; determning a difference
between the first nonitored process paraneter and the second

moni t oPed praeeparatyspiohindr wheagielthe dgniret syriem & configuerdpe dueststrnd ohiretesing
of the  ficfigd weht ai ner or a fourth process paraneter of the second
container in résponse to the difference between the first and the
second nonitored process paraneters to achi eve depletion of gas from
the figst amgdepsa®e6n QOMAiNBE Sortbl SHBS sABhiAlddYo §diRt SR & Wiikn by
intermttently sw tching, between the first and the second containers
when tI‘i"é‘ghfi‘fhf“é:gF%‘l’i‘(?é"hic§m©‘P?§ater than a predeterm ned val ue, whereby
the first, second, third and fourth process paraneters is selected

fromthe gr consi s of. pressure, flom1rat erature, liquid
| vol Ty ape TBParGBARS She QORI i ke b e e GRgHRere el yiiens
met hod obfhe Ghsaréam dddtainelRefitiarveigheddtdatisrolingie }&Qﬁ&&wﬂaﬁlﬂgﬂﬁﬁlﬁl’bat@p fppw rate
of gas withdrawn fromthe first container and the fourth process
ontainers.
paranefer is flowrate of gas withdrawn fromthe second contai ner,
and further wherein the step of adjusting conprises reducing the
third gr th er. to zero in response
dlffergnce ﬁ %$ﬁ&££? d%l st a#ﬁﬁgh‘&(mg%ﬁes %%%%%nrbﬁﬁg%eﬁgP%ﬂ““l
exceediogeciopradetivrgrnsddhachivelees. 12. The nethod of claim 11, further
conprising the step of re-activating one of the reduced flow rates of
gas in response to the difference between the first and the second
proces8 par Awerpsraiugeticign & wheren thigysiomderéreesomipriend ogagruere bullgspedffey gas
et hod s pbiyGl@dn® 10, wherein the step of adjusting one of the third or
fourth process paraneters conprises adjusting a set point of the
third process parameter or the fourth process parameter to

subst ang.i al hyndark &rCqualitife fhb wihdrh b 00k %a@fﬁ%m%ﬂﬂﬂtﬁ BéhiaHRE HREmIb Flﬁh@tﬁe
14. The et hod. of ch$|n111 wherein t first process paranete

the fi FIERS OF PFYIdte A BTGHONHIBRE SYSFMoMPHENY 3t Jeatt adist pottaiss andicbesone C‘é’éaéllfhd
proces Sru}ikaﬁ\ﬁﬁ@gee rfromshet fiver comeiaecht & AfseflcH ralRh @ik sdeOfScohth@en &k h caRiIGRAate
cont ai he met hod Of%ﬁ%ﬁlnllo wherei.n the first process

par arreP‘B‘i‘""F‘gg £ ﬁré‘ FPTSY PR PHES STV RE: DRUGHES hioUEPLcps Pyt el f‘@
t he segoad chhtamerr &temininge diffdrende proee ds ﬂmmﬁiﬁctrarpm@ssmaﬁﬁﬁw #hd e second

t t th th t

t opor 2Bt B P WA BRI BRI RS el B Bty s
par anepreeess grautian of el selcqmdrcegpocrsrere'swnsel‘te thel ﬂfffemlmewbmmmﬁe;nartdhlm setong t
and t hﬁoﬁgo&:e%g)sioc&rsggr@aaewa%m cPtetion & e 1 HEHPHA0He £dRh Bndihers

wher ei I TSt process paramne arner - wel ght and
t he sedtbsientpivde S@lepmeéam!t@msttméy im@hlseb@mbndmﬁralamtﬂie weoglvontainére when

third progessclaLRABYEH alpfedBbaRRd B0 htﬂ%gpﬁaai\gﬁs&gﬁqn hes 509 p}srbcess

process pararreter IS pressure or te era ure ese
of t hePar#ngiass i§ selecindriiom (hy Bewpseonsising atnressure.dlogdptaderantrature. ligwid diveleratet

the di fheiRPe8e e VaRohiigerfdgdt. and the second process paraneters.

11. ‘The method of claim 10, wherein the third process parameter is flow rate of gas withdrawn from
the first container and the fourth process parameter is flow rate of gas withdrawn from the second
container, and further wherein the step of adjusting comprises reducing the third or the fourth process

parameter to zero in response to the difference between the first and the second process parameters
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17. The method of claim 14, wherein the set point of the third or
fourth process paraneter is adjusted in response to the difference
between the first and the second process paraneters. 18. The net hod
of claim1, further conprising conparing the individual weights with
the first and the second predeterm ned set points. 19. The method of
claim?1, further corrpri sing the step of withdrawi ng gas from at | east
the fi rst nd seacg) cpn }al ners at substantially equal flow rates.

20. The ‘et h (ﬁ(ftlapr? eefmme T %f urt her conprising the steps of:

wi t hdrawi ng gas fromone of the first and the second containers for a

predet GI‘? m n%ge Jhét d #Q{alnll Ilft, %helj c}r% pnmrgﬁ the Seé) ) &8 Qc%vﬁljng‘roﬁg ofﬁaqucﬂggdaﬁo%drates

or unti gas IS romt
of gas in response to the difference between the first and the second process parameters being within the

predetermined value.

13. The method of claim 10, wherein the step of adjusting one of the third or fourth process
parameters comprises adjusting a set point of the third process parameter or the fourth process parameter

to substantially balance the first flow rate and the second flow rate,

14. The method of claim 11, wherein the first process parameter is the first rate of weight loss from
the first container and the second process parameter is the second rate of weight loss from the second

container.

15. The method of claim 10, wherein the first process parameter is the first flow rate and the second
process parameter is the second flow rate, the third process parameter is pressure or temperature and the
fourth process parameter is pressure or temperature, wherein the set point of the third or fourth process

parameter is adjusted in response to the difference between the first and the second process parameters.

16. The method of claim 10, wherein the first process parameter is the first container weight and the
second process parameters is the second container weight, the third process parameter is pressure or
temperature and the fourth process parameter is pressure or temperature, wherein the set point of the third
or fourth process parameter is adjusted in response to the difference between the first and the second

process parameters.

17. The method of claim 14, wherein the set point of the third or fourth process parameter is adjusted

in response to the difference between the first and the second process parameters.

18. The method of claim 1, further comprising comparing the individual weights with the first and the

second predetermined set points.

19. The method of claim 1, further comprising the step of withdrawing gas from at least the first and

second containers at substantially equal flow rates.
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20. The method of claim I, further comprising the steps of: withdrawing gas from one of the first and
the second containers for a predetermined time until the first or the second alarm is generated or until gas

is depleted from the container.
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